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NETWORK ARCHITECTURE, METHODS, AND DEVICES FOR A WIRELESS 

COMMUNICATIONS NETWORK 

TECHNICAL FIELD 

[0001] The present disclosure is related to wireless communications networks and describes 

network architecture, wireless devices, and wireless network nodes suitable for, but not limited 

to, a fifth-generation (5G) wireless communications network. 

BACKGROUND 

[0002] There are three main challenges that need to be addressed by a so-called 5th 

Generation, 5G, wireless communication system to enable a truly "networked society," where 

information can be accessed and data shared anywhere and anytime, by anyone and anything. 

These are: 

- A massive growth in the number of connected devices. 

- A massive growth in traffic volume. 

- An increasingly wide range of applications with varying requirements and 

characteristics. 

[0003] To handle massive growth in traffic volume, wider frequency bands, new spectrum, 

and in some scenarios denser deployment are needed. Most of the traffic growth is expected to 

be indoor and thus indoor coverage is important. 

[0004] New spectrum for 5G is expected to be available after 2020. The actual frequency 

bands, and the amount of spectrum, have not yet been identified. The identification of frequency 

bands above 6 GHz for mobile telecommunications will be handled in the World Radio 

Conference in 2019 (WRC-19). New frequency bands below 6 GHz for mobile 

telecommunications are handled in WRC-15. Eventually, all mobile telecommunications bands, 

from below 1 GHz, up to as high as 100 GHz, could potentially become candidates for 5G. 
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However, it is expected that the first commercial deployment of 5G will happen in frequency 

bands close to 4 GHz, and that 28 GHz deployments will come later. 

[0005] The International Telecommunication Union (ITU) has outlined a vision for 5G, which it 

will refer to as "I MT-2020," providing a first glimpse of potential scenarios, use cases and related 

ITU requirements that eventually will define 5G. 

[0006] The 3rd-generation Partnership Project (3GPP) has begun its journey towards 5G, with 

a 5G workshop held in September 2015. A study item on channel modelling for spectrum above 

6 GHz has been approved. Development of specifications for 5G in 3GPP is likely to be split 

across multiple releases, with two phases of normative work. Phase 1 is expected to be 

completed in the second half of 2018. It will fulfil a subset of the complete set of requirements 

and target the need for early commercial deployments in 2020 expressed by some 

operators. Phase 2, targeted for completion by the end of 2019, will meet all identified 

requirements and use cases. 

SUMMARY 

[0007] Embodiments of the various techniques, devices, and systems disclosed herein 

include wireless devices such as user equipments (UE) and methods carried out by such 

devices. An example method comprises determining a reporting quality threshold for a 

parameter related to channel state information (CSI); performing a measurement for each of a 

plurality of beams from a first predetermined set of beams for evaluation; evaluating the 

measurement for each of the plurality of beams against the reporting quality threshold; 

discontinuing the performing and evaluating of measurements in response to determining that 

the reporting quality threshold is met for one of the beams, such that one or more beams in the 

first predetermined set of beams are not measured and evaluated; and reporting, to the wireless 

communications network, CSI for the one of the beams. 

2 



WO 2017/196249 	 PCT/SE2017/050491 

[0008] Another example method, also implemented in a wireless device, comprises operating 

in a dormant mode, where operating in the dormant mode comprises intermittently activating 

receiver circuitry to scan for synchronization signals and/or system information signals. This 

method further comprises, while scanning for synchronization signals and/or system information 

signals: performing a measurement on each of a plurality of resources from a predetermined set 

of resources or demodulating and decoding information from each of a plurality of resources 

from a predetermined set of resources, where the resources in the predetermined set of 

resources are each defined by one or more of a beam, a timing, and a frequency; evaluating the 

measurement or the demodulated and decoded information for each of the plurality of resources 

against a predetermined criterion; discontinuing the performing and evaluating of measurements 

or discontinuing the demodulating and decoding and evaluation of information, in response to 

determining that the predetermined criterion is met for one of the resources, such that one or 

more resources in the predetermined set of resources are not measured or demodulated and 

decoded; and deactivating the activated receiver circuitry, further in response to determining 

that the predetermined criterion is met for one of the resources. The method may also include 

receiving, in a first downlink subframe, a first OFDM transmission formatted according to a first 

numerology and receiving, in a second downlink subframe, a second OFDM transmission 

formatted according to a second numerology, the second numerology differing from the first 

numerology. 

The method may also include receiving a downlink signal comprising an uplink access 

configuration index, using the uplink access configuration index to identify an uplink access 

configuration from among a predetermined plurality of uplink access configurations, and 

transmitting to the wireless communications network according to the identified uplink access 

configuration. The first and second numerologies may comprise subframes of first and second 

subframe lengths, respectively, where the first subframe length differs from the second 

subframe length. The first numerology may also have a first subcarrier spacing and the second 
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numerology may have a second subcarrier spacing, where the first subcarrier spacing differs 

from the second subcarrier spacing. 

[0009] Another example method is carried out by a wireless device having a plurality of 

antennas operable for beamforming, and comprises determining, based one or more of an 

estimated downlink pathloss, an estimated remaining battery life for the wireless device, and a 

battery consumption for the wireless device, whether a number of antennas to be used for 

beamforming should be increased or decreased. The method further comprises increasing or 

decreasing the number of antennas used in beamforming for one or more subsequent transmit 

or receive operations. 

[0010] An example of still another method carried out by a wireless device, or in addition to 

any of the example methods described above includes receiving a downlink signal comprising 

an uplink access configuration index, using the uplink access configuration index to identify an 

uplink access configuration from among a predetermined plurality of uplink access 

configurations, and transmitting to the wireless communications network according to the 

identified uplink access configuration. The method may also include receiving, in a first downlink 

subframe, a first OFDM transmission formatted according to a first numerology and receiving, in 

a second downlink subframe, a second OFDM transmission formatted according to a second 

numerology, the second numerology differing from the first numerology. The first OFDM 

transmission may have a numerology according to the specifications for LTE, for example. The 

first and second downlink subframes may be received on the same carrier frequency. The 

subframes of the first and second numerologies may comprise first and second predetermined 

numbers of OFDM symbols, respectively. At least one of the first and second numerologies may 

comprise subframes having a length of 250 microseconds or less. 

[0011] The first and second numerologies may comprise subframes of first and second 

subframe lengths, respectively, where the first subframe length differs from the second 

subframe length. The first numerology may also have a first subcarrier spacing and the second 
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numerology may have a second subcarrier spacing, where the first subcarrier spacing differs 

from the second subcarrier spacing. 

[0012] The method may further include receiving and processing first Layer 2 data on a first 

physical data channel and receiving and processing second Layer 2 data on a second physical 

data channel. The receiving and processing of the first Layer 2 data comprises the use of soft 

HARQ combining, and the receiving and processing of the second Layer 2 data comprises no 

soft HARQ combining. This may include using a common set of demodulation reference signals 

for receiving both the first and second Layer 2 data. 

[0013] In some cases, a single RRC approach may be used. For example, the method in a 

wireless device may further include processing data from the first OFDM transmission using a 

first MAC protocol layer and processing data from the second OFDM transmission using a 

second MAC protocol layer, where the first MAC protocol layer differs from the second MAC 

protocol layer. The method may further include processing messages received from each of the 

first and second MAC protocol layers using a single, common RRC protocol layer. 

[0014] In some cases, a dual RRC approach may be used. In this case, the method in the 

wireless device further includes processing data from the first OFDM transmission using a first 

MAC protocol layer and processing data from the second OFDM transmission using a second 

MAC protocol layer, where the first MAC protocol layer differs from the second MAC protocol 

layer. The method may further include processing messages received via the first MAC protocol 

layer using a first RRC protocol layer and processing messages received via the second MAC 

protocol layer using a second RRC protocol layer, where the first RRC protocol layer differs 

from the second RRC protocol layer. At least a first one of the first and second RRC protocol 

layers is configured to pass selected RRC messages to the other one of the first and second 

RRC protocol layers. The selected RRC messages are RRC messages received and processed 

by the first one of the first and second RRC protocol layers but targeted for the other one of the 

first and second RRC protocol layers. 
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[0015] The method in the wireless device may further include transmitting third Layer 2 data 

on a third physical data channel and transmitting fourth Layer 2 data on a fourth physical data 

channel. The transmitting of the third Layer 2 data comprises the use of a HARQ process 

supporting soft combining, and the transmitting of the fourth Layer 2 data comprises no HARQ 

process. 

[0016] In some cases, the method includes operating in a connected mode for one or more 

first intervals and operating in a dormant mode for one or more second intervals, where the first 

and second OFDM transmissions are performed in the connected mode. Operating in the 

dormant mode comprises monitoring signals carrying tracking area identifiers, comparing 

tracking area identifiers received during the monitoring with a tracking area identifier list, and 

notifying the wireless communication network in response to determining that a received 

tracking area identifier is not on the list but otherwise refraining from notifying the wireless 

communication network in response to receiving changing tracking area identifiers. 

[0017] The method in the wireless device may include transmitting, to the wireless 

communications network, a capability pointer, the capability pointer identifying a set of 

capabilities, for the wireless device, stored in the wireless communications network. The method 

may include transmitting to the wireless communications network using a contention-based 

access protocol. The contention-based access protocol may comprise a listen-before-talk (LBT) 

access mechanism. 

[0018] The method in the wireless device may further include measuring a first mobility 

reference signal on a first received beam and measuring a second mobility reference signal on 

a second received beam, where the second mobility reference signal differs from the first 

mobility reference signal. The method may further include reporting results of measuring the first 

and second mobility reference signals to the wireless communications network. The method 

may also include receiving, in response to reporting the results, a command to switch from 

receiving data on a current downlink beam to receiving data on a different downlink beam. The 
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method may include receiving a timing advance value for application to the different downlink 

beam. 

[0019] Other embodiments of the various techniques, devices, and systems disclosed herein 

include radio network equipment and methods carried out by one or more instances of such 

radio network equipment. An example of such a method includes transmitting a first downlink 

signal comprising an uplink access configuration index, the uplink access configuration index 

identifying an uplink access configuration from among a plurality of predetermined uplink access 

configurations, and subsequently receiving a transmission from a first wireless device, e.g. a 

UE, according to the identified uplink access configuration. The method also includes 

transmitting, in a first downlink subframe, a first OFDM transmission formatted according to a 

first numerology and transmitting, in a second downlink subframe, a second OFDM transmission 

formatted according to a second numerology, the second numerology differing from the first 

numerology. The first numerology may have a first subcarrier spacing and the second 

numerology may have a second subcarrier spacing, where the first subcarrier spacing differs 

from the second subcarrier spacing. The first and second downlink subframes may be 

transmitted on the same carrier frequency. 

[0020] In some cases, the transmitting of the first downlink signal is performed by a first 

instance of radio network equipment, while the transmitting of the first and second OFDM 

transmissions is performed by a second instance of radio network equipment. The first OFDM 

transmission may have a numerology according to the specifications for LTE, for example. 

NO21] The first and second numerologies may comprise subframes of first and second 

subframe lengths, respectively, where the first subframe length differs from the second 

subframe length. The first numerology may have a first subcarrier spacing and the second 

numerology may have a second subcarrier spacing, where the first subcarrier spacing differs 

from the second subcarrier spacing. The subframes of the first and second numeroiogies may 

comprise first and second predetermined numbers of OFDM symbols, respectively. At least one 
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of the first and second numerologies may comprise subframes having a length of 250 

microseconds or less. The first OFDM transmission may be frequency-multiplexed with and at 

least partly overlapping in time with the second OFDM transmission, The method may further 

comprise transmitting, in a first-in-time OFDM symbol of the first or second downlink subframe, 

downlink control signalling in first subcarriers of the First-in-time OFDM symbol and dedicated 

user data in second silbcarriers of said First-in-time OFDM symbol, The method may further 

comprise receiving acknowledgement (ACK) or negative acknowledgement (NACK) data in 

response to the first OFDM transmission in the first downlink subframe, in a last OFDM symbol 

of an uplink subframe interval at least partially overlapping the first downlink subfrarne. The 

method may further comprise transmitting a third OFDM transmission formatted according to the 

first numerology, the third OFDM transmission occupying a transmission time interval (TTl) 

having a length equal to a plurality of subframes according to the first numerology. At least one 

of the first and second OFDM transmissions may be a Discrete Fourier Transform-Spread 

OFDM (DFTS-OFDM) transmission, 

[0022] The method carried out by radio network equipment may include transmitting a second 

downlink signal comprising an access information signal, the access information signal 

indicating a plurality of uplink access configurations, where the uplink access configuration 

index identifies one of the plurality of uplink access configurations. The transmitting of the 

second downlink signal may be performed by a third instance of radio network equipment. 

[0023] In some cases, the method in the radio network equipment includes processing and 

transmitting first Layer 2 data on a first physical data channel and processing and transmitting 

second Layer 2 data on a second physical data channel. The processing and transmitting of the 

first Layer 2 data comprises the use of a HARQ process supporting soft combining, and the 

processing and transmitting of the second Layer 2 data comprises no HARQ process. The 

transmitting of the first and second Layer 2 data may be performed using a common antenna 
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port, where the method further includes transmitting a common set of demodulation reference 

signals, using the common antenna port, for use in receiving both the first and second Layer 2. 

[0024] The method in the radio network equipment may include receiving and processing 

third Layer 2 data on a third physical data channel and receiving and processing fourth Layer 2 

data on a fourth physical data channel, where the receiving and processing of the third Layer 2 

data comprises the use of soft HARQ combining and the receiving and processing of the fourth 

Layer 2 data comprises no soft HARQ combining. 

[0025] In some cases, the transmitting of the first and second OFDM transmissions may be 

performed by one instance of the radio network equipment, where the method further includes 

processing data for the first OFDM transmission using a first MAC protocol layer and processing 

data for the second OFDM transmission using a second MAC protocol layer, the first MAC 

protocol layer differing from the second MAC protocol layer. The method may further include 

processing messages to be transported by each of the first and second MAC protocol layers, 

using a single, common RRC protocol layer. 

po26] In other cases, the transmitting of the first and second OFDM transmissions is 

performed by one instance of the radio network equipment, where the method further includes 

processing data for the first OFDM transmission using a first MAC protocol layer and processing 

data for the second OFDM transmission using a second MAC protocol layer, the first MAC 

protocol layer differing from the second MAC protocol layer. The method in some embodiments 

further includes processing messages to be transported by the first MAC protocol layer, using a 

first RRC protocol layer, and processing messages to be transported by the second MAC 

protocol layer, using a second RRC protocol layer, where the first RRC protocol layer differs 

from the second RRC protocol layer. At least a first one of the first and second RRC protocol 

layers is configured to pass selected RRC messages to the other one of the first and second 

RRC protocol layers, the selected RRC messages being RRC messages received and 
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processed by the first one of the first and second RRC protocol layers but targeted for the other 

one of the first and second RRC protocol layers. 

[0027] The method in the radio network equipment may further include receiving, from a 

second wireless device, a capability pointer, the capability pointer identifying a set of capabilities 

for the second wireless device, and retrieving the set of capabilities for the second wireless 

device, from a database of stored capabilities for a plurality of wireless devices, using the 

received capability pointer. The set of capabilities may include at least one of wireless device 

vendor (e.g. a UE vendor), capability version, or proprietary information of the wireless device 

(e.g. proprietary UE information) or of the network. 

NO28] The method in the radio network equipment may include transmitting to a third wireless 

device, using a contention-based protocol. The contention-based access protocol may comprise 

an LBT access mechanism. 

[0029] In some embodiments, the method in the radio network equipment includes receiving a 

random access request message from a fourth wireless device, via an uplink beam formed 

using multiple antennas at the radio network equipment, estimating an angle-of-arrival 

corresponding to the random access request message and transmitting a random access 

response message, using a downlink beam formed using multiple antennas at the radio network 

equipment. Forming the downlink beam is based on the estimated angle-of-arrival. The uplink 

beam may be a swept uplink beam. A width of the downlink beam may be based on an 

estimated quality of the estimated angle-of-arrival. 

[0030] The method in the radio network equipment may include serving a fifth wireless 

device, where serving the fifth wireless device comprises sending data from the fifth wireless 

device to a first network node or first set of network nodes, according to a first network slice 

identifier associated with the fifth wireless device. The method may also include serving a sixth 

wireless device, where serving the sixth wireless device comprises sending data from the sixth 

wireless device to a second network node or second set of network nodes, according to a 

10 



WO 2017/196249 	 PCT/SE2017/050491 

second network slice identifier associated vpith the sixth wireless device. The second network 

slice identifier differs from the first network slice identifier, and the second network node or 

second set of network nodes differs from the first network node or first set of network nodes. 

[0031] Other embodiments detailed herein include wireless devices, radio network equipment, 

and systems configured to carry out one or more of the methods summarized above and/or one 

or more of the numerous other techniques, procedures, and methods described herein, as well 

as computer program products and computer-readable media embodying one or more of these 

methods, techniques, and procedures. 

[0032] Certain embodiments of the present disclosure may provide one or more technical 

advantages. For example, some embodiments may provide support for higher frequency bands, 

compared to conventional wireless systems, with wider carrier bandwidth and higher peak rates, 

e.g., using new numerologies, as detailed below. Some embodiments may provide support for 

lower latencies, through the use of shorter and more flexible Transmission Time Intervals (TTIs), 

new channel structures, etc. Some embodiments may provide support for very dense 

deployments, energy efficient deployments and heavy use of beamforming, enabled by, for 

example, removing legacy limitations in relation to cell-specific reference signal (CRS), PDCCH, 

etc. Finally, some embodiments provide support for new use cases, services and customers 

such as MTC scenarios including V2X, etc., e.g., through more flexible spectrum usage, support 

for very low latency, higher peak rates etc. Various combinations of the techniques described 

herein may provide these and/or other advantages in a complementary and synergistic way to 

achieve all or some of the ITU-2020 requirements. Other advantages may be readily available 

to one having skill in the art. Certain embodiments may have none, some, or all of the recited 

advantages. 

BRIEF DESCRIPTION OF THE FIGURES 

[0033] Figure 1 illustrates a high-level logical architecture for NX and LTE. 
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[0034] Figure 2 shows an NX and LTE logical architecture. 

[0035] Figure 3 illustrates LTE/NX UE states. 

[0036] Figure 4 is a plot showing an estimate of UE battery life for a UE in dormant state, 

when the network is synchronized, for each of several SSI periods and DRX cycles. 

[0037] Figure 5 a plot showing an estimate of UE battery life for a UE in dormant state, when 

the network is not synchronized, for each of several SSI periods and DRX cycles. 

[0038] Figure 6 shows a protocol architecture for a single-RRC protocol track, for LTE-NX 

dual connectivity. 

[0039] Figure 7 shows a protocol architecture for a dual-RRC protocol track, for LTE-NX dual 

connectivity. 

[0040] Figure 8 is an overall RRC signaling diagram for LTE-NX dual connection setup. 

[0041] Figure 9 illustrates a common (shared) security setup for LTE and NX. 

[0042] Figure 10 illustrates an example of UE capability handling. 

[0043] Figure 11 is a signaling flow diagram illustrating LTE-NX dual connectivity setup for a 

single-RRC protocol architecture. 

[0044] Figure 12 is a signaling flow diagram illustrating LTE-NX dual connectivity setup for a 

dual-RRC protocol architecture. 

[0045] Figure 13 is a signaling flow diagram illustrating a RRC connection re-activation 

procedure. 

[0046] Figure 14 is a signaling flow diagram illustrating UE-initiated LTE-NX dual connectivity 

establishment. 

[0047] Figure 15 illustrates an example scheduler decision for scheduling an information 

element on a low-delay "direct" channel or an efficiency-optimized "re-transmittable" channel. 

[0048] Figure 16 shows use of the PDCCH to enable high-gain beam-forming and in-beam 

transmission of control information. 

[0049] Figure 17 shows various uses of the PDCCH. 
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[0050] Figure 18 illustrates an example of possible error propagation scenarios when using 

in-band DCI to update a UE search space. 

[0051] Figure 19 shows the reporting back of reception success of the dPDCH, by a UE. 

[0052] Figure 20 illustrates the use of a single set of terminal-specific demodulation reference 

signals for demodulation of two physical channels. 

[0053] Figure 21 illustrates a basic MAC channel structure for NX. 

[0054] Figure 22 shows a transport channel structure and MAC-header format. 

[0055] Figure 23 shows an example of how LCID tables may be extended. 

[0056] Figure 24 illustrates an example downlink channel structure. 

[0057] Figure 25 illustrates an example uplink channel structure. 

[0058] Figure 26 shows an example of group scheduling. 

[0059] Figure 27 illustrates an ADSS pattern and dimension of DSSI for ADSS. 

[0060] Figure 28 illustrates scheduled-based access versus contention-based access. 

[0061] Figure 29 shows prioritization between scheduled data and contention-based data 

access. 

[0062] Figure 30 illustrates contention-based access with collision avoidance utilizing LBT 

and CTS. 

[0063] Figure 31 shows an example of a proactive RTS/CTS scheme with selective RTS. 

[0064] Figure 32 illustrates an improved ARQ for single-hop NX, including "super-fast" 

feedback and "scheduled" feedback. 

[0065] Figure 33 shows an example where fast HARQ feedback is transmitted at the end of 

the first available UL transmission occasion. 

[0066] Figure 34 shows the transmitting of polled HARQ feedback reports. 

[0067] Figure 35 illustrates that the number of HARQ processes for which the UE performs 

soft packet combining may depend on the packet size. 

[0068] Figure 36 illustrates three possible multi-hop/self-backhauled ARQ architectures. 
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[0069] Figure 37 shows a multi-hop relay ARQ protocol architecture. 

[0070] Figure 38 shows an overview of a multi-hop architecture to support relay routing. 

[0071] Figure 39 illustrates an example of dynamic scheduling. 

[0072] Figure 40 shows contention resolution for contention-based instant uplink access. 

[0073] Figure 41 illustrates group polling using contention-free and contention-based access. 

[0074] Figure 42 shows an example of MU-MIMO scheduling. 

[0075] Figure 43 shows another example of MU-MIMO scheduling 

[0076] Figure 44 shows an example of downlink data transmission using reciprocal massive 

MIMO beamforming. 

[0077] Figure 45 shows an example of uplink data transmission using reciprocal massive 

MIMO beamforming 

[0078] Figure 46 includes a block diagram of filtered/windowed OFDM processing and shows 

mapping of subcarriers to time-frequency plane. 

[0079] Figure 47 shows windowing of an OFDM symbol. 

[0080] Figure 48 illustrates basic subframe types. 

[0081] Figure 49 illustrates frame structures for TDD. 

[0082] Figure 50 shows an example transmission of an uplink grant. 

[0083] Figure 51 shows an example of data and control multiplexing for downlink, in 67.5 kHz 

numerology. 

[0084] Figure 52 shows an example of mapping control and data to physical resources. 

[0085] Figure 53 illustrates example numerologies. 

[0086] Figure 54 shows AIT mapping to physical channels. 

[0087] Figure 55 provides an overview of PACH transmit processing. 

[0088] Figure 56 shows an example of PACH resource mapping. 

[0089] Figure 57 illustrates examples of minimum PDCCH allocation units. 

[0090] Figure 58 is a graphical representation of LDPC and SC-LDPC codes. 
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[0091] Figure 59 shows the recursive encoding structure of polar codes. 

[0092] Figure 60 shows parallel-concatenated polar encoding for K=2 transmissions. 

[0093] Figure 61 shows a parallel-concatenated polar decoder, for K=2 transmissions. 

[0094] Figure 62 illustrates construction of a mobility and access reference signal (MRS). 

[0095] Figure 63 shows CSI-RS groups, sub-groups, and example configurations. 

[0096] Figure 64 illustrates a preamble format and detector with long coherent accumulation. 

[0097] Figure 65 illustrates USS in relation to MRS and uplink grant including timing advance. 

[0098] Figure 66 illustrates comb schemes and a RRS design example. 

[0099] Figure 67 provides a schematic view of DRMS on a small-scale perspective. 

[0100] Figure 68 provides a schematic view of DRMS on a large-scale perspective. 

[0101] Figure 69 illustrates uplink latency with SR-SG-data cycle, for FDD mode. 

[0102] Figure 70 illustrates latency for TDD. 

[0103] Figure 71 shows switching overhead. 

[0104] Figure 72 shows an example where fast HARQ feedback is transmitted at the end of a 

first available uplink transmission occasion. 

[0105] Figure 73 shows duplicated end-to-end paths. 

[0106] Figure 74 shows uplink radio-access network latency for dynamic scheduling. 

[0107] Figure 75 illustrates achievable uplink latency with instant uplink access. 

[0108] Figure 76 shows LTE empty sub-frames for several scenarios and LTE energy 

consumption for the scenarios. 

[0109] Figure 77 shows access information distribution. 

[0110] Figure 78 shows access information table (AIT) and system signature index (SSI) 

transmissions. 

[0111] Figure 79 shows AIT transmission methods. 

[0112] Figure 80 shows initial random access procedures for UEs with or without AIT. 
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[0113] Figure 81 is a process flow diagram illustrating UE behaviors before initial random 

access. 

[0114] Figure 82 shows duty cycle of AIT/SSI of varying sizes, using 1.4 MHz bandwidth. 

[0115] Figure 83 shows AIT and SSI deployment options. 

[0116] Figure 84 shows tracking area configuration. 

[0117] Figure 85 is a signal flow diagram illustrating a TRA update procedure. 

[0118] Figure 86 is a signal flow diagram illustrating an initial attach over NX. 

[0119] Figure 87 illustrates random access preamble transmission. 

[0120] Figure 88 shows random access response transmission. 

[0121] Figure 89 illustrates the realization of different services in different logical network 

slices. 

[0122] Figure 90 illustrates examples of network slicing. 

[0123] Figure 91 shows a diversity of services with typical resource usage. 

[0124] Figure 92 illustrates a simplification of resource allocation for a given service or UE. 

[0125] Figure 93 shows an example of MAC resource partitioning. 

[0126] Figure 94 shows the spatial coexistence of multiple MACs. 

[0127] Figure 95 shows the mixing of two OFDM numerologies on the same carrier. 

[0128] Figure 96 shows a dynamic changing of portioning between two numerologies. 

[0129] Figure 97 shows a switching of link direction in TDD. 

[0130] Figure 98 shows options for beam shapes. 

[0131] Figure 99 illustrates an example CSI-RS allocation. 

[0132] Figure 100 illustrates a CSI-RS allocation for MU-MIMO operation. 

[0133] Figure 101 is a comparison between beam-based and coherent reciprocity-based 

modes, with respect to CSI acquisition signaling. 

[0134] Figure 102 is a simplified block diagram of a digital precoding-capable antenna 

architecture. 
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[0135] Figure 103 illustrate an example of receiver processing. 

[0136] Figure 104 is a simplified block diagram of hybrid beamforming. 

[0137] Figure 105 is a block diagram illustrating analog precoding-capable antenna 

architecture. 

[0138] Figure 106 is a signaling flow diagram illustrating an active-mode mobility procedure. 

[0139] Figure 107 is a signaling flow diagram illustrating beam selection based on uplink 

measurement. 

[0140] Figure 108 is a signaling flow diagram illustrating intra-node beam selection based on 

uplink measurement. 

[0141] Figure 109 illustrates an example in which a UE detects a radio link problem and a 

serving node resolves the problem. 

[0142] Figure 110 shows use cases classified into three groups. 

[0143] Figure 111 depicts several use cases for self-backhaul. 

[0144] Figure 112 illustrates a device co-location perspective of self-backhauling access 

nodes. 

[0145] Figure 113 shows a user-plane protocol architecture. 

[0146] Figure 114 shows a control-plane protocol architecture. 

[0147] Figure 115 shows a user-plane protocol architecture for LTE one-hop relaying. 

[0148] Figure 116 shows a control-plane protocol architecture for LTE one-hop relaying. 

[0149] Figure 117 shows a high-level architecture for L3 relay. 

[0150] Figure 118 shows routing versus PLNC. 

[0151] Figure 119 illustrates best-beam SINR variations over a UE route. 

[0152] Figure 120 illustrates several network scenarios. 

[0153] Figure 121 shows several UE types. 

[0154] Figure 122 illustrates MAC layer integration. 

[0155] Figure 123 shows RLC layer integration. 
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[0156] Figure 124 shows PDCP layer integration. 

[0157] Figure 125 illustrates LTE-NX tight integration, built on RRC layer integration. 

[0158] Figure 126 provides a summary of tight integration features. 

[0159] Figure 127 shows spectrum types and related usage scenarios for NX. 

[0160] Figure 128 illustrates problems with directional listen-before-talk. 

[0161] Figure 129 illustrates an example of a listen-after-talk mechanism. 

[0162] Figure 130 shows a PDCH-carried downlink data transmission. 

[0163] Figure 131 illustrates an example downlink data transmission. 

[0164] Figure 132 depicts an example uplink data transmission in cPDCH. 

[0165] Figure 133 illustrates an example uplink data transmission in PDCH. 

[0166] Figure 134 shows coupling between downlink and uplink grants. 

[0167] Figure 135 illustrates an example of SSI transmission. 

[0168] Figure 136 illustrates an example of SSI transmission contention. 

[0169] Figure 137 shows an example of AIT transmission. 

[0170] Figure 138 is a process flow diagram illustrating a UE access procedure in shared 

spectrum. 

[0171] Figure 139 is a process flow diagram illustrating management and automation tasks 

for base station introduction. 

[0172] Figure 140 shows two system access regions with overlap, and nodes within one 

system access region with and without overlap. 

[0173] Figure 141 illustrates UE BSID retrieval from a non-serving Base Station, BS, to 

support automatic BS relations. 

[0174] Figure 142 is a signaling flow diagram showing BSID retrieval and TNL address 

recovery. 

[0175] Figure 143 is a signaling flow diagram showing uplink-based Automatic Base station 

Relation, ABR. 
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[0176] Figure 144 shows mobility beams and virtual mobility beams. 

[0177] Figure 145 illustrates virtual beam relations for the beams shown in Figure 144. 

[0178] Figure 146 illustrates virtual mobility beam relation establishment for greenfield 

deployments. 

[0179] Figure 147 illustrates virtual mobility beam relation establishment for mature 

deployments. 

[0180] Figure 148 shows virtual mobility beam relation establishment based on RLF reports. 

[0181] Figure 149 shows a re-establishment procedure initiated by a source Base Station, 

BS. 

[0182] Figure 150 depicts a handover border scenario to illustrate a fast handover procedure. 

[0183] Figure 151 illustrates geo-fence of a node. 

[0184] Figure 152 shows mobility load balancing in NX. 

[0185] Figure 153 illustrates tradeoffs for positioning requirements. 

[0186] Figure 154 illustrates central capabilities versus complexity. 

[0187] Figure 155 shows positioning components. 

[0188] Figure 156 illustrates an example of restricted PRS availability. 

[0189] Figure 157 is a signaling flow diagram illustrating support of restricted PRS availability. 

[0190] Figure 158 shows positioning with a positioning support device. 

[0191] Figure 159 illustrates a categorization of D2D use cases. 

[0192] Figure 160 shows some D2D-related requirements in several use cases. 

[0193] Figure 161 illustrates D2D communications supported by the clustering concept. 

[0194] Figure 162 illustrates combinations of NX deployment scenarios and UE capabilities. 

[0195] Figure 163 shows layer 2 switching of user data paths. 

[0196] Figure 164 illustrates a user plane protocol architecture for single hop. 

[0197] Figure 165 illustrates a user plane protocol architecture for UE-to-network relay. 

[0198] Figure 166 illustrates a user plane protocol architecture for UE-to-UE relay. 
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[0199] Figure 167 shows control plane protocols used by D2D. 

[0200] Figure 168 shows some combinations of NX deployment scenarios and UE 

capabilities. 

[0201] Figure 169 shows examples of sidelink management functions. 

[0202] Figure 170 shows examples of measurement functions desirable for D2D 

communications. 

[0203] Figure 171 

[0204] Figure 172 

[0205] Figure 173 

[0206] Figure 174 

communications for 

[0207] Figure 175 

[0208] Figure 176 

[0209] Figure 177 

[0210] Figure 178 

[0211] Figure 179 

SeNB. 

[0212] Figure 180 shows a fast MeNB and SeNB role switch procedure. 

[0213] Figure 181 is a block diagram illustrating an example wireless device. 

[0214] Figure 182 is a process flow diagram illustrating an example method in a wireless 

device. 

[0215] Figure 183 is a process flow diagram illustrating an additional example method in a 

wireless device. 

[0216] Figure 184 is a process flow diagram illustrating an additional example method in a 

wireless device. 

shows UE beamforming for D2D communications. 

shows an example sidelink scheduling operation. 

illustrates sidelink HARQ operation. 

depicts DRX alignment of infrastructure-to-device (12D) and D2D 

maximizing OFF-duration. 

shows a D2D cluster communicating over cell borders. 

illustrates relations between different modes of multi-connectivity. 

shows a user-plane protocol stack for NX multi-connectivity. 

illustrates an alternative including one RRC entity at a MeNB. 

shows an alternative including multiple RRC entities at both MeNB and 
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[0217] Figure 185 is a process flow diagram illustrating an additional example method in a 

wireless device. 

[0218] Figure 186 is a process flow diagram illustrating an additional example method in a 

wireless device. 

[0219] Figure 187 is a process flow diagram illustrating an additional example method in a 

wireless device. 

[0220] Figure 188 is a process flow diagram illustrating an additional example method in a 

wireless device. 

[0221] Figure 189 is a block diagram illustrating example radio network equipment. 

[0222] Figure 190 is a process flow diagram illustrating an example method in radio network 

equipment. 

[0223] Figure 191 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0224] Figure 192 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0225] Figure 193 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0226] Figure 194 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0227] Figure 195 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0228] Figure 196 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0229] Figure 197 is a process flow diagram illustrating an additional example method in radio 

network equipment. 

[0230] Figure 198 is another representation of an example wireless device. 
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[0231] Figure 199 is another representation of example radio network equipment. 

[0232] Figure 200 is a process flow diagram is a process flow diagram illustrating an example 

method carried out by a wireless device and radio network equipment. 

[0233] Figure 201 is a process flow diagram illustrating an example method in a wireless 

device. 

[0234] Figure 202 is a process flow diagram illustrating another example method in a wireless 

device. 

[0235] Figure 203 is a process flow diagram illustrating another example method in a wireless 

device. 

DETAILED DESCRIPTION 

[0236] Following are detailed descriptions of concepts, system/network architectures, and 

detailed designs for many aspects of a wireless communications network targeted to address 

the requirements and use cases for 5G. The terms "requirement," "need," or similar language 

are to be understood as describing a desirable feature or functionality of the system in the 

sense of an advantageous design of certain embodiments, and not as indicating a necessary or 

essential element of all embodiments. As such, in the following each requirement and each 

capability described as required, important, needed, or described with similar language, is to be 

understood as optional. 

[0237] In the discussion that follows, this wireless communications network, which includes 

wireless devices, radio access networks, and core networks, is referred to as "NX." It should be 

understood that the term "NX" is used herein as simply a label, for convenience. 

Implementations of wireless devices, radio network equipment, network nodes, and networks 

that include some or all of the features detailed herein may, of course, be referred to by any of 

various names. In future development of specifications for 5G, for example, the terms "New 

Radio," or "NR," or "NR multi-mode" may be used — it will be understood that some or all of the 
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features described here in the context of NX may be directly applicable to these specifications 

for NR. Likewise, while the various technologies and features described herein are targeted to a 

"5G" wireless communications network, specific implementations of wireless devices, radio 

network equipment, network nodes, and networks that include some or all of the features 

detailed herein may or may not be referred to by the term "5G." The present invention relates to 

all individual aspects of NX, but also to developments in other technologies, such as LTE, in the 

interaction and interworking with NX. Furthermore, each such individual aspect and each such 

individual development constitutes a separable embodiment of the invention. 

[0238] NX, as described in detail below, targets new use cases, e.g. for factory automation, 

as well as Extreme Mobile Broadband (MBB), and may be deployed in a wide range of 

spectrum bands, calling for high degree of flexibility. Licensed spectrum remains a cornerstone 

for NX wireless access but unlicensed spectrum (stand-alone as well as license-assisted) and 

various forms of shared spectrum (e.g. the 3.5 GHz band in the US) are natively supported. A 

wide range of frequency bands are supported, from below 1 GHz to almost 100 GHz. It is of 

principal interest to ensure that NX can be deployed in a variety of frequency bands, some 

targeting coverage at lower frequency regions below 6 GHz, some providing a balance of 

coverage, outdoor-to-indoor penetration and wide bandwidth up to 30 GHz, and finally some 

bands above 30 GHz that will handle wide bandwidth use cases, but possibly at a disadvantage 

to coverage and deployment complexity. Both FDD and dynamic TDD, where the scheduler 

assigns the transmission direction dynamically, are part of NX. However, it is understood that 

most practical deployments of NX will likely be in unpaired spectrum, which calls for the 

importance of TDD. 

[0239] Ultra-lean design, where transmissions are self-contained with reference signals 

transmitted along with the data, minimizes broadcasting of signals. Terminals make no 

assumptions on the content of a subframe unless they are scheduled to do so. The 
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consequence is significantly improved energy efficiency as signaling not directly related to user 

data is minimized 

[0240] Stand-alone deployments as well as tight interworking with LTE are supported. Such 

interworking is desirable for consistent user experience with NX when used at higher frequency 

ranges or at initial NX rollout with limited coverage. The radio-access network (RAN) 

architecture can handle a mix of NX-only, LTE-only, or dual-standard base stations. The eNBs 

are connected to each other via new interfaces that are expected to be standardized. It is 

envisioned that these new interfaces will be an evolution of the existing S1 and X2 interfaces to 

support features such as network slicing, on demand activation of signals, UP/CP splits in the 

core network, CN, and support for a new connected dormant state, as described herein. As 

described below, LTE-NX base stations may share at least integrated higher radio interface 

protocol layers (PDCP and RRC) as well as a common connection to the packet core (EPC). 

[0241] NX separates dedicated data transmissions from system access functions. The latter 

include system information distribution, connection establishment functionality, and paging. 

Broadcast of system information is minimized and not necessarily transmitted from all nodes 

handling user-plane data. This separation benefits beamforming, energy efficiency, and support 

of new deployment solutions. In particular, this design principle allows densification to increase 

the user-plane capacity without increasing the signaling load. 

[0242] A symmetric design with OFDM in both the downlink and the uplink directions is 

detailed below. To handle the wide range of carrier frequencies and deployments, a scalable 

numerology is described. For example, a local-area, high-frequency node uses a larger 

subcarrier spacing and a shorter cyclic prefix than a wide-area, low-frequency node. To support 

very low latency, a short subframe with fast ACK/NACK (Acknowlegement/ Negative 

Acknowledgement) is proposed, with the possibility for subframe aggregation for less latency-

critical services. Also, contention based access is part of NX to facilitate fast UE initiated 

access. 
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[0243] New coding schemes such as polar codes or various forms of LDPC codes may be 

used, instead of turbo codes, to facilitate rapid decoding of high data rates with a reasonable 

chip area. Long DRX cycles and a new UE state, RRC dormant, where the UE RAN context is 

maintained, allow fast transition to active mode with reduced control signaling. 

[0244] Enabling full potential of multi-antenna technology is a cornerstone of the NX design. 

Hybrid beamforming is supported and advantages with digital beamforming are exploited. User-

specific beamforming through self-contained transmission is advantageous for coverage, 

especially at high frequencies. For the same reason, UE TX beamforming is proposed as an 

advantageous component, at least for high frequency bands. The number of antenna elements 

may vary, from a relatively small number of antenna elements (e.g., 2 to 8) in LTE-like 

deployments to many hundreds, where a large number of active or individually steerable 

antenna elements are used for beamforming, single-user MIMO and/or multi-user MIMO to 

unleash the full potential of massive MIMO. Reference signals and MAC features are designed 

to allow exploiting reciprocity-based schemes. Multi-point connectivity, where a terminal is 

simultaneously connected to two or more transmission points, can be used to provide 

diversity/robustness, e.g. for critical MTC, by transmitting the same data from multiple points. 

[0245] NX includes a beam-based mobility concept to efficiently support high-gain 

beamforming. This concept is transparent to both inter- and intra-eNB beam handover. When 

the link beams are relatively narrow, the mobility beams should be tracking UEs with high 

accuracy to maintain good user experience and avoid link failure. The mobility concept follows 

the ultra-lean design principle by defining a set of network configurable down-link mobility 

reference signals that are transmitted on demand, when mobility measurements from the UE 

are needed. Techniques are also described for up-link measurement based mobility, suitable 

base stations supporting reciprocity. 

[0246] Access-backhaul convergence is achieved with access and backhaul links using the 

same air interface technology and dynamically sharing the same spectrum. This is particularly 
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interesting at higher frequencies with large amounts of spectrum available, and where coverage 

is severely hampered by physical and practical constraints. Device-to-device communication 

where the network assigns resources for side-links is preferably an integral part of NX. For out-

of-coverage scenarios, the terminals revert to preassigned side-link resources. 

[0247] 5G MBB services will require a range of different bandwidths. At the low end of the 

scale, support for massive machine connectivity with relatively low bandwidths will be driven by 

total energy consumption at the user equipment. In contrast, very wide bandwidths may be 

needed for high capacity scenarios, e.g., 4K video and future media. The NX air interface 

focuses on high bandwidth services, and is designed around availability of large and preferably 

contiguous spectrum allocations. 

[0248] High-level requirements addressed by the NX system described herein include one or 

more of: 

1) Support for higher frequency bands with wider carrier bandwidth and higher peak 

rates. Note that this requirement motivates a new numerology, as detailed below. 

2) Support for lower latency, which requires shorter and more flexible Transmission 

Time Intervals (TTIs), new channel structures, etc. 

3) Support for very dense deployments, energy efficient deployments and heavy use 

of beamforming, enabled by, for example removing legacy limitations in relation 

to CRS, PDCCH, etc. 

4) Support of new use cases, services and customers such as MTC scenarios 

including V2X, etc. This can include more flexible spectrum usage, support for 

very low latency, higher peak rates etc. 

[0249] Following is a description of the NX architecture, followed by a description of the radio 

interface for NX. Following that is a description of a variety of technologies and features that are 

supported by the NX architecture and radio interface. It should be understood that while the 

following detailed description provides a comprehensive discussion of many aspects of a 
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wireless communications system, where numerous advantages are obtained by combinations of 

many of the described features and technologies, it is not necessary for all the technologies and 

features described herein to be included in a system for the system to benefit from the disclosed 

technologies and features. For example, while details of how NX may be tightly integrated with 

LTE are provided, a standalone version of NX is also eminently practical. More generally, 

except where a given feature is specifically described herein as depending on another feature, 

any combination of the many technologies and features described herein may be used to 

advantage. 

1 	 NX Architecture 

1.1 Overview of logical architecture 

[0250] The NX architecture supports both stand-alone deployments and deployments that 

may be integrated with LTE or, potentially, any other communication technology. In the following 

discussion, there is a lot of focus on the LTE integrated case. However, it should be noted that 

similar architecture assumptions also apply to the NX stand-alone case or to integration with 

other technologies. 

[0251] Figure 1 shows the high level logical architecture for an example system supporting 

both NX and LTE. The logical architecture includes both NX-only and LTE-only eNBs, as well as 

eNBs supporting both NX and LTE. In the illustrated system, the eNBs are connected to each 

other with a dedicated eNB-to-eNB interface referred to here as the X2* interface, and to the 

core network with a dedicated eNB-to-CN interface referred to here as the S1* interface. Of 

course, the names of these interfaces may vary. As seen in the figure, a core network/radio 

access network (CN/RAN) split is evident, as was the case with the Evolved Packet Subsystem 

(EPS). 

[0252] The S1* and X2* interfaces may be an evolution of the existing S1 and X2 interfaces, 

to facilitate the integration of NX with LTE. These interfaces may be enhanced to support multi- 
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RAT features for NX and LTE Dual Connectivity (DC), potentially new services (loT or other 5G 

services), and features such as network slicing (where, for example, different slices and CN 

functions may require a different CN design), on demand activation of mobility reference 

signals, new multi-connectivity solutions, potentially new UP/CP splits in the CN, support for a 

new connected dormant state, etc. 

[0253] Figure 2 shows the same logical architecture as Figure 1, but now also includes an 

example of an internal eNB architecture, including possible protocols splits and mapping to 

different sites. 

[0254] Following are features of the architecture discussed herein: 

- LTE and NX share at least integrated higher radio interface protocol layers (PDCP 

and RRC) as well as a common S1* connection to packet core (EPC) 

o The RLC/MAC/PHY protocols in NX may differ from LTE, meaning Carrier 

Aggregation (CA) solutions may, in some cases be restricted to intra-RAT LTE/NX 

o Different options for how the RRC layer integration is realized are discussed 

in section 2. 

o The usage of LTE or NX for 5G capable UEs can be transparent to the EPC 

(if desired). 

- The RAN / CN functional split over S1* is based on the current split used over S1. 

Note, however that this does not exclude enhancements to the S1* compared to S1, e.g., 

to support new features such as network slicing. 

- The 5G network architecture supports flexible placement (deployment) of CN 

(EPC) functionality per user / flow / network slice 

o This includes placement of EPC UP functions closer to RAN (e.g., in a local 

GVV) to allow for optimized routing and low latency 

o It may also include EPC CP functions closer to RAN to support stand-alone 

network operation (potentially all the way to the hub site, as illustrated in Figure 2). 
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- Centralization of PDCP/RRC is supported. The interface between PDCP/RRC and 

lower layer entities need not be standardized (although it can be), but can be proprietary 

(vendor-specific). 

o The radio interface is designed to support architecture flexibility (allowing for 

multiple possible functional deployments, e.g., centralized/distributed). 

o The architecture also supports fully distributed PDCP/RRC (as is the case 

with LTE, today). 

- To support NX/LTE dual connectivity,DC, with centralized PDCP and RRC, NX 

supports a split somewhere between the RRC/PDCP layers and the Physical layer, e.g., 

at the PDCP layer. Flow control may be implemented on X2*, supporting the split of 

PDCP and RLC in different nodes. 

- PDCP is split into a PDCP-C (used for SRBs) and PDCP-U (used for URBs) part, 

which can be implemented and deployed in different places. 

- The architecture supports Common Public Radio Interface, CPRI,-based splits 

between RU and Baseband Unit, BBU, but also other splits where some processing is 

moved to the RU/Antenna in order to lower the required fronthaul Bandwidth, BW, 

towards the Baseband Unit, BBU, (e.g., when supporting very large BW, many antennas). 

[0255] Note that despite the above discussion, alternative RAN/CN splits are possible, while 

still maintaining many of the features and advantages described herein. 

1.2 UE states in NX and LTE 

1.2.1 	Introduction 

[0256] This section discusses the different UE states in NX and LTE with focus on the UE 

sleep states. In LTE, two different sleep states are supported: 

ECM IDLE/RRC_ IDLE, where only the Core Network (CN) context is stored in the 

UE. In this state, the UE has no context in the RAN and is known on Tracking Area (or 
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Tracking Area List) level. (The RAN context is created again during transition to 

RRC CONNECTED.) Mobility is controlled by the UE, based on cell reselection 

parameters provided by the network. 

ECM CONNECTED/RRC CONNECTED with UE configured DRX. In this state the 

UE is known on cell level and the network controls the mobility (handovers). 

[0257] Out of these two states, ECM_IDLE/RRC_IDLE is the primary UE sleep state in LTE 

for inactive terminals. RRC_CONNECTED with DRX is also used, however the UE is typically 

released to RRC IDLE after X seconds of inactivity (where X is configured by the operator and 

typically ranges from 10 to 61 seconds). Reasons why it may be undesirable to keep the UE 

longer in RRC_CONNECTED with DRX include limitations in eNB HW capacity or SW licenses, 

or other aspects such as slightly higher UE battery consumption or a desire to keep down the 

number of Handover Failures (KPI). 

[0258] Since operators configure the RRC connected timer to be quite short, data from live 

LTE networks shows that UEs typically on average perform ten times more ECM_IDLE to 

ECM CONNECTED state transitions than X2 handovers, indicating that for many state 

transitions the UE returns in the same eNB or cell as it was before. Data from live networks also 

shows that the majority of the RRC connections transfer less than 1 Kbyte of data. 

[0259] Given that initiating data transmission from ECM_IDLE in LTE involves significantly 

more signaling compared to data transmission from "RRC_CONNECTED with DRX", the 

"RRC_CONNECTED with DRX" state is enhanced in NX to become the primary sleep state. 

The enhancement includes adding support for UE controlled mobility within a local area, thus 

avoiding the need for the network to actively monitor the UE mobility. Note that this approach 

allows for the possibility that the LTE solution can be further evolved to create a common RRC 

Connected sleep state for NX and LTE. 

[0260] The following are features of this NX UE sleep state, which is referred to herein as 

RRC_CONNECTED DORMANT (or RRC DORMANT for short): 
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- It supports DRX (from ms to hours) 

- It supports UE-controlled mobility, e.g., the UE may move around in a Tracking 

RAN Area (TRA) or TRA list without notifying the network (TRA (lists) span across LTE 

and NX). 

- Transition to and from this state is fast and lightweight (depending on the scenario, 

whether optimized for energy saving or fast access performance), enabled by storing and 

resuming the RAN context (RRC) in the UE and in the network (see Section 2.1.5.6). 

[0261] When it comes to detailed solutions how this RRC DORMANT state is supported, 

there are different options based on different level of core network, CN, involvement. One option 

is as follows: 

The CN is unaware of whether the UE is in RRC CONNECTED DORMANT or 

RRC_CONNECTED ACTIVE (described later), meaning the S1* connection is always 

active when UE is in RRC_CONNECTED, regardless of sub state. 

- A UE in RRC DORMANT is allowed to move around within a TRA or TRA list 

without notifying the network. 

o Paging is triggered by the eNB when a packet arrives over S1*. The MME 

may assist the eNB by forwarding page messages when there is no X2* 

connectivity to all the eNBs of the paging area. 

o When the UE contacts the network from RRC DORMANT in a RAN node 

that does not have the UE context, the RAN node tries to fetch the UE context 

from the RAN node storing the context. If this is successful, the procedure looks 

like an LTE X2 handover in the CN. If the fetch fails, the UE context is re-built from 

the CN. 

- The area that the UE is allowed to move around without notifying the network may 

comprise a set of Tracking RAN Areas, and covers both LTE and NX RAT, thus avoiding 

the need to signal when switching RAT in RRC DORMANT. 
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[0262] In addition to the RRC DORMANT state (optimized for power saving), there is an 

RRC_CONNECTED ACTIVE (RRC ACTIVE) state used for actual data transmission. This state 

is optimized for data transmissions, but allows the UE to micro-sleep, thanks to DRX 

configuration, for scenarios when no data is transmitted but a very quick access is desired. This 

may be referred to as monitoring configuration within the RRC ACTIVE state. In this state, the 

UE cell or beam level mobility is controlled and known by the network. 

1.2.2 	Consideration about UE states with tight integration of NX and LTE 

[0263] Considering tight integration between NX and LTE, (see Section 2.7) the desire to 

have a RAN controlled sleep state in NX drives requirements to also support a RAN-controlled 

sleep state in LTE for NX/LTE capable UEs. 

[0264] The reason for this is that to support tight NX and LTE integration, a common S1* 

connection is desirable for LTE and NX. If a RAN-controlled sleep state is introduced on the NX 

side, it would be very beneficial to have similar sleep state on the LTE side, also with an active 

S1* connection, so that the sleeping UE can move between NX and LTE without performing 

signaling to setup and tear down the S1* connection. This type of inter-RAT re-selection 

between LTE and NX may be quite common, especially during early deployments of NX. 

Accordingly, a common RAN based sleep state called RRC_CONNECTED DORMANT should 

be introduced in LTE. The UE behavior in this state is similar to what is defined for LTE RRC 

suspend/resume, however the paging is done by the RAN and not by the CN, since the S1* 

connection is not torn down when RRC is suspended. 

[0265] Similarly, a common RRC_CONNECTED ACTIVE state between NX and LTE is 

desirable. This state is characterized in that the NX/LTE capable UE is active in either NX or 

LTE or both. Whether the UE is active in NX or LTE or both is a configuration aspect within the 

RRC ACTIVE state, and these conditions need not be regarded as different sub states, since 

the UE behavior is similar regardless which RAT is active. To give one example, in the case 
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only one of the links is active, regardless of which link, the UE is configured to transmit data in 

one and to perform measurements in another one for dual-connectivity and mobility purposes. 

More details are given in section 2. 

1.2.3 	Description of the NX/LTE states 

[0266] Figure 3 shows the UE states in an LTE/NX where LTE supports the common 

RRC CONNECTED ACTIVE and RRC CONNECTED DORMANT states discussed above. 

These states are described further below. 

Detached (Non RRC configured) 

- EMM_DETACHED (or EMM_NULL) state defined in Evolved Packet Subsystem 

(EPS) when the UE is turned off or has not yet attached to the system. 

- In this state the UE does not have any IP address and is not reachable from the 

network. 

- Same EPS state is valid for both NX and LTE accesses. 

ECM/RRC IDLE 

- This is similar to the current ECM IDLE state in LTE. 

o This state may be optional. 

o In the event this state is kept, it is desirable for the paging cycles and 

Tracking RAN Areas to be aligned between RAN-based paging in RRC 

DORMANT and CN-based paging in ECM_I DLE, since then the UE could listen to 

both CN- and RAN-based paging making it possible to recover the UE if the RAN 

based context is lost. 

RRC CONNECTED ACTIVE (RRC state) 

- UE is RRC-configured, e.g., it has one RRC connection, one S1* connection and 

one RAN context (including a security context), where these may be valid for both LTE 

and NX in the case of dual-radio UEs. 
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- In this state it is possible, depending on UE capabilities, to transmit and receive 

data from/to NX or LTE or both (RRC configurable). 

- In this state the UE is configured with at least an LTE Serving Cell or an NX serving 

beam and can quickly set up dual connectivity between both NX and LTE when needed. 

The UE monitors downlink scheduling channels of at least one RAT and can access the 

system via for instance scheduling requests sent in the UL. 

- Network controlled beam/node mobility: UE performs neighboring beam/node 

measurements and measurement reports. In NX, the mobility is primarily based on NX 

signals such as TSS/MRSs and in LTE, PSS/SSS/CRS is used. NX/LTE knows the best 

beam (or best beam set) of the UE and its best LTE cell(s). 

- The UE may acquire system information via SSI / AIT (System signature Index/ 

Access Information Table), for example, and/or via NX dedicated signaling or via LTE 

system information acquisition procedure. 

- UE can be DRX configured in both LTE and NX to allow micro-sleeps (in NX 

sometimes referred as beam tracking or monitoring mode). Most likely the DRX is 

coordinated between RATs for UEs active in both RATs. 

- The UE can be configured to perform measurements on a non-active RAT which 

can be used to setup dual connectivity, DC, for mobility purposes or just use as a fallback 

if the coverage of the active RAT is lost. 

RRC CONNECTED DORMANT (RRC state) 

- UE is RRC-configured, e.g., the UE has one RRC connection and one RAN context 

regardless of the access. 

- UE can be monitoring NX, LTE, or both, depending on coverage or configuration. 

RRC connection re-activation (to enter RRC ACTIVE) can be either via NX or LTE. 

- UE-controlled mobility is supported. This can be cell re-selection in the case of only 

LTE coverage or NX Tracking RAN Area selection in the case of NX-only coverage. 
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Alternatively, this can be a jointly optimized cell/area reselection for overlapping NX/LTE 

coverage. 

UE-specific DRX may be configured by RAN. DRX is largely used in this state to 

allow different power saving cycles. The cycles can be independently configured per 

RAT, however some coordination might be required to ensure good battery life and high 

paging success rate. Since the NX signals have configurable periodicity there are 

methods that allow the UE to identify the changes and adapt its DRX cycles. 

UE may acquire system information via SSI / AIT in NX or via LTE. UE monitors 

NX common channels (e.g., NX paging channel) to detect incoming calls/data, AIT/SSI 

changes, ETWS notification and CMAS, Commercial Mobile Alert System, notification. 

o 	UE can request system information via a previously configured RACH 

channel. 

2 	 Radio Interface: Functions, Procedures, Channels, and Signals 

[0267] In this section the radio interface functions and services provided by the different 

protocol layers, as well as preferred functional concepts of the different layers are documented. 

In Section 2.1 the Radio Resource Control (RRC) protocol is described, in section 2.2 the MAC 

layer is described, and, finally, in Section 2.3, the Physical layer is described. Some RAN 

functions formally stretch over multiple layers but may still be described in one section to 

simplify the presentation. In some cases, the corresponding protocol aspects may be 

documented in Section 3. 

2.1 Radio Resource Control (RRC) protocol 

2.1.1 	Description 

[0268] RRC is a signaling protocol used to configure and control the UE. RRC relies on lower 

layers for security (encryption and integrity protection), segmentation and reliable in-order 

delivery of signaling messages. No detailed assumptions are made regarding when an RRC 
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message is delivered that makes the RRC messages asynchronous to the radio timing. RRC is 

suitable for messages of any size requiring reliable delivery such as UE configuration. 

2.1.2 	Functions provided 

[0269] Many of the same basic functions and procedures as defined in LTE RRC are also 

used in NX RRC, like security and connection control, measurement configuration, etc. 

However, new functionalities are described herein. One new functionality is that the RRC 

protocol handles both NX standalone operation as well as NX and LTE joint operation, while 

keeping the NX and LTE related configurations of lower layers self-contained. Further design 

principles to realize the tight integration from the RRC point of view are: 

- Fast state transition from dormant (see Section 1) to active mode is provided. This 

is achieved by storing the UE context at RAN. 

- Dormant state mobility is provided, where the UE is capable of moving between 

RATs and nodes (within routing area) without notifying the network. 

- RAN paging while in dormant mode is supported, across NX and LTE. 

- Coordinated state transition where state transitions occur jointly in both RATs is 

supported. 

- RRC signalling is optimized so that radio links on both RATs can be 

established/moved/released at the same time. 

- The S1* connection can be sustained without any additional connection setup 

when switching between LTE and NX, 

- Flexible procedures where both combined and independent configuration (one 

layer) are supported. This can apply to setup, mobility, reconfiguration and release of 

radio links. 
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The design is future-proof, so that new RRC functionalities (e.g., to cover new use 

cases and support for network slicing) can be added without major impact to the 

specifications. 

[0270] Architectures that realize these design principles can be categorized into two options: 

Single RRC protocol and Dual RRC protocol, as discussed in Sections 2.1.4.1 and 2.1.4.2, 

respectively. 

[0271] Other new functionalities of NX RRC include support for the new dormant state, as 

discussed in Section 1, and new ways to deliver system information, see chapter 3.2. Beam-

based mobility management, as discussed in chapter 3.5, may drive additional changes. A new 

framework for UE capability signaling is described in section 2.1.5.3. 

[0272] RRC is involved in the Non Access Stratum (NAS) message exchange between UE 

and CN, and provides various control-plane functions both on UE and eNB: 

Connection management: 

o RRC connection establishment, maintenance and release 

o RRC connection inactivation and re-activation 

o Radio bearer connection establishment, maintenance and release 

o Multi-connectivity configurations 

o UE paging 

UE capability transfer 

Radio resource management: 

o Configuration of radio resources for RRC connection and configuration of 

lower layers 

o Radio configuration control including e.g., assignment / modification of 

Automatic Repeat reQuest, ARQ, configuration, Hybrid ARQ, HARQ, 

configuration, DRX configuration 

o Measurement configuration and mobility control 
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[0273] 

o UE measurement reporting and control of the reporting 

o Mobility functions (intra/inter-frequency handover, and inter-RAT handover) 

o Radio Access Control, e.g., access class barring 

Service management and security: 

o MBMS services 

o QoS management functions 

o Access Stratum (AS) security 

The split architecture with RRC terminated in a centralized node, as discussed in 

Section 1, also impacts functions supported by RRC. Some functions are less suitable for a 

centralized implementation far from the air interface, for example: 

- Measurement reporting for beams. Measurement results supporting intra node 

beam switching may be handled on a lower layer, see section 2.1.5.8. 

- Air interface resources configured dynamically during connections. In LTE, 

signaling of Physical uplink control channel (PUCCH) resources when coming in-sync 

and TTI bundling has been a problem. 

2.1.3 	Architecture 

2.1.3.1 	NX identifiers related to RAN L3 procedures 

[0274] There are several NX identifiers involved in RAN L3 procedures (in particular RRC 

procedures), which are relevant to describe. These identifiers may be critical for the procedure 

as such, or they may be identifiers used by other layers or functions and simply transported by a 

RAN L3 message. The latter are of course less relevant to bring up in this context, but in some 

cases they deserve to be mentioned. 

[0275] Several circumstances motivate introducing new identifiers for NX instead of merely 

reusing identifiers from LTE. Some of these circumstances are: 

- New functionality, which is non-existent in LTE, such as: 
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o A new state, as in the dormant state. 

o RAN internal paging. 

- The lean design principle, which minimizes the data that is frequently broadcast 

over the radio interface. 

- The heavy use of beamforming, which in practice eliminates the traditional cell 

concept. 

- The potentially distributed RAN architecture. 

[0276] Note that it is generally desirable to harmonize the RRC protocols for LTE and NX, and 

hence some of the related identifiers may be applicable in both LTE and NX. 

[0277] This section provides an overview of such NX identifiers, elaborating briefly on aspects 

such as usage and internal structure. 

[0278] The identifiers discussed here are each placed into one of two categories: 

- UE identifiers 

- Network node, area or entity identifiers 

2.1.3.1.1 	UE identifiers 

UE RRC context identifier 

[0279] Reuse of the Cell Radio Network Temporary Identifier (C-RNTI) for this purpose would 

not be suitable. One reason is that the cell concept is not used in NX. Another reason is that the 

C-RNTI is coupled with other functionality in a way that creates undesirable dependencies. A 

third reason is that the UE RRC context identifier has a partly different purpose in NX, such as 

to support context fetching. 

[0280] The UE RRC context identifier identifies a UE's RRC context in the RAN and hence it 

is unique within the entire RAN. In the case of a common RRC entity the UE RRC context 

identifier is valid for both LTE and NX. The network can give the UE RRC context identifier to 

the UE at any time while the UE is in active state. The network may, for example, choose to do 
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it in conjunction with the RRC connection setup (see section 2.1.5) when the context is created, 

in order to ensure that UE has it in case it would lose the connection (e.g., in case of radio link 

failure). Alternatively, or in addition, the network may choose to transfer the UE RRC context 

identifier to the UE when the UE is put in dormant state, to avoid the control overhead of having 

to reallocate a UE RRC context identifier in the UE every time the UE moves to a new RAN 

node. 

[0281] The UE RRC context identifier is used for context fetching between RAN nodes in 

potential procedures such as dormant to active state transition (see Section 2.1.5.6), Tracking 

RAN Area Update in dormant state and radio link failure recovery. It should identify a UE's RAN 

context in an inter-RAN node scenario. That is, it should both identify the RAN node holding the 

context (e.g., the "anchor node", e.g., Access Node (AN), Radio Controller Function (RCF), or 

some other kind of controller such as a cluster head) and identify the context within this RAN 

node. Hence, it comprises an identifier of the anchor RAN node and a local context identifier 

allocated by the anchor RAN node. The identifier of the anchor RAN node is the RAN node 

identifier described further below. It can be used also in other contexts and deserves its own 

separate description. 
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[0282] The local context identifier only has RAN node internal significance. It could be the 

MAC-id, which is used for addressing the UE for downlink control signaling, but in an ambition to 

retain independence between identifiers that are used for different purposes, it is preferable that 

the local context identifier is an identifier separate from the MAC-id. In addition, the required 

range is different for the MAC-id and the local context identifier. Disregarding possible reuse 

schemes, the MAC-id range may provide a unique identifier to all UEs that are simultaneously in 

active state in the applicable area (assumedly an Access Node), whereas the local context 

identifier range may support all UEs that are in either active or dormant state in a node. The 

latter may include a substantially greater number of UEs and hence a larger range is desirable 

for the local context identifier. 

UE identifier for RAN internal paging 

[0283] For this purpose, there is no corresponding identifier to reuse from LTE, since LTE 

does not support RAN internal paging. 

[0284] The purpose of this identifier is to identify the UE when the UE is paged during a RAN 

internal paging procedure. For RAN internal paging the UE is tightly associated with the already 

existing UE RRC context. This makes the UE RRC context identifier a natural candidate to be 

used when paging the UE. Since this tight association makes it unlikely that the dependence to 

the UE RAN context identifier causes future problems, the UE RRC context identifier can be 

used for this purpose. 

UE identifier for the UE's response to RAN internal paging  

[0285] For this purpose, there is no corresponding identifier to reuse from LTE, since LTE 

does not support RAN internal paging. 

[0286] 	When the UE responds to RAN internal paging, it has to provide an identifier that 

makes it possible to locate the UE RRC context. A reference to the page message, e.g., a page 

identifier, would suffice, but using a more "self-contained" identifier allows a more flexible page 
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procedure, e.g., where the UE responds to a RAN node that has not been involved in the 

paging. The relation to the UE RRC context makes the UE RRC context identifier a natural 

candidate to be used for this purpose (especially since the page response may be regarded as 

dormant to active transition). 

UE identifier for dormant to active state transition  

[0287] This is a new state transition, which does not exist in LTE and hence there is no 

corresponding LTE identifier to reuse. 

[0288] The UE's message to the network in conjunction with dormant to active state transition 

has to enable location of the UE RRC context. This makes the UE RRC context identifier a 

natural candidate. 

Summary of UE identifiers  

[0289] All of the above described identifiers (the UE RRC context identifier, the UE identifier 

for RAN internal paging, the UE identifier for the UE's response to RAN internal paging and the 

UE identifier for dormant to active state transition) may be one and the same, since all of them 

have the ability to locate and identify a UE RRC context in an inter-RAN node scenario. 

2.1.3.1.2 	Network node, area or entity identifiers 

RAN node identifier 

[0290] There are new features on the RAN node identifier which prevent reuse of the eNB ID 

in LTE. 

[0291] A RAN node identifier to be visible across the radio interface is useful for various SON 

activities, such as Automatic Neighbor Relations (ANR) and recording of mobility in dormant/idle 

mode to aid radio network planning (see also section 3.9). (It is also possible to use RAN-node-

specific MRSs for the purpose of ANR.) It is also useful in the network for context fetching and 

establishment of inter-RAN node interfaces and connections (e.g., X2*). Although a RAN node 
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identifier in some senses corresponds to the eNB ID in LTE, the RAN node identifier in NX 

serves similar purposes in NX as the E-UTRAN Cell Global Identifier (ECGI) does in LTE, due 

to the lack of cell concept in NX. 

[0292] Two design goals that are relevant in this context are to minimize the always-on 

transmissions in the network and to refrain from providing signals that can be used for 

positioning purposes by over the top (OTT) applications. 

[0293] To cater for the first of these two design goals, the RAN node identifier may be 

transmitted over the radio interface on as-needed basis. To this end, no RAN node identifier is 

transmitted over the radio interface by default, but a RAN node may request the core network to 

order activation (or the core network may initiate this itself) of RAN node identifier transmissions 

in a relevant area to support ANR or other SON features. Optionally, the RAN node may 

indicate in the request which area it wants the RAN node identifier transmissions to be activated 

in, e.g., defined as a geographical area. 

[0294] To fulfill the second design goal a dynamically assigned, non-systematically selected 

RAN node identifier is used across the radio interface instead of a static RAN node identifier. To 

allow the dynamic RAN node identifier to still serve its purpose within the network, the network 

provides (network internal) translation of the dynamic RAN node identifier into an "actual" static 

RAN node identifier, which in turn may be translated into an IP address if needed (or the 

dynamic RAN node identifier may be used directly for IP address lookup). The approach with 

network internal translation of a dynamically changed identifier is similar to the approach 

described for the Positioning Reference Signal (PRS) (see section 3.10) and a common solution 

may be used for both cases. 

Tracking RAN Area Code  

[0295] There are no Tracking RAN Areas in LTE and consequently there is no identifier to 

reuse from LTE. 
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[0296] The Tracking RAN Area Code (TRAC) identifies a Tracking RAN Area (TRA) within a 

single network, to the extent that such areas are used. It may be used in conjunction with 

configuration of a UE in dormant state with a list of TRAs and would be regularly transmitted by 

the network for the UE to keep track of its current TRA, and report location update to the 

network if the UE moves to a TRA that is not in its configured list of TRAs. As with the Tracking 

Area Code, no real need for any internal structure is foreseen. See also section 3.2. 

Phase distributor for paging DRX cycles  

[0297] In LTE, the IMSI modulo 1024 is used as an input parameter to the paging occasion 

procedure. Its purpose is to distribute the phase of the paging DRX cycle among UEs, so that 

the accumulative paging load of the UEs is more evenly distributed. 

[0298] A parameter with a similar function may be desirable for the RAN internal paging in 

NX, depending on the procedure that is implemented for paging occasions. Note that this is not 

an identifier per se, but with the introduction of RAN internal paging it is a parameter that merits 

discussing. 

[0299] Given that the same or a similar procedure as in LTE is used in NX, then one 

approach is for the anchor RAN node (the RAN node holding the S1* connection) to generate a 

10-bit number (the same number of bits as in IMSI modulo 1024) and configure the UE with it as 

a part of the paging configuration for a UE in dormant state. This number would also be included 

in the RAN internal paging message distributed from the anchor RAN node to the other RAN 

nodes that are involved in paging the UE. With this choice of parameter, no IMSI related data is 

stored in the RAN. 

[0300] An alternative is to derive this number from the UE RRC context identifier, e.g., UE 

RRC context identifier modulo 1024. This has an advantage compared to an arbitrary 10-bit 

number in that it would not have to be conveyed as a separate parameter to the UE and in the 
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distributed RAN internal paging message, since it would be implicit in the UE RRC context 

identifier which is anyway included in these messages. 

[0301] Yet another option is that the core network transfers the IMSI modulo 1024 parameter 

to the RAN node as a part of the UE S1* context when the S1* connection is established and 

that this number is used in the same manner as in LTE. If the same paging occasion procedure 

is used for RAN internal paging of a UE in dormant state and core network initiated paging of a 

UE in idle state, the paging occasions for RAN internal and core network initiated paging 

coincide with this alternative. This property can advantageously be leveraged to efficiently deal 

with error cases where the UE and the network have different perceptions of which state 

(dormant or idle) the UE is in. 

Virtual beam identifier 

[0302] This concept has no correspondence in LTE and consequently there is no LTE 

identifier to reuse. 

[0303] A virtual beam identifier is an abstraction of a physical beam or a group of physical 

beams. As such, it is adapted for use by inter node signaling procedures on the network side. 

The virtual beam identifier is involved in activation of candidate target beams in inter-RAN node 

active mode mobility procedures and in SON procedures. 

[0304] This identifier is used internally in the network (not passed to the UE). 

Beam identifier 

[0305] This concept has no real correspondence in LTE, and consequently there is no 

suitable LTE identifier to reuse. 

[0306] A beam is identified on L1 by a certain, dynamically assigned reference signal, e.g., a 

Mobility and Access Reference Signal (MRS). There may be no other identifier transmitted in 

the beam for beam identification purposes. However, higher protocol layers have to be able to 

refer to a beam, or a reference signal, e.g., when RRC is used to configure a UE with the MRSs 
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to measure on during a measurement sequence. For such usage, the reference signal 

sequence itself is very impractical and a higher layer abstraction is desirable instead. Hence, 

some kind of reference or index is preferably used to refer to a reference signal, e.g., a MRS 

index or a C-RS index. Such an index may be passed between RAN nodes as well as between 

a RAN node and a UE. 

PDCP context identifier 

[0307] The PDCP context identifier is relevant in distributed RAN node architecture scenarios 

where RRC processing and PDCP processing are located in different physical entities, e.g., with 

PDCP in a Packet Processing Function (PPF) and RRC in a Radio Control Function (RCF) 

located in physically separate nodes. Such distributed RAN node architectures are not 

standardized in LTE and hence there are no LTE identifiers to reuse. (Note that a corresponding 

proprietary identifier in eNB products may be used, and in this case, if desired and unless such 

an identifier is specified in NX, a product-specific/internal identifier may be reused.) 

[0308] To the extent that bearers are used in NX in a similar way as in LTE, with a PDCP 

context per bearer, then the bearer identifier in combination with a UE identifier (e.g., the UE 

RRC context identifier) may be used to identify a certain PDCP context. 

[0309] Otherwise, if the bearer concept is replaced with something else, some other concept 

for the PDCP identifier is needed. In such a case the PDCP context identifier could be assigned 

according to similar principles as the S1 connection identifier, where each entity assigns its own 

identifier and informs the other part. The PDCP entity would thus assign its own PDCP context 

identifier and inform the RRC entity after being contacted by the RRC entity. 

[0310] If there is a one-to-one mapping between the RRC entity and the PDCP entity, then 

the PDCP context identifier can be used as the reference in both directions, but if an RRC entity 

can have a relation to multiple PDCP entities, then the PDCP context identifier has to be 

combined with an RRC context identifier in order for it to uniquely identify the RRC-PDCP entity 
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relation. The UE RRC context identifier can be reused for this purpose, and assuming that the 

distributed entities logically form a distinct RAN node (e.g., a "virtual RAN node"), the local 

context identifier part of the full UE RRC context identifier suffices. Note that the terms "entity" 

and "context" should not be confused. In this identifier description an "entity" refers to a physical 

processing entity, e.g., an implementation of PDCP in a physical node. A "context" on the other 

hand refers to the data associated with a specific instance of PDCP processing, e.g., for a 

certain bearer or traffic flow of a UE. 

[0311] This identifier is used internally in the network (not passed to the UE). 

Note that the interface(s) that would motivate a PDCP context identifier are currently not 

standardized. Unless it becomes standardized for NX, this remains a product internal matter 

and each manufacturer may choose what fits its specific implementation best. 

Context identifier for lower layer protocols  

[0312] Context identifiers for lower layer protocols may be relevant in distributed RAN node 

architecture scenarios, e.g., with RLC and MAC in a Baseband Function (BBF) and RRC in a 

Radio Control Function (RCF) located in physically separate nodes. In such a case, the RRC 

entity may need references to the relevant entities to be able to configure them appropriately. 

Such distributed RAN node architectures are not standardized in LTE and hence there are no 

LTE identifiers to reuse. (There may, however, be a corresponding proprietary identifier in eNB 

products. In this case, if desired and unless such an identifier is specified in NX, a product-

specific/internal identifier may be reused.) 

[0313] Assuming an LTE-like protocol stack, there is an RLC context per bearer, and its 

identifier could be treated in the same manner as described above for the PDCP context 

identifier. 

[0314] The MAC entity, on the other hand, is common for all bearers of a UE, for each 

connectivity leg in case of dual-/multi-connectivity, so the MAC context identifier in principle only 
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has to identify the UE and, as above, the UE RRC context identifier, or the local part of it, could 

be reused for this purpose. These identifiers are used internally in the network (not passed to 

the UE). 

[0315] Note that the interface(s) that requires such identifier(s) is currently not standardized. 

Unless it becomes standardized for NX, this remains a product internal matter and each 

manufacturer may choose what fits its specific implementation best. 

S1* and X2* connection identifiers  

[0316] In LTE, an S1 connection identifier identifies an S1 control plane connection 

associated with a UE and is valid as long as the UE is in RRC_CONNECTED and ECM-

CONNECTED state (eNB UE S1AP ID, MME UE S1AP ID). (With the introduction of the 

suspend/resume mechanism in LTE release 13, the S1 control plane connection may be kept 

also when the UE goes to RRC_IDLE state.) A corresponding X2 identifier identifies the short-

lived UE associated relation between two eNBs during a handover procedure (Old eNB UE 

X2AP ID, New eNB UE X2AP ID). 

[0317] The same principle as currently used for S1 and X2, with locally assigned and locally 

significant identifiers, may be used for the S1* and X2* connection identifiers. A similar reuse of 

the LTE principles may apply also for the S1* and X2* user plane identifiers. These identifiers 

are used internally in the network (not passed to the UE). 

Network slice identifier 

[0318] A network slice identifier identifies a set of network resources constituting a logical 

network. It may potentially be used to direct user plane and control plane traffic to the resources 

of the network slice it pertains to. 

2.1.3.1.3 	Summary of identifiers 

[0319] Table 1, below, provides a summary of the identifiers discussed above. 
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Identifier Purpose Relation to LTE 

UE RRC context 

identifier 

Identifies a UE RRC 

context in the RAN. Used 

e.g., for context fetching. 

It is slightly similar to the C-

RNTI, but has a partly different 

purpose and lacks some of the 

dependencies associated with 

the C-RNTI. The UE RRC 

context identifier may identify 

the UE RRC context in both 

LTE and NX. 

UE identifier for RAN 

internal paging 

Identifies a UE during 

RAN internal paging. 

No correspondence in LTE 

UE identifier for the 

UE's response to 

RAN internal paging 

Identifies a UE when 

responding to RAN 

internal paging. Enables 

context fetching. 

No correspondence in LTE. 

UE identifier for 

dormant to active 

state transition 

Identifies a UE during 

dormant to active state 

transition. Enables 

context fetching. 

No correspondence in LTE. 

RAN node identifier Supports various SON 

functions such as ANR. 

Enables context fetching 

when used as part of the 

UE RRC context 

New features prevent reuse of 

the eNode B ID. 
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identifier. 

Tracking RAN Area 

Code 

Identifies a Tracking RAN 

Area. 

No correspondence in LTE. 

Phase distributor for 

paging DRX cycles 

(for RAN internal 

paging) 

Distributes the phase of 

the RAN internal paging 

DRX cycle among UEs, 

so that the accumulative 

paging load of the UEs is 

more evenly distributed. 

RAN internal paging is not 

used in LTE, but one option is 

to reuse the IMSI modulo 1024 

parameter, which is used for 

core network initiated paging in 

LTE. 

Virtual beam 

identifier 

A virtual beam identifier 

is an abstraction of a 

physical beam or a group 

of physical beams. 

No correspondence in LTE. 

Beam identifier A beam identifier is used 

to identify a physical 

layer beam on higher 

protocol layers. It may be 

realized as an index 

pointing at a reference 

signal sequence. 

No suitable correspondence in 

LTE. 

PDCP context 

identifier 

Used to identify the 

PDCP context in a 

distributed RAN node 

architecture. 

To the extent the bearer 

concept of LTE is reused in 

NX, the bearer identifier 

combined with the UE RRC 

context identifier may be used. 
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Otherwise only product 

internal/specific corresponding 

identifiers may be used. 

Context identifier for 

lower layer protocol 

Used to identify the RLC 

context or the MAC 

context in a distributed 

RAN node architecture. 

To the extent the bearer 

concept of LTE is reused in 

NX, the bearer identifier 

combined with the UE RRC 

context identifier may be used 

(or only the UE RRC context 

identifier in the case of the 

MAC context). Otherwise only 

product internal/specific 

corresponding identifiers may 

exist. 

S1* and X2* 

connection 

identifiers 

Identify control and user 

plane connections for 

S1* and X2*. 

The same principle (and 

possibly the same identifiers) 

can be used as in LTE. 

Bearer identifier Identifies a (radio) 

bearer. (if needed, 

depending on the 

existence of bearers in 

NX.) 

To the extent the LTE bearer 

concept is reused in NX, the 

LTE bearer identifier may 

possibly be reused. 

Network slice 

identifier 

Identifies a set of network 

resources constituting a 

logical network. 

No correspondence in LTE. 
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Table 1 

2.1.3.2 	Signaling radio bearers 

[0320] Signaling Radio Bearers (SRBs) are defined as Radio Bearers (RB) that are used only 

for the transmission of RRC and NAS messages. According to the architecture described 

herein, the same set of SRBs may be defined for NX as used for LTE. This also allows the tight 

integration scenario, where the same SRBs are used to carry either NX or LTE RRC messages 

over either NX or LTE lower layers (see Section 1). 

[0321] More specifically, the following three SRBs may be defined: 

- SRBO is for RRC messages using a common logical channel; 

- SRB1 is for RRC messages (which may include a piggybacked NAS message) as 

well as for NAS messages prior to the establishment of SRB2, all using dedicated logical 

channels; 

- SRB2 is for RRC messages which include logged measurement information as well 

as for NAS messages, all using dedicated logical channels. SRB2 typically has a lower-

priority than SRB1 and is configured by E-UTRAN after security activation. 

[0322] Once security is activated, RRC messages on SRB1 and SRB2, including those 

containing NAS or non-3GPP messages, are integrity protected and ciphered by PDCP. 

[0323] It is also important to note that RRC diversity can be supported by utilizing a common 

SRB1 and SRB2, which can be split over both RATs, similarly to the split dedicated radio 

bearers (DRBs) used in LTE Dual-Connectivity (DC), using a common PDCP entity with 

separate RLC/MAC entities per access. The UE or network does not apply RRC diversity for 

SRBO as well as for the initial SRB message sequence during the initial connection setup or 

connection re-establishment/re-activation until both RATs are configured and security activated. 

Once SRB diversity is activated, implementation-based dynamic link selection in the downlink 
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can be made by the network on a per PDCP PDU basis. In the uplink, mapping rules may be 

defined in the standard. 

[0324] Using a common set of SRBs with a split bearer is an attractive option, since that 

guarantees in-order delivery of all RRC messages regardless of over which RAT they are 

transmitted (the UE behavior becomes predictable). When a common PDCP layer is used, 

supporting solutions for transmitting the same RRC message over both RATs becomes easy, 

since any duplication can be detected and removed by the PDCP layer. 

[0325] An alternative solution is to use separate SRBs for different RATs, and then have rules 

in RRC level for when messages should be mapped to what SRB. One option is to define an 

NX specific SRB3, which is then used for NX RRC for procedures that do not need to be 

coordinated with LTE RRC. This entity is used in the non-co-located case located in the NX eNB 

to deliver NX RRC messages directly between the NX eNB and the UE, without having to be 

passed via the LTE eNB. Note that from a security point of view, this solution deviates from the 

DC architecture with a single trusted node terminating all SRBs. Here, the secondary eNB 

needs to be equally trusted and securely implemented as the master eNB. Otherwise an 

attacker breaking into the secondary eNB could control the UE via RRC from there. 

2.1.3.3 	Bearer handling and QoS 

[0326] As for the SRBs, the tight integration with LTE motivates keeping common radio 

bearers also for the user plane, allowing the UE to move between LTE and NX coverage without 

having to reconfigure the bearers. 

[0327] However, new use cases for 5G may drive the introduction of new QoS definitions for 

NX, and new bearer types. Ideally, those should then be introduced to LTE as well, so that 

seamless LTE-NX mobility can be supported. In cases where LTE is not capable to provide the 

required QoS, bearers need to be reconfigured or released when moving from NX to LTE. 
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2.1.3.4 	Handling of DRX in Dormant state 

[0328] DRX is configured together with paging and the "listening period" is calculated based 

on the current System Frame Number (SFN). Each TRA may have a specific DRX 

configuration which is provided to the UE via dedicated signaling e.g., TRA Update Response or 

RRC reconfiguration. The range of DRX cycles which the network can configure goes up to 

several hours or even days. Of course, this needs to be taken into account when designing the 

number of bits to include in the SFN field. 

[0329] In some cases, the RAN may not be able to find the UE. In this situation, the RAN may 

inform the CN, and the CN may then take over the paging functionality for that UE. 

[0330] One aspect to take into account is the relationship between SSI (see section 3.2.2.2) 

period and DRX configuration. Longer SSI periods cause higher UE energy consumption, due to 

the effect of the UE clock error in combination with DRX. The UE needs to wake up before to 

compensate for this error. As soon as the UE gets sync information, the UE can return to DRX. 

Thus, the longer the SSI period (time from one SSI transmission to the next), the longer the UE 

needs to listen and, hence, the higher the UE energy consumption. Shorter SSI periods, on the 

other hand, cause less UE power consumption. This is shown in Figure 4, which illustrates 

estimated UE battery life for a UE in dormant state when the network is synchronized for 

different SSI period and DRX cycles. When the network cannot maintain a good level of 

synchronization, the UE energy consumption increases considerably, especially for large SSI 

periods. This is shown in Figure 5, which illustrates estimated UE battery life for a UE in 

dormant state when the network is not synchronized for different SSI periods and DRX cycles. 

2.1.4 	NX RRC and integration with LTE 

[0331] A preferred aspect of the architecture described herein is its support for a tight 

integration of NX with LTE, e.g., as discussed in Section 3.7. One part of this tight integration is 

the RRC layer integration of LTE and NX radio access, to support both the LTE-NX dual 
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connectivity and NX stand-alone operation. In this section, several different alternatives for 

realizing this RRC layer integration are described, starting from RRC functional concepts. 

2.1.4.1 	RRC Functional Concept 1: Single RRC protocol 

[0332] Single RRC protocol is defined as a protocol architecture option, which can integrate 

all or a subset of the control-plane functions of NX together with the existing LTE RRC protocol 

functions with a single RRC protocol machine, to provide the functions to enable the LTE-NX 

dual connectivity and possibly the stand-alone NX operation. 

[0333] Note that this architecture option can be realized by extending the LTE RRC protocol. 

This can be achieved by standardization of: 

a) a new release for the LTE RRC specification, TS 36.331, including the new 

procedures and information elements (lEs) for NX, or 

b) a new specification, e.g., an NX RRC specification that contains the LTE RRC 

legacy functions, new procedures and IEs for NX, or 

c) a pair of specifications comprised of a new release of the LTE RRC specification, 

including transparent containers for carrying NX IEs, which are defined in a new NX 

RRC specification. 

[0334] The NX IEs, which can be defined within the LTE RRC specification or in a separate 

NX RRC specification, may include broadcasted/dedicated system information and security 

control information elements. 

[0335] Where an RRC function (e.g., RRM) resides in the NX eNB, new inter-node messages 

(e.g., carrying radio resource control information elements) between NX and LTE have to be 

defined. These messages are carried within the RRC containers that need to be specified as 

well. 

[0336] To ensure the reliable handling of the control-plane signaling, PDCP level 

split/combining can be used to provide extra reliability (RRC diversity). 
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[0337] Note that in the case of stand-alone NX operation, due to the backward-dependency of 

the protocol, single RRC protocol may have limited flexibility when adding new functions to NX 

RRC, especially if a single RRC evolution track for both LTE and NX is targeted. 

[0338] An overall protocol stack that includes single RRC operation for LTE-NX DC operation 

is illustrated in Figure 6, from the UE and eNB perspectives, respectively. The node where the 

RRC and PDCP entities reside may be either an LTE or NX node. 

2.1.4.2 	RRC Functional Concept 2: Dual RRC protocol 

[0339] Dual RRC protocol refers to a protocol architecture option comprising separate LTE 

and NX RRC entities, which follow independent control-plane specifications for LTE and NX 

respectively. Inter-RAT coordination is mandated in the RRC level, to fulfil the LTE-NX tight 

integration design principle. 

[0340] With this architecture option, future-proof NX control-plane functions are provided for 

the stand-alone operation of NX and for the smooth introduction of new features and use cases, 

thanks to the functional flexibility introduced with less backward-dependency. 

[0341] In the dual RRC protocol, NX RRC messages are tunneled to the UE via the LTE RRC 

entity and vice-versa for LTE-NX dual connectivity, which is the case whether LTE and NX 

RATs are co-located or not. Therefore, the RRC containers that carry the NX/LTE RRC 

messages need to be specified. Furthermore, in order to sustain a single S1 connection and 

coordinated state transitions between NX and LTE, additional mechanisms may be required as 

partly to be discussed within the RRC procedures. 

[0342] Similarly as with the single RRC protocol option, PDCP level split/combining (for 

common SBRs), via a single PDCP entity on the control-plane, is assumed to enable RRC 

diversity and reliable handling of control-plane thereof. An additional PDCP entity (for new 

SRBs), associated to an NX SRB, e.g., SRB3, can also be configured in the NX node for the 

direct NX RRC message transfer when the common PDCP entity is situated in the LTE node. 
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[0343] An overall protocol stack that includes the dual RRC operation is illustrated in Figure 7, 

from the UE's and eNB's perspectives, respectively. 

2.1.5 	RRC Procedures 

[0344] Figure 8 illustrates an overall RRC signaling diagram for LTE-NX dual connection 

setup, where the dashed lines indicate the involvement of RRC signaling associated with NX 

(independent from the RRC protocol architecture options). 

2.1.5.1 	Initial RRC Connection Signaling 

[0345] Initial RRC signaling includes RRC Connection Request (SRBO) and RRC Connection 

Setup/Reject (SRBO), and RRC Connection Setup Complete I Attach Request (SRB1) message 

sequence. 

[0346] As discussed in Signaling Radio Bearers (Section 2.1.3.1), the same set of SRBs may 

be defined for NX as used for LTE. This also allows the tight integration scenario, where the 

same SRBs are used to carry either NX or LTE RRC messages (or both messages if both are to 

be set up) over either NX or LTE lower layers. The initial connection signaling may also be 

reused between LTE and NX. 

[0347] At the initial RRC connection setup procedure, the UE can select which RAT to 

perform access based on a predefined criterion. During the RRC connection setup procedure, 

the UE may be assigned an UE RRC Context ID (see section 2.1.3.1.1) that is kept when the 

UE goes to dormant state or updated via an RRC connection inactivation signaling as to be 

discussed. 

[0348] To activate the tight integration features, a UE can be indicated as LTE+NX UE within 

the Attach request, when UE moves from RRC IDLE to RRC CONNECTED mode. 

Subsequently, the UE can be configured for dual RAT connectivity with a single RRC 

reconfiguration procedure, as discussed in section 2.1.5.4. 
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2.1.5.2 	Security Signaling 

[0349] Figure 9 illustrates a security setup for LTE and NX, assuming a common MME 

connection. 

[0350] Given the use of a common set of SRBs for LTE and NX with common PDCP entities, 

separate security configuration for LTE and NX control signaling is not required. If the SRB3 

described in 2.1.3.2 is configured, however, a separate security configuration would be required 

for that. 

[0351] Security setup can be optimized by using common capability signalling, single 

authentication, single key generation and common security mode command as shown, for 

example, in Figure 9. The common security setup can either be handled by the single RRC or 

dual RRC protocol architecture option. In case of dual RRC, the LTE header indicates the 

transparent container for NX RRC messages. In either architecture, a single PDCP entity can 

provide a common encryption (as in LTE DC operation) as well as integrity protection for 

common SRBs. It is also possible to implement a separate PDCP entity, enabling new NX 

SRBs. 

2.1.5.3 	UE Capability and Related Signaling 

[0352] For NX, a new UE capability signaling framework addresses limitations of the 2nd 

Generation /3rd Generation /LTE UE capability signaling. More particularly, the new UE 

capability signaling framework addresses one or more of the following issues: 

Fixed set of capabilities: A UE typically indicates supported features. However, 

features may be a compound of several building blocks and may have different 

parameters. These may not have all been tested or be fully functional, though. Thus, it is 

desirable that the UE can report more capabilities/building blocks/allowed configurations 

once they are tested. 
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- Network vendor inter-dependencies: By industry practice, features are tested in at 

least two network (NW) vendors, prior to activation of the features at the UE. To address 

specific markets/operators/devices or UE-network specific features, it is desirable to 

avoid such NW inter-dependences. 

- Faulty UEs: Once a UE is released into the market, it is difficult to fix 

implementation errors, as it is complicated to identify faulty UEs. Network work-arounds 

are usually introduced when a major issue is found, and these work-arounds typically 

apply to all the UEs within the release in which the fault was found. 

- Proprietary implementations: No framework exists today to introduce proprietary 

features/building blocks/configurations or other proprietary enhancements between a 

network and a UE. 

- Continuous increase of UE capabilities: As system specifications evolve, the UE 

capabilities increase, which has a direct impact in the radio interface as well as in the 

exchange of information within the network nodes. 

[0353] A new UE capability framework that addresses these issues includes one or both of 

the following two elements: 

- UE capability pointer/index: This is a pointer/index that the UE sends to the 

network. This pointer identifies all possible UE capabilities and other relevant information 

for that particular UE, and even for the UE capabilities relevant to a specific network 

vendor. 

- UE capability database: A UE capability database contains all the information 

corresponding to each of the pointers. This database is maintained in another location, 

e.g., central node, 3'd  party, etc. Note that this database may contain more information 

than merely UE capability information. It could potentially be customized for each network 

vendor, e.g., tested features/configurations, fault reports, proprietary UE-NW information, 
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etc. It is, therefore, important that network-specific information is not accessible by others 

and is protected/encrypted. 

[0354] Figure 10 illustrates features of the UE capability framework described above. 

2.1.5.4 	RRC Connection Reconfiguration Signaling 

[0355] RRC Connection Reconfiguration message can establish/modify/release radio 

bearers, configure L1, L2 and L3 parameters and procedures (e.g., for mobility and/or to 

establishment of dual connectivity). 

[0356] In case of stand-alone NX, RRC Connection Reconfiguration message can be used for 

single NX connection reconfiguration (similarly to the LTE-equivalent message) as well as for 

NX multi-connectivity setup as discussed in Section 3.13. 

[0357] In case of LTE-NX dual connectivity setup, the RRC connection reconfiguration can be 

either be network-triggered or UE-triggered. 

[0358] In the case of network-triggered procedure two options are described. 

[0359] When the single RRC architecture option is assumed, a common RRC protocol (e.g., 

as specified in a future NX release of 3GPP TS 36.331) is responsible for the dual LTE-NX 

connectivity connection setup procedures. In this case, the RRC connection reconfiguration 

procedure for LTE and NX can be handled within a single-round of RRC message exchange as 

shown in Figure 11. IEs containing the NX configuration are carried in the Setup Response. 

[0360] Figure 11 thus illustrates the LTE-NX dual connectivity setup used with the single RRC 

protocol architecture, where the illustrated signaling is based on the assumption that the first 

node is an LTE eNB. The signaling other way around, where the first node is an NX eNB, would 

follow the same message sequence. 

[0361] In case of the dual RRC option, there is more than one way to realize LTE-NX dual 

connectivity setup. 
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[0362] In one alternative, one of the RRC protocols can handle the RRC connection 

reconfiguration procedure, allowing the NX/LTE dual connectivity configuration in a single round 

of reconfiguration. This is shown in Figure 12. This can be done by using the existing PDCP 

entity and associated security in the node where the control-plane (either LTE or NX) is up and 

running. The RRC messages of the second RAT may be transferred to the UE via the first RAT 

within a transparent container or directly to the UE via new SRB, such as SRB3. 

Figure 12 illustrates LTE-NX dual connectivity setup for use with the dual RRC protocol 

architecture with a common RRC reconfiguration procedure. The illustrated signaling is based 

on an assumption that the first node is an LTE eNB. The signaling the other way around, where 

the first node is an NX eNB, would follow the same message sequence. 

2.1.5.5 	RRC Connection Inactivation 

[0363] This procedure handles the state transition from RRC CONNECTED ACTIVE to 

DORMANT, which effectively puts the UE to "sleep" in LTE and/or NX. The transition can be 

triggered due to a timer configured by the network or by an RRC Connection Inactivation 

message sent by the network, which may include the security re-activation information (e.g., 

nextHopChainingCount) for the next RRC CONNECTED ACTIVE state. Upon receiving this 

message, the UE enters the RRC DORMANT state. Given a dual RRC for LTE and NX, the 

message should be defined in both RRC specifications, e.g., using similar IEs. 

[0364] Some of the UE RRC configuration in RRC CONNECTED DORMANT could be 

configurable by the network during the RRC connection setup, inactivation, and re-activation 

procedures, within which the UE RRC Context Identity can also be assigned. The network also 

ensures that the information for the UE dormant behavior is up to date. This information is 

especially important in the NX case where the system information is either not broadcasted 

(e.g., dormant mode mobility parameters) or seldom broadcasted (e.g., AIT, see section 

3.2.2.2). 
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[0365] Updated configuration may also be given to the UE in the RRC Connection Inactivation 

message, since the UE may have moved to a location with a different dormant state 

configuration. Other changes to the information in the RRC Connection Inactivation message 

may be made. For instance, the UE could be configured to camp on MRSs (see Section 3.4.4 

for further details) and re-active the connection accordingly. The network could also mandate 

the UE to keep the MAC identities and associate some timers when moving to dormant. 

[0366] Upon entering the RRC DORMANT state (without any additional configuration for 

optimized state transition), the UE should: 

- Release all radio resources including the release of the RLC entity and the MAC 

configuration, e.g., including a release of the MAC-Id. 

- Keep all PDCP entities (common for both LTE and NX) of SRBs and RBs and the 

RRC UE Context Identity (see Section 2.1.3.1.1) that is received in the RRC Connection 

Setup (either over NX or LTE RRC in the case of dual RRC). This identity encodes both 

the context identifier and the mobility anchor point in the RAN which can be e.g., an LTE 

cell ID or NX node Id. 

- Camp in the same RAT (NX or LTE) it was active (default) unless some specific 

configuration is provided. For increased robustness, dual-camping is also an option, as 

discussed in Section 3.2. 

2.1.5.6 	RRC Connection Re-activation 

[0367] In LTE, latency requirements for the transition from RRC IDLE to RRC CONNECTED 

have been defined. In Release 8 of the LTE specifications, transition latencies < 100 

milliseconds (ms) were targeted from a camped state. In the case of a transition from sleeping 

state (Connected DRX) to active, the target was 50 ms. In Release 10 of the LTE specifications, 

requirements were further reduced to < 50 ms and < 10ms (excluding DRX delay). These 
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values are to be further reduced for 5G, especially considering some critical service that may 

have high requirements in terms of latency. 

[0368] From an RRC perspective, to minimize the overhead and achieve a lower latency, a 

lightweight transition is provided, as shown in Figure 13. If the UE has received the security re-

activation information such as nextHopChainingCount in RRC Connection Inactivation, a 

subsequent RRC reconfiguration procedure is not needed, since the RRC connection re-

activation procedure would be able to reconfigure SRBs and DRBs activating the user plane 

thereof. 

[0369] Figure 13 illustrates a signaling flow for RRC connection re-activation procedure, 

assuming that the first node is an LTE eNB. The signaling other way around, the first node is NX 

eNB, follows the same message sequence. 

[0370] The purpose of RRC connection re-activation procedure is to re-activate the RRC 

connection, which involves the resumption of SRBs and DRBs. The connection re-activation 

succeeds only if the accessed target node (NX or LTE) can find the UE RRC context and the 

mobility anchor for S1*. For this reason, the UE RRC Context ID is included within the RRC 

Connection Re-activation Request that is an SRBO message. This message can be integrity 

protected to protect the network from the false requests. 

[0371] The procedure for instance, may be triggered by the UE either in response to a paging, 

when the UE has UL data in buffer, or when it needs to send TRA updates. The UE triggers an 

RRC connection re-activation procedure, which should be defined in both NX and LTE's RRC 

specifications when a dual RRC solution is implemented. 

[0372] Upon receiving RRC Connection Re-activation Request, the network retrieves the UE 

RRC Context (including the security re-activation information) based on the UE RRC Context 

ID, performs the necessary mobility actions and responds with RRC Connection Re-activation to 

reconfigure SRBs and DRBs. Upon reception of this message, the UE performs the following 

actions: 
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Re-establishes PDCP and RLC for SRBs and DRBs, 

Performs radio resource configuration, 

Performs measurement related actions according to the measurement 

configuration, 

Resumes SRBs and DRBs. 

2.1.5.7 	Measurement Configuration 

[0373] Several different types of measurements and/or signals are measured in NX (e.g., 

MRS, SSIs, TRAS, etc.). Mobility events and procedures thus need to be addressed for NX. 

[0374] The RRC Connection Reconfiguration message should be able to configure both the 

NX measurements and the existing LTE measurements for the single RRC option. The 

measurement configuration should include the possibility to configure the UE to measure for 

NX/LTE coverage e.g., to initiate DC setup or inter-RAT HO (as in the legacy). 

2.1.5.8 	Measurement Reporting 

[0375] There are two different measurement reporting mechanisms for NX, non-RRC based 

reporting (see Section 2.3.7.2), where the UE indicates the best of a set of candidate downlink, 

DL, beams through a preconfigured USS sequence; and RRC-based reporting, which is similar 

in some respects to the event-triggered LTE measurement reporting. These two measurement 

reporting mechanisms are preferably deployed in parallel and used selectively, e.g., depending 

on the UE's mobility state. 

2.1.6 	System Information 

[0376] System information as known from previous releases of the LTE standards consists of 

very different types of information, access information, node-specific information, system-wide 

information, public warning system (PWS) information, etc. Delivery of this wide range of 

information does not use the same realization in NX. In a system with high-gain beamforming, 
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the cost of providing large amount of data in broadcast manner may be costly compared to point 

to point distribution in a dedicated beam with high link gain. 

2.1.6.1 	Desirable Features & Principles 

[0377] Desirable features and design principles for NX include one or more of the following. 

Thus, it should be appreciated that not necessarily all of these may be met by a given 

implementation. 

- NX should support a "flexible" mechanism to convey System Information 

o Restrictions on System Information length should be avoided 

o System Information parameter values may be modified at any time 

o System Information may take advantage of parameters which do not change 

or are common across a large area 

o System Information may carry different information for different types/groups 

of UE and or services 

o Dedicated signaling should be considered when more efficient 

o Efficient signaling to thousands (e.g., 512k) of UEs per "service area" should 

be supported. 

- NX should minimize broadcasted information and "always-on-air" 

o Network DTX should be supported 

- Acquisition/updates should minimize: 

o the impact to UEs to which information is not addressed 

o the negative side effects in the network e.g., synchronized UL accesses 

o the contribution in the UE battery consumption 

- Acquisition/updates should not: 

o Increase access (until "relevant info" is retrieved) latency by more than )ox* 

ms (e.g.: at initial power on, roaming (PLMN search), after RLF (recovery), 
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redirected to a new layer/cell, handover, inter-RAT, "long" DRX cycles), System 

Information Update (*exact latency feature may depend on service/type/group of 

UE) 

"Relevant" information should be unambiguous and "up-to-date" prior usage 

o It may be acceptable that "outdated" info is used if the probability is very 

low/system impact negligible 

System information coverage range should not be dependent of the user plane 

coverage range 

o e.g., a node may not transmit system information while it may transmit user 

plane data 

- System Information should be conveyed efficiently for all type of deployments 

o NX as standalone with minimum and/no coverage overlap 

o NX should be able to be deployed stand-alone on unlicensed bands 

o NX deployed with a LTE/UTRAN/GERAN with full or partial coverage 

o Dual NX layer deployment, NX macro and NX small cells, two scenarios: 

■ Where the UE is in coverage of both the macro cell and the small cell 

simultaneously 

■ Where the UE is not in coverage of both the macro cell and the small 

cell simultaneously 

- Secondary carriers may not need to provide SI (e.g., LAA, dedicated frequency) 

- Each node may dynamically change/update some of its System Information 

o System Information changes/updates may not be coordinated and may not 

be populated among other nodes/layers in all cases 

- System Information should handle/consider handling of: 

o Shared networks 

o Mobility 
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(PWS) Public Warning Systems 

A mechanism (e.g., paging) to request the UE to: 

■ a) to contact the NX or, b) acquire System Information 

■ Should be possible to address to groups/types of UEs/services 

MBMS function 

Load sharing and policy management between NX and other RATs 

Access control (updated feature) 

■ NX should comply with SA features (e.g., as in 3GPP TS 22.011) 

■ Access control information may be available on a node by node basis 

■ Access control in "connected" should be possible to configure for 

types/groups of UE and/or different services 

2.1.6.2 	System information acquisition 

[0378] System information acquisition for NX standalone operation is detailed in Section 3.2. 

[0379] In tight integration operation with LTE, system information acquisition resembles, in 

some respects, that of dual connectivity for LTE. Assuming the UE accesses LTE first and then 

activates NX, the UE receives the NX system information in dedicated transmission, via the LTE 

RRC, when setting up the NX connection. In LTE DC, this applies to all system information, 

except SFN acquired from MIB of the Primary Serving Cell (PSCeII) of the SCG. For NX, the 

SFN may be included in the TRAS (see section 3.2.4.1.3). The same principle applies to the 

other way around: a UE accessing NX first and then activating LTE obtains the LTE system 

information in dedicated transmission via the NX RRC. 

2.1.7 	Paging 

[0380] The paging solution for NX utilizes one or both of two channels: a Paging Indication 

Channel, and a Paging Message Channel. 
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• Paging Indication Channel (PICH) 

The paging indication may contain one or more of the following: a paging flag, warning/alert flag, 

ID list, and resource allocation. 

• Paging Message Channel (PMCH) 

PMCH may optionally be transmitted after the PICH. When the PMCH message is sent, it may 

contain one or more of the following contents: ID list, and warning/alert message. Warning and 

broadcast messages are preferably to be transmitted over the PMCH (and not in the AIT). 

[0381] To allow tight integration with LTE, paging configuration (and so DRX configuration) is 

SFN-based. 

[0382] To support paging functionality, tracking RAN areas are configured at the UE. A 

tracking RAN area (TRA) is defined by a set of nodes transmitting the same tracking RAN area 

signal (TRAS). This signal contains the Tracking RAN Area Code as well as the SFN. 

[0383] Each TRA may have a specific paging and TRAS configuration which is provided to 

the UE via dedicated signaling, e.g., via a TRA Update Response or RRC Reconfiguration 

message. The TRA Update Response may, furthermore, contain paging messages. More 

information on paging can be found in Section 3.2. 

2.1.8 	Establishment of LTE-NX dual connectivity 

[0384] In section 2.1.5.4, network-triggered establishment of LTE-NX dual connectivity,DC, is 

described using the RRC reconfiguration procedure. In the example given, the UE has an RRC 

connection towards the network and RRC messages are exchanged using the LTE eNB. As in 

the other RRC procedures described in section 2.1.5.4, the higher layers (the asynchronous 

functions, e.g., RRC / PDCP) can be common to LTE and NX. Upon the reception of 

measurement reports over the LTE link (e.g., containing NX measurements) the network 

decides upon the establishment of dual connectivity with NX by sending a RRC connection re-

configuration message, containing the necessary information for the UE to establish a link 
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towards NX. This message can be seen as a command to the UE to establish a connection 

towards the secondary eNB (SeNB). 

[0385] Another scenario is a UE-initiated procedure, where the UE directly contacts NX to 

establish LTE-NX dual connectivity. An example of this approach is shown in Figure 14. 

Benefits of accessing NX directly include a lower latency procedure and some additional level of 

diversity (e.g., when the first link is unstable). Assume the UE has an RRC connection with the 

network and uses the link from one of the RATs, e.g., LTE, to exchange RRC messages. The 

UE then initiates the access towards a secondary RAT (e.g., performing synchronization and 

random access over NX) and sends via the secondary RAT link (e.g., NX) an RRC message 

containing a UE context identifier (e.g., the UE RRC context identifier described in section 

2.1.3.1) indicating the request to establish dual connectivity. This context identifier contains the 

location of the anchor point, so that upon the reception of that message the secondary RAT can 

locate the single control point at the network from where the UE is controlled. After the network 

figures that out (e.g., via X2* in a non-collocated scenario) it sends an RRC message to the UE 

to configure the NX resources for the existing SRBs/DRBs (previously established over LTE) 

and/or the configuration of novel NX SRBs/DRBs associated to NX. The same applies for the 

measurement configurations. The UE-initiated procedure can be applied either for the single or 

dual RRC case, however, it may be more useful in the dual RRC case where one could possibly 

have a different RRC reconfiguration procedure over the secondary RAT (NX, in the present 

example). Note that the fact that this alternative is called UE-initiated does not mean that it is 

UE-controlled. What triggers the UE to send the request towards the secondary node (NX in the 

example given) may be an event configured via RRC by the network. 

2.2 Layer 2 design for NX 

[0386] The NX architecture and details disclosed herein address one or more of a number of 

problems with LTE, such as the following: LTE uses a fixed HARQ feedback timing which is a 
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problem in some implementation scenarios (e.g., with centralized baseband deployment or non-

ideal backhaul) and when operating in unlicensed spectrum (e.g., where listen-before-talk 

sometimes prevents UEs from sending HARQ feedback) ; the LTE uplink, UL, and downlink, 

DL, L1 control channels can be improved for better support of high-gain beamforming, as the 

switches between transmission modes and configurations is unnecessarily hard and slow; there 

can be a rather long latency coming from the UL scheduling; the DRX behavior is not always 

optimal; and the design of the scheduling request channel is not as flexible or efficient as 

desired, for all applications. 

[0387] In addition, support for reciprocal massive MIMO transmission and massive MIMO 

beamforming can be made to work better in NX than in LTE. Other improvement areas are one 

or more of dynamic TDD; unlicensed band operation; contention-based access; multi-

connectivity; multi-hop; D2D etc. NX can provide native and optimized support for increasingly 

important use-cases such as multi-X (multi-connectivity, multi-RAT, multi-hop, multi-carrier, 

multi-node, multi-beam), UL/DL decoupling, etc. 

[0388] To handle expected and unexpected migrations in the service mix, all radio links in NX 

are capable of operating within a bounded set of radio resources (resource slice), thus avoiding 

that terminals make assumptions on or rely on signals outside these resources. The traffic 

scenarios supported by NX range from a single 100-bit packet every hour all the way up to 

multiple Gbps continuous data transfers. The frequency range to be supported is much wider, 

ranging from below 1 GHz up to 100 GHz. There are wide assumptions on device and node 

capabilities (e.g., from 1 to 400 antennas, from hours to 20-year battery life, etc.). 

2.2.1 	Design Principles — Impact on L2 design 

[0389] Design principles for the Layer 2 (L2) design of NX are detailed below. 

[0390] Service agnostic design allowing flexible service centric configurations: Different use- 

cases have vastly diverse requirements. For example, some C-MTC, critical machine type 
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communication, use-cases need extreme reliability with Block Error Rate, BLER, in the order of 

10-9; tactile intemet services need very low end-to-end latency of 1 ms; extreme MBB benefit 

from multiple Gbps of user throughput, etc. The NX standard provides a large set of service 

agnostic features which the network may configure and enable to fulfill the service specific 

requirements. This enables co-existence of multiple services while maintaining low complexity 

and high efficiency for each service. 

[0391] Stay in the box: An important feature of LTE is that all traffic is mapped dynamically to 

a single pair of shared channels (PDSCH/PUSCH). This maximizes statistical multiplexing and 

allows a single UE to get instantaneous access to all radio resources of a carrier or even 

multiple carriers. Appropriate RLC configurations and scheduling policies ensure that QoS 

requirements are met. While NX maintains this fundamental principle, some services just cannot 

be multiplexed. For example, it is not acceptable if a braking command in a traffic junction is 

interfered by a packet from the entertainment system in a nearby car. Hence for some critical 

use cases (e.g., intelligent transport system, public safety, industrial automation, etc.) it may not 

be acceptable to coexist on the same radio resources with any other service. For this purpose, 

certain services may be operated on dedicated time and frequency resource slices of the radio 

spectrum. Separating the radio resource in this manner also enables lower complexity 

implementation and testing in some situations. If a service becomes deprecated in one 

particular area (e.g., a factory is closed down) then that spectrum can be quickly reassigned to 

another service, by managing the resource slices assigned to different services. The default 

assumption is that all services shall be able to coexist on the same carrier but using dedicated 

resource slices is a solution for support of so-called vertical services. Thus, in NX, any service 

can be contained within a defined set of radio resources. 

[0392] Flexibility: NX has a lean and scalable design that is able to cope with various 

latencies on the transport and radio interface as well as with different processing capabilities on 
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UE and network side. To ensure this, fixed timing relations are avoided between control 

messages such as HARQ (MAC), ARQ (RLC) and RRC signaling. 

[0393] Design for flows: For NX, control signaling may be optimized by utilizing correlations in 

traffic. This avoids hard and slow reconfigurations. Whenever a future behavior can be predicted 

(e.g., something sent in the downlink there will be uplink traffic a short while later) the L2 design 

may take advantage of that: e.g., start with open-loop transmission and do a seamless switch to 

a closed-loop transmission format once the channel state information becomes available at the 

transmitter end. 

[0394] Layers of coordination: When the cost of observation and control becomes too high, 

e.g., in terms of delay or overhead, scheduling decisions are delegated to nodes and UEs for 

the time it takes to collect sufficient information and enforce a suitable coordination. The 

centralized resource scheduler still owns and controls the right to use radio resources but in 

situations where observation and control is easier and more efficient to maintain in another node 

(e.g., in multi-hop relaying or device-to-device, D2D,), the momentary decisions on how to 

assign resources can be distributed. 

[0395] Lean and thereby future-proof: The mandatory transmissions to be done by an NX 

eNB at specific times are sparse in time and frequency. For example, the NX terminal should 

not expect control messages at specific time/frequency resources (as is the case today for 

HARQ feedback in LTE). The configurability enables forward compatibility as the network can 

assign resources freely to other (newer) terminals without having to send a massive amount of 

legacy signals for legacy terminals. In particular, when operating in unlicensed spectrum, the NX 

radio interface may send control information at dynamic time instances. In addition to containing 

all signals in a bounded resourced slice, a user equipment should be capable of ignoring any 

"un-defined resources" within the resource slice unless explicitly instructed otherwise. "Un-

defined resources" may be dynamically configured as a set of periodic patterns in time, and/or in 

frequency. 
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2.2.2 	L2 Channel Structure 

[0396] For NX, the defining of separate control channels for different purposes is avoided 

except where absolutely necessary. The main reason for this is to optimize the design for 

massive MIMO and high-gain beamforming. Separate channels have a tendency to rely on 

frequency diversity as well as separate demodulation reference signals and the resource space 

can quickly become cluttered. Once a good channel is established towards a specific UE, e.g., 

by means of a very large number of antennas, it is much more efficient to use this also for 

transmitting control information. 

[0397] This is in line with the stay in the box design principle described above. Furthermore, 

this is based on an observation that when transmitting user data in one link there are often 

transmissions in the reverse link as well. 

[0398] Furthermore, any service should be able to be delivered within a bounded set of radio 

resources (a resource slice), thus avoiding a design where L1 control channels and reference 

signals are spread out over the entire system bandwidth. To enable this, the L2 channel 

structure supports in-band control information, with different channel encoding, modulation, 

HARQ configuration, etc. 

2.2.2.1 	Direct and re-transmittable Physical Data Channel (PDCH) 

[0399] NX achieves flexibility and scalability by being a system that supports more than one 

physical channel. Rather than having different kinds of channels for control and data, channels 

may be regarded as being either direct or re-transmittable. In this document, a direct channel is 

denoted dPDCH and the re-transmittable channel is denoted rPDCH. The structure of having a 

direct and a re-transmittable channel is equally applicable to both uplink and downlink 

transmissions. The difference between such channels is that they may be optimized for different 

operational points. The direct channel may, e.g., be designed for a Block Error Rate, BLER, of 

10-3  without soft HARQ combining, while a re-transmittable channel may target 10% BLER and 
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support several HARQ retransmissions with soft combining in the receiver. Note that here we 

are referring to channels for processing Layer 2 (L2) data. 

[0400] Some information, like downlink control information (DCI) or channel quality 

information (CQI) feedback may only be relevant if the eNB can decode it upon the first 

transmission attempt while other type of data, such as user-plane data or RRC control 

messages, benefit from successful delivery even if that requires multiple HARQ re-

transmissions. One single channel structure, optimized slightly differently, caters for both of 

these very different needs. Note that in some cases the user-plane data may require much 

lower error probability than L1/L2 control signaling (e.g., up to 10-9  for C-MTC and 10-3  for L1/L2 

MBB related control signaling) and in such scenarios we may either make use of two direct 

channels or one that is configured for the highest requirements. Compared to LTE, a difference 

with this structure is that we assume there is no need for designing tailored channels for special 

kinds of L1/L2 control information. In-band control multiplexed with data transmissions is the 

default assumption. 

[0401] One may think of this as having a direct and a re-transmittable channel where time-

critical information is mapped to the former while other data is mapped to the latter. In general, 

whether a channel is re-transmittable or not is just a parameter setting and not a fundamental 

difference in design. Therefore, the channels can be referred to with just a number, such as 1 

and 2, for example, indicating that they just happen to have different configurations. In the 

examples provided, the differently configured channels may be used for different purposes. To 

support different services, different numbers of physical channels may be used. Since the 

network decides how to fill a downlink transport block, what MCS to use, and whether or not to 

perform retransmissions, such a scheme could alternatively be realized with a single channel. 

[0402] Figure 15 illustrates how a MAC control element, such as a channel state information, 

CSI, report or an UL grant, can be mapped to a direct or re-transmittable channel. It should be 

appreciated that whether to transmit any given information element on a low-delay optimized 
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(and more expensive, generally) direct channel or on a high-spectral-efficiency re-transmittable 

channel is a scheduler decision in NX. 

[0403] Note that even if the majority of the control information is in-beam, some kind of 

physical layer control channel is still desirable. In addition to the data channel, a bootstrapping 

resource that, e.g., can be used to schedule an initial channel use, is desirable. For this 

purpose, a physical downlink control channel (PDCCH) is defined, where the UE receiver blindly 

searches for the PDCCH in a pre-defined or semi-statically configured search space. The usage 

of this PDCCH is depicted in Figure 16. Note that it is possible to use this physical control 

channel more or less as in the current LTE system, e.g., it can be used every TTI to schedule 

downlink, DL, and uplink, UL, transmissions. However, an important use of the PDCCH in the 

NX context is to support a shift towards having a larger part of the dedicated user data and the 

associated L1/L2 control information transmitted with aggressive beamforming. 

[0404] As illustrated in Figure 16, the PDCCH is used in NX to enable high gain beam-forming 

and in-beam transmission of control information. The PDCCH is designed to be robust and 

simple and has a separate set of demodulation reference signals in order to support a different 

(typically wider) beamforming than the PDCH. 

[0405] Because relying on very high-gain beamforming for the data channel also increases 

the risk of radio-link failures, a more robust fallback channel is desirable. For that reason, the 

PDCCH for NX is designed to be lean and simple. In order to quickly resume transmission in 

this fallback scenario, the PDCCH is very robust and optimized for a wider coverage area. This 

implies lower antenna gain and higher cost per bit. But, this enables the majority of the control 

information to be sent "in-beam". 

[0406] The PDCCH also enables transmission of control information before CSI is available, 

e.g., as an initial bootstrap channel. Since the transmission of control information on the 

PDCCH is typically more expensive (due to the lower beam-forming gain), only a limited set of 

simple downlink control information, DCI, formats are supported, containing only a small number 
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of bits. This is not a restriction in practice, since without CSI and during the very beginning of a 

transmission burst (e.g., during the TCP slow start), advanced procedures that requires a lot of 

control information are not performed anyway. 

[0407] UE multiplexing on a shared control channel requires a number of blind decoding 

attempts. But, by not using the PDCCH as much, the overall number of blind decoding attempts 

that the UE needs to perform is reduced. Most UEs receive their control information in-beam on 

the "directly decodable" data channel, most of the time, which gives better control of how to 

multiplex control information to different UEs. 

[0408] Note that new DCI formats may be added only to the in-beam "directly decodable" 

channel and not on the PDCCH, in some cases. This makes it possible to extend the control 

channel functionality in NX without changing the shared PDCCH. More specifically, NX can be 

extended in a manner where new DCI formats are added only to the dPDCH and not the 

PDCCH. 

2.2.2.2 	Relation between PDCCH and dPDCH 

[0409] Above, two different control channels for the downlink are described, PDCCH and 

dPDCH. The main different between these two channels is that the dPDCH uses the same 

demodulation reference signal as the data channel (rPDCH) while the PDCCH uses a different 

DMRS. Both the PDCCH and the dPDCH/rPDCH can be beam-formed towards the UE. Both 

the PDCCH and the dPDCH/rPDCH can also be transmitted in a wide beam or with a diversity 

based beam-former. 

[0410] The PDCCH is primarily designed to be used when very accurate channel state 

information, CSI, information is not available in the base station, such that the base station 

cannot perform reciprocity-based beamforming. The PDCCH uses a DMRS that is typically 

shared by multiple UEs. It is designed to rely more on frequency diversity than on antenna 
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diversity and can therefore be used in NX deployments with a small (e.g., 2 or 4) number of 

antennas. 

[0411] The dPDCH/rPDCH channels are primarily designed for supporting reciprocity-based 

beamforming and dynamic TDD (UL RRS based). In this scenario, downlink, DL, DMRS are not 

needed in theory, but in practice downlink demodulation reference signals may also be used in 

this case, since perfect and absolute UL/DL calibration is not practical. 

[0412] The PDCCH, on the other hand, does not rely on UL reciprocity reference signal 

(RRS). It is time-multiplexed with dPDCH/rPDCH in order to support hybrid beam-forming. One 

reason why the messages on the PDCCH should be small is that otherwise experience 

coverage problems of this channel may be a bottleneck in higher frequency bands. If coverage 

of the PDCCH on high frequency bands is a concern, then PDCCH can be provided only on a 

lower frequency band, with the dPDCH/rPDCH being used on a higher frequency band. The 

transmission of UL RRS on the high frequency band that enables reciprocity based 

beamforming of dPDCH/rPDCH can then be controlled by the PDCCH on the low frequency 

band. 

[0413] As described further in the next section below, there is a difference in how the search 

space is used on the PDCCH and dPDCH as well. The search space on PDCCH supports user-

multiplexing, link-adaptation, and rate-adaptation. The search space of the dPDCH, on the other 

hand, does not need to support user-multiplexing. 

2.2.2.3 	Dynamic search space 

[0414] Figure 17 illustrates, on the left-hand side, how the PDCCH may be used to 

dynamically update the downlink control information, DCI, search space in the UE. The middle 

portion of Figure 17 shows that there is no need to send a search update to the UE when not 

changing the start location of the DCI search space. On the right-hand side, Figure 17 shows 
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that when changing starting location of the dPDCH (the UE DCI search space), a forward DCI is 

used. This may cause error propagation 

[0415] It can be seen that the bottom portion of Figure 17 depicts the case where a DCI is 

received in-beam, on a scheduled resource. This can be enabled by extending the UE search 

space for downlink control information to also include resources that need to be dynamically 

scheduled. In the left part of Figure 17, the UE receives a DCI0  on the PDCCH, which points out 

where to start searching for additional control information. In the directly decodable part of the 

assigned resource (dPDCH), the UE may find the control information relevant for this TTI (DCI,). 

In this example the PDCCH schedules only the search space extension and not the actual DCI. 

[0416] The middle part of Figure 17 indicates that the UE may continue to search in the same 

location, for multiple TTIs. The actual physical data channel assignment may move without 

enforcing the dynamic search space of the UE to be changed. The UE may still perform a 

number of blind decoding attempts in order to enable rate and link adaptation of the dPDCH. 

[0417] A new DCI need only be sent when changing the location of the dPDCH. This is 

depicted in the rightmost part of Figure 17. Since this DCI impacts what happens in the next 

TTI, there is a risk of error propagation in the event that the UE cannot receive the "forward DCI" 

containing the search space extension information. 

[0418] When DCI information conveying information on where to search for UL grants and 

future DL assignments is embedded into the PDCH, then the error propagation cases that might 

occur need to be considered. The error propagation cases are in many situations easily 

detected by the network, and they occur only when the UE DCI search space is updated. Some 

of them are depicted in Figure 18. In the top part of the figure is shown the error-free operation 

of this "DCI-daisy chain" operation. More generally, Figure 18 shows examples of possible error 

propagation scenarios when using in-band DCI to update the UE search space. So-labeled 

boxes indicate the usage of a bootstrap channel (e.g., PDCCH or a contention-based physical 
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data channel), lightly-shaded boxes indicate a directly decodable PDCH, while more darkly-

shaded boxes indicate a re-transmittable PDCH. 

[0419] In the event that the UE does not receive the dPDCH, it does not receive the 

embedded UL grant. When the NW detects that the scheduled UL transmission from the UE is 

missing, it can be assumed that also the next DL assignment was missed. These failed 

assignments can be distinguished from failed UL transmission by energy detection, e.g., SINR 

estimate on DMRS, UL transmission contain data but not HARQ feedback. Error propagation 

can be further mitigated by introducing "control information received acknowledgment" when 

search space is changed. As a response, the NW may re-transmit the DCI for the second DL 

TTI using the PDCCH. This is depicted in the middle part of Figure 18. 

[0420] In the event that the UE expects to receive an UL grant but does not receive any, then 

it might use a pre-scheduled contention-based resource instead. The use of a contention-based 

uplink channel instead of a scheduled dedicated channel is an indication that the first dPDCH 

decoding has failed (see bottom part of Figure 18). 

[0421] In addition to the implicit error propagation detection mechanisms depicted in Figure 

18, the network may also request the UE to send explicit and event triggered reports on the 

detection success of dPDCH transmissions. An example of this is shown in Figure 19, which 

shows that when scheduled in the UL, the UE can report back the reception success of the 

dPDCH in previous TTIs. Depending on the performance of in-beam DCI, this extra level of 

error-propagation termination might not be necessary, in a given implementation. 

[0422] The search space for downlink control information (DCI) is thus dynamically updated 

by means of DCI signaling. The DCI may be transmitted directly on a downlink physical control 

channel (PDCCH) or embedded in a MAC control element inside a scheduled downlink data 

channel (typically the dPDCH). 

[0423] UE search space modifications such as add/delete/move may be signaled explicitly, 

e.g., in a previously received DCI or MAC control element. The search space modifications may 
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also be implicit, e.g., by automatically extending the UE search space to include locations used 

for DCIs in the previous N TT's or by automatically delete the oldest UE search space location 

when a new search space location is added. 

2.2.2.4 	Shared reference signals 

[0424] The use of in-beam control channels relies on having the same dedicated 

demodulation reference signal (DMRS) for both the dPDCH and the rPDCH. This is shown in 

Figure 20, which illustrates an example of using a single set of terminal specific demodulation 

reference signals (four shaded regions having 8 resource elements each) for demodulation of 

two physical channels, the dPDCH and the rPDCH. 

[0425] At a first glance, the illustration in Figure 20 looks similar in some respects to how in 

LTE the cell-specific reference signals, CRSs, are used as common reference signals for 

demodulation of PDCCH and PDSCH. However, there are differences. Although the CRSs in 

LTE may be beamformed, e.g., by down-tilting of the antenna, the beamforming cannot be 

changed dynamically with respect to a particular UE, since there are other UEs measuring on 

the CRSs. Thus, when using ePDCCH + DMRS on PDSCH in LTE, two sets of reference 

signals are used, leading to higher pilot overhead. When CRS-based transmission in LTE 

(PDCCH+PDSCH TM4) is used, then there is no option of dynamically beam-forming the 

reference signals towards the receiving user. 

2.2.2.5 	Resource Partitioning 

[0426] In LTE, the total system bandwidth is signaled on the PBCH. For NX, it is not assumed 

that a user is aware of the system bandwidth. A notion of a user-specific bandwidth is still 

desirable, e.g., for channel filtering and signaling purposes. The Bandwidth, BW, that a UE is 

operating within is here defined by a "resource partition". A resource partition is a time-and 

frequency subset of radio resources in which we can define radio links and transmission modes. 
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One property of a resource slice is that it can be semi-statically re-configured (which in not the 

case for the "system bandwidth" in e.g., LTE). 

[0427] This implies that all modes of transmission that are defined for NX are able to operate 

on a subset of the time/frequency resources. Such subsets, or resource partitions, span 

dimensions from full utilization down to a minimum utilization. Note that this also includes all 

TM-specific reference signals. These restrictions in time and frequency are semi-static — they 

are configured by RRC. 

2.2.3 	Transport Channels 

[0428] An NX radio link can thus have one or more physical data channels (e.g., dPDCH and 

rPDCH) in each direction (uplink, UL, and downlink, DL) and the scheduling entity also has 

access to a physical control channel (PDCCH) used for transmitting control information only. 

The MAC structure of each physical channel is the same for UL and DL. An example with two 

PDCHs, the first one having 1 transport block (TB) and the second one having two transport 

blocks is depicted in Figure 21. Each channel has a MAC Header and a payload part containing 

MAC Elements. The MAC elements are either Control Elements or MAC SDUs (service data 

units). 

[0429] Figure 21 shows the basic MAC channel structure of NX. A lean and simple boot-strap 

channel denoted physical control channel (PDCCH) is used to initiate a packet exchange flow. A 

first or "directly decodable" physical channel (denoted dPDCH) carries primarily in-band control 

information. A second or "re-transmittable" physical data channel (denoted rPDCH) carries 

primarily user-plane and control-plane data. Both physical data channels are assumed to re-use 

the transport channel structure of LTE. 

[0430] The content of the MAC sub-headers are, in principle, the same as for LTE today. The 

sub-header can consist of 1, 2, or 3 bytes of information. The structure [R/R/E/LCID] is used for 

fixed length MAC SDUs and fixed length MAC Control Elements, and the structure 
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[R/R/E/LCID/F/Length] is used for variable length MAC SDUs and Control Elements. This is 

shown in Figure 22, which shows how the transport channel structure and MAC-header format 

from LTE is re-used also for NX. 

[0431] In LTE, the logical channel ID (LCID) is defined in separate tables for UL and DL. NX 

follows the same general approach. Figure 23 shows examples of how the LCID tables can be 

updated for UL and DL, where some additional LCIDs in NX are shown. For the DL, one 

addition is to support the transmission of a DCI (downlink control information) as a MAC control 

element. The DCI can, just as in LTE today, be used to assign an UL grant, schedule a DL 

transmission, or to send a power-control command. In addition, the DCI is extended to also 

support a command for transmission of reference signals, such as UL reciprocity reference 

signals (RRS), denoted RS transmission command in Figure 23. Also information about 

reference signal transmissions, e.g., to support active mode mobility with dynamically activated 

and beam-formed reference signals, can be communicated in a downlink control information, 

DCI. This can be included in a RS transmission information element in Figure 23. Note that the 

different kinds of DCI may also be encoded as separate LCID fields. For the UL there is no 

similar UCI field defined, and instead the different kinds of UL control information each have 

their own LCID field. 

[0432] In addition to DCI and UCI, transmission of HARQ feedback in a MAC control element 

is enabled. This in turn enables introduction of new feedback schemes such as selective repeat 

or schemes where more than one feedback bit per process is used. Also, a LCID for CSI 

feedback is introduced as well as an entry for reference signal measurement feedback. 

Note that not all LCIDs are relevant in all cases. Some are mostly relevant in the DL while some 

are mostly relevant for the UL. 

[0433] In Figure 24 is shown a downlink example in which two PDCHs are configured. The 

figure shows a downlink channel structure example comprising a physical control channel 

(PDCCH), a first "directly decodable" physical data channel (dPDCH) and a second "re- 
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transmittable physical data channel (rPDCH). The dPDCH does not use soft combining of 

HARQ re-transmissions and it can only carry a single transport block (TB1) while rPDCH does 

support HARQ and supports transmission of up to two transport blocks (TB2  and TB3). In 

addition, the downlink PDCCH can transmit DCI and possibly also some other MAC-control 

elements embedded into one transport block TB°. The UE identity is implicitly (or explicitly) 

encoded in the cyclic redundancy check, CRC, of the downlink PDCCH. Note that a difference 

between the downlink PDCCH and any of the PDCH channels is that the downlink PDCCH 

cannot carry any MAC SDUs. Furthermore, the downlink PDCCH is blindly decoded by the UE 

while the PDCH channels are scheduled (implicitly, semi-persistent or dynamically). 

[0434] A corresponding example for the uplink is depicted in Figure 25, which illustrates an 

uplink channel structure example comprising a physical control channel configured for 

contention-based access (cPDCH), a first dynamically scheduled "directly decodable" physical 

data channel (dPDCH) and a second dynamically scheduled "re-transmittable physical data 

channel (rPDCH). Note that the uplink does not have any scheduler but instead a priority 

handler entity that selects data from the logical channels and controls the MAC Multiplexing 

within the grants provided. Since there is no scheduler, there is no need for any PDCCH 

channel either. Instead, the UL transmitter has a channel cPDCH that is primarily intended for 

contention-based use. A difference between cPDCH and the other two uplink physical data 

channels (dPDCH and rPDCH) is that they are granted differently. 

[0435] The contention-based channel (cPDCH) uses a semi-persistent grant that may be 

assigned also to other UEs. Therefore, the UE identity is encoded onto the channel (implicitly in 

the CRC or explicitly using a MAC Control Element with LCID 11000; see Figure 23) whenever 

cPDCH is used. In the event that the UE does not have a sufficiently sized grant, it may send a 

scheduling request (e.g., a buffer status report) on cPDCH. Depending on the size of the grant 

on the "contention-based channel" cPDCH, the UE may also include user-plane data when 

transmitting on that channel. Note that channels carrying system access information and signals 
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such as the PRACH are not included in the illustrated structure in Figure 25. Should the UE not 

have a valid grant for any channel, then transmitting a PRACH pre-amble is an alternative (see 

section 3.2 for further details). 

[0436] The "direct channel" (dPDCH) and the "re-transmittable channel" (rPDCH) may be 

scheduled in a dynamic fashion. When using granted resources on these channels, it is 

assumed that the receiver knows who is transmitting, and hence no UE identity needs to be 

embedded. 

[0437] Note that these are just examples used to illustrate that the basic PDCH structure in 

Figure 21 works for both UL and DL, for a typical mobile broadband use case. For other use 

cases, the UL and DL radio links may be configured slightly differently, e.g., without any second 

"re-transmittable" data channel. By granting resources in different manner and by embedding 

user identities on some channels and not on other channels, many different use cases can be 

supported. 

[0438] For the uplink, note that all non-system access related channels are scheduled in 

some manner (semi-persistent; dynamic; or implicit). So-called contention-based channels are 

not special in any particular way. Whether a resource is "dedicated" or not becomes irrelevant in 

some scenarios, e.g., when massive MIMO or high-gain beamforming is used to enable spatial 

multiplexing. When resources can be spatially separated, time/frequency resources need to be 

"dedicated," and consequently the receiver in the base station should be able to derive who the 

transmitter is. On contention-based channels a UE identity is embedded in the channel, while on 

dedicated channels this is not needed. The idea here is that different physical channels have 

different properties. Different channels may use different sub-sets of a large common 

transmission format table (e.g., different channel encoders). Continuing with the example in 

Figure 25, for instance, three PDCHs may be configured as follows: 

cPDCH: Optimized for "contention use". For example, a small grant may be 

available every 2 ms for transmissions of a buffer status report when needed. The UE is 
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allowed to not use this grant. Normally, if a UE is scheduled on the UL and has no data to 

transmit, it needs to fill the granted resource with padding but for this channel the UE may 

simply refrain from transmitting anything at all in that case. The grant may also have a 

restriction (e.g., can mostly be used 10 consecutive times) and possibly a cool-down 

timer (e.g., not allowed to use during 100 ms after the grant is exhausted). The channel 

encoder may be configured to be a small block code. A "UE identity" and a packet 

sequence number needs to be signaled when this channel is used. 

- dPDCH: Does not support soft-combining of re-transmissions; uses robust 

transport formats; optimized for embedded control information such as "HARQ feedback", 

"CSI feedback", and "RS measurement feedback". 

- rPDCH: Carries 1 or 2 transport blocks of uplink data; uses soft-combining of re-

transmissions based on HARQ-feedback; optimized for efficient transport of MAC-SDUs 

(user data). 

2.2.4 	Scheduling 

[0439] Resource allocation can be simplified in NX, especially when the nodes are equipped 

with many antennas. This is due to so-called channel hardening, which essentially means that 

after the application of an appropriately chosen precoder to the transmitted signal, the effective 

wireless channel between the transmitter and the receiver looks frequency-flat (see section 

3.4.4.3), and therefore advanced frequency-selective scheduling might not be needed in NX. 

However, in order to enable coordination gains and excellent network performance also at high 

load, there is still a desire for a network-controlled scheduling design. It is assumed that the 

network can control the usage of radio resources by means of explicit assignment signaling. 

Scheduling assignments can be sent on a dedicated control channel or in-band, as a MAC 

control element, for future sub-frames. Maintaining a flow of scheduling assignments may be 

particularly efficient for reciprocity-based Massive MIMO, where control signaling using valid 
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channel state information, CSI, is significantly more efficient than sending control signaling 

without CSI. Both dynamic and semi-persistent allocation of resources is possible. At least for 

semi-persistently allocated resources, it is possible to configure the option of not using the 

allocated resource if there is no data or control signaling to send in the given time-slot. 

[0440] However, for some situations the latency and/or cost to enable observability and 

control from the network do motivate a distributed means of control, as well. This is achieved by 

means of resource control delegation, the network delegating a part of the radio resources, 

associated with a set of rules and limitations. Limitations can include, for example, priorities 

between resources, indication on whether the resources are dedicated or shared, listen-before-

talk rules, power or sum-resource usage limitations, beamforming limitations, etc. This design 

principle covers D2D (section 3.1.1), contention-based access (section 2.2.6), multi-point 

connectivity (section 3.12), and other features where strict network control is infeasible and/or 

inefficient. 

2.2.4.1 	Reference signals 

[0441] A number of different reference signals are provided in NX, for channel estimation and 

mobility. Both the presence of the reference signals as well as the measurement reports are 

controlled by the scheduler. The presence of signals can be dynamically or semi-persistently 

signaled to one or a group of users. 

[0442] Also, reference signals for active mode mobility (MRS) can be dynamically scheduled. 

A UE is then assigned with a search space for mobility transmissions. Observe that this search 

space is potentially monitored by one or more UEs and/or transmitted from one or more 

transmission points. 

[0443] Scheduled reference signal transmissions (such as MRS) contain a locally unique (at 

least within the search space) measurement identity in the data message, and reuse some or 

multiple of the pilots in the transmission both for demodulation and measurement purposes, 
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implying that it is a self-contained message. Further details on reference signals are given in 

section 2.3. 

2.2.4.2 	Link adaptation 

[0444] Rate-selection is also performed by the network, to benefit from coordination features 

enabling better prediction of the channel state. Different NX use-cases and scenarios have very 

different link adaptation input and requirements. To support uplink link-adaptation, power (or 

path-loss) estimates and sounding signals are desirable. For downlink link-adaptation, both 

uplink (reciprocity) and downlink pilot-based estimation are desirable. For downlink pilot based 

link-adaptation, the CSI concept from LTE with CSI-processes and CSI-RS and CSI-IM (for 

interference measurements) may be maintained (see section 3.4). The CSI-RS transmission 

and measurements are controlled from the scheduler, in both time and frequency. For most use-

cases, the CSI-RS can be kept in-band together with data transmissions, but in some scenarios 

explicit signaling of CSI-RS is desirable, e.g., for sharing of CSI-RS resources between users. 

CSI-IM and interference reporting is also used, for reciprocity-based beamforming. 

2.2.4.3 	Buffer estimation and reporting 

[0445] Buffer estimation is used to support uplink scheduling. Data notification can be done 

using a data transmission on a pre-assigned resource or using a single (or few) bit indication on 

an uplink channel. Both of the options can be either contention-based or contention free, e.g., a 

semi-statically configured contention-based UL channel or a dynamically scheduled directly 

decodable UL channel may be used for this purpose. An existing data resource can provide a 

lower latency, while the scheduling request bit enables better control of the radio resources and 

potentially better spectral efficiency. A scheduling request channel may not be needed in NX if 

the regular uplink channels, potentially using code-division, are sufficient. Scheduling request 

transmissions when the UE is not dynamically scheduled rely on having a pre-configured grant; 

in other words, scheduling requests do not have any special physical channel. Normally, 
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scheduling requests are transmitted implicitly, by means of transmitting pre-defined UL 

reference signals (such as an RRS), or explicitly, by means of using a pre-granted cPDCH 

channel. 

2.2.4.4 	Multi-connection scheduling 

[0446] Scenarios like multi-hop and multi-connectivity may lead to multiple controlling nodes 

for one served node. Coordination of the controlling nodes is important, where the controlled 

node can be used for some of the decision making, for example for selecting between 

conflicting assignments or to distribute state information to controlling nodes. For observability, 

the outcome of any distributed decision making may be fed back to the controlling nodes. 

[0447] The structure described herein, with in-band and in-beam control, significantly 

simplifies the multi-connectivity use-cases. In scenarios where, for example, the downlink data 

channel is scheduled from one node and the uplink data channel is scheduled by another node, 

additional uplink and downlink control channels to both nodes are typically desirable as well. By 

ensuring that these control channels are in-band, the maintenance and usage of control 

channels associated with multiple nodes is simplified. 

2.2.4.5 	Interference coordination and CoMP 

[0448] With a higher usage of directional beamforming, interference is expected to be bursty 

to a higher degree. This property provides a larger potential for coordination gains through 

coordinating the spatial usage and utilizing the extra degree of freedom for interference control 

in the few cases where it is needed. 

[0449] In NX, interference can come from a large number of different sources, e.g., normal 

neighbor node signals, pilot pollution in reciprocity based MIMO, UE2UE, UE to UE, and 

BS2BS, Base Station to Base Station, interference in dynamic TDD and side-link 

communication, and other systems in shared spectrum bands. 

88 



WO 2017/196249 	 PCT/SE2017/050491 

[0450] To support these kinds of features, a set of measurements is desirable. For some 

features, UE-triggered reports on experienced interference or high received power of a given 

sequence are suitable. In some well-coordinated scenarios, the use of CSI-reports measured on 

CSI-RS/-IM is preferable. 

2.2.4.6 	Group and dedicated scheduling 

[0451] UEs may monitor one or more group-scheduled messages in addition to the dedicated 

messages. This is done by configuring the UE to not only monitor DCIs for a UE-specific cyclic 

redundancy check, CRC, (typically the UE temporary identity is used to mask the CRC), but 

also for one or more group CRCs. 

[0452] One typical use case for this is to enable UEs to measure on dynamically scheduled 

reference signals such as CSI-RS, mobility RS, and beam-RS. Figure 26 shows an example 

where UE1  is assigned resources containing additional CSI reference signals, and more 

generally illustrates an example of using group scheduling to distribute information about 

dynamically available reference signals (CSI-RS in this example). These reference signals may 

be useful also for other UEs and for that purpose a group scheduled message may be 

transmitted on e.g., the PDCCH to enable non-scheduled UEs to receive and measure on the 

CSI-RS signals. 

2.2.5 	Management of directional interference 

2.2.5.1 	Methods for directional interference management 

[0453] When there is high-gain beamforming, one or more of three aspects may be 

considered in interference control. The first is that the interfered area from a narrow TX beam is 

much smaller than from a wide beam. The second is that high-gain receiver beamforming is 

strong for rejecting interference. The third is that the interfered area by a narrow TX beam may 

have high interference power density. Considering these aspects, there may be two effects: the 

first is that the number of considerable interferers for one victim receiver may be very few, most 
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probably only a single considerable interferer at any given time; the second is that the 

experienced interference of a victim receiver may vary largely and quickly, depending on 

whether the transmitter of the aggressor link is transmitting or not. The interference control in 

NX considers the above characteristics: 

The utilization of high-cost interference control method should be careful. An 

interference control method at the cost of considerably reducing radio resource utilization 

(e.g., transmission power, spatial-time-frequency resources) of the interfering link can be 

categorized to high-cost interference control method, for instance, the uniform 

transmission power control, reduced power sub-frame or almost blank sub-frame. Since 

there is a risk that the benefit by the victim link from the reduced interference may not be 

able to compensate the loss of the interfering link due to the reduction of the radio 

resource utilization, such methods shall be cautiously applied, from the system 

perspective. However, when there is a risk that the victim link starves from a long-time 

strong interference from the interfering link, some of such methods may be applied, to 

ensure the minimum acceptable experience of the victim link. 

One or more cost-free or light-cost (with no or low radio resource utilization 

reduction) interference control methods may be prioritized: 

o Coordinated link adaptation to protect the TX opportunities with low 

interference from the TX opportunities with high interference according to the 

interference knowledge based on DLIM. 

o Coordinated scheduling to avoid the simultaneous scheduling of the 

interfering and victim links when there are multiple candidate links. 

o Coordinated Access Point, AP, selection to change the TX beam direction of 

the interfering link or the RX direction of the victim link to pursue both the load 

sharing gain and interference control gain. 
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2.2.5.2 	Aligned Directional Sounding and Sensing (ADSS) 

[0454] As seen in Section 2.2.5.1, interference awareness is important for interference control 

with high-gain beamforming. An Aligned Directional Sounding and Sensing (ADSS) scheme is 

developed to derive a Directional Link Interference Map (DLIM), where the DLIM is used for 

interference control. ADSS is designed to align the interference sounding and measurement in 

the network via a time-frequency pattern defined by Directional Sounding and Sensing Interval 

(DSSI) and Directional Sounding and Sensing Period (DSSP). During the DSSI, each 

transmitter transmits one link-specific beam-formed sounding signal over the configured 

Sounding Resource Unit (SRU) in its link direction, and each receiver keeps a sensing state in 

its link direction for all possible sounding signals over all SRUs. Each link receiver reports the 

measured results (periodical or event-triggered), including the interfering link identity and the 

corresponding interference level. Based on the collected measurement results, the network can 

derive the DLIM. 

[0455] Figure 27 shows a time-frequency pattern for ADSS, showing the ADSS pattern and 

the dimension of DSSI for ADSS (T for Tx DSSW and R for Rx DSSVV). The DSSP (the effective 

time of the DLIM) depends on the various factors: the UE moving speed, the beam width of the 

TX beam, the deployment and dimension of access nodes. The DSSP may be 203 ms (outdoor) 

and 389 ms (indoor) and the overall overhead is much less than 1%, for example. The ADSS 

can be either a separate process or a jointed process with other channel measurements. The 

following solution assumes that the ADSS is a separate process. 

[0456] Assuming a TDD system, there may be AP-to-AP and UE-to-UE interference, in 

addition to the AP-to-UE and UE-to-AP interference. One DSSI is divided into N Directional 

Sounding and Sensing Windows (DSSW): each AP owns one TX DSSW (TDSSVV) for sounding 

signal transmission for the links plus N-1 RX DSSWs (RDSSVV) for sensing of the sounding 

signal from neighboring links. Deafness of ADSS is conquered via such dimensioning and the 

missed interference is avoided. 
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[0457] ADSS may be further developed to reduce overhead so that frequent ADSS can be 

applied for burst-like traffic, for instance, sharing the same process between ADSS and channel 

measurement is one way to share the overhead. The reporting overhead may be reduced as 

well by well-defined trigger condition. Decentralized and reactive directional interference 

sounding and sensing is also possible. In the event that there is no central controller or the 

interference occurrence is rare, this method may be useful. 

2.2.5.3 	Use cases 

[0458] The ADSS is attractive in multiple aspects. A first one is that the access link and the 

self-backhaul link are measured via the same process. The sounding results can be used for the 

backhaul route (capacity and path) management. A second is that all types of interference (AP-

to-AP, UE-to-UE, AP-to-UE and UE-to-AP) are measured via the same process. There is no 

need for multiple types of sounding signals, which is attractive for both TDD and FDD systems, 

especially for dynamic-TDD system. A third aspect is that via certain alignment between co-

existing networks in shared spectrum bands, inter-network interference awareness may be 

achieved via ADSS. 

2.2.6 	Contention-based Access 

[0459] In high-load scenarios, the default transmission modes are based on maintaining 

coordination by means of a resource scheduler. However, contention-based access can provide 

lower delay for initial uplink transmissions and in relay nodes. This is shown in Figure 28. As 

shown at the top of Figure 28, scheduled-based access is contention free, and the performance 

is superior in high load scenarios. As shown at the bottom of Figure 28, contention-based 

access can provide lower delays for initial uplink transmissions and in relay-nodes with a large 

delay to a central scheduling unit. 

[0460] The contention-based uplink channel cPDCH is very different from the normal 

contention-free uplink channels dPDCH and rPDCH. A UE needs a grant to transmit on the 
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cPDCH, but it is not forced to use the grant in case it does not have any uplink data to 

transmit (in the event that the UE has a grant for a dPDCH/rPDCH and it has no data, it 

should fill the grant with padding). 

[0461] When utilizing a cPDCH the UE should include a temporary UE identity (this may be 

24 bits long in NX, for example), so that the receiving base station knows from who the 

transmission originates. The UE should also add a sequence number to indicate the HARQ 

buffer that the data comes from. This is because the grants for the dPDCH/rPDCH 

transmissions include a HARQ process ID and a new data indicator, which the grant for the 

cPDCH does not. An additional difference is that the contention-based channel cPDCH does 

not support soft-combining of HARQ re-transmissions, something that is supported on the 

dynamically scheduled and contention free rPDCH (see sub-section 2.2.8 for further details). 

[0462] Transmissions on the cPDCH may interfere with other channels, primarily since the 

UL synchronization in the UE may not be as accurate when this channel is used. Solutions to 

this may be implementation-specific. The scheduler may, for example consider the need for 

guard bands towards contention-free channels and ensure that the performance is good 

enough. Furthermore, since some poorly synchronous UEs will have a random timing offset, the 

actual transmission time may have to be significantly smaller than the uplink resource allocation 

in some cases. Note that when using massive MIMO beam-forming, there are spatial ways to 

handle the interference. 

[0463] Transmissions on cPDCH may also be restricted by additional access rules such as 

listen-before talk, and this could apply to both shared and dedicated spectrum scenarios. In a 

dedicated spectrum, for example, dynamically scheduled transmissions (dPDCH/rPDCH) may 

be to be prioritized. To efficiently enable both transmission principles (scheduled and 

contention-based access) NX is designed to prioritize scheduled access over contention-

based access in a slotted manner by adding a listen-before-talk (LBT) period in the beginning 

of each sub-frame. If a specific reference signal, or energy above a threshold, is detected in 
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this period, then the sub-frame is assumed to be occupied and the contention-based 

transmission is deferred. The data transmission for contention-based access is hence shorter 

in time, since it initially reserves a set of symbols for LBT. For sub-sequent UL transmission, 

scheduled access is generally better (since it is collision free), and hence NX utilizes contention-

based access primarily when the time required to maintain coordination increases delay. This is 

shown in Figure 29, which shows that prioritization between scheduled data and contention-

based data access is enabled by having the scheduled data starting earlier than contention-

based data. This enables the contention-based access to detect the scheduled data 

transmission using carrier sense. Additional prioritization between different contention-based 

accesses is also possible, by having different length of the carrier sense period starting from the 

beginning of the sub-frame. 

[0464] To handle "hidden node" situations, e.g., when a mobile terminal with a contention-

based grant is unable to detect that there is an ongoing uplink transmission (that the channel is 

occupied), a clear-to-send (CTS) signal may be added. This is shown in Figure 30, which 

illustrates contention-based access with collision avoidance utilizing both listen-before-talk 

(LBT), to prioritize scheduled transmissions, and clear-to-send (CTS), to resolve hidden node 

problems. The contention-based transmission is then divided into two time intervals, where an 

indication if the second part is allowed to be transmitted is derived by the reception of a CTS 

signal from the network in the time between the two time intervals. The time between the two 

(transmission) time intervals is referred to as the interruption time. 

[0465] With contention-based access in dynamic TDD there is thus both a Listen-before-talk 

interval for avoiding collisions with scheduled frames and a CTS-like contention resolution 

mechanism. NX channels with contention-based access thus use the following protocol for 

collision avoidance: 

- Listen for N (one or few) symbols; 

- Transmit one symbol; 
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- Listen for contention resolution one/few symbols (<N); 

- Transmit until end of TTI if needed. 

[0466] The first contention-based transmission may be seen as a scheduling request (SR) or 

a request-to-send (RTS) transmission. Since the mobile terminal may have additional 

information about the current channel use (e.g., by detecting interference and or PDCCH 

transmissions from other nodes) one option in NX is to indicate in the RTS signaling which 

resources that the mobile terminal would like to utilize. This is denoted "selective-RTS (S-RTS) 

and can be further extended with an adjusting-CTS (A-CTS) message from the network. This is 

shown in Figure 31, which illustrates an example of a proactive RTS/CTS scheme with 

selective-RTS (a scheduling request containing a physical resource proposal) and adjusting-

CTS (an uplink transmission grant). User terminals base the S-RTS resource selection on a 

capability to monitor multiple downlink physical control (PDCCH) channels (configured in the 

"PDCCH monitor Set" message from the serving node). 

[0467] Note that the S-RTS may be based on the terminal being reactive or proactive when 

selecting resources that it wants to use. The selection can be based on, e.g., interference 

measurements (re-active); or control channel decoding (pro-active). 

[0468] The use of an adjusting-CTS message from the network is useful also in e.g., multi-

connectivity scenarios, e.g., the network mode may already be using some of the resources 

selected by the mobile terminal in some other connection. 

2.2.7 	L2 Multi-connectivity mechanism 

[0469] Multi connectivity is a use-case that puts particular requirements on the protocol 

design. It is clear that multiple streams can be maintained on different layers of the protocol-

stack dependent on the ability to coordinate the buffer handling. 

[0470] In the simplest case, one base station controls one carrier, but is using multiple code-

words. In this scenario it is natural to do multiplexing between MAC and RLC, e.g., to operate 
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on the same segmentation/concatenation entity. This may also be the case for fast coordination 

between nodes or carriers. 

[0471] In a slower coordination case it is not possible to fully coordinate the building of the 

transport blocks. In this case multiplexing needs to be done before the segmentation entity. In 

this case flow control is desirable. 

[0472] ARQ, where utilized, may be placed before or after the splitting. 

[0473] Since splitting/merging can be done on different levels, in-order delivery, where 

utilized, operates above the highest split. 

2.2.8 	Re-transmission mechanisms 

[0474] The current HARQ feedback protocol of LTE relies on fast but error-prone single bit 

feedback with a fixed timing. Since it is far from 100% reliable, the higher layer RLC AM is 

required to ensure reliability, something which adds delay. Also, the current HARQ protocol is 

based on many strict timing relations (such as e.g., as per-HARQ buffer synchronous timing), 

something which is very inflexible and causes several problems when e.g., operating using 

Dynamic TDD. 

[0475] For NX, the HARQ protocol should be fast, have low overhead, be reliable, and not 

require fixed timing. The RLC retransmission protocol is still desirable, to efficiently support 

multi-hop and mobility scenarios. 

[0476] Different L2 protocol architectures result in different design options for L2 

functionalities regarding multi-hop communications, such as the ARQ or routing. 

2.2.8.1 	Downlink HARQ/ARQ design 

[0477] For NX, a two-layered ARQ structure is kept, as is done with RLC/HARQ in LTE. 

Differences from LTE are in the HARQ re-transmission layer, which is fast and low-overhead, 

but also reliable and not requiring fixed timing. 

[0478] For NX, the improved HARQ protocol has one or both of two components: 
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- A "Super-Fast HARQ" feedback (A), which provides as fast-as-possible HARQ 

feedback, albeit not fully reliable. 

- A "Scheduled HARQ" feedback (B), which provides an efficient, near-100% robust, 

HARQ feedback suitable for use in e.g., Dynamic TDD scenarios. 

[0479] On top of this, an additional RLC ARQ (C), which is similar to the current LTE RLC AM 

ARQ, may also be applied. 

[0480] The detailed ARQ operation depends on the scenario, e.g., either all or a subset of 

these ARQ components (A, B, C) could be used. An illustration of the ARQ structure is shown in 

Figure 32. Shown in the figure is an improved ARQ process for single-hop NX. As discussed 

above, the HARQ protocol illustrated in Figure 32 utilizes two different feedback mechanisms: 

one "Super-Fast" (A) and one "Scheduled" (B). On top of this, an RLC layer (C) handles residual 

errors (e.g., due to mobility) and re-segmentation. 

[0481] The "Super-Fast HARQ" feedback (A) is designed to be lean and it is transmitted as 

soon as possible. It provides feedback for one or a few downlink transmissions. The feedback 

contents could be a single bit (ACK/NACK) like in LTE and sent after decoding (or failure to 

decode) based on received downlink assignment, or the feedback could even be sent before 

complete decoding, e.g., "likelihood of decoding is low/high". It is further not restricted that the 

contents should be just one single bit, but it can also be soft quality measure. An example of 

usage of "Super-Fast HARQ" feedback is depicted in Figure 33. In the illustrated examples, the 

fast HARQ feedback is transmitted at the end of the first available UL transmission occasion. 

The left side of the figure shows an FDD or small-cell TDD example where HARQ feedback is 

included in a single OFDM symbol. The right side illustrates an example with half-duplex FDD or 

large cell TDD, where the fast HARQ feedback is included in the last OFDM signal of the 

scheduled uplink transmission. 

[0482] Upon receiving this "Super-Fast HARQ" feedback (A), the network acts on the 

received information by, e.g., either — in case of a (probably) unsuccessful decoding — 
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retransmitting the same data on the same HARQ process or - in case of a (probably) successful 

decoding — transmitting new data on another HARQ process (or possibly the same HARQ 

process, in case no new HARQ process is available). The "super-fast HARQ" feedback is 

assumed to be transmitted on a scheduled dPDCH resource that is typically granted together 

with the associated DL assignment. 

[0483] The "Scheduled HARQ" feedback (B), also in this document denoted the "Polled 

HARQ" feedback, is a multi-bit HARQ feedback scheduled on the uplink data channel, typically 

the dPDCH. It provides a good, simple design preferable for dynamic TDD scenarios, for 

example, where it is required that the protocols can handle dynamic and possibly varying timing 

relations. Being able to convey many bits of information, this feedback can be rather extensive, 

and hence it is good to ensure that the base-station beam-former is pointing towards the UE 

when transmitting, to ensure as favorable link-budget as possible. It further provides robustness, 

e.g., by means of being CRC protected and also by including built-in error mitigation techniques 

as described below. 

[0484] Being a scheduled feedback, the network sends an UCI grant to the UE indicating 

which, or at least the number of, HARQ processes that should be reported in the feedback. This 

UCI grant also indicates the explicit resources on which this transmission is to take place - 

unless of course this has already been assigned via RRC, in which case the UCI grant need not 

contain such detailed information. 

[0485] With respect to the report contents, it can be full size, covering all the allocated HARQ 

processes for this UE in the downlink direction. Also, a smaller report can be sent, which covers 

only parts of the allocated HARQ process. Moreover, a differential report can be sent wherein 

e.g., the status is reported for HARQ processes not having been reported in the last sent 

reports. Which of these reporting types are used can be either configured via RRC or explicitly 

indicated in the received UCI grant. 
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[0486] For NX, the "Scheduled/Polled HARQ" feedback (B) may consist of 2 bits per HARQ 

process. This HARQ feedback is only transmitted when the UE is scheduled for a normal UL 

transmission, as shown in Figure 34, which shows that Polled HARQ feedback reports are 

transmitted in the directly decodable part of normal scheduled uplink transmissions. Note that 

the dPDCH transport block is protected by a cyclic redundancy check, CRC, and hence the 

likelihood of receiving an erroneous polled HARQ feedback report is low. The two feedback bits 

per HARQ process are: 

- NDI-toggle-bit: Indicates if the feedback relates to an odd or even packet in the 

process. This bit toggles each time the UE receives a new-data-indicator (NDI) in the 

downlink grant associated with this HARQ process. 

- ACK/NACK-bit for the HARQ process 

[0487] The maximum number of HARQ processes is configurable between N = {1, 2, 4, 8, 16, 

32, 64}, and hence a full polled HARQ feedback report consists of 2N bits. The use of smaller 

polled HARQ feedback reports, e.g., using differential, compression, or partial reporting 

schemes, is possible. The polled HARQ feedback report age is configurable (e.g., 1, 2, 3, or 4 

TTIs old). 

2.2.8.2 	Uplink HARQ/ARQ design 

[0488] For scheduled uplink data transmissions, HARQ feedback is not explicitly 

communicated but is dynamically handled by allocating uplink grants with the same process ID 

and a new data indicator (NDI) which is used to request retransmissions. 

[0489] In order to support re-segmentation, an additional bit in the DCI can be added, e.g., a 

reception status indicator (RSI), to indicate that the given data in a HARQ process is not 

correctly delivered but a new transport block is requested. 

[0490] One major error event that can occur for uplink HARQ is false detection of uplink 

grants, leading to a UE discarding undelivered data. However, the probability of multiple 
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consecutive false detection events while having data in the uplink buffer is very small, with a 

reasonable CRC size and search space. 

[0491] In case of TTI bundling or persistent uplink scheduling, the UE also includes the 

process ID in the uplink transmission in an UCI inside of the uplink dPDCH. A special HARQ 

feedback report (similar to the polled feedback message used for downlink HARQ) is sent as a 

MAC control element on the downlink dPDCH. 

[0492] On uplink contention-based channels, soft combining of re-transmission attempts does 

not need to be supported, the reason being that contention-based channels are easily colliding 

and then the soft-buffers are likely to be very noisy and it is better to discard the data. In the 

event that this assumption is not valid, e.g., when there is a very large number of antenna 

elements, soft combining might be used. 

[0493] When transmitting on a contention-based resource, the UE should include an 

additional sequence number, which is encoded as an uplink control information (UCI) element in 

the uplink dPDCH. ARQ without soft-combining is supported and the ARQ feedback can in that 

case be provided in a separate feedback message in a MAC control element. However, typically 

an uplink contention-based transmission is followed by a DCI containing a grant for a scheduled 

uplink transmission, which then implicitly also contains the ARQ feedback for the contention-

based transmission. 

2.2.8.3 	Dynamic soft HARQ buffers 

[0494] The size of the soft buffer is a UE capability for NX. A UE supporting a certain 

maximum number of HARQ processes is not required to also support soft-packet combining 

when operating at very high data rate. See Figure 35, which shows that the number of HARQ 

process for which the UE perform soft packet combining may depend on the packet size. 

[0495] Soft buffers for many 10ths of Gbps can be very large and can therefore be very 

expensive. Soft buffers for lower rates are small and cheap in comparison, and thus it can be 
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required of the UEs that they support soft combining in those situation. The use of a very large 

soft buffer in the device should be optional, e.g., as a cost-benefit tradeoff. The benefit of 

improving performance with soft packet combining in difficult scenarios (e.g., low rate cell edge) 

is significant, while the cost is still reasonable. 

2.2.8.4 	Multi-hop ARQ protocol architectures 

[0496] Sections 2.2.8.1 and 2.2.8.2 described how the desired ARQ protocol architecture for 

NX looks in a single-hop scenario. Now, in a multi-hop/self-backhauled scenario, some 

additional considerations are required. 

[0497] First of all, the different hops in a multi-hop/self-backhaul chain may have very distinct 

characteristics. They may differ in terms of one or more of, e.g.: 

- Radio Link Conditions/Quality (e.g., SINR, channel properties etc.) 

- Rx/Tx Capabilities (e.g., number of antennas, max Tx power, beamforming, 

receiver procedures, interference suppression capabilities etc.) 

- Traffic and Routing (e.g., number of multiplexed users, number of multiplexed 

routes, amount buffering etc.) 

- (Dynamic) TDD Configuration 

- etc. 

[0498] Hence, per-hop RRM mechanisms (e.g., link adaptation, segmentation, etc.) are 

desirable. In particular, a per-hop ARQ mechanism — such as described in the Sections 2.2.8.1 

and 2.2.8.2 is still desirable, as further discussed in this section. 

[0499] Secondly, as the number of hops grow, the cumulative probability of failure in the per-

hop ARQ mechanism somewhere along the multi-hop/self-backhauled chain increases. Also, 

cases of classical mobility (e.g., the UE attaches to another AP/RN - possibly also belonging to 

another anchor BS/CH) or when the path to the UE is re-routed (e.g., RNs in the multi-hop/self-

backhauled chain is removed/added) needs to be accounted for. Essentially, in a scenario with 
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mobility and/or not fully reliable per-hop (H)ARQ, a separate mechanism is used to ensure end-

to-end reliability. Put simply, yet another end-to-end ARQ layer is desirable in these situations, 

as discussed below. 

[0500] There are three possible ARQ protocol architectures for the multi-hop/self-backhauled 

scenarios: 

- Alt. 1 "Per hop HARQ/RLC ARQ": The single-hop ARQ architecture as described in 

sections 2.2.8.1 and 2.2.8.2 is utilized over each hop — inclusive of both HARQ and RLC 

ARQ. 

- Alt. 2 "End to End RLC ARQ": Again, the same single-hop ARQ architecture is 

utilized over each hop as in Alt. 1 above — but now with only HARQ and no RLC over 

each hop. A higher layer RLC (inclusive of ARQ, segmentation etc.) is instead placed 

only at the end-point nodes, e.g., in the BS and the UE. 

- Alt. 3 "Two Layered RLC ARQ": This is essentially a combination of the two other 

ARQ architectures, with a full-blown single-hop ARQ including HARQ and RLC ARQ for 

each hop and — in addition — an extra higher layer RLC is placed on top of this in the end-

point nodes. 

The above listed alternatives are depicted in Figure 36. 

[0501] Pros and cons of the above listed three possible ARQ protocol architectures for multi-

hop/self-backhauled communications are summarized in Table 2 below. 
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Alt. 1: Per hop ARQ Alt. 2: End to End ARQ Alt. 3: Two Layered 

ARQ 

Pros • Low delay, fast. • Solve the Cons of Alt.1 • Pros Alt.1 + Pros 

• Less feedback 

signaling. 

Alt.2 

Cons • Does not handle failure, 

re-routing and mobility for 

• Lost the Pros of Alt.1 

• If HARQ not 100% 

• Extra overhead 

due to two protocol 

relay nodes well. 

• All UE mobility requires 

PDCP retransmissions from 

endpoint 

• Need to introduce in- 

order-delivery in PDCP. 

reliable, costly 

retransmissions from 

endpoint. 

• Need to introduce 

segmentation functionality in 

MAC. 

layers. 

Table 2 

[0502] The transmitting RLC entity in one endpoint (e.g., in the BS or UE) of the end-to-end 

RLC layer of Alt. 2 and Alt. 3 above buffers each transmitted packet until this is positively 

acknowledged by the receiving RLC entity (e.g., in the UE or BS) where after it is removed from 

the buffer. The transmitting RLC entity needs to have its ARQ retransmission timer set 

accordingly depending on the total end-to-end delay, to the peer RLC entity in the other 

endpoint, in order not to cause premature retransmissions. An appropriate timer value therefore 

may be estimated in various ways, but this procedure may obviously be cumbersome in 

dynamically changing environment and/or complex routing scenarios. In such cases it is better if 

this timer is disabled and end-point retransmissions are triggered only by explicit negative 

acknowledgements from the receiving endpoint RLC entity. 
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[0503] It should be noted, that this end-to-end RLC layer of Alt. 2 and Alt. 3 above need not 

necessarily be a new protocol layer on its own, but could be part of the PDCP. In fact, the 

existing retransmission mechanisms of PDCP could be used for the purpose of providing this 

desired end-to-end reliability. This is however a bit problematic with respect to routing, as 

discussed in Section 2.2.8.5, below. 

[0504] Summarizing the above, it is clear that it is beneficial to be able to perform 

retransmissions and segmentation over each hop, which may rule out Alt.1 as a suitable 

candidate — at least in scenarios with mobility, possibly re-routing or with a not fully reliable per-

hop (H)ARQ mechanism. Further, only relying on end-point retransmissions as in Alt. 2 may be 

inefficient and may require MAC level segmentation (if wanting to support per-hop re-

segmentation). Hence also Alt. 2 may be ruled out as a suitable candidate. Hence the Two 

Layered ARQ of Alt. 3 may be the only feasible and generic enough architecture to suit the 

foreseen scenarios. 

[0505] A Relay ARQ is an improved version of the Two Layered ARQ architecture of Alt .3 

above, which integrates the ARQ of the extra RLC' layer into the per-hop relay RLC layer, as 

shown in Figure 37. 

[0506] An aspect of relay ARQ is that the temporary retransmission responsibility is delegated 

from the sender node (the source node or the relay node) step-wise from node to node until 

finally the data unit is received at the receiver. The ultimate retransmission responsibility, 

however, remains with the source node (BS or UE). This is all the same as what happens in Alt. 

3. 

[0507] The original assumption for relay ARQ is, however, that each node uses the same 

sequence numbering, PDU size and protocol state etc., something which may not be feasible 

for dynamically changing channel quality for each hop. However, some solutions could be 

adopted to handle this problem. By adding a sequence number relation mapping table in the 

relay node, the segmentation functionality could still be supported. Alternatively, the existing re- 
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segmentation mechanism of LTE could be used, together with some possible optimizations in 

order to e.g., alleviate the overhead caused by multiple step re-segmentations. For example, in 

certain embodiments, only fully assembled RLC SDUs, and not individual segments thereof, are 

forwarded on the following link. 

[0508] Regardless of whether the Two Layered ARQ approach of Alt. 3 or the Relay ARQ 

architecture is used, it is only in the end-points (e.g., BS and UE) where in-order delivery of RLC 

SDUs shall be employed, whereas the intermediate relay nodes (RN) shall deliver the RLC 

SDUs out-of-sequence. The reason for this is that it is only the higher protocol layers in the end-

points which may require in-order delivery of data, whereas requiring in-order delivery in the 

intermediate nodes may risk under-utilizing the links. Also, by not requiring in-order-delivery in 

each intermediate node, the data packet may be freely mapped over multiple-paths, hence 

achieving a load balancing over intermediate links and nodes. 

2.2.8.5 	Routing consideration in multi-hop L2 

[0509] The design choice for the relaying architecture to support multi-hop routing in a multi-

hop network does impact the ARQ design. As discussed in Section 3.6.6, relaying may be done 

in on L3/I P or in L2 wherein for LTE relays, for example, the routing is done above PDCP layer. 

For NX, however, the PDCP layer has its entities only in the anchor nodes, e.g., BS and UE, but 

not in the intermediate relay nodes, since otherwise the ciphering/security mechanisms of 

PDCP would require complex handling of each such relay node. Hence, the problem is how to 

perform routing in NX without having a PDCP layer in each node. 

[0510] One option is that each user is handled separately over all hops, e.g., separate 

protocol-entities are set up in all nodes along the route and no multiplexing is done between 

users. This is simple from a protocol layer perspective, but scales poorly with many users and 

many hops. Also, the L1 procedures are complex, since each relay node needs to monitor and 

process data separately for any user routed through the node. 
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[0511] Another option is that the routing is included in or between one of the L2 protocol 

layers. The layer where the routing identity is included depends on the layer of the multi-hop 

scheme. This could for example, be done in the additional RLC' layer introduced in Section 

2.2.8.4 or the Two Layered ARQ approach (Alt. 3). This layer then contains, apart from the 

regular RLC functionality, also the routing functionality of PDCP but not the other parts of 

PDCP, e.g., the ciphering/security. Hence a small UE context could be desirable in each relay 

node, in addition to what was shown in Figure 36. In the case when Relay ARQ is used, the 

RLC' could then simply be regarded as the "routing" RLC layer. 

[0512] Figure 38 illustrates an overview of a multi-hop architecture overview to support relay 

routing. As shown in the figure, in each relay node, the routing information is based on the 

PDCP identifier and handled in the RLC' layer. This is possible because there is a Layer 3 

routing mechanism in place, which ensures that there are up-to-date routing tables in each 

(relay) node. 

2.2.9 	MAC Design for C-MTC 

[0513] Low latency and high reliability services are further described in Section 3.1. Here, 

some additional MAC considerations related to C-MTC are discussed. 

2.2.9.1 	Dynamic scheduling for C-MTC 

[0514] Dynamic scheduling, as in LTE today, is considered as a baseline MAC technique for 

C-MTC as well. According to this scheme, the base station (BS) assigns resource blocks to 

different users in a dynamic fashion (e.g., on a need basis). This requires control signaling in the 

form of scheduling requests (SR) and scheduling grants (SG) which also increases the overall 

latency. To meet the latency and reliability requirements for the C-MTC applications, the 

dynamic scheduling implies some changes compared to the LTE standard on the physical layer 

level, e.g., by TTI shortening, high antenna diversity, etc. Figure 39 shows a signaling diagram 
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for dynamic scheduling. In dynamic scheduling, resources are assigned on a need basis and 

the minimum achievable latency is equal to three TTIs, assuming zero processing delays. 

2.2.9.2 	Instant uplink access for C-MTC 

[0515] Instant Uplink Access (IUA) is a form of pre-scheduling to allow the transmission of 

data packets without scheduling requests. The resources are pre-reserved based on latency 

requirements, the amount and type of traffic. The IUA is optimal for periodic traffic where the 

traffic pattern is pre-known and thus the IUA transmissions can be pre-configured accordingly at 

MAC level. However, to guarantee the deterministic latency for sporadic traffic, each device 

requires dedicated pre-assigned resources to ensure that emergency messages, whenever they 

occur, are always transmitted within the required deadlines. This means that the resources 

cannot be used by other devices although their actual utilization by the sporadic data (rare 

events) is very low. In order to increase the resource utilization, a contention-based IUA (CB-

IUA) can be used. CB-IUA allows the sharing of the same resources among two or more 

devices. Since the use of the same resources by the two devices may lead to packet collisions, 

contention resolution mechanisms become mandatory to achieve the required reliability levels 

within the latency bounds. Collision detection can be done using the demodulation reference 

signals (DMRS) to differentiate the users. After a collision has been detected and the 

devices/users involved in collision have been identified, the base station can individually poll the 

devices to achieve higher reliability. Furthermore, the order in which the base station polls the 

users can be adjusted according to the application requirements, including traffic needs and 

prioritization. The process of contention resolution after a collision is shown in Figure 40. 

[0516] Moreover, collision risk in CB-IUA can be minimized by some enhanced functionalities 

such as smart grouping of C-MTC devices. The grouping can be based on the geographical 

location, functional behavior, or the transmission pattern aspect. On-the-fly reconfiguration of 

groups can also be performed, once a specified collision threshold is passed. 
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2.2.9.3 	Contention-based access using listen-before-talk for C-MTC 

[0517] This scheme is based on the well-known listen-before-talk (LBT) principle. To avoid 

over provisioning of resources for not-so-frequent traffic in C-MTC use-cases, a contention-

based access channel (cPDCH) is made available. However, the bandwidth of the contention-

based resource is allocated according to the scenario (e.g., number of devices in the network 

and the generated traffic, etc.), so that the latency requirements for C-MTC applications are 

fulfilled. 

[0518] Furthermore, a contention-based channel can be exploited by the scheduling request 

(SR) for the best effort traffic or any other sporadic traffic with large payload size. In case of 

real-time sporadic traffic with small payload size (e.g., alarms), the sporadic data can be 

transmitted directly on the contention-based uplink channel, using the LBT principle. 

Thus for C-MTC applications, the decision whether or not to send real-time data over a 

contention-based uplink channel is made based on the size of the data. The amount of 

bandwidth needed can be fixed over time or adaptively adjusted according to the traffic loads, 

number of nodes and the collision probability. 

[0519] One advanced alternative is to share the contention-based channel resources with 

other channels. According to this alternative, all resources are considered as available for 

contention unless reserved. The base station, as a central controller, manages all the resources 

and always makes sure of the availability of resources for contention. The advantage of this 

improvement is to reduce the probability of collisions among packets by increasing the number 

of contention channels available. However, it requires additional resource management 

overhead to coordinate the resource utilization among the devices based on the priority levels. 

Moreover, each device maintains the resource allocation table that reflects the resources 

available for contention. 
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2.2.9.4 	Polling Mechanisms for C-MTC 

[0520] The resource allocation for C-MTC can be enhanced by using the well-known polling 

mechanism. According to this scheme, a base station polls the devices and adjusts the 

frequency of the polling based on the application requirements, the number of devices, priority 

levels and the data generation rate. Polling increases the required control overhead as 

compared to IUA where the resources are pre-configured once for several transmissions. 

[0521] One further enhancement of this scheme is the group polling where the base station 

polls simultaneously a group of devices. The number of devices in one particular group depends 

upon the availability of resources, the number of total devices, the latency and the traffic 

requirements. There exist two alternatives for resource allocation in group polling, as shown in 

Figure 41, which shows group polling using contention-free (left) and contention-based access 

(right) techniques. According to these alternatives, the devices polled as a group could either 

contend for the shared resource or use the dedicated resources. The main advantage of using 

polling mechanisms lie in their deterministic nature. It also avoids over-provisioning of resources 

as in case of IUA. On the other hand, polling mechanisms require addition control signaling in 

the form of 'polls'. 

2.2.10 	Example use-cases 

[0522] For the purpose of explaining how different aspects for the NX L2 solution described in 

this sub-section work together, additional examples are provided here. 

2.2.10.1 	Multi-user MIMO examples 

[0523] Figures 42 and 43 depict two different examples of MU-MIMO scheduling using out-

band and in-band DCI, respectively. In the out-band (and out-of-band) example of Figure 42, all 

DCIs are transmitted on the PDCCH. Since the PDCCH needs to carry a relatively large number 

of bits it needs more resources. The UEs need to perform more blind decoding attempts since 

more UEs are multiplexed on the PDCCH. Since the PDCCH typically needs to use full power, 

109 



WO 2017/196249 	 PCT/SE2017/050491 

the PDCH resources overlapping with the PDCCH resources cannot be used. The delivery of 

the DCIs is expensive compared to the data, since no UE optimized beam-forming is used in 

this example. 

[0524] Figure 43 shows an example of MU-MIMO scheduling using in-band and in-beam DCI 

on directly decodable physical data channel (dPDCH). When DCIs are instead transmitted in-

beam and in-band, as in Figure 43, on the scheduled resources, the PDCCH resource can be 

made much smaller. This also leaves more resources available for the PDCH. The DCI is 

transmitted on a dynamically extended search space inside of the scheduled data channel. Both 

the directly decodable and the re-transmittable physical data channels (dPDCH and rPDCH) 

use the same demodulation reference signals that are beam-formed towards each individual 

UE. The control information delivery is cheaper since it benefits from the antenna array gain. 

Also the UE search space can be made smaller since there is no need to support user 

multiplexing on the dedicated dPDCH control channel. 

2.2.10.2 	Reciprocity use case example 

[0525] Support for reciprocal massive MIMO and dynamic TDD operation is an important 

aspect of NX. This use case is the basis for the examples provided below. 

[0526] Starting with an example with downlink data transfer supporting reciprocal massive 

MIMO beamforming, as shown in Figure 44, the serving node uses the PDCCH to schedule a 

transmission of reciprocal reference signals (RRS) from the mobile terminal. Furthermore, the 

PDCCH contains a DCI with a dynamic search space extension. The RRS transmission needs 

to cover the bandwidth of the downlink PDCH transmission, to enable beamforming based on 

channel reciprocity. 

[0527] In response to the RRS transmission, the base station transmits the PDCH, comprising 

a direct (dPDCH) and a re-transmittable part (rPDCH). The mobile terminal finds a DCI in the 
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dPDCH that indicates the format of the transmission and that also contains a grant for 

transmitting a response. 

[0528] The first response for the uplink comprises a new RRS and a fast ACK/NACK 

feedback. Since the RRS needs to cover the bandwidth of the downlink channel, the cost of 

including additional information in a dPDCH is in many cases negligible. The first response 

typically therefore comprises additional feedback such as CSI-feedback, MRS-measurements, 

and/or rich HARQ feedback information. 

[0529] For the second downlink, DL, transmission, the UE is already configured to search for 

the DCI in the dPDCH and no explicit message is required to enable the UE to search there. 

The second feedback transmission in this example also comprises higher layer feedback (TCP 

feedback and/or RLC feedback). This is transmitted as uplink data in an rPDCH field. In addition 

to the fast ACK/NACK, the dPDCH may also contain a larger HARQ feedback report (denoted 

polled ACK/NACK in the example) as well as additional feedback (CSI, BSR, etc). 

[0530] Note that in the downlink the dPDCH is placed in the beginning of the transmission 

while in the uplink the dPDCH is placed at the end of the transmission. This is to enable the UE 

to process and generate the feedback that it puts in the uplink dPDCH. 

[0531] Figure 45 shows a corresponding uplink data transmission example, for reciprocal 

massive MIMO beamforming. In this example, the UE is first configured with a small RRS and 

an associated dynamic search space for a downlink dPDCH. When the UE has data to transmit 

it sends an RRS on the pre-granted resource. This RRS implicitly serves as a scheduling 

request and it also enables the base station to send the first downlink dPDCH using reciprocal 

based beamforming. The granted uplink transmissions comprises an RRS (used also for uplink 

channel demodulation), a re-transmittable PDCH, and a direct PDCH at the end. The downlink 

transmissions comprises a direct PDCH containing UL grants (with implicit HARQ feedback) 

and additional request for feedback to be transmitted by the UE. The downlink transmissions 

also comprise a re-transmittable PDCH containing primarily higher layer feedback. 
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2.3 Radio interface physical layer 

2.3.1 	Modulation scheme 

[0532] Section summary: NX uses OFDM as modulation scheme in uplink, UL, and downlink, 

DL, possibly also including a low-PAPR mode (e.g., Discrete Fourier transform-spread OFDM, 

DFTS-OFDM) for energy-efficient low-PAPR operation and Filtered/Windowed OFDM for 

frequency-domain mixing of numerologies. Note that a "numerology," as that term is used 

herein, refers to a particular combination of OFDM subcarrier bandwidth, cyclic prefix length, 

and subframe length. The term subcarrier bandwidth, which refers to the bandwidth occupied by 

a single subcarrier, is directly related to, and is sometimes used interchangeably, with subcarrier 

spacing. 

[0533] The modulation scheme of NX is cyclic-prefix OFDM, both for UL and DL, which 

enables a more symmetric link design. Given the large operating range of NX, sub-1 GHz to 100 

GHz, multiple numerologies may be supported for the different frequency regions, see Section 

2.3.2.3. OFDM is a good choice for NX, since it combines very favorably with multi-antenna 

schemes, another significant component in NX. In OFDM, each symbol block is very well 

localized in time, which makes OFDM also very attractive for short transmission bursts, 

important for various MTC applications. OFDM does not provide as good isolation between 

subcarriers as some filter-bank based schemes do; however, windowing or sub band filtering 

provide sufficient isolation between sub bands (e.g., not individual subcarriers but collections of 

subcarriers), where needed. 

[0534] Section 2.3.3 outlines that for some use-cases, mixing of different OFDM 

numerologies is beneficial. Mixing of OFDM numerologies can either be done in time-domain or 

frequency domain. Section 2.3.3 shows that for mixing of MBB data and extremely latency-

critical MTC data on the same carrier, frequency-domain mixing of OFDM numerologies is 

beneficial. Frequency-domain mixing can be implemented using Filtered/Windowed OFDM. 

Figure 46a shows a block diagram of Filtered/Windowed OFDM. In this example, the upper 
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branch uses narrow (16.875 kHz) subcarriers 400-1100. The lower branch uses wide (67.5 kHz) 

subcarriers 280-410 which correspond to narrow subcarriers 1120-1640. Figure 46b shows the 

mapping of upper and lower branches to the time-frequency plane. During the time duration of 

the large IFFT (2048 samples), four small IFFTs (512 samples) are performed. 

[0535] In Filtered OFDM, sub bands are filtered to reduce interference towards other sub 

bands. In Windowed OFDM beginning and end of OFDM symbols are multiplied with a smooth 

time-domain window (regular OFDM uses a rectangular window spanning the length of an 

OFDM symbol including cyclic prefix) reducing discontinuities at symbol transitions and thus 

improve spectrum roll off. This is shown in Figure 47, which illustrates how the beginning and 

end of an OFDM symbol are multiplied by a smooth time-domain window. 

[0536] In the example frequency-domain mixing of OFDM numerologies shown in Figure 46, 

the lower branch uses numerology with four times as wide subcarriers as the upper branch, 

e.g., 16.875 kHz and 67.5 kHz for the upper and lower branch, respectively (see Section 2.3.2.3 

for the supported numerologies). In this example, both branches use the same clock rate after 

IFFT processing and can directly be added. However, in a practical realization this may not be 

the case; especially if one of the numerologies spans a much narrower bandwidth than the other 

processing at a lower sampling rate is preferable. 

[0537] While filtered OFDM is possible, windowed OFDM is preferred due to its greater 

flexibility. 

[0538] Sub band filtering or windowing (both at the transmitter and the receiver) and guard 

bands are desirable to suppress inter-subcarrier interference, since subcarriers of different 

numerologies are not orthogonal to each other. In addition to sub band filtering or windowing, 

filtering across the transmission bandwidth is also desirable, to fulfill the desired out-of-band 

emission requirements. A guard band of 12 narrowband subcarriers enables an SNR of 20+ dB 

on all subcarriers, while a guard band of 72 narrowband subcarriers allows an SNR of 35+ dB 

on all subcarriers. To avoid unnecessary guard band losses, Filtered/Windowed OFDM may be 
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limited to two contiguous blocks of different numerologies. To the extent that Filtered/Windowed 

OFDM is supported by the NX standard, every NX device — even a device only supporting a 

single numerology — should support transmit and receive filtering/windowing since it could 

operate on an NX carrier operating with mixed numerologies (given the low complexity of 

windowing it is reasonable to assume that every UE can implement windowing). A network node 

on the other hand, needs only to support Filtered/Windowed OFDM if it supports use case 

mixes requiring frequency-domain mixing of numerologies. Note that detailed specifications of 

the windowing or sub band filtering are not needed, but rather performance requirements to test 

the chosen implementation. Sub band filtering and windowing can also be mixed on transmitter 

and receiver. 

[0539] OFDM may also include a low-PAPR mode such as DFTS-OFDM. OFDM is used to 

maximize performance while the low-PAPR mode might be used in node realizations (both eNB 

and UE) where low peak to average power ratio (PAPR) of the waveform is important from a 

hardware perspective, e.g., at very high frequencies. 

2.3.2 	Frame structure and numerology 

[0540] Section summary: At the physical layer, the minimum transmission unit is a subframe. 

Longer transmissions can be realized by subframe aggregation. This concept enables a variable 

TTI, for a given transmission the TTI corresponds to the length of the subframe or to the length 

of the subframe aggregate in case of subframe aggregation. 

[0541] Three subcarrier bandwidths are defined to cover the operating range from below 1 

GHz to 100 GHz and the large use case space. 

[0542] NX supports both FDD and dynamic TDD. Even though not relevant for the first 

releases of NX, the concept is extendable to full duplex, especially at the base station, as full 

duplex technology becomes more mature. 
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2.3.2.1 	Frame structure 

[0543] The NX physical layer as described herein has no frames but only subframes. It is 

possible that the concept of frames can be introduced later. Two basic subframe types, one for 

uplink, UL, and one for downlink, DL, are defined. These subframe types are identical for both 

FDD and TDD. Figure 48 depicts the basic subframe types, where Tsfis the subframe duration. 

TDLand TULare the active transmission durations in DL and UL, respectively. A subframe 

consists of Nsymb  OFDM symbols (see Table 3), but not all symbols in a subframe are always 

used for active transmission. Transmission in a DL subframe starts at the beginning of the 

subframe and can extend from 0 up to at most Nsymb  OFDM symbols (later start of a 

transmission in a DL subframe for listen-before-talk operation is also possible). Transmission in 

an UL subframe stops at the end of the subframe and can extend from 0 up to at most Nsymb  

OFDM symbols. The gaps — if present — are used in TDD for transmission in the reverse 

direction within a subframe, as explained below. 

[0544] Figure 49 shows how these two subframe types together build up the frame structure 

for FDD and TDD. Figure 49a shows the frame structure for TDD. In subframes with UL 

transmission in the end the DL transmission stops early. Figure 49b shows the frame structure 

for TDD, UL transmission, while Figure 49c shows the frame structure for FDD. TAis the timing 

advance value by which amount the UL transmission precedes the DL transmission. TGp,Duand 

TGP,UD are guard periods required for DL4UL and UL4DL switching in TDD, respectively. It is 

important to note that both DL and UL subframes exist simultaneously — during every subframe 

duration Tsf  both a DL and an UL subframe exist, even though no transmission may occur in a 

duplex direction (to avoid simultaneous transmission and reception in TDD and half-duplex 

transceivers). With this definition, UL transmissions only occur in UL subframes and DL 

transmissions only in DL subframes. This simplifies specification, since one subframe is then 

only transmitted from one node 
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[0545] As shown in Figure 49a, the frame structure also allows for an UL transmission at the 

end of a DL-heavy subframe duration by stopping the DL transmission early, as explained 

previously. As a minimum, the DL transmission must stop two OFDM symbols before the 

subframe ends to accommodate required guard periods for the duplex switch and the UL 

transmission itself. This UL transmission can be used for Fast ACK/NACK feedback but also for 

other UL information, such as channel quality information, CQI, RRS, and small amount of user 

data. In FDD, e.g., as shown in Figure 49c, the Fast ACK/NACK is sent at the end of the next 

UL subframe to allow full usage of the DL subframe and to maintain a common structure with 

TDD. Even for TDD the processing time to decode and prepare an ACK/NACK is very short, so 

even here transmission of the Fast ACK/NACK in the next UL subframe is supported. If 

ACK/NACK decisions can be based on received reference signals which are transmitted early in 

the DL subframe, Fast ACK/NACK feedback at the end of the current UL subframe is even 

possible for FDD. Note that NX in addition to Fast ACK/NACK also provides a scheduled 

ACK/NACK mechanism to acknowledge multiple transmissions; see Section 2.2.8.1. 

[0546] Figure 49b shows (for TDD) a subframe duration only containing UL. The required 

guard period is generated by leaving the beginning of the UL subframe empty. 

[0547] Figure 49 also shows the earliest possible re-transmission timing. For TDD, in 

principle, it might be possible to schedule a re-transmission already in the next DL subframe. 

However, given realistic decoding delays at an eNB this is infeasible; the earliest practical re-

transmission possibility is therefore in the next-next DL subframe. It is important to point out 

that, for NX in both DL and UL direction, an asynchronous hybrid-ARQ protocol is used, where 

re-transmissions are scheduled at an arbitrary time, with the next-next DL subframe being the 

earliest possible re-transmission time. For FDD, the earliest re-transmission possibility is one 

subframe later than in TDD, due to the delayed ACK/NACK. To match the re-transmission delay 

of TDD, an extra-large timing advance can be used, which would give the eNB enough time to 

schedule a re-transmission in the next-next DL subframe. 
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[0548] The example in Figure 49a shows a DL transmission followed by an UL transmission 

for, e.g., Fast ACK/NACK. However, the same principal structure even applies if the beginning 

of a subframe duration is used for DL control and the remaining part for guard and UL. The DL 

control in the beginning could for example contain an UL grant; however, in most cases the UL 

grant would be valid for the next UL subframe. If the grant would be valid for the current UL 

subframe this would imply extremely short preparation time at the UE, and in case of FDD also 

a resource waste, since the beginning of the UL subframe would be empty. See Figure 50 for an 

example. As shown in Figure 50, an UL grant transmitted at the beginning of a DL subframe is 

typically valid for the next UL subframe. If the grant would be valid for the current UL subframe, 

the beginning of the UL subframe is empty. For extremely delay critical applications such as 

certain C-MTC use cases, grant validity for the same UL subframe can be considered. 

[0549] The duration of a single subframe is very short. Depending on the numerology, the 

duration may be a few hundred ps or even less than 100 ps, in the extreme case even less than 

10 ps; see Section 2.3.2.2 for more details. Very short subframes are important for C-MTC 

devices requiring short latency, and such devices typically check for control signaling 

transmitted at the beginning of every DL subframe. Given the latency critical nature, the 

transmission itself can also be very short, e.g., a single subframe. 

[0550] For MBB devices, extremely short subframes are typically not needed. It is therefore 

possible to aggregate multiple subframes and schedule the subframe aggregate using a single 

control channel. See Figures 49b and 49c and Figure 50 for examples. Subframe aggregation is 

supported in the DL and in the UL; due to full duplex limitations UL and DL subframe 

(aggregates) cannot overlap. A single transport block (ignoring MIMO and the possibility of 

having two transport blocks mapped to dPDCH and rPDCH; see Section 2.2.2.1) is mapped to a 

subframe aggregate and acknowledgement of correct reception is done for the subframe 

aggregate and not individual subframes. This also reduces overhead if Fast ACK/NACK is used 
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especially for TDD since now a Fast ACK/NACK transmission (plus guard period) only occurs 

once per subframe aggregate and not once per subframe. 

[0551] Multiplexing of individual subframes and subframe aggregation is supported. In DL, 

when individual subframes overlap with subframe aggregates and the UEs receiving individual 

subframes should acknowledge them using Fast ACK/NACK, the aggregated subframe should 

contain transmission holes to enable UL reception at the eNB. 

2.3.2.2 	Multiplexing of data and control 

[0552] When present, the Physical Downlink Control Channel (PDCCH) starts in the 

beginning of a downlink, DL, subframe (later start of a transmission in a DL subframe for listen-

before-talk operation is possible; for more details on listen-before-talk see Section 3.8.4). 

PDCCH spans preferably 1 OFDM symbol in time but can extend up to Nsymb  symbols (i.e., up 

to one subframe). PDCCH can schedule Physical data channel (PDCH) in the same and next 

subframe for DL and PDCH in next subframe for UL. PDCCH may or may not be able to 

schedule the UL of the same subframe. 

[0553] PDCH can span multiple DL subframes. It may start late in a DL subframe if time 

multiplexed with PDCCH, otherwise it starts in the beginning of a DL subframe. For TDD, it may 

end before the end of a DL subframe, to enable UL transmissions at the end of the subframe. 

[0554] Figure 51 illustrates examples of data and control multiplexing for downlink in 67.5 kHz 

numerology. The configuration on the bottom right is not supported 

[0555] PDCH and PDCCH may occupy different parts of the band and thus need to be self-

with respect to reference signals. See Figure 52, which shows an example of mapping control 

and data to the physical resource. A mechanism for how to handle control channel resources for 

a given user overlapping with data resources for another user is desirable. Even if PDCCH and 

scheduled PDCH in DL would always overlap in frequency-domain, PDCCH overlapping other 

users DL PDCH may occur for UL grants. 
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[0556] For uplink and TDD, a PDCH transmission may start late in an UL subframe to create 

a guard period for DL-UL switch; in FDD a PDCH transmissions starts at the beginning of an UL 

subframe. A transmission ends at the end of an UL subframe. Uplink control information is 

transmitted in the last OFDM symbol(s) of an UL subframe, either on dPDCH (see Section 

2.2.2.1) and/or PUCCH. Frequency multiplexing of control and data is possible. 

2.3.2.3 	Numerology 

[0557] It is well known that robustness of an OFDM system towards phase noise and Doppler 

shift increases with subcarrier bandwidth. However, wider subcarriers imply shorter symbol 

durations which — together with a constant cyclic prefix length per symbol — result in higher 

overhead. The cyclic prefix should match the delay spread and is thus given by the deployment. 

The required cyclic prefix (in ps) is independent of the subcarrier bandwidth. The "ideal" 

subcarrier bandwidth keeps the cyclic prefix overhead as low as possible but is wide enough to 

provide sufficient robustness towards Doppler and phase noise. Since the effect of both Doppler 

and phase noise increase with carrier frequency the required subcarrier bandwidth in an OFDM 

system increases with higher carrier frequency. 

[0558] Considering the wide operating range of below 1 GHz to 100 GHz it is impossible to 

use the same subcarrier bandwidth for the complete frequency range and keep a reasonable 

overhead. Instead, three subcarrier bandwidths span the carrier frequency range from below 1 

to 100 GHz. 

[0559] To enable subframe durations of a few 100 ps using LTE numerology (for LTE 

frequencies), one subframe would have to be defined as a few OFDM symbols. However, in 

LTE, OFDM symbol durations including cyclic prefix vary (the first OFDM symbol in a slot has a 

slightly larger cyclic prefix) which would lead to varying subframe durations. (Varying subframe 

durations are in practice likely not a significant problem and could be handled. In LTE, the 

varying cyclic prefix length leads to somewhat more complicated frequency error estimators.) 
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Alternatively, a subframe could be defined as an LTE slot, leading to subframe durations of 500 

ps. This, however is considered too long. 

[0560] Therefore, even for LTE frequencies a new numerology is described herein. The 

numerology is close to the LTE numerology, to enable the same deployments as LTE, but 

provides subframes of 250 ps. The subcarrier bandwidth is 16.875 kHz. Based on this 

subcarrier bandwidth several other numerologies are derived: 67.5 kHz for around 6 to 30/40 

GHz or dense deployments (even at lower frequencies) and 540 kHz for the very high 

frequencies. Table 3 lists the most important parameters of these numerologies, e.g., fs: Clock 

frequency, Nsymb: OFDM symbols per subframe, kf: samples per subframe, Nofdm: FFT size, 

Nip: cyclic prefix length in samples, Tsf: subframe duration, Tofdm: OFDM symbol duration 

(excluding cyclic prefix), and Tcp: cyclic prefix duration). Table 3 is based on an FFT size of 

4096 and a clock frequency of 34.56 MHz to allow the covering of large carrier bandwidths. 

The proposed numerologies are not based on the LTE clock frequency (30.72 MHz) but on 

16.875/1530.72 MHz = 9/8.30.72 MHz = 9.3.84 MHz = 34.56 MHz. This new clock relates via a 

(fractional) integer relation to both LTE and WCDMA clocks and can thus be derived from them. 
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Subcarrier 

bandwidth 

16.875 

kHz, 

normal 

CP 

16.875 kHz, 

long CP 

67.5 kHz, 

normal CP 

67.5 kHz, long 

CP b 

540 kHz, 

normal CP 

Main scenario < -6 GHz 

< -6 GHz 

SFN 

transm. 

-6 to 30-40 

GHz or 

dense depl. 

Low delay in 

wide-area 

deployments 

> 30-40 GHz 

f s  in MHz 69.12 = 2x34.56 276.48 = 2x138.24 
2212 = 

2x1105.92 

Nsymb 4 3 4 7 

4 

(larger 

number 

is possible) 

Nsf  17280 17280 17280 34560 17280 

Nofdm 4096 4096 4096 4096 4096 

Ncp  224 1664 224 4x848, 3x832 224 

CP overhead in 

% 
5.5 40.6 5.5 20.5 5.5 

Ts1 in ps 250 250 62.5 125 7.81 

Tofdm in ps 59.26 59.26 14.82 14.82 1.85 

Tcp  in ps 3.24 24.07 0.81 3.01 0.10 

Toichn + Tcp  in 

ps 
62.5 83.33 15.625 17.86 1.95 

Max carrier 60 60 250 250 2000 
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band- 

width in MHz 

Table 3 

[0561] Note that numerologies for implementations may vary from those listed in Table 3. In 

particular, numerologies with long cyclic prefixes may be adjusted. 

[0562] Figure 53 illustrates several example numerologies. 

[0563] Table 3 shows that OFDM symbol duration and subframe duration decrease with 

subcarrier bandwidth, making numerologies with wider subcarriers suitable for low-latency 

application. The cyclic prefix, CP, length also decreases with subcarrier bandwidth, limiting the 

wider subcarrier configurations to dense deployments. This can be compensated by long cyclic 

prefix configuration, at the price of increased overhead. In other words, shorter subframes and 

thus latencies are more efficiently available in small cells than in large cells. In practice, 

however, it is expected that many latency critical applications deployed in the wide area (and 

thus require a cyclic prefix larger than 1 ps) don't require subframe durations smaller than 250 

ps. In the rare cases where wide area deployments require smaller subframe durations, 67.5 

kHz subcarrier bandwidth — with long cyclic prefix if needed — can be used. The 540 kHz 

numerology provides even shorter subframes. 

[0564] The maximum channel bandwidths of the different numerologies are, approximately, 

60 MHz, 240 MHz, and 2 GHz for 16.875 kHz, 67.5 kHz, and 540 kHz numerology, respectively 

(assuming an FFT size of 4096). Wider bandwidths can be achieved with carrier aggregation. 

[0565] Section 2.3.1 describes mixing of different numerologies on the same carrier, using 

Filtered/Windowed OFDM. One of the motivations is to achieve lower latency on a part of the 

carrier. Mixing of numerologies on a TDD carrier should obey the half-duplex nature of TDD — 

simultaneous transmission and reception capability of a transceiver cannot be assumed. The 

most frequent duplex switching in TDD is thus limited by the "slowest" numerology among the 

simultaneously used ones. One possibility is to enable duplex switching on the "fastest" 
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numerology subframe basis when needed and accept losing currently ongoing transmission in 

the reverse link. 

2.3.3 	Physical channels, downlink 

[0566] Section summary: The physical anchor channel (PACH) is used for AIT distribution 

The PACH design supports blind detection of used numerologies. PACH supports beamforming 

and/or repetition to improve link budget. 

[0567] The physical downlink control channel (PDCCH) schedules physical data channel 

(PDCH). PDCCH spans only a fraction of the system bandwidth and has its own demodulation 

reference signals enabling user-specific beamforming. 

Channel Purpose 

Physical anchor channel (PACH) Distributes AIT 

Physical downlink control 

channel (PDCCH) 

Schedules PDCH and can trigger reference signal 

transmissions and CQI reports 

Table 4: Physical channels in NX 

2.3.3.1 	Physical anchor channel (PACH) 

[0568] AIT can be distributed via PDCH or via PACH, depending on the UE state. See Figure 

54, which shows AIT mapping to physical channels. The Common AIT (C-AIT) is periodically 

broadcasted in PACH as introduced in Section 2.2.2.2. In this section, the transmission signal 

processing, transmission format, and possible blind detection of PACH are described. 

In Section 3.2, different deployments of how to distribute C-AIT are discussed. Since UEs are 

not aware of the deployment, the PACH design should work in all possible configurations. 

An overview of the PACH transmit processing procedure is shown in Figure 55. Flexible payload 

sizes are supported; padding is used to match the payload size including CRC to one out of 

{200, 300,400} bits. If required, this set can be extended. Simulations with these payload sizes 
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show that Turbo coding is better than convolutional coding as the channel coding. However, the 

specific coding design for PACH may be considered in conjunction with the coding used for 

MBB, to harmonize coding schemes. 

[0569] The encoded data are mapped to QPSK symbols and Discrete Fourier Transform, 

DFT, -precoded to achieve a low-PAPR waveform. The precoded signal is mapped to a 

predefined group of subcarriers. Broadcast/wide beams are preferred for transmission. 

However, in some scenarios omni-directional transmission does not provide the required 

coverage and beam-sweeping in time domain should be supported, which would be transparent 

for the terminals. 

[0570] Different transmission formats (different number of subframes) are defined to 

accommodate the different payload sizes. The basic PACH transmission block for a given 

payload consists of NffACH contiguous subframes and NLACH  contiguous subcarriers. To be 

similar to the LTE PBCH bandwidth (1.08MHz), if the numerology of 16.875 kHz subcarrier 

spacing is deployed, gclicH  = 72, 1.215MHz, is selected here. If this bandwidth is too large and 

cannot be transmitted within a 1.4 MHz channel bandwidth, a smaller gclicH can be selected. 

[0571] To support flexible payload sizes without additional signaling, Nff.AcH  is implicitly 

configured according to a pre-defined mapping table. The UE blindly detects the transmission 

format (number of subframes Nff.AcH ) and derives the payload size from the detected number of 

subframes. Three different formats — one for each payload size illustrated above — are defined, 

consisting of 4, 6, and 8 subframes. Reference signals, each as a pre-defined sequence, are 

inserted into the 1s1  OFDM symbol in each subframe-pair, e.g., {151 3rd},  {151, 3rd 51h} and {151 3rd
, 
 

5th 7th} subframes for the formats containing 4, 6, and 8 subframes, respectively. A PACH 

resource mapping scheme with four subframes is illustrated in Figure 56. UEs can blindly detect 

the reference signal pattern and derive the transmission format and payload size. 
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[0572] To support multiple analog beams, a fixed absolute time duration, e.g., 10 ms, is 

reserved to sweep beams. Note that for TDD, the transmitting node cannot receive any UL 

transmissions during this time duration. Thus, a more flexible scheme may be used for TDD. 

The maximum number of supported beams depends on the used transmission format and 

numerology, since both parameters determine the duration of the basic PACH transmission 

block. The basic PACH transmit block can also be repeated within a beam in the duration to 

obtain the repetition gain, besides of the beamforming gain of each block. 

[0573] The resource mapping schemes are designed to fit with the numerologies in Section 

2.3.2.3. The current design is to guarantee the coding rate of each numerology is about 0.1, 

similar to the value of LTE PBCH without block repetition. 

[0574] Since the UE may not have a-priori information about which numerology is used for 

PACH transmission, it needs to detect the numerology blindly. To minimize the complexity, the 

number of possible numerologies should be small, e.g., coupled to the frequency band. For the 

lower part of the 1-100 GHz range both 16.875 kHz and 67.5 kHz numerologies are relevant 

and can be used for AIT distribution. For the mid-range and high-range of 1-100 GHz, 67.5 kHz 

and 540 kHz are the preferred numerologies, respectively. Several numerologies support 

normal and extended cyclic prefix. The PACH design enables blind detection of cyclic prefix 

length, though the long cyclic prefix could be preferred in some cases, e.g., if single-frequency 

network (SFN) is used for AIT distribution. 

[0575] Coupling the AIT numerology for each frequency band to only one candidate — such 

that for a given frequency always the same numerology is used for AIT transmission — provides 

benefits with respect to blind decoding, but on the other hand forces support of carriers with 

mixed numerologies (one numerology for AIT and one numerology used for the other 

transmissions on the carrier) with large design impacts, and is therefore possible but not 

preferable. 
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2.3.3.2 	Physical downlink control channel (PDCCH) 

[0576] The physical downlink control channel (PDCCH) carries downlink control information, 

DCI. DCI includes, but is not limited to, scheduling information for PDCH, both uplink and 

downlink. A PDCCH also contains reference signals for demodulation, the user identity (either 

explicitly or implicitly, e.g., cyclic redundancy check, CRC, mask) and CRC for validation. 

[0577] Figure 57 shows Examples of minimum PDCCH allocation unit (CCE, Control channel 

element) and their maximum DCI payload sizes (excluding a 16-bit CRC) when 16-QAM is 

used. RS are put in frequency-clusters to facilitate antenna port de-spreading. 

[0578] PDCCH is transmitted preferably in the first OFDM symbol in an NX downlink, DL, 

subframe, a multi-symbol PDCCH can be envisioned if desirable from a capacity and/or 

coverage viewpoint. A PDCCH is transmitted in a part of the spectrum. The size of this part 

depends on the channel conditions and payload size. Multiple PDCCHs may be transmitted, 

frequency multiplexed or/and space-multiplexed in the same OFDM symbol. Space/frequency 

resources unused for PDCCH transmission may be used for PDCH transmission. 

Payload sizes  

[0579] PDCCH is preferably defined for a small number of message sizes to limit the blind 

decoding complexity. If a larger set of payload sizes would be desirable, it is possible that 

additional message sizes are defined or that padding to the next larger PDCCH message size is 

used. 

QPSK and even 16-QAM modulation are foreseen as the modulation formats for PDCCH. 

Time/frequency resources are allocated in Control channel element (CCE) units. The CCE size 

is connected to the message sizes. The CCE size should be such that the maximum code rate 

is 4/5 for the highest modulation index. In case of 16-QAM, 40 bits, this translates to 

ceil(5*40/4/4) = 13 RE. Alternatively, a fixed CCE size may be set to, e.g., 18 RE, which 

translates to a message size = floor(18*4*4/5) = 56 bits, including cyclic redundancy check, 

CRC. 
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[0580] Resources belonging to a single CCE are kept as a contiguous, localized, set of 

subcarriers, including demodulation reference signals. Aggregates of CCEs are used to improve 

coverage, and / or carry large payloads. The term "aggregation level" refers to the number of 

CCEs allocated to one PDCCH. The aggregation level is expected to be powers of two, from 

one up to 32. CCE aggregates are contiguous in frequency, i.e., localized. 

[0581] PDCCH is channel coded using the LTE convolutional code. After channel coding, the 

data is scrambled, using a similar scrambling sequence as for ePDCCH in LTE. 

[0582] PDCCH contain the CRC of the message body, scrambled by a UE-specific identity. 

The UE detects a PDCCH if the descrambled CRC of a decoded message matches. 

[0583] The DCI in LTE has a CRC-16 attached (CCITT-16). The CRC missed detection 

probability of not detecting an error in, e.g., an 48-bit DCI can be upper bounded at 4.3e-4. With 

respect to C-MTC requirements on the missed detection probability, it can be observed that 

given that the Block Error Rate, BLER, operating point is so low and that C-MTC is assumed to 

make hardly any use of retransmissions, where the missed detection would lead to a residual 

block error, a missed detection probability of 4.3e-4 appears acceptable. 

[0584] The false alarm probability for detecting a matching CRC on one search space position 

where no downlink control information, DCI, has been transmitted, but the UE is just receiving 

noise, can be well approximated by Pf alse = 2
-16  = 1.5E — 5 for a CRC-16. For N search space 

positions, the probability increases on first order by factor N, for small P - f alse • The possible 

effects of false alarms are different for DL-grants and UL-grants. In the worst case, where the 

UE stops searching after the first CRC match, the false alarm probability from random noise can 

lead to equally large Block Error Probability, BLEP, which for CRC-16 is with 1.5E-5 far higher 

than the extreme C-MTC target of 1E-9. For CRC-24, the false alarm probability is with 6E-8 still 

too high. In order to reach BLEP<1E-9, CRC-30 is required. CRC-32 would allow for 4 search 

space positions at BLEP<1E-9. 
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[0585] Furthermore, the false alarm probability for detecting a matching CRC on a downlink 

control information, DCI, with a CRC XORed with another RNTI needs to be considered. This 

Pfalse .depends on the number of used RNTIs and transmitted DCIs in a subframe. 

[0586] In each subframe, the Base Station, BS, can address a certain UE through a pre-

defined set of possible PDCCHs. Each possible PDCCH is called a candidate, and the set (with 

size) is called a search space. The UE evaluates all candidates in a subframe, delivering 

validated candidates to higher protocol layers. The search space is limited by limiting the 

number of possible payload sizes, aggregation levels, and frequency allocations 

[0587] All PDCCH candidates in a search space hop in frequency between sub-frames. The 

hopping is controlled by a pseudo-random sequence. 

[0588] The default PDCCH search space is transmitted in the carrier's fundamental 

numerology. It may be transmitted with beamforming, but is typically expected not to. The 

default search space is primarily used when the BS has limited or no knowledge of the channel 

conditions and/or for common messages. For this reason, the default search space candidates 

typically carry small payloads at high aggregation levels. 

[0589] UE-specific search spaces can be used when the channel conditions are known. In 

the case of mixed numerologies, the PDCCH numerology would be part of the search space 

definition. A considerable amount of flexibility may be desirable, to support the various use 

cases. Configurability includes, but is not limited to, modulation order, CRC size, numerology, 

DRX configuration, message sizes, etc. Aggregation levels of UE-specific candidates are 

configurable according to the channel conditions. For latency critical applications, a terminal can 

be configured with PDCCH resources every subframe while terminals operating less latency 

critical applications do not have PDCCH resources configured every subframe. 
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2.3.4 	Physical channels, uplink 

[0590] Section summary: Physical uplink control channel (PUCCH) is used for transmission of 

Fast ACK/NACK information and is transmitted in the last OFDM symbol(s) of a uplink, UL, 

subframe. 

Channel Purpose 

Physical uplink control 

channel (PUCCH) 

Used for Fast ACK/NACK feedback and potentially 

other UL control information. 

Table 5: Physical channels in NX 

2.3.4.1 	Physical uplink control channel (PUCCH) 

[0591] This channel contains Fast ACK/NACK feedback and potentially other UL control 

information. Note that it may be possible to eliminate the need for this physical channel, by 

instead conveying its payload using dPDCH. The main purpose of dPDCH is to convey 

scheduling information and CQI feedback and its payload is modeled as transport blocks. 

dPDCH includes CRC protection to enable error detection. This format may be suitable for Fast 

ACK/NACK feedback (typically consisting only of few bits), such that a generalization of dPDCH 

is sufficient, rather than using a new physical channel, PUCCH. 

PUCCH design  

[0592] Regarding the PUCCH payload, up to around 10 bits are assumed. This payload size 

is derived from HARQ ACK/NACK. It is assumed that a single or a few bits (soft values) are 

used to provide HARQ ACK/NACK for a single transport block. Assuming one PUCCH can be 

used for a few transport blocks leads to the assumption of around 10 ACK/NACK bits. 

[0593] Moreover, transmit diversity of order two is assumed for PUCCH both for MBB and C-

MTC UEs. If a UE has more than two transmit antennas, they may be used for extended 

129 



WO 2017/196249 	 PCT/SE2017/050491 

transmit diversity and/or beamforming (desirable at least at higher frequencies). However, some 

M-MTC UEs can only support one transmit antenna. Therefore, even 1-antenna PUCCH 

formats should be supported. 

[0594] Fast ACK/NACK procedure is beneficial for high data rates, since it enables fast link 

adaptation and short round trip times. To enable Fast ACK/NACK feedback in the same 

subframe, PUCCH is placed at the end of the subframe; see Section 2.3.2.1. At minimum, the 

PUCCH control region consists of 1 OFDM symbol, however a few OFDM symbols can be 

allocated to PUCCH for extended coverage. Hence, considering the frame structure of NX, 1 to 

3 or even 4 OFDM symbols are allocated for PUCCH (due to timing advance, the first symbol in 

an uplink, UL, subframe overlaps with last symbol of a downlink, DL, subframe and should be 

empty, at least if PUCCH is sent immediately after downlink, DL, data). Multi-subframe PUCCH 

can also be considered. 

[0595] The frequency position of PUCCH could implicitly be given by the downlink, DL, 

assignment and potential other information available to the UE; additional signaling could be 

minimized by that. Candidates to derive the PUCCH frequency domain location are, e.g., how 

the scheduling PDCCH is transmitted, frequency location of PDCH, or UE identity. On the other 

hand, this introduces coupling between DL and UL which might be undesirable with respect to 

future-proofness. 

[0596] Multi-symbol PUCCH for improved coverage can be based on block-spreading the 

one-symbol PUCCH over multiple symbols. To improve capacity, multiple UEs with the same 

PUCCH duration can share the same frequency resources by using different block-spreading 

codes (orthogonal cover codes). This implies that UEs using PUCCH with equal length should 

be grouped together. 

[0597] PUCCH is transmitted with the same numerology as UL PDCH. 

TDD specifics  
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[0598] As shown in Figure 49a, Fast ACK/NAK requires aligned PUCCH transmission at the 

end of an UL subframe, leading to DL capacity loss in case of TDD. Guard periods before and 

after the UL transmissions are also required to accommodate the switching times, at least one 

OFDM symbol duration is split as guard time before and after the UL transmission. The UE 

needs a minimum time to decode the data and prepare a Fast ACK/NACK; if the processing 

time given by the guard time is too short for providing Fast ACK/NACK at the end of the current 

subframe, feedback can be transmitted at the end of a later subframe. 

2.3.5 	Physical channels, common 

[0599] Section summary: Physical data channel (PDCH) exists in both uplink, UL, and 

downlink, DL. It can be configured differently to support various payload types and transmission 

modes. 

Channel coding for MBB may be based on polar codes; however, spatially coupled LDPC codes 

may also be used, and show similar performance. For C-MTC, tail-biting convolutional codes 

are preferred due their simple decoding and good performance for small block length. 

Channel Purpose 

Physical data 

channel (PDCH) 

A UE can be configured with multiple PDCH. PDCH can be configured 

differently to support transmission of data and control information. 

Table 6: Physical channels in NX 

2.3.5.1 	Physical data channel (PDCH) 

[0600] PDCH is scheduled via DCI contained in a PDCCH, PDCH, or via a semi-persistent 

grant and exists on downlink (DL), uplink (UL), and sidelink (link between devices or between 

eNBs). PDCH can contain user data, DCI, CSI, hybrid-ARQ feedback, and higher-layer control 

messages. 
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Different channel coding schemes exist for PDCH. For example, convolutional codes are used 

for small payloads with high reliability requirements (e.g., critical MTC) while higher-performing 

channel codes are used for code-words with typical larger payload sizes and lower reliability 

requirements (e.g., MBB). For more details, see Section 2.3.5. 

[0601] Data on PDCH can be protected by a retransmission scheme, which can be disabled 

for certain PDCH configuration. PDCH with retransmission option (it still can be disabled) is the 

(retransmitable) rPDCH, while PDCH without retransmission option is the (direct) dPDCH. See 

Section 2.2.2.1 for more details on dPDCH and rPDCH. A PDCH can contain zero or one 

dPDCH and zero or one rPDCH. 

[0602] PDCH time-frequency resources and transmission format are specified in the 

scheduling information. PDCH spans one or multiple subframes and its frequency location and 

bandwidth are variable (as specified in the scheduling information). In the uplink, in a PDCH 

containing both a dPDCH and an rPDCH, dPDCH is mapped to the last OFDM symbol(s) of an 

UL subframe since UL control information is transmitted at the end of an UL subframe. In the 

downlink, in a PDCH containing both a dPDCH and an rPDCH, dPDCH is mapped to the first 

OFDM symbol(s) of a downlink, DL, subframe since DL control information is transmitted at the 

beginning of a DL subframe. In general, modulation symbols are mapped frequency first within 

the scheduled time-frequency resources to resource elements not used for any other purpose. 

Interleaving in time is not supported since this prevents early start of decoding. 

[0603] PDCH uses the same numerology as used by the scheduling grant. 

Type Comment 

L1/L2 control information and CSI Mapped on dPDCH. Configured with 

channel coding for small payloads, no 

hybrid-ARQ 
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Paging and random access response Mapped on dPDCH. No hybrid-ARQ, 

self-contained sync signal 

MBB Mapped on rPDCH. Configured with 

high performing channel codes and 

hybrid-ARQ 

C-MTC Mapped on dPDCH or rPDCH. 

Configured with convolutional codes 

and often without hybrid-ARQ 

Contention-based Configured to enable contention-based 

access 

Table 7: Configurations of PDCH 

Paging and random access response  

[0604] In this configuration, fine-synchronization cannot rely on the Signature Sequence (SS) 

signal but requires a self-contained sync and reference signal (to support non-co-located 

transmission points of SS and random access response or paging and/or different antenna 

weights). Paging and random access response may use the same PDCH configuration. Paging 

and random access response are transmitted on dPDCH. 

MBB  

[0605] Different configurations for different MIMO modes, e.g., reciprocity-based MIMO vs. 

feedback-based MIMO exist. Channel coding can be based on polar codes or spatially-coupled 

LDPC codes. MBB data are mapped to rPDCH. 

C-MTC  

[0606] Channel coding in this configuration is convolutional coding. Due to strict latency 

requirements, hybrid-ARQ can be disabled. C-MTC data are mapped to rPDCH or dPDCH. 

For achieving low block error rate without exhausting the available link budget, diversity over 

fading is important. Diversity may be achieved via spatial diversity, using multiple transmit and 
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receive antennas, or frequency diversity using multiple resource blocks of independent fading 

coefficients. Due to low latency requirement, it is however, impossible to exploit time diversity. 

Furthermore, for the case of transmit and frequency diversity, channel codes need to have 

sufficient minimum Hamming or free distance to take full advantage of the diversity. 

2.3.5.2 	Channel Coding for PDCH 

[0607] Section summary: For MBB Spatially-coupled (SC) LDPC codes and polar codes are 

attractive candidates. Both provide higher throughput for moderate-to-large block lengths, have 

lower complexity per transmitted information bit, and provide substantially higher decoding 

throughput than Turbo codes. 

[0608] For C-MTC short - and thus low complexity - decoding is important. LTE convolutional 

codes fulfill the C-MTC requirements w.r.t. reliability and latency. 

MBB  

[0609] The LTE standard deploys Turbo codes due to their remarkable performance - they 

approach capacity within 1 dB gap over general channels. However, recent advances in 

channel coding theory have brought two classes of channel codes that - unlike Turbo codes - 

provably achieve the capacity for very large block lengths: 1) Spatially-coupled (SC) LDPC 

codes and 2) polar codes. These two classes of codes outperform Turbo codes from several 

aspects, and are thus the two most attractive candidates for 5G MBB systems. 

[0610] Listed below are some advantages of polar codes and SC-LDPC codes over Turbo 

codes: 

1. Both polar and SC-LDPC codes have higher throughput for moderate-to-large block 

lengths n (n > - 2000 for polar codes). Performance gap compared to Turbo codes 

increases as n gets larger. 

2. For short block lengths (n-256), polar codes outperform all other known classes of 

codes including Turbo codes and SC-LDPC codes. 
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3. Polar codes have lower encoding and decoding complexity per transmitted 

information bit (and consequently higher energy efficiency) compared to both LDPC 

and Turbo codes. 

4. SC-LDPC codes have low error floor. Polar codes don't have an error floor. 

5. Both polar and SC-LDPC codes have substantially higher decoding throughput in 

bits/s obtained at the decoder output [Hon15b]. 

A brief overview of these two classes of codes is provided below. 

2.3.5.2.1 	LDPC and Spatial-coupled (SC) LDPC codes 

[0611] Regular LDPC codes with constant variable node degree and check node degree were 

first proposed by Gallager in 1962. They are asymptotically good in the sense that their 

minimum distance grows linearly with block length when the variable node degree is chosen to 

be larger than 2. For instance, Figure 58a shows a graphical representation of the parity check 

matrix of a (3,6)-regular LDPC code of block length 6 with variable node degree of 3 and check 

node degree 6, where black circles represent variable nodes and white circles represent check 

nodes. Due to the use of suboptimal iterative decoding, however, their performances are worse 

than Turbo codes in the so-called waterfall region, making them unsuitable for power-

constrained applications as typically encountered in cellular networks. 

[0612] There are two design improvements that enable LDPC codes to be adopted in several 

communication standards. First, optimized irregular LDPC codes, with a variety of different node 

degrees, show capacity-approaching performance in the waterfall region and can achieve better 

performance than Turbo codes in this region. The second is protograph-based construction of 

irregular LDPC codes. It has been observed that protograph-based irregular LDPC codes often 

have better performances than unstructured irregular ones with the same degree distributions. 
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In spite of their success, irregular LDPC codes, unlike regular LDPC codes, are normally subject 

to an error floor, i.e., a flattening of the bit error rate (BER) curve that yields poor performance at 

high SNRs, making them undesirable in applications as data storage, critical MTC, and so on. 

[0613] Spatially-coupled LDPC (SC-LDPC) codes, proposed by Felstrom and Zigangirov, are 

the first class of codes that achieve the capacity universally for a large class of channels with 

low-complexity encoding and decoding. They are simply constructed by starting from a 

sequence of L independent (regular) LDPC codes, which are then interconnected by spreading 

the edges over blocks of different time instants (see Figure 58c). SC-LDPC codes combine the 

best features of well-optimized irregular and regular LDPC codes in a single design: capacity 

achieving and linear minimum distance growth. Further, these codes are very suitable to sliding-

window decoding, thereby improving the decoding latency. However, their performances are 

worse than the well-optimized irregular LDPC codes at short and intermediate block lengths (n< 

1000) and at target block error rate 0.01 or less, where error floor can become a significant 

problem. 

2.3.5.2.2 	Polar codes 

[0614] Polar Codes, proposed by Arikan, are the first class of constructive codes that achieve 

symmetric (Shannon) capacity (capacity for binary input symbols with symmetric distribution) of 

binary-input discrete memoryless channel using a low-complexity encoder and low-complexity 

successive cancellation decoder. At the heart of polar codes is the phenomenon of channel 

polarization, whereby n identical and independent instances of a given channel are transformed 

into another set of channels that are either noiseless channels (with capacity close to 1) or pure-

noise channels (with capacity close to 0) for asymptotically large block lengths. Furthermore, the 

fraction of "good" channels approaches the symmetric capacity of the original channel. A polar 

code then comprises sending information bits over the good channels, while freezing the input 

to the bad channels with fixed values (typically zeros) known to the receiver. The 
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transformation on a block of n channel instances is obtained by recursively coupling two blocks 

of transformed channels of size n/2. This is illustrated in Figure 59, which shows the recursive 

encoding structure of polar codes. (The tilted dash lines are shown only for illustration of 

underlying butterfly operations). As a result, the encoding process of polar codes comprises 

recursive applications of a simple butterfly operation commonly used in FFT and thus can be 

implemented efficiently with computational complexity growing only in the order of n log n. 

[0615] In theory, polar codes can achieve the best possible performance (Shannon capacity) 

with just a simple successive cancellation decoder. However, in practice, polar codes require a 

modified successive decoder (list decoder) to achieve performance comparable or even better 

than state-of-the-art LDPC codes. In a list decoder, memory requirements scale linearly with 

both the list size L (typically in the order of 30) and the block size n (as for SC-LDPC and 

Turbo), while computational requirements grow as Ln log n. 

2.3.5.2.3 	Comparison of channel codes 

[0616] Table 8 shows a brief comparison of Turbo codes, SC-LDPC codes, and polar codes 

in terms of complexity and decoding throughput. The first row specifies the relationship between 

the number of required encoding/decoding operations where 8 represents the difference 

between the channel capacity and the code rate. Polar codes have the lowest complexity that 

increases logarithmically with 1/8, whereas for both SC-LDPC codes and Turbo codes this 

dependence is of the linear order. In terms of the decoding throughput, the hardware 

implementation of SC-LDPC codes achieves significantly higher decoding throughput compared 

to Turbo codes. Note that while decoding throughput of polar codes appears to be the highest, 

the results shown in Table 8 are obtained with a FPGA implementation. The decoding 

throughput of polar codes with a hardware implementation remains to be evaluated. 

SC-LDPC Polar Turbo 
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Complexity (# operations to be at 8- 

gap to the capacity) 

0(1/8) 0(1og(1/8)) 0(1/8) (cannot 

achieve capacity) 

Decoding throughput 130.6 Gbps, 

1 1 ad LDPC 

254.1 Gbps 

(FPGA) 

(1024, 512) 

code 

2.3 Gbps, 3GPP TC 

Table 8: Comparison of complexity and decoding throughput for different codes 

[0617] Beyond performance and complexity, other important requirements on good codes are 

their rate-compatibility and ability to be used for hybrid automatic repeat request with 

incremental redundancy (HARQ-IR). Communication systems that operate over wireless 

channels with varying quality require channel codes with different rates, in order to adapt to 

channel variations. To reduce the storage requirement for a potentially large set of codes, these 

codes should be derived from a single parent code of a fixed rate, also known as rate-

compatible codes. Modern wireless communication systems often use a HARQ-IR protocol. 

Incremental redundancy systems require the use of rate-compatible codes where the set of 

parity bits of a higher rate code is a subset of the set of parity bits of a lower rate code. This 

allows the receiver that fails to decode at a rate chosen at the transmitter, to request only 

additional parity bits from the transmitter, greatly reducing the encoder/decoder complexity. One 

possible approach to rate-compatibility is puncturing, whereby some of the bits in the code of 

the lowest rate (parent code) are punctured in order to obtain higher rate codes. However, 

puncturing of polar codes incurs a performance loss. 

[0618] The method described herein uses parallel-concatenated polar codes where, in order 

to sequentially transmit at rates R1  > R2 > ••• > RK, in each transmission block i, a new polar 

encoder of rate R i  and block length ni  is used. The concatenated polar code is decoded by a 

sequence of K polar decoders. The parallel-concatenated encoder and decoder structures are 
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shown respectively in Figure 60 and Figure 61, for K = 2 transmissions. Note that the polar 

decoder rate is used first to decode the information bits in the two boxes at the right of each set 

of illustrated bits. These bits are then used in the polar decoder of rate R1  to turn it into a polar 

decoder of rate R2 that is supported by the channel, thereby enabling the decoding of the rest of 

the information bits. 

[0619] 	Having K transmissions implies that the channel can only support rate RK, and that 

rates RI., R2, , RK_i are not supported by the channel. Therefore, the difficulty lies in decoding 

the polar codes sent in first K — 1 transmissions at rates RI., R2, , RK_i. To make their decoding 

possible, the nested property of polar codes is exploited. 

[0620] This approach achieves the capacity as the block length grows large, for any number 

of retransmissions K. 

Critical-MTC  

[0621] LTE tail-biting convolutional codes — even if used together with a decoder that is 

optimized for decoding speed rather than performance — achieve very low block error rates, 

making them an attractive choice for C-MTC. Furthermore, convolutional codes don't have an 

error floor, an important characteristic for very low target error rates. 

[0622] Lately it has also been observed that polar codes perform very well even for short 

code blocks. Accordingly, polar codes are another choice that can be applied to C-MTC. 

[0623] Diversity is important to achieve high reliability at reasonable SNR levels. The channel 

code should provide sufficient free distance or minimum Hamming distance to ensure that full 

diversity can be harvested. 

2.3.6 	Reference and synchronization signals, downlink 

[0624] Section summary: Signature sequences (SS) are used to indicate an entry in AIT and 

to establish some level of subframe synchronization for at least random access preamble 
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transmission. SS are constructed in a similar way as the synchronization signal in LTE by 

concatenation of a primary signature sequence and a secondary signature sequence. 

[0625] The combination of time and frequency synchronization signal (TSS) and beam 

reference signal ,BRS, is used to obtain time/frequency/beam synchronization after initial 

synchronization and access by SS and PRACH. This combined signal is also referred to as 

MRS (mobility reference signal) and is used for handover (between nodes and beams), 

transitions from dormant to active states, mobility, beam tracking and refinement, etc. The MRS 

is constructed by concatenating TSS and BRS such that MRS is transmitted within a single 

DFT-precoded OFDM symbol. 

[0626] Channel state information reference signals (CSI-RS) are transmitted in downlink, DL, 

and are primarily intended to be used by UEs to acquire CSI. CSI-RS are grouped into sub-

groups according to the possible reporting rank of the UE measurement. Each sub-group of 

CSI-RS represents a set of orthogonal reference signals. 

[0627] Positioning reference signals (PRS) aid positioning. Already existing reference signals 

should be reused for PRS purposes. On top of that — if required — modifications and additions 

can be done to improve positioning performance. 
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Signal Purpose 

Signature sequence (SS) 
Used to synchronize time and frequency for random access. 

Provides index to AIT table. 

Mobility and access reference 

Signal (MRS) 
Concatenation of one TSS and one BRS 

Time and frequency 

synchronization signal (TSS) 

Used to synchronize time (OFDM symbol timing) and coarse 

frequency offset estimation in a beam. 

Beam reference signal (BRS) 
Used for measurements on beam candidates to enable active 

mode mobility. Also used for frame and subframe timing. 

Demodulation reference signal 

(DMRS) for PDCCH 
Demodulation reference signals for PDCCH 

Channel state information 

reference signal (CSI-RS) 

Used for channel state measurements to aid rank and MCS 

selection. 

Positioning reference signal 

(PRS) 
To aid positioning. 

Table 9: DL reference and synchronization signals in NX 

2.3.6.1 	Signature sequence (SS) 

[0628] Basic functions of SS are one or more of: 

- to obtain the SSI, which is used to identify the relevant entry in AIT; 

- to provide coarse frequency and time synchronizations for the following initial 

random access and relative AIT allocation; 

- to provide a reference signal for initial layer selection (to select which SS 

transmission point for a UE to connect, based on the path-loss experienced by SS's); 

- to provide a reference signal for open-loop power control of the initial PRACH 

transmission; and 
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to provide a coarse timing reference used for assisting the UE in inter-frequency 

measurements and also possible beam finding procedure. The current assumption is that 

SS transmissions are synchronized within a ±5 ms uncertainty window unless explicitly 

indicated otherwise. The period of SS is supposed to be in the order of 100 ms, which 

however may be varied, depending on the scenarios. 

[0629] It is noted that the number of the candidate sequences needs to be large enough to 

indicate any entry in AIT. Taking the terminal detection complexity into account, the number of 

SS sequences is 212, corresponding to 12 bits for reuse 1 of the sequences, or less if less 

aggressive sequence reuse is required. Note that the number of bits to be carried depends on 

requirements. If the number of bits increases beyond what can be carried by sequence 

modulation, a variation of the SS format is desirable. In this case, one code-word containing the 

extra bits beyond what the sequences can carry can be appended. This block, following an SS 

transmission, is named SS block (SSB). The content in this block is flexible and contains the 

other relevant information bits, which need a periodicity in the order of 100 ms. For example, 

they can be the "AIT pointer", which indicates the time and band where the terminals can find 

the AIT and even the transmission format of AIT to avoid full blind detection. 

[0630] The sequence design for SS can follow the TSS/BRS sequence design, described in 

Section 2.3.6.3 and Section 2.3.6.4, since they would provide the coarse synchronization 

function before the initial random access, as introduced in Section 3.2.5.2. 

[0631] To support the massive analog beamforming, a fixed absolute time duration, e.g., 1 

ms, is reserved to sweep multiple analog beams. 

[0632] For SS numerology the same discussion as in Section 2.3.3.1 for PACH applies. 

However, the current design does not enable cyclic prefix, CP, length detection. 
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2.3.6.2 	Mobility and access reference signal (MRS) 

[0633] In the process of acquiring system access information (acquiring system information 

and detecting a suitable SSI), the UE gets time and frequency synchronized towards one or 

several nodes by using SS. The latter is achieved in the case of system access information 

transmitted simultaneously from several nodes in an SFN (single frequency network) manner. 

[0634] When the UE enters active mode, it targets to receive or transmit with a high data rate 

connection, in which it might need more accurate synchronization and perhaps beamforming. 

Here, the mobility and access reference signal (MRS) is used. A UE might also need to change 

which node it is connected to e.g., from a node used to transmit system access information to 

another node capable of beamforming. Furthermore, the UE might also change carrier 

frequency or numerology to higher sub-carrier spacing and shorter cyclic prefix when moving to 

certain operational modes in active mode. 

[0635] The MRS is constructed in order to do time and frequency offset estimations as well as 

estimation of best downlink transmitter and receiver beams towards an "active mode access 

point". Frequency accuracy and timing provided by MRS is probably not sufficient for high-order 

modulation reception and finer estimation may be based on DMRS embedded in PDCH and/or 

CSI-RS. 

[0636] The MRS is constructed by concatenating a time and frequency synchronization signal 

(TSS) and a beam reference signal (BRS) in time into one OFDM symbol, as illustrated in 

Figure 62. This construction can be done as a Discrete Fourier Transform, DFT, -precoded 

OFDM symbol with cyclic prefix. With both TSS and BRS in the same OFDM symbol, the 

transmitter can change its beamforming between each OFDM symbol. Compared to having 

separate OFDM symbols for TSS and BRS, the time required for scanning a set of beam 

directions is now halved. Both TSS and BRS thus have shorter time durations as compared to 

separate OFDM symbols for each of them. The cost for these shorter TSS and BRS is reduced 

energy per signal and thus reduced coverage, which can be compensated by increasing the 
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bandwidth allocation, repeating the signal, or increasing the beamforming gain by more narrow 

beams. Where mixed numerology is supported, the numerology used for MRS is the same as 

that one used by the UE for which MRS are scheduled. In the event that multiple UEs within the 

same beam use different numerologies, MRS cannot be shared and MRS should be transmitted 

separately for each numerology. 

[0637] Different beamforming configurations can be used to transmit the MRS in different 

OFDM symbol, e.g., in each of the three symbols shown in Figure 62. The same MRS might 

also be repeated several times in the same beam in order to support analog receiver 

beamforming. There are only one or few TSS sequences, similar to PSS in LTE. The UE 

performs matched filtering with the TSS sequence to obtain OFDM symbol timing estimation; 

TSS should therefore possess good a-periodic auto-correlation properties. This sequence might 

be signaled by system information such that different AP ,Access Points, can use different TSS 

sequences. 

[0638] The MRS (as constructed by TSS+BRS) signal package is usable for all active mode 

mobility-related operations: first-time beam finding, triggered beam mobility update in data 

transmission and monitoring modes, and continuous mobility beam tracking. It may also be 

used for the SS design, see section 2.3.6.1. 

2.3.6.3 	Time and frequency synchronization signal (TSS) 

[0639] The TSS sequence is identical in all OFDM symbols and beam directions transmitted 

from a base station, while BRS uses different sequences in different OFDM symbols and beam 

directions. The reason for having identical TSS in all symbols is to reduce the number of TSS 

which a UE must search in the quite computational complex OFDM symbol synchronization. 

When the timing is found from TSS, the UE can continue to search within a set of BRS 

candidates in order to identify the OFDM symbol within a subframe as well as best downlink 

beam. Best downlink beam can then be reported by USS as described in section 2.3.7.2. 
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[0640] One choice for such sequences is the Zadoff-Chu sequences as used for PSS in LTE 

release 8. However, these sequences are known to have large false correlation peaks for 

combined timing and frequency offsets. Another choice is differential coded Golay sequences, 

which are very robust against frequency errors and have small false correlation peaks. 

	

2.3.6.4 	Beam reference signal, BRS 

[0641] The BRS is characterized by different sequences transmitted in different transmitted 

beams and OFDM symbols. In this way, a beam identity can be estimated in the UE for 

reporting to the access node. 

[0642] An identification of OFDM symbol within the subframe is desirable if the timing 

difference between SS and active mode transmissions is large. This might occur for 

numerologies with short OFDM symbols, large distance between the node transmitting system 

access information and the node in which the UE is supposed to transmit user data (in case 

these nodes are different), or for unsynchronized networks. This identification can be done if 

different BRS sequences are used for different OFDM symbols. However, in order to reduce 

computational complexity, the number of BRS sequences to search for should be low. 

Depending on the OFDM symbol index uncertainty, a different number of BRS sequences may 

be considered in the blind detection of the UE. 

[0643] The BRS can be a dedicated transmission to one UE or the same BRS might be 

configured for a group of UEs. A channel estimate from TSS can be used in a coherent 

detection of BRS. 

	

2.3.6.5 	Channel state information RS (CSI-RS) 

[0644] CSI-RS are transmitted in DL and are primarily intended to be used by UEs to acquire 

channel state information (CSI) but can also serve other purposes. The CSI-RS may be used for 

one or more of (at least) the following purposes: 

145 



WO 2017/196249 	 PCT/SE2017/050491 

1. Effective channel estimation at the UE: Frequency selective CSI acquisition at 

the UE within a DL beam, e.g., used for PMI and rank reporting. 

2. Discovery signal: RSRP type measurement on a set of CSI-RS reference signals. 

Transmitted with a time density according to large scale coherence time of the 

relevant (DL) channels. 

3. Beam refinement and tracking: Get statistics about the DL channel and PMI 

reporting to support beam refinement and tracking. PMI does not need to be 

frequency selective. Transmitted with a time density according to large scale 

coherence time of the relevant (DL) channels. 

4. For UE transmit beam-forming in UL assuming reciprocity. 

5. UE beam-scanning for analog receive beam-forming in DL (similar requirements 

to 1) or 3) depending on use-case). 

6. To assist fine frequency/time-synchronization for demodulation. 

[0645] In some cases, not all of the above estimation purposes needs to be handled by CSI-

RS. For example, frequency offset estimation can sometimes be handled by DL-DMRS, beam-

discovery is sometimes handled by BRS. Each CSI-RS transmission is scheduled and can be in 

the same frequency resources as a PDCH DL-transmission or in frequency resources unrelated 

to the PDCH DL-data transmissions. In general, no interdependence between CSI-RS in 

different transmissions can be assumed, and hence the UE should not do filtering in time. 

However, a UE can be explicitly or implicitly configured to assume interdependence between 

CSI-RS, for example, to support time-filtering of CSI-RS measurements (e.g., in 2 above) and 

also interdependence to other transmissions including PDCCH and PDCH. In general, all UE 

filtering shall be controlled by the network, including filtering of CSI in time, frequency and over 

diversity branches. In some transmission formats, CSI-RS is situated in a separate OFDM 

symbol to better support analog beam-forming both for base station TX and UE RX. For 

example, to support UE analog beam-scanning (item 5 above) the UE needs multiple CSI-RS 
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transmissions to measure on in order to scan multiple analog-beam candidates (4 in Example 2 

in Figure 63). 

[0646] CSI-RS are grouped into sub-groups related to the possible reporting rank of the UE 

measurement. Each sub-group of CSI-RS represents a set of orthogonal reference signals that 

can use code multiplexing; only a limited set of highest ranks is supported in this fashion e.g., 2, 

4 and 8. Multiple sub-groups within a group are created by assigning orthogonal sets of 

resource elements to the sub-groups. Measurements within a sub-group is for good 

correspondence with D-DMRS and separate resource elements is used to better support 

measurements on non-serving beams. The main enabler for allowing CSI-RS to fulfill 

requirements 1 to 6 above is to support flexible configuration of CSI-RS. For example, 

frequency offset estimation is enabled by configuring time repetition. The usage of CSI-RS or 

DMRS for frequency offset estimation is also possible. The CSI-RS groups and sub-groups 

design should allow efficient multiplexing of UEs with different configurations. Consider in Figure 

63 the three examples: 

- In Example 1, the UE is measuring on 3 CSI-RS sub-groups; 1 of rank 4; and 2 of 

rank2; 

- In Example 2, the UE is configured with 4 consecutive identical resources, e.g., to 

support requirement 5 but sub-sampled in frequency domain; 

- In Example 3, the UE is rate matching around the CSI-RS sub-group on the first 

OFDM symbol containing CSI-RS but not around the 2 sub-groups on the second OFDM 

symbol containing CSI-RS. 

2.3.6.6 	Positioning reference signal (PRS) 

[0647] In order to support a flexible framework for positioning, the PRS can be seen as a 

potentially UE specific configuration of a reference signal. The PRS convey an identifier 

associated to a node or a set of nodes, or a beam, while also enabling time of arrival estimation. 
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This means that other signals, such as SS, TSS, BRS, etc., can fulfil some requirements of the 

PRS. Furthermore, the PRS can also be seen as extensions of such signals. 

[0648] For example, based on Figure 62, a PRS can be configured as the TSS/BRS of 

symbol 0 for one UE, while another PRS can be configured as TSS/BRS of symbols 0,1,2 

(same BRS in all three symbols in time) for another UE. At the same time, the TSS/BRS of 

symbol 0 is used for time synchronization and beam finding by other UEs. 

2.3.7 	Reference and synchronization signals, uplink 

[0649] Section summary: Physical random access channel (PRACH) preamble is constructed 

by concatenating several short sequences, each sequence being of the same length as an 

OFDM symbol for other NX UL signals. These short sequences can be processed using the 

same FFT sizes as other uplink, UL, signals thus avoiding the need for dedicated PRACH 

hardware. This format also enables handling of large frequency offsets, phase noise, fast time 

varying channels, and several receiver analog beamforming candidates within one PRACH 

preamble reception. 

[0650] Uplink synchronization signal (USS) is used to obtain UL synchronization. The design 

is similar to PRACH but it is not contention-based, and is used for timing estimation and beam 

reporting in uplink after initial access by SS and PRACH, e.g., at handover between nodes and 

carriers. This timing estimation is desireable due to UE specific round trip time depending on 

distance between UE and base station, such that a timing advance command can be sent to the 

UE. 

[0651] Reciprocity reference signals (RRS) are uplink reference signals and used to obtain 

CSI-R (receiver-side CSI) and CSI-T (reciprocity based transmitter-side CSI) at the base station 

but also for UL demodulation; thus, they can be viewed as a combination of SRS and DMRS. To 

avoid pilot contamination, a large number of orthogonal reference signals are required. If RRS 

are also used for UL channel estimation in non-reciprocal setups a renaming of RRS is likely. 
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Signal Purpose 

PRACH preamble 

Initial transmission of UE. Contention-based such that the 

PRACH preamble should be detected with high reliability. Timing 

and receiver beam estimation. 

Uplink synchronization 

signal (USS) 

Used for uplink time and frequency synchronization and 

indicating of best downlink beam. 

Reciprocity reference signal 

(RRS) 

Used to estimate the UL channel and to set the DL pre-coding in 

the transmitter in reciprocity-based MIMO. 

Demodulation reference 

signal (DMRS) for PUCCH 
Demodulation reference signals for PUCCH 

Table 10: UL reference and synchronization signals in NX 

2.3.7.1 	Physical random access channel (PRACH) preamble 

[0652] Random access is used for initial access for a UE including timing-offset estimation at 

the base station. The random-access preamble should thus be detected with high probability 

and low false-alarm rate by the base station while at the same time providing accurate timing 

estimates. 

[0653] The numerology used for the PRACH preamble is specified in AIT. 

[0654] The computational complexity of FFT (Fast Fourier Transform) processing in an OFDM 

based receiver is large with a large amount of receiver antennas. In LTE release 8, FFTs of 

different sizes are used for user data and random-access preambles, requiring dedicated FFTs 

to be implemented for random-access reception. (Even LTE PRACH preamble which is defined 

with a dedicated (very large) IFFT can be received at the base station with signal processing 

procedures only requiring standard physical channel FFTs, at the cost of a small performance 

penalty.) 
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[0655] Within NX, a 5G random-access preamble format is used, based on a short sequence 

of the same length as the length of the OFDM symbols that are used for other uplink physical 

channels, such as user data, control signaling, and reference signals. The preamble sequence 

is constructed by repeating this short sequence multiple times. Figure 64 illustrates the 

preamble format and a detector with long coherent accumulation. 

[0656] A preamble detector with FFTs of the same size as for other uplink channels and 

signals can be used. In this way, the amount of special random-access related processing and 

hardware support is significantly reduced. 

[0657] As example, twelve repetitions of the short sequence are coherently added within the 

receiver structure of Figure 64. However, a receiver can also be designed in which only a few 

repetions are coherently added before the abosulte square operation followed by a non-

coherent accumulation. In this way a receiver can be constucted wich is robust against phase 

noise and time varying channels. 

[0658] For analog beamforming, the beamforming weights can be changed during preamble 

reception such that the number of spatial directions is increased for which preamble detection is 

done. This is done by analog beamforming before FFT, and only including those FFTs in the 

coherent accumulation for which the same beamforming is used. Here, the coherent 

accumulation is traded against beamforming gain. Also, with shorter coherence accumulation, 

the detection is more robust against frequency errors and time varying channels. The number of 

available preamble sequences is reduced when reducing the length of the sequence, as 

compared to the very long sequence used for PRACH preambles in LTE release 8. On the other 

hand, the use of narrow beamforming in a 5G system reduces the impact of interference from 

other UEs. Other possibilities for avoiding congestions on the PRACH preambles include use of 

frequency shifted PRACH preambles, and the use of several PRACH frequency bands and 

several PRACH time intervals. 
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[0659] The receiver structure illustrated in Figure 64 can be used for detection of delays up to 

the length of one short sequence. A somewhat modified receiver structure is desirable where 

some additional processing is added for detections of large delays due to large distances 

between UE and base station. Typically, more FFT windows are used after and before those 

illustrated in Figure 64, with simple detectors of the presence of short sequences in those 

additional FFT windows. 

2.3.7.2 	Uplink synchronization signal (USS) 

[0660] The UE needs uplink time synchronization when changing access node or carrier 

frequency resulting in changed numerology. Assuming that the UE is already time synchronized 

in downlink (by MRS), the timing error in uplink is mainly due to propagation delay between the 

access point and the UE. Here, a USS (uplink synchronization signal) is proposed with a similar 

design as PRACH preamble, see section 2.3.7.1. However, USS is not contention-based as in 

contrast to the PRACH preamble. The transmission of USS is thus only done after a 

configuration from the base station that the UE should search for MRS and respond with USS. 

[0661] Figure 65 illustrates USS in relation to MRS and uplink grant including timing advance 

USS is intended for uplink timing advance calculation, uplink frequency offset estimation, and 

UL beam identification. The UE might also select USS sequence depending on OFDM symbol 

for best MRS. In this way the access point gets information of best downlink beam. 

[0662] The time and frequency allocation of USS can be done by higher layer signaling from 

the node transmitting system access information. Alternatively, a mapping is defined between 

BRS sequences to a "count-down" number until USS resource. In this case, different BRS 

sequences are used in different OFDM symbols. The UE then gets the position of the USS 

windows by detecting BRS sequence. If mixing of numerologies is supported the numerology 

used for USS is specified in the configuration/grant of USS. 
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2.3.7.3 	Reciprocity reference signal (RRS) 

[0663] Reciprocity reference signals are transmitted in uplink and are primarily targeting 

massive-MIMO deployments that can benefit from radio channel reciprocity; see Section 

3.4.3.3. The most common use case is TDD operation, but for extensive MU-MIMO in UL, RRS 

is useful even if full reciprocity cannot be assumed. In the uplink, RRS is intended to be used 

both for coherent demodulation of physical channels and for channel sounding as part of CSI-R 

acquisition at the base station. It can be noticed that CSI-R acquisition does not rely on 

reciprocity and is thus representative for both TDD and FDD. In the downlink, CSI-T is extracted 

from coherent (uplink) RRS, thereby mitigating the need for explicit CSI feedback based on 

downlink reference signals when channel reciprocity can be assumed. The RRS used for 

coherent demodulation is precoded in the same way as data/control. RRS used for sounding 

can be transmitted in subframes carrying uplink physical channels (as in LTE) as well as in 

subframes specifically designed for sounding only. 

[0664] Pilot contamination is seen as a major performance degradation source in massive-

MIMO and occurs when a large number of overlaid received reference signals are non-

orthogonal. Non-orthogonality in uplink can stem from reuse of reference signal sequences 

among UEs or received reference signals arrive outside the cyclic prefix due to uplink 

transmissions synchronized to other base stations. The RRS design provides a large number of 

orthogonal sequences or at least with very low mutual cross-correlation. It might be beneficial to 

use cyclic prefix that also accounts for pilot transmissions originating from neighbor cells (trade-

off between additional cyclic prefix overhead vs. pilot contamination). Orthogonality between 

RRS sequences is obtained via: (i) equally spaced cyclic time shifts, (ii) use of orthogonal cover 

codes (OCC), and (iii) of "transmissions comb" (a.k.a. interleaved FDMA). 

[0665] The transmission bandwidths of RRSs in the system vary with UL/DL scheduling 

demands among users as well as being dependent on uplink transmit power limitations. Hence, 

the RRS design needs to handle a vast number of RRS multiplexing scenarios in which 
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orthogonality should be preserved among users/layers to avoid pilot contamination. In LTE, the 

sequence length of e.g., an UL DMRS directly relates to the uplink scheduling bandwidth which 

requires either equally long sequences (and thus equal scheduling bandwidth) or relying on 

OCC for orthogonality among reference signals. Imposing same scheduling bandwidth is thus 

not attractive, and relying only on OCC is not sufficient for obtaining a large number of 

orthogonal reference signals. Instead of letting the base sequence lengths be associated with 

the scheduling bandwidth, one could concatenate narrowband RRS sequences such that the 

overall RRS bandwidth is a multiple, or a sum, of narrowband RRSs. This implies piecewise 

orthogonality over the whole RRS bandwidth. One may in addition to concatenating narrowband 

RRSs also use transmission combs as a mechanism to preserve orthogonality when, e.g., RRS 

sequences originates from base sequences of different lengths. 

[0666] Note that when the UE has more RX antennas and also is capable of applying UL 

beamforming, RRS beamforming may be applied to boost the received energy and help the 

base station to achieve a better channel estimation. This, on the other hand, would result in that 

the base station estimates the "effective" channel including the UE beamforming. 

[0667] Figure 66 shows an example of how to implement multiple orthogonal RRS across 

different portions of the system bandwidth using a combination of cyclic shifting, transmission 

combs, and OCC. Figure 66a shows different transmission combs. The right-hand side of Figure 

66b shows different OCC used in different bandwidth locations; in the upper part an OCC of 

length 2 is used, in the second part of length 4, etc. 

[0668] Numerology of RRS is specified in the configuration/grant of RRS. 

2.3.7.4 	Demodulation reference signals (DMRS) for PUCCH 

[0669] With the use of an OFDM structure for uplink transmissions, the RS can be frequency 

multiplexed with data. To enable early decoding reference signals should at least be sent in the 

first OFDM symbol of PUCCH, for multi-symbol PUCCH formats additional reference signals in 
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later symbols might be needed as well. Since PUCCH is always transmitted in the last OFDM 

symbol(s) of a subframe, PUCCH transmissions from different terminals interfere if they use the 

same frequency, e.g., inter-cell interference or multi-user MIMO interference. 

2.3.8 	Reference and synchronization signals, common 

[0670] Section summary: PDCH has its own set of demodulation reference signals (DMRS). 

Orthogonal DMRS are realized via a combination of orthogonal cover codes (OCC) and 

mapping DMRS sequences to transmission combs. 

Signal Purpose 

Demodulation reference signal (DMRS) for 

PDCH 

Demodulation reference signals for PDCH DL 

and UL 

Table 11: Reference and synchronization signals in NX common for DL and UL 

2.3.8.1 	Demodulation reference signal (DMRS) for PDCH 

[0671] DMRS is transmitted both in downlink, DL, and uplink, UL, multiplexed with a physical 

channel and serves the purpose of demodulation of PDCH transmissions. 

In UL, DMRS is sometimes not needed when RRS is present — e.g., see UL data transmission 

in subframe n+7 after purple RRS in subframes n+5 and n+6 in Figure 67 — but it is anticipated 

that for very small messages and in beam-based transmissions (see Section 3.4.3.2), DMRS is 

still preferable. Figure 67 shows a schematic view of DMRS on a small scale perspective with 

the first 9 subframes for a single UE. Figure 68 shows a large scale view of the same 

subframes. In the first beam-based period shown in Figure 68, limited CSI is used to precode 

DMRS and data but in the reciprocity-period rich channel knowledge is used for advanced 

precoding of DMRS and data. Additional details are provided in Section 3.4.3.3. Physical 

mapping to resource elements depends on the transmission format. 
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[0672] Any initial subframe PDCH will contain DMRS, but later subframes in a subframe 

aggregate may not contain DMRS if DMRS based channel estimates from a previous subframe 

are still valid for demodulation. For example, see subframes n and n+3 in Figure 67. DMRS are 

configured UE-specific, but a set of users can share the same configuration to enable e.g., 

broadcast. In aggregated subframes the UE may assume that precoding is not changed and 

interpolation may be done within a subframe. Orthogonal DMRS are created using orthogonal 

cover codes in frequency and in some case cover codes are also used in time. Two examples 

when time cover codes are desirable is for fine frequency offset estimation and for extended 

coverage. It is assumed that the cover codes are optimized for the use-case that a transmission 

is from a single transmission point. The cover codes can also be mapped to comb-structures, on 

different combs different sets of cover-codes are used with low-cross correlation properties. 

Different combs are anticipated when large scale channel properties can vary (including 

frequency offset). The available orthogonal DMRS can be used both for SU-MIMO and MU-

MIMO. DMRS in different beams are not necessarily orthogonal but rather rely on spatial 

separation and low cross-correlation properties between the DMRS sequences in different sets 

of orthogonal DMRS. 

[0673] If PDCH has multiple transport blocks the DMRS are shared, for example, dPDCH and 

rPDCH use the same DMRS but are associated with different transmission formats, for 

example, diversity for dPDCH and spatial multiplexing for rPDCH. For PDCH, the DMRS are 

transmitted with sufficient density early in a subframe aggregate or in UL early in relation to a 

duplex switch (in some cases in a previous transmission period) to support early demodulation 

and decoding. In time, DMRS are transmitted in different subframes according to the coherence 

time, e.g., repeated for longer transmissions and/or high mobility users. Repetition can also be 

needed to track time/frequency drift in hardware. In frequency, the DMRS are repeated in 

resource blocks according to the effective coherence bandwidth and the targeted DMRS energy 

density. Observe that effective coherence bandwidth increases due to channel hardening when 

155 



WO 2017/196249 	 PCT/SE2017/050491 

using reciprocity — see last DL transmission in Figure 68, as well as the discussion in section 

3.4.3.3. In such cases, it is expected that DMRS in DL can be sparser than in cases where RRS 

are not present. The repetition is typically explicitly signaled in relation to the number of 

subframes in the TTI, or in some cases implicitly for shared pre-allocated channels. 

3 	 Technologies and Features 

[0674] The prime purpose of this section is to describe how to use the functions, procedures, 

channels, and signals described in Section 2 to realize NX features. However, new functions, 

procedures, channels, and signals that have not been generally agreed may still be documented 

in this section. In some cases, new functions, procedures, channels, and signals are introduced 

as new technologies, and solutions are discussed here. Note that not all of these are 

necessarily implemented in a NX protocol stack. 

3.1 Low latency and high reliability 

[0675] The purpose of this section is to describe how NX enables use cases requiring reliable 

real-time communication, with a special focus on challenging critical MTC (C-MTC) use cases. 

3.1.1 	Background and motivation for reliable low latency 

[0676] A range of 5G machine-type communication (MTC) use cases, such as smart grid 

power distribution automation, industrial manufacturing and control, intelligent transportation 

systems, remote control of machines, and remote surgery, are characterized by the need for 

communication with high requirements on latency, reliability, and availability. We normally refer 

to such use cases as mission-critical MTC use cases (C-MTC), which is in line with the vision of 

the international Telecommunications Union, which refers to C-MTC as "ultra reliable and low 

latency communication." 

[0677] Low latency is also desirable to support high end user throughput for TCP based 

applications which has, e.g., been the main argument for latency reduction in LTE. This is, 
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however, expected to be handled well with the baseline NX design as described in Chapter 2, 

and is not discussed further in this section. 

3.1.2 	Requirements and KPIs 

Latency 

[0678] For the latency discussion over the NX radio interface, this section refers to the RAN 

User plane latency (or short RAN latency), as defined in section 4.2, unless °then/vise 

mentioned. The RAN latency is the one-way transit time between an SDU packet being 

available at the IP layer in the user terminal/base station and the availability of this packet 

(protocol data unit, PDU) at lP layer in the base stationiuser terminal. User plane packet delay 

includes delay introduced by associated protocols and control signaling assuming the user 

terminal is in the active state. 

[0679] Most delay sensitive use-cases can be supported with a RAN latency of 1 ms, but 

there are a few examples of one-way latency requirements of 100 us, e.g., in factory 

automation, NX is designed to support a one way RAN latency of 200 us. 

[0680] The application end-to-end delay (defined in 4.2) is most relevant;  since this includes 

the delay caused by core network nodes. Aspects affecting the application end-to-end delay 

are discussed in section3.1.11. 

Reliability 

[0681] The reliability of the connectivity (defined in section 4.3) is the probability that a 

message is successfully transmitted to a receiver within a specified delay bound. The reliability 

requirements for C-MTC applications vary greatly. Requirements on the order of 1-1e-4 are 

typical for process automation; requirements of 1 -1 e-6 are typically mentioned for automotive 

applications and automated guided vehicles, For industrial automation use cases several 

sources mention requirements of 1-1e-9 but it should be understood that this value comes from 
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specifications derived from wired systems and it is unclear if such strict requirements apply to 

systems designed for wireless connectivity. 

[0682] It is assumed here that most C-MTC applications can be supported with a reliability of 

1-1e-6 but NX is designed to provide reliability in the order of 1-1e-9 for extreme applications. 

The strictest requirement is only foreseen in localized environments (e.g., a factory) with 

controlled interference levels. 

Service availability 

[Om] Many services requiring reliable low latency communication also require high service 

availability (defined in section 4.3). For a certain reliable-low-latency service — e.g., a pair of 

reliability and latency bound — a service-availability can be defined as to what level the 

reliability-latency is provided in space and time. This can be enabled by corresponding 

deployment and redundancy of the network. Architectural aspects related to service availability 

are discussed in section 3.111. 

3.1.3 	Numerology and frame structure 

[0684] NX contains several different OFDM subcarrier bandwidths (see Section 2.3) spanning 

the frequency range from sub-1GHz to 100 GHz, with increasing subcarrier bandwidth towards 

higher carrier frequencies. Numerologies with wider subcarrier bandwidths provide, in addition 

to increased robustness to Doppler and phase noise, also shorter OFDM symbol and subframe 

durations, which provide shorter latencies. As long as the cyclic prefix, CP, of the more 

wideband numerologies is sufficient, these numerologies can also be used at lower frequencies. 

[0685] In wide-area deployments, numerology "16.875 kHz, normal CP" is preferably used 

with a subframe duration of 250 ps. This subframe duration is sufficient for many low-latency 

applications. For extreme demands on latency, even the numerologies "67.5 kHz, normal CP" or 

"67.5 kHz, long CP b" can be used. If a cyclic prefix of around 0.8 ps is sufficient "67.5 kHz, 
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normal CP" should be used due to its lower CP overhead of 5.5 %; for environments with larger 

delay spreads "67.5 kHz, long CP b" should be used. 

[0686] In dense macro deployments "67.5 kHz, normal CP" can probably still be used 

(assuming low delay spread) enabling subframe durations of 62.5 us. If 250 ps is sufficient both 

"16.875 kHz, normal CP" and "67.5 kHz, normal CP" can be used, provided the frequency range 

allows for 16.875 kHz subcarrier bandwidth. 

[0687] Even lower subframe durations (7.8 ps) are enabled by numerology "540 kHz, normal 

CP". Presently, there are no known use cases where such low subframe durations are required; 

furthermore, the small cyclic prefix of this numerology (0.1 ps) limits the deployment to very 

dense ones. Short subframe durations would open up the possibility of HARQ re-transmissions 

to increase reliability. However, it is expected that the typical operating point for C-MTC is such 

that code rates above 0.5 are used and thus the benefits of re-transmissions are limited. 

sub-1 to 6 GHz 

(low frequencies) 

6 to 30 GHz 

(medium freq.) 

30 to 100 GHz 

(high frequencies) 

Wide-area 

16.875 kHz: 250 

ps 

67.5 kHz: 62.5 ps 

or 125 ps 

67.5 kHz: 62.5 ps NA 

Small cell 

16.875 kHz: 250 

ps 

67.5 kHz: 62.5 ps 

540 kHz: 7.8 ps 

(very small cells) 

67.5 kHz: 62.5 ps 

540 kHz: 7.8 ps 

(very small cells) 

540 kHz: 7.8 ps 

(very small cells) 

Table 12: Summary of which numerology to choose in which deployment and the 

provided subframe duration 
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[0688] Choosing the right numerology has less impact on the reliability requirements (except 

that an application should use the correct numerology with respect to phase noise and 

maximum expected Doppler shift). 

	

3.1.4 	Synchronization in C-MTC 

[0689] Synchronization plays a critical role when it comes to fulfil the desire in C-MTC for 

ultra-high reliability. 

[0690] NX is based on a lean design where the transmission of broadcast signals like 

MIB/SIB or similar and synchronization signals are only transmitted when necessary. For NX, 

periodicity of synchronization channels is on the order of 100 ms. The sparse nature of 

synchronization signals may become critical to achieve the highest detection rates of up to 1-1e-

9 in some C-MTC scenarios. This is due to the unavoidable time and frequency drift that occurs 

due to sparse synchronization signal pattern. 

[0691] However, it can be shown that with a crystal oscillator (XO) having a time drift of 2 ppm 

(i.e., 2 ps-per-s) and the maximum frequency drift of 125 Hz/s @ 2 GHz band, synchronization 

accuracy is good enough for C-MTC by reusing SS. This applies to both the 16.875 kHz 

numerology and the 67.5 kHz numerology. 

	

3.1.5 	C-MTC duplex mode implications 

[0692] Focusing on the strictest reliability cases, with error rates down to le-9, the most 

challenging scenario to fulfill the latency requirements is for sporadic data where we assume 

that the UE does not have any UL grant, and therefore needs to transmit a scheduling request 

(SR), and receive a scheduling grant (SG) before commencing uplink transmission. Depending 

on the duplexing mode used, FDD or TDD, the C-MTC worst case latency will to some extent 

vary, as discussed below. 
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3.1.5.1 	FDD 

[0693] For use cases with the most challenging latency requirements Reference Symbols 

(RS) are transmitted in the first OFDM symbol to enable early decoding. In the case that strict 

processing requirements can be put on UE and eNB (see later section), the respective node's 

decoding of the scheduling request and grant messages can be made during some few micro 

seconds. Hence, the SR, SG and data can then be transmitted in three consecutive sub frames. 

Then, the worst case scenario is when the data to transmit arrives right after a sub frame have 

started, and hence the total RAN latency will be between 3 subframes (best case) and 4 sub 

frames (worst case). See the illustration of UL latency with SR-SG-Data cycle for FDD shown in 

Figure 69. As seen in the figure, the Reference Symbol (RS) is transmitted in the first OFDM 

symbol in each sub frame (assuming 1 subframe = 4 OFDM symbols, as in section 2.3.2.1) for 

enabling early decoding. Given the use of the 67.5 kHz numerology with a subframe length of 

62.5 ps, this implies a RAN latency of around 187-250 ps. It is assumed here that the data is 

coded at sufficiently low rate so that no retransmission is needed. 

[0694] So, from a latency perspective, using FDD is a good solution in frequency bands 

where FDD is available (e.g., sub 4 GHz). 

[0695] Note that Figure 69 shows the UL latencies assuming that the PDCCH is spread over 

the whole subframe consisting of 4 OFDM symbols (see section 2.3.3). Note that where PDCCH 

is limited to the first symbol of a subframe, to allow early decoding, the total UL delay can further 

be reduced to 2 subframes (in best case), since the PDCCH is limited to the first OFDM symbol 

of the subframe allowing the transmission of data in the same subframe. This RAN latency 

should be seen as a technically challenging feature of NX as it requires that strict processing 

requirements can be put on UE and eNB. In other words, the SG needs to be processed in 

around 8 ps (less than OFDM symbol duration of 67.5 kHz numerology) as described in further 

sections below, requires premium devices and may not be achievable in MBB devices. 

Resulting delay for more relaxed processing times are presented in section 3.1.12. 

161 



WO 2017/196249 	 PCT/SE2017/050491 

3.1.5.2 	TDD 

[0696] Below is described the latency for a TDD configuration. The analysis takes into 

account the high reliability requirements of challenging C-MTC use cases. Hence, the analysis 

should be seen as a worst case analysis and in many scenarios (but probably not all) one 

probably can relax requirements like synchronized cells, etc. In TDD, the delay requirements 

may imply significant restriction on the TDD UL/DL structure. Again focusing on the worst case 

scenario with no uplink, UL, grant for a UE and 67.5 kHz numerology, one can easily conclude 

that the UL/DL subframes need to alternate on single sub frame basis, and hence under these 

circumstances dynamic TDD could not be used. Then, the worst case delay is when data 

arrives at beginning of an uplink, UL, sub frame. Again it is important to note that in cellular 

TDD, one can typically not start an UL transmission in a subframe where nearby C-MTC UE has 

downlink, DL, reception. Therefore, the UE has to wait for next available UL subframe for the 

SR transmission. Then the total delay is 5 sub frames, 312 ps. The best case delay is when 

data packet arrives prior to next UL sub frame similar to the best case FDD, 187 ps. This is 

shown in Figure 70, which illustrates latency for TDD. In this worst case example, a data packet 

arrives at the UE in beginning of a UL sub frame and therefore SR (first arrow) could be 

transmitted first in next available UL sub frame. Then SG and Data can be transmitted in 

forthcoming sub frames. 

[0697] In TDD, time needs to be allocated for the UE to change transceiver settings between 

UL and DL. The need for alternating UL/DL on single sub frame basis may then imply a 

significant overhead in switching. However, by using the timing advance the overhead can be 

restricted to 1 UL OFDM symbol. This is shown in Figure 71, which illustrates switching 

overhead and demonstrates that using TA, the switching time can be reduced to one UL OFDM 

symbol. Using that approach, around 8 ps for switching can be allowed, which is sufficient 

looking at current implementations requiring some 5-6 ps, 
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3.1.5.2.1 	Implication of worst case C-MTC requirements on TDD 

[0698] The need for alternating between uplink, UL, and downlink, DL, for every sub frame 

implies a 25% capacity loss on the UL channel. Taking into account the "TDD 100 dB dynamic 

near-far problem" in a cellular deployment scenario together with the high reliability requirement 

for C-MTC, both intra and inter-frequency adjacent cells need to be synced and have the same 

UL/DL configuration. This might not be optimal from a Mobile Broadband capacity perspective 

point of view. Another approach is to only deploy the C-MTC applications with the toughest 

requirements (requiring down to le-9 error rate) in isolated cells or areas. 

3.1.5.3 	A note on processing time 

[0699] In order to be able to fulfill the short processing times needed for responses in 

adjacent subframes, different pre-processing principles can be used using the fact that the data 

packet transmitted in C-MTC is likely to be small as well as only a small finite set of packet sizes 

are allowed (only a finite set of messages to be transmitted with such strict latency 

requirements). Assume that the eNB as well as the UE has control of the current link quality and 

hence know what MCS to use, and only a small number (single) of MCS formats for a given 

data packet size is possible to choose for the NW node. Then, once the UE transmits a SR, it 

includes the data packet size in the message. Furthermore, the UE can prepare a finite set of 

possible MCS formats and once the SG is decoded (indicating which f/t resources to use), the 

UE can transmit the correct version in these resources without further coding delay. The same 

can be done in eNB. Once the SR is received it allocates the resources needed based on data 

packet size information and already determined MCS and transmits the corresponding SG. 

Using this kind of preparing/pre-coding approaches we expect that one can fulfill the coding and 

decoding time requirements needed for the C-MTC timing constraints. 
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3.1.6 	Coding and modulation 

[0700] C-MTC applications need robust modulation and coding as well as fast decoding to 

fulfill the latency requirements. In order to achieve the latency for the most demanding use 

cases, C-MTC applications may have to disable HARQ and use very robust MCSs. Hence 

modulation order should preferably be low (e.g., QPSK). Furthermore, coding strategies 

allowing early decoding are desirable, hence convolution codes without interleaving might be a 

good choice not only from the early decoding possibilities but also as C-MTC packets are 

expected to be small, and hence the gain of using advanced coding principles, are limited (polar 

codes, which are currently the preferred approach to MBB in NX, may also be applicable for C-

MTC). Another important enabler for fast and early decoding is to put reference symbols in the 

beginning of the subframe in order to be able to do channel estimation without buffering. 

[0701] For less extreme reliability and delay requirements, it is likely that higher order 

modulation is beneficial. 

	

3.1.7 	Diversity 

[0702] Diversity is considered to be an important enabler of ultra-reliable communications. 

Large diversity orders (e.g., 8 or 16 for the strictest reliability requirements up to 1-1e-9) are 

desirable to allow acceptable fading margins in case of fading channels, such as Rayleigh 

channel. Theoretically, this diversity could be achieved in the time, frequency, and/or space 

domain. In order to achieve ultra-reliable communication within the strict low latency budget, 

exploiting the time diversity is very challenging. On the other hand, to exploit the gains from 

frequency diversity, it is important to map the coded bits on the frequency resources having 

uncorrelated channel coefficients. Therefore, the required bandwidth would increase with the 

coherence bandwidth of the channel and thus make the exploitation of frequency diversity more 

bandwidth consuming. Therefore, antenna diversity is assumed to be the main option to achieve 

the required diversity order where feasible. It is also to be noted that in order to have a spatial 

164 



WO 2017/196249 	 PCT/SE2017/050491 

diversity order of 16, 8 and 2 antennas could be considered at eNB and UE side, respectively. 

In device-to-device (D2D) transmission, it may not be feasible to achieve sufficient diversity 

gains with only spatial diversity due to limitations in the antenna design for the UE, frequency 

diversity could be used on top of it. In addition, D2D communication also benefit from increased 

link budget due to proximity of devices. Moreover, to harvest the full transmit diversity gains, 

more advanced space-time codes need to be used rather than the Alamouti-code. Alamouti-

codes achieve full transmit diversity only up to 2 transmit antennas. 

[0703] An extension of antenna diversity is macro-diversity, where antennas are not co-

located but distributed in space. This requires fast connectivity between different reception 

points if delay is critical. In a more general case, one can consider serving applications with high 

demands on reliability over multiple carriers or even RATs. 

[0704] Diversity for data and control channels is further discussed in sections 2.3.3.2, 2.3.4.1, 

and 2.3.5.1. 

3.1.8 	HARQ 

[0705] For the most latency sensitive C-MTC services, it is expected that the latency 

requirements prohibit the use of HARQ, and that successful decoding is required in a single 

transmission attempt. Accordingly, the HARQ functionality may be disabled for such 

applications. For services where HARQ feedback would be possible from a latency perspective, 

the gains from HARQ are still limited. Since many C-MTC services have no interest in "average 

latency," but only the latency at a given percentile, link adaptation needs to ensure reliability is 

met after the maximum number of retransmissions allowed by the latency budget. This may 

often end up being a format that is hard to decode earlier; for good SINR there is little motivation 

to use code rates below %, meaning that decoding is possible first after half the transmission. 

[0706] The potential gains with HARQ depend also on whether SINR can be adapted by 

changing transmission bandwidth. For uplink, only limited gains are expected if the bandwidth 

165 



WO 2017/196249 	 PCT/SE2017/050491 

can be reduced, and with that the SINR improved. However, for downlink or uplink cases where 

there are limitations on the power spectral density, where the code rate needed to meet the 

error-target is very low, significant resource efficiency gains can be expected from HARQ 

operation. To benefit from the reduced average resource utilization, scheduling needs to be 

sufficiently fast to utilize the "freed up" resources for other services. 

[0707] It is recognized that the HARQ feedback also need to be robust for NACK-to-ACK 

errors down to the given reliability target, and even lower for multiple transmissions and it also 

needs to meet this reliability at a significantly lower latency bound than for the application itself. 

This can challenge the coverage of HARQ feedback and make it costly, especially considering 

relatively small expected data sizes for C-MTC. The HARQ mechanism and considerations of 

the control channels are discussed in section 2.2.8. 

[0708] Figure 72 illustrates an example where the fast HARQ feedback is transmitted at the 

end of the first available UL transmission occasion. In this example HARQ feedback is included 

in a single OFDM symbol. 

[0709] It is expected that only the "very fast HARQ feedback" option in NX would be 

applicable for C-MTC, with significant energy allocation to the feedback to meet error 

requirements without having to set detection thresholds so that all HARQ gains are lost to ACK-

to-NACK errors. With "very fast" feedback, where the feedback channel only spans a fraction of 

a subframe the round-trip time is expected to be 2 subframes, where a transmission can occur 

in every other subframe with stop-and-wait. For "early termination," continued transmission until 

ACK, one subframe will often be "lost". If predictive feedback is supported based on quality 

estimation on early pilots the feedback could even be sent before complete decoding. This 

scheme may not be suitable in case of very strict reliability requirements. 
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3.1.9 	MAC access schemes for C-MTC 

[0710] NX C-MTC MAC design is based on the L2 design principles as described in Section 

2.2.1, and exploits the NX PHY framework. Several C-MTC MAC options, which could be 

selected flexibly depending upon the scenario, are described here. The design modularity 

provides the possibility to plug-in different MAC components and functionalities in order to more 

address specific use-case requirements. In order to meet the desired QoS demands such as the 

latency bounds and reliability requirements, each of the C-MTC MAC options has its 

characteristics and tradeoffs in terms of resource requirements and resource utilization. 

[0711] In particular, the C-MTC MAC design includes (i) dynamic scheduling, (ii) instant uplink 

access and (iii) flexible contention-based access (hybrid access) schemes. MAC schemes for 

C-MTC in D2D have so far not been studied explicitly. Dynamic scheduling is considered as a 

baseline case, where the benefits of NX PHY (e.g., shorter and variable TTIs) can be exploited 

for fulfilling low latency and high reliability demands. The dynamic scheduling option suits to 

sporadic data traffic, where grant to resources is given by a base-station upon scheduling 

request from a node for a single transmission. For each required data transmission, the 

resource grant needs to be obtained from the base-station. Depending on the scenario-specific 

QoS expectations and availability of resources, a base-station has the possibility to prioritize 

sporadic real-time data over other traffic types. 

[0712] The Instant Uplink Access (IUA) scheme uses over-provisioning of resources for uplink 

data transmission. This MAC option sacrifices resource utilization in favor of latency reduction, 

which is desirable for C-MTC applications. Since a node does not need to explicitly obtain a 

grant from the base-station for an upcoming sporadic data transmission, IUA eliminates the 

delay involved in the cycle of requesting for a resource and the base-station assigning the 

resource. The hybrid access scheme uses both scheduled and contention-based access 

principles, and is designed to exploit the flexibility in selecting the resources and frame 

structures offered by NX PHY. In the hybrid access scheme, the base-station reserves prior 
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resources for periodic real-time and non-real-time traffic. Moreover, depending upon the 

availability of resources and expected sporadic traffic at a given time, the base-station can 

flexibly assign both contention-based and scheduled resources to nodes. The base-station can 

even re-configure the assigned resources when required, e.g., take away assigned resources to 

non-real-time traffic and reserve them for real-time traffic. If the traffic load is low, contention-

based access can be fairly efficient in terms of resource utilization efficiency, and thus can 

efficiently handle sporadic traffic. However, contention-based access has the downside of its 

non-deterministic behavior. Therefore, in this MAC option, the base-station needs to manage 

radio resources for contention-based and scheduled access in a way that real-time traffic 

requirements of very low latency and high reliability can be satisfied. The above mentioned C-

MTC MAC schemes are described in Section 2.2.9. 

3.1.10 	D2D Aspects 

[0713] Device-to-Device (D2D) communication protocols for NX (see section 3.11 for further 

details) are designed to support proximal communications in in-coverage, partial coverage and 

out-of-coverage scenarios for a large variety of use-cases, including mobile broadband, as well 

as mission-critical use-cases such as V2X and factory automation. 

[0714] For the mission-critical use cases, the application requirements associated with 

reliability, availability and latency may be more easily met by taking advantage of direct D2D 

communication than without D2D capability. This is because in case of infrastructure-based 

communication, every data packet between devices, even if the devices are in each other's 

proximity, is involved in one uplink, UL, and one downlink, DL, transmission. This may not 

always be the optimal path in terms of latency compared to a single radio transmission along 

the direct path between the nearby devices. Furthermore, network coverage or capacity may not 

always be guaranteed for the mission-critical communications. Therefore, sidelink integration 

may help network provide higher availability by avoiding potential dimensioning bottlenecks 
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where the infrastructure may become a single point of performance degradation or a potential 

failure. Note that the reliability gain with D2D due to fewer communication links may be partly 

offset by lower diversity order for the sidelink. 

[0715] Some C-MTC applications need to be operated in out-of-coverage scenarios, e.g., 

some automotive scenarios. Then, D2D communication may be the only path seamlessly 

available in both in-coverage and out-of-coverage situations. 

[0716] In case of in-coverage scenarios (e.g., factory automation), network-assistance for 

D2D plays an important role to reduce interference between devices and infrastructure; as well 

as to improve the spectral efficiency by enabling the reuse of resources. Furthermore, the 

network can further assist the devices for device discovery and mobility. 

[0717] To realize the potential latency gains by means of direct D2D communications, RRM 

functions (see section 3.11.7.8 for further details), are provided in a hybrid centralized-

distributed fashion between the network and the devices depending on the scenario and 

service. These RRM functions may include mode selection, resource allocation and power 

control, and jointly ensure that radio resources are made available for coverage extension as 

well as mission critical services. 

[0718] To have robust transmissions against unexpected interference in case of distributed 

RRM, reliable channel codes with low-error floor (e.g., convolutional codes) may be used. Smart 

retransmission mechanisms (e.g., HARQ), may be used if it is possible to do retransmissions 

within the latency bound. 

[0719] To further protect the sidelink transmissions from interference, both the network-

assisted (slow) and non-assisted (fast) RRM procedures need to be implemented with robust 

interference management and co-ordination mechanisms for the unicast, multicast and 

broadcast D2D communication channels. 

[0720] To cope with the dynamic radio network environment due to mobility, diversity could be 

an important aspect for mission-critical communications, which can be provided in different 
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forms such as antenna-diversity, frequency-diversity, time-diversity (see section 3.1.7), and, in 

case of D2D, also in mode-diversity (involving cellular mode and D2D mode for proximal 

communications). On the other hand, these diversity methods may not always be available: 

- The latency requirement may be a limiting factor to utilize time-diversity. 

- The frequency diversity could be limited due to frequency allocation and radio 

capabilities. 

- D2D links may be restricted to lower diversity order due to the fact that typically a 

smaller number of antennas are available at a device compared to a network node. 

- Depending on the network coverage, the mode diversity, where both infrastructure-

based (Uu interfaces) and D2D (PC5 interface) connectivity can be used, may be limited 

to the control plane or not available at all. 

[0721] All in all, NX D2D is seen as a complementary enabler for low latency when the right 

tools are used, thanks to shorter communication distance, fewer transmission links (hops), as 

well as high reliability by means of enhanced Layer 1 and Layer 2 functionalities e.g., for 

redundancy, interference management and coverage extension. 

3.1.11 	RAN architecture aspects 

[0722] This section describes architectural aspects related to achieving low latency, high 

reliability and high availability on a system level. 

Need to support distributed functionality:  

[0723] In order to support e2e latencies down to 1 ms or below, it is required to support 

deployment of application servers close to the radio access, sometimes referred to as mobile 

edge computing. Light in an optical fiber travels around 200 km in 1 ms so in order to achieve 

guaranteed one-way latency between say a controller in the network and a wireless actuator / 

sensor, the controller application needs to be located much closer to the radio than 200 km 

(also taking into account additional delays coming from switching, HW-i/f, fiber not deployed in a 
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straight line, etc.). Deploying the application servers close to the radio also means deploying the 

core network user plane functions such as mobility anchoring close to the radio. 

[0724] For the low latency and high reliability use cases, it is interesting to be able to deploy 

both user plane and control plane functions close to the radio network. The distributed user 

plane functions are motivated by the need for low latency, while the distributed control plane 

functions could be motivated by the need for stand-alone operation even if the connection to 

external networks is broken. 

Using distributed cloud and Network Feature Virtualization (NFV) to distribute functionality:  

[0725] In the 2020 time-frame, it is expected that future core network functions as well as 

most application level functions will be supported on general purpose processing HW and be 

deployed as virtualized network functions. Virtualization makes it easy to distribute these 

functions out in the network using a distributed cloud platform based on general purpose HW. 

NX supports such distribution of both core network and service layer (e.g., application services) 

functionality, which enables low latency connections between sensors, actuators and 

controllers. 

[0726] It is also possible to support critical and low latency services in a separate logical e2e 

network slice, (see section 1.1 for a general description of network slicing), which is optimized 

for reliable and low latency service (e.g., support distributed functions). This network slice 

shares the same physical network as say a MBB slice, but can still be better than the MBB to 

handle critical traffic. In this case, mechanisms need to be in place that handle the sharing of 

resources between slices and provide isolation. In many cases, network slicing is envisioned to 

use dynamically shared resource, but for critical slices it would also be required to assign some 

guaranteed (dedicated) transport network and radio resources to the slice to make sure that the 

performance requirement can be met. 
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Architecture enablers for achieving high level of reliability/availability:  

[0727] In addition to requirements on high reliability, some services require a high service 

availability even at times of node or equipment failure. Today typical critical MTC applications 

utilize two independent duplicated paths to ensure that the overall connection can cope with a 

HW or SW failure in one path. It is expected that similar concepts can be applied for critical 

MTC using NX. 

[0728] Figure 73 illustrates the use of duplicate paths. 

[0729] In addition to independent duplicated paths it is possible to achieve high node 

availability by replicating the UE context in multiple nodes to cope with HW boards failing or VM 

failures. Such methods are already in use today in our products. 

3.1.12 	Achievable latency 

[0730] The achievable RAN latency is summarized in this section. This section focuses on 

FDD which gives the lowest latency as discussed in previous sections. It should be noted that 

the end-to-end or application latency is longer and includes buffering, transport delay and 

processing delay in core network nodes. 

3.1.12.1 	Uplink latency 

[0731] The achievable uplink user plane latency for NX is shown for scheduled transmission 

in this section. With an aggressive assumption on processing time (8 ps) it is possible to 

transmit scheduling request (SR), scheduling grant (SG) and data in consecutive time slots. 

This can be seen as the technology potential for premium devices with strict latency 

requirements and is in line with the numbers described in in section 2.1.5.1. With a more 

relaxed assumption on the processing requirement (several tens of ps) there is a one-subframe 

delay until the following message in the sequence is transmitted. The exact processing time is 

then not important as long as it does not exceed one subframe. This is assumed to be possible 

also for mainstream MBB devices. 
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[0732] The steps involved and the latency required for each step can be seen in Figure 74, 

which shows uplink RAN latency for dynamic scheduling. When no retransmissions are used, 

the resulting latency is 4 subframes for strict processing requirements and 6 subframes for 

relaxed processing requirements. 

[0733] When HARQ retransmissions are used, each retransmission adds an additional 2 

subframes (strict processing requirements) or 4 subframes (relaxed processing requirements). 

[0734] The schemes Semi Persistent Scheduling, Instant Uplink Access and Predictive 

Prescheduling result in very similar latency. In all these schemes, the scheduling request-grant 

cycle is omitted and a scheduling grant is available when data arrives. Details of these schemes 

are given in section 2.2.9. The steps involved and the latency required for each step can be 

seen in Figure 75, which shows achievable uplink latency with Instant Uplink Access. When no 

retransmissions are used, the resulting latency is 2 sub frames both for strict and relaxed 

processing requirements. When HARQ retransmissions are used, each retransmission adds an 

additional 2 subframes (strict processing requirements) or 4 subframes (relaxed processing 

requirements). 

[0735] The resulting uplink air interface latency for different numerologies and scheduling 

schemes is summarized in Table 13. 

Sub frame duration Scheduling Option 
Optimal 

processing 
Relaxed 

Processing 
250 us Dynamc 1 ms 1.5 ms 

250 us Instant Uplink Access 0.5 ms 0.5 ms 

62.5 us Dynamic 0.25 ms 0.375 ms 

62.5 us Instant Uplink Access 0.125 ms 0.125 ms 

Table 13: Summary of achievable uplink RAN latency for different numerologies 

[0736] As can be seen, the one-way air interface latency target of 200 ps can be reached in 

uplink with the appropriate configuration. 
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3.1.12.2 	Downlink latency 

[0737] For low latency communication it is possible to send a scheduling assignment for 

downlink data and the data transmission in the same subframe. The scheduling assignment is 

transmitted on the Physical Downlink Control Channel (PDCCH) in the beginning of a subframe 

and the data transmission can be done in the same subframe; see section 2.3.2.2. 

[0738] When data is available for downlink transmission, the data can be transmitted in the 

next available subframe. This means that the worst case for the RAN latency in downlink is 

limited 2 subframes (500 ps for 250 ps subframe duration and 125 ps for 62.5 ps duration). The 

latency requirement of 200 ps can thus be met. 

[0739] In a product implementation it is possible that 1-2 subframes need to be added for 

scheduling, link adaptation and processing, meaning that the strictest latency requirements may 

not be reached unless an optimized implementation is used. 

3.2 System access 

[0740] This section describes functionality provided for users to access and properly operate 

in the system. The functionality provided to users may include one or more of: 

- Providing devices with "system information" — In LTE networks, typically done by 

means of per-cell broadcast 

- Paging — In LTE networks, typically done by means of per-cell broadcast over a 

multi-cell paging area 

- Connection establishment — In LTE networks, typically targeting a certain cell 

- Tracking — In LTE networks, typically handled by cell selection and reselection 

[0741] The term system access in this section refers to all signals and procedures enabling 

the UEs to access the system and to receive paging. In this section, the properties and solutions 

that are relevant for system access in NX are described. 
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[0742] In 3rd Generation,3G, and 4th Generation, 4G, systems, the transmission of these 

system access related signals are the main contributor to network energy consumption. There 

are two parameters that impact the network energy consumption more than any other: the 

amount of discontinuous transmission (DTX) (the maximum DTX ratio) that can be enabled and; 

the length of the discontinuous transmission intervals (the maximum sleep duration) that is 

supported. For NX, the system access functionalities are designed such that the DTX-ratio and 

the sleep duration of the network nodes are sufficiently large. In general, this could be 

interpreted as "the more DTX the better". But in practice, each node has some user-plane traffic 

also. In a typical node in LTE networks, active mode transmissions occur less than 10% of the 

time and if the mandatory transmissions are sufficiently below that, say 1% of the time, not 

much is gained by increasing the DTX ratio further. 

[0743] In legacy systems, the interference caused by system access related signals 

significantly reduces the peak user data rates. In particular, at low system load the interference 

is dominated by the mandatory system transmissions (CRS-based signals in LTE) and thus 

limits the SINR. 

[0744] System access related signals need to be omnipresent and static. It is not acceptable 

that a certain location has system coverage only sporadically, depending on how the system is 

currently configured. In legacy systems, this has often proved to be an obstacle to the use of 

dynamic optimization involving re-configurable antennas. 

[0745] Since NX is based on supporting dynamic massive beamforming, NX is designed such 

that there is no coupling between the normal user- and control plane related signals and 

procedures and the system access related signals and procedures. Such a de-coupling is an 

important enabler for full dynamic optimization of the user-plane and control-plane signals 

related to a single UE. 

[0746] In order to comply with the ultra-lean design principle of NX it is important that the NX 

system access functionality is as lightweight as possible, while ensuring reliable and fast 
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access. Note that the fact that the system design is lean and supports long network DTX 

durations does not directly imply any additional access delay. If, for example, a downlink signal 

is transmitted every 100 ms or every 5 ms, the system can still be configured with a random 

access opportunity, e.g., every 10 ms, in which case the initial access delay would be the same. 

3.2.1 	Design targets 

[0747] The following subsections list some of the design targets considered for the system 

access. 

3.2.1.1 	Scalability 

[0748] NX is designed to ensure that different parts of the system scale independently. For 

example, there should be no need to add more common-signals when densifying networks. In 

other words, it is possible to densify only the data plane and not the system access related 

overhead. The reason for densifying the network is most often a lack of capacity and not 

because random access or paging performance is not satisfactory, for example. 

[0749] Furthermore, different sectors or beams associated with the same network node shall 

be able to share system access related functionalities such as system information. Also, CoMP 

clusters or C-RAN implementations involving several network nodes or antenna locations shall 

be able to use one single system access configuration that enables system access and paging 

functionality to the entire cluster. For example, if a group of nodes share the same system 

access configuration then a separate layer can be used for system access (possibly on a lower 

frequency). 

[0750] It shall also be possible to have only one system access configuration for an entire 

network layer such that idle mode UEs only know how to access that layer without necessarily 

being aware of which node in the layer will respond to the network access. 

[0751] Nodes that are added where system access functionality is already adequately 

provided can operate without transmitting any system access related signals. When adding 
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additional frequency bands to an existing node, transmission of system access related signals 

on those frequency bands shall be optional. 

[0752] The system access design shall support that system information broadcast may be 

transmitted using broadcasting transmission formats such as single-frequency network (SFN) 

modulation. It shall also be supported to transmit system information to the mobile terminals in a 

dedicated transmission format when that is more efficient. The amount of system information 

that is constantly broadcasted over the whole coverage area shall be minimized and primarily 

related to enabling initial system access. 

	

3.2.1.2 	Deployment flexibility 

[0753] The system should allow for massive deployment of low-power access nodes without 

excessive overhead cost. In very dense deployments supporting very high data rates (e.g., by 

means of large bandwidth and/or a large number of antenna elements), the individual nodes 

have no data to transmit or receive most of the time. Therefore, when calculating the overhead 

cost of the system access functionality it is important to not only use a fully loaded system as a 

reference, but also to calculate the overhead cost in a completely empty network. 

	

3.2.1.3 	Flexible to allow for future radio-access evolution (future-proofness) 

[0754] The initial discussions in 3GPP about 5G standardization currently assumed a 

standardization process in phases where the first release may not address all envisioned 

features and services. In other words, the new 5G air interface to be standardized in the initial 

release would need to be prepared for the introduction of new features and network functions 

that is difficult to predict what they are going to be since there could also be new requirements 

that are not yet being considered. 

[0755] Some level of future-proofness has been already achieved in the LTE design, which 

can be acknowledged by the large amount of new features that were introduced, e.g., eICIC, 

CoMP, UE specific DMRS, relaying, MTC enhancements (incl. Cat 1/0), LAA, Wi-Fi integration, 

177 



WO 2017/196249 	 PCT/SE2017/050491 

carrier aggregation, and dual connectivity, while still supporting multiplexing with legacy Rel-8 

UEs. In addition to these features, 3GPP has managed to introduce new services to the LTE air 

interface, such as mMTC and V2X communication. During this process of introducing new 

features and services some lessons have been learnt and these have driven design principles 

to make the new 5G air interface even more future proof than LTE. Some of these principles, 

such as ultra-lean design and self-contained transmissions, have an important impact on the 

way system access (and mobility) procedures are designed since some of the common signals / 

channels used are broadcasted. 

	

3.2.1.4 	Enabling superior network energy performance. 

[0756] Using the EARTH energy efficiency evaluation framework (E3F) we obtain the results 

in Figure 76, which shows the empty sub-frame ratio and network area power usage in a typical 

European nationwide network, according to several scenarios detailed below: 

Scenario 1: "the most relevant traffic scenario for 2015" 

Scenario 2: "an upper bound on the anticipated traffic for 2015" 

Scenario 3: "an extremity for very high data usage in future networks" 

[0757] For a nation-wide network, the energy usage when averaged over 24 hours is almost 

independent of the traffic. Note that these results do not assume any densification of the 

network, so it is very unlikely that the relatively high dynamic energy part of 7.4% for Scenario 3 

will be observed in a future network. Even though traffic is expected to increase significantly in 

the future the energy usage in legacy systems will still depend very little on the actual traffic in 

the network. There is a large potential to reduce the 5G energy consumption by designing a 

solution with lower static power consumption. 

	

3.2.1.5 	Enhanced support for massive beamforming 

[0758] Another topic considered when designing the NX system access functions was the 

recent developments in the area of advanced antenna systems and massive MIMO. As a 
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comparison, the LTE-standard defines mandatory transmissions of cell-specific reference 

signals (CRS), primary and secondary synchronization signals (PSS and SSS) and physical 

broadcast channel (PBCH), and system information blocks (SIBS) via the downlink control and 

shared data channels (PDCCH and PDSCH). Looking at an "empty" LTE radio frame with no 

data it is evident that a large number of resource elements are used for these system level 

functions. 

[0759] In previous cellular systems, there was an underlying assumption that cells are static 

and that they do not change their shape. This is a problem for the introduction of advanced and 

re-configurable antenna systems in these networks, since even such simple things as adjusting 

the tilt of an antenna cannot be done without affecting the coverage area of the network. The 

tight interconnect between system-access functions (such as random access and paging) and 

user- and control-plane functions is very often an obstacle for introducing any kind of fast 

antenna configurability in the network. Therefore, the usage of re-configurable antenna systems 

(RAS) in conventional networks is very limited. 

[0760] Requiring mobile terminals to receive system access related signals and normal data-

and control-plane related signals at the same time, on the same carrier, puts very high 

requirements on dynamic range in the UE receivers. System access related signals need to 

cover the whole area, while UE-specific signals may have a significant link-budget gain from 

beamforming. Thus, a power difference of 20dB or more between these two kinds of signals is 

likely in some scenarios. Therefore, in NX the mobile terminals shall not be required to listen to 

system-access related signals at the same time as they receive data- and control-plane related 

transmissions from the network. 

[0761] These targets should be balanced with the fact that it is beneficial to have harmonized 

solutions for both high frequency and low frequency bands so that the different bands are not 

like different systems from a lower layer perspective. 
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3.2.2 	System information acquisition 

[0762] A set of requirements on system information distribution is given in section 2.1.6.1. 

One way to address these and the design target to enhance the support massive beamforming 

is to reduce broadcasted information in the system to a bare minimum. One approach is to 

broadcast only enough information that UEs need to send the initial random access to access 

the system, in the following referred to as access information. All other system information can 

be delivered to the UE using dedicated transmission with high-gain beamforming, or it can be 

broadcasted upon request by at least one UE. An extreme is to hard code a default 

configuration of the access information in the specification, in which case no broadcast of 

access information may be needed. The request could be sent using a default set of access 

parameters. 

3.2.2.1 	Contents of Access Information 

[0763] The design builds on the possibility to provide the main part of the NX system 

information on a per-need basis, allowing the reduction of the amount of always-broadcasted 

system information, and only including information needed to access the system, with node-

specific and common system information delivered by dedicated transmission to the UE. This is 

shown in Figure 77, which illustrates access information distribution. 

[0764] The access information includes the random access parameters. These parameters 

include selected parts of the MIB, SIB1 and SIB2 information elements defined in LTE (e.g., 

PLMN Id, CSG, Q-RxLevelMin, Frequencybandindicator and Prach-configCommon). The exact 

content of the access information may depend on the effects of network slicing. 

3.2.2.2 	Index based access information distribution 

[0765] A technique for minimizing broadcasted information provides a two-step mechanism 

for transmitting the access information, comprising an Access Information Table (AIT), 

containing a list of access information configurations and a short System Signature Index (SSI) 
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which provides an index pointing to a certain configuration in the AIT, defining the access 

information. This is shown in Figure 78, which illustrate Access Information Table (AIT) and 

system signature index (SSI) transmissions. 

[0766] The content of the AIT is assumed to be known by the UE when performing a random 

access attempt. The AIT in the UE can be updated in one or both of two ways: 

A Common AIT (C-AIT) is broadcasted by the network, typically with a longer 

periodicity than the SSI e.g., every 500ms or so. In some deployments the C-AIT 

periodicity may be the same as the SSI periodicity (e.g., in small indoor networks) and the 

maximum C-AIT periodicity may be very large e.g., 10 seconds in order to support 

extremely power limited scenarios (e.g., off-grid solar powered base stations). 

A Dedicated AIT (D-AIT) transmitted to the UE using dedicated signaling in a 

dedicated beam after initial system access. The UE specific D-AIT may use the same 

SSIs to point to different configurations for different UEs. For instance, in the case of 

system congestion, this would allow to have different access persistency values for 

different UEs. 

[0767] The SSI period is typically shorter than that of the C-AIT. The value is a tradeoff 

between system energy performance, UE energy performance (see section 2.1), and access 

latency in the event that SSI needs to be read before access. 

3.2.2.2.1 	Contents of the AIT 

[0768] One benefit with the SSI&AIT concept is that the frequently transmitted SSI of limited 

size can be used to indicate the access information, signaled by C-AIT less frequently. C-AIT 

can also be transmitted on another carrier or received via LTE. This separation of the signals 

allows broadcasting the C-AIT on a longer time periodicity. However, the length of the SSI 

depends on the different Information Elements (1E) of the AIT and the number of needed SSI 

values to point out the different configurations. The gain is expected to be high if the AIT 
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contains only a few IEs that are dynamically changing, with most values being static. On the 

other hand, if a majority of the IEs are changing dynamically, the size of the SSI grows, and the 

expected gain is less. This should be considered when selecting which IEs to include in the C-

AIT. 

[0769] An example of possible content of the AIT is illustrated in Table 14, where various 

combinations of such as basic system information and the random access related information 

elements are identified by the Signature Sequence Indices (SSIs). In this example, there is a 

header section of the AIT including also the Global time and PLMN Id. However, depending on 

the coverage of the AIT (see section 2.2.2.2.2) and the level of synchronization in the network, it 

may also be desirable to give additional SFN/timing information from each node to be accessed. 

[0770] Depending on the number of SSI entries in the AIT, there is potentially a large degree 

of repetition in the content, and therefore compression of the AIT may be used to reduce the 

size of the signaled information. Current expectations are that a signaled size of 100-200 bits is 

sufficient for the AIT. The physical format of AIT is presented in section 2.3. 

Global time 

PLMN identity list 

SSI k CSG=0, Q-RxLevelMin=12, Frequencybandindicator=3, Barring info=120, Prach-

configCommon=34 

SSI n CSG=0, Q-RxLevelMin=14, Frequencybandindicator=4, Barring info=48, Prach-

configCommon=20 

... ... 

Table 14: Example of AIT content. 
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3.2.2.2.2 	Delivery options of C-AIT 

[0771] The default delivery option for C-AIT is self-contained transmission in which all nodes 

transmit both C-AIT and SSI, with C-AIT entries referring only to themselves. However, there 

could be heavy interference for C-AIT reception within a synchronized network on the same 

frequency. To avoid C-AIT interference, C-AIT can be time-shifted in different networks. 

In addition to self-contained transmission, in order to support the design target on deployment 

flexibility, further delivery options for the C-AIT are possible. Some examples of AIT 

transmission methods are listed below, and illustrated in Figure 79. 

[0772] One overlaid node can be selected to distribute C-AIT, including the entries of all 

covered network nodes. Note that the same SSI entry may be included in neighboring C-AITs, 

containing the access information of nodes on the C-AIT border. SSI reuse planning is required 

to avoid confusion. The UE derives the timing, demodulation reference signal, and the 

scrambling required for receiving the AIT based on the SSI reception. 

[0773] The payload size of C-AIT can be larger in the self-contained case since information of 

all nodes in the coverage area is included in the C-AIT. The coverage is limited by the selected 

node. It could be applicable for a scenario where C-AIT is transmitted at low frequencies with 

good coverage, to limit the need for broadcast transmissions from high frequency nodes within 

this coverage, which would only need to send the shorter SSI (and possibly a small AIT 

containing only a pointer to the AIT on the lower frequency band). 

[0774] In the SFN transmission, the nodes in an area, which could be defined as `C-AIT 

region', transmit the same C-AIT, including the number of entries of this area. Interference is 

reduced enabling higher spectral efficiency and coverage. In dense areas this SFN can be very 

large, and even in very large deployments this gives at least 4 dB additional SINR compared to 

sending separate AITs from each node. 

[0775] In the case of LTE-NX tight integration, the C-AIT could also be delivered by LTE. 
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It is also possible to hard code a few sets of default access parameters with corresponding SSIs 

in the 3GPP specification which are then universally applicable for UEs detecting such SSI. In 

this case C-AIT acquisition is not needed, and after initial system access, the UE can be 

provided with a D-AIT over dedicated signaling. 

	

3.2.2.2.3 	SSI structure 

[0776] The SSI contains a bit sequence, containing a pointer into the AIT and also a version 

indicator of the AIT. This pointer may be understood as an uplink access configuration index, as 

it is used as an index to the AIT, to obtain the appropriate uplink access configuration. The 

version indicator enables the UEs to verify that the AIT has not changed and that the related 

access information is still valid. The SSI may also provide information related to the 

demodulation and descrambling of the C-AIT. 

	

3.2.2.2.4 	SSI block (SSB) 

[0777] To support delivery of a payload of necessary information bits, an SSI Block (SSB) 

could be introduced and transmitted from nodes not transmitting the C-AIT and always follows a 

normal SSI transmission. The content in this block could be flexible to take the system 

information, which needs the same periodicity as SSI, such as "an AIT pointer" and "SSI 

payload". The AIT pointer is denoted as to indicate the time and band where the terminals can 

find the C-AIT and even the transmission format to avoid full blind detection. The SSI payload 

can be denoted as to deliver more bits than the sequences can, the SSI can be transmitted as a 

codeword in the block. Note that the other system information that is not feasible or sensible to 

include in the AIT could be also involved in the block, e.g., additional timing information for UEs 

waking up after long DRX (see section 2.2.4.3). 
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3.2.2.2.5 	AIT information update 

[0778] Different mechanisms can be used to ensure UEs always have an up to date AIT. 

Some alternatives are listed below on how AIT validity can be checked by the UE: 

- UE detects an SSI which is not included in its AIT 

- UE detects a change in the SSI version indicator 

- There can be a validity timer associated with the AIT 

- The network can signal AIT update through paging indication 

[0779] There may also be a need for the network to check that the UE has an up to date AIT. 

This could in turn be enabled by 

- The UE calculating a checksum of its AIT and sending it to the network. The 

network checking the checksum to determine whether AIT update is needed. 

[0780] The network may also store and maintain a mapping between different AIT check-

sums and AIT content such that it is possible to retrieve an AIT that a UE is configured with 

based on receiving only the check-sum from the UE. 

	

3.2.2.2.6 	UE procedure 

[0781] There are different L1 procedures for different UEs with different knowledge level on 

AIT, as illustrated in Figure 80. The UEs without AIT would start the access procedure to obtain 

the periodical AIT to detect the PACH, as described in section 2.3, using the self-contained 

reference signals. Once having the AIT, the UEs can do initial access procedure after detecting 

the Signature Sequence (SS), which is mapped from the higher layer SSI as also described in 

Section 2.3.4.1. The relevant information for the initial random access is obtained from the AIT 

according to the SSI. 

[0782] The initial random access procedure for a UE, with or without AIT, from the L1 aspect 

is shown in Figure 81. The UE always scans SS's to know about the serving coverage after 

power-up. Once detecting SSIs, the UE checks local AIT, e.g., determining whether or not any 
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of them is in the table. In this step, the receiving power and synchronization can be obtained 

from the SSI detection. If there is no AIT, the AIT physical channel (PACH) is monitored and 

detected. If there is an available AIT, the access configuration is read, for use with the following 

random access, according to the selected SSI. 

	

3.2.2.2.7 	Managing SSI reuse and uniqueness 

[0783] Other considerations include ensuring uniqueness of the SSI, e.g., by managing reuse 

of SSIs in a network. A UE using the access information configuration of one SSI in one area, 

could access the same SSI in a different area where the SSI may have a different meaning 

e.g., point to a different access information configuration. Another consideration is how to 

manage PLMN borders, where a UE may read a SSI of another PLMN and try to access using 

wrong access information. 

	

3.2.2.2.8 	Coverage evaluations 

[0784] Initial coverage results indicate that broadcast of system information is costly at 15GHz 

carrier frequency. Figure 82 shows the required duty cycle for distributing AIT/SSI in a dense 

urban deployment, where AIT/SSI is using 1.4MHz of the system bandwidth (100MHz). In the 

figure, AIT is transmitted once per second; SSI a times. The corresponding LTE MIB 

performance requirements are used to determine the desirable AIT/SSI duty cycle; AIT and SSI 

should work at the cell edge, which corresponds to 51h  percentile SNR of -16dB and 51h  

percentile SINR of -20dB for dense urban deployments. For energy efficiency and capacity 

reasons the duty cycle of AIT and SSI should be as low as possible. In the energy efficiency 

evaluations, a duty cycle of a 1-2 % has been assumed. The results in Figure 82 show coverage 

can be maintained with a duty cycle of a few percent for AIT/SSI transmission. However, to 

make this possible it is desirable to reduce the load on both AIT and SSI and to reduce the 

periodicities of the same. 
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[0785] The results highlight the importance of minimizing the information to be broadcasted in 

NX. The AIT/SSI solution allows separating the transmission point of AIT and SSI, so that only 

SSI needs to be transmitted in the high frequency carrier, while AIT could be distributed on a 

lower frequency carrier, via LTE or there could be a set of default SSIs defined in the standard 

for the initial access. 

3.2.2.3 	Alternatives 

[0786] As an alternative to the index based (AIT+SSI) distribution of access information, other 

distribution methods of system information can also be considered. The main benefits of the 

AIT+SSI based broadcast of access information are that it can be very resource efficient, it can 

minimize the amount of broadcasted information in high frequency carriers, it provides a 

framework for separating system functionality and signals for system access and tracking and it 

can provide very good network energy efficiency. 

[0787] Alternative solutions might be used, however. In one option, the system information 

could still be encoded using the MIB/SIB based structure of LTE. Note that this still allows for 

sending the SIBs that are not needed for initial access using a dedicated high gain beam in high 

frequency where beamforming is desirable for coverage. Network energy efficiency could be 

addressed by only distributing the access information upon request from UE in areas with low 

traffic demands for energy savings purposes. The solution could also be used jointly with the 

index based approach. For this, the access node needs to send a pre-defined synchronization 

sequence, so the UE can send a random access preamble. Beamforming and beam sweeping 

can be used to improve the link budget for the MIB/SIB transmission to the UE. 

3.2.3 	UE Camping 

[0788] In LTE, the UE camps in a "cell". Prior to camping, the UE performs a cell selection 

which is based on measurements. Camping means that the UE tunes to the cell control 
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channels and all the services are provided from a concrete cell and the UE monitors the control 

channels of a specific cell. 

[0789] In NX, different nodes may transmit different information. Some nodes may transmit 

the SSI/AIT table, while others may not transmit SSI and/or AIT, for instance. Similarly, some 

nodes could transmit the tracking information while others may transmit paging messages. The 

notion of ce// becomes blurry in this context and, therefore, the concept of ce// camping is no 

longer suitable in NX. 

[0790] The relevant signals the UE may monitor while in dormant state are one or more of: 

- SSI 

- Tracking RAN Area Signal - TRAS (see section 2.2.4.1.1) 

- Paging Indication Channel / Paging Message Channel (see section 2.2.4.2.1) 

NX camping is, therefore, related to the reception of a set of signals. The UE should camp on 

the "best" SSI, TRAS, and PICH/PMCH. NX camping (re-)selection rules for these signals are 

used, just as cell (re-)selection rules exist in LTE. However, since the degree of flexibility is 

higher, these rules may also be slightly more complicated. 

3.2.4 	DRX, Tracking and Paging 

[0791] UE Tracking is used to assist the paging functionality. When the network needs to 

locate the UE, the network may limit the transmission of the paging messages within the 

tracking areas which the network configured for the UE. There are at least three major reasons 

why the tracking/paging functionality was re-designed for NX: 

1. NX design aims to be modular to avoid dependencies which could limit future 

enhancements, and it should be future compatible. 

2. In Dormant state, it is assumed that a S1 connection is established. This means 

that the paging responsibility is partly moved from the CN to the NX-eNB. 
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3. System Access is based on a node transmitting a System Signature Index (SSI) 

which points to an entry in the Access Information Table (AIT). The AIT is a 

collection of the different system information configurations related to the network 

access which the network could have. This means that any node may use any SSI 

depending on the network access configuration which is to be used by the UE. In 

other words, the SSI does not carry location information. 

[0792] Figure 83 illustrates possible SSI/AIT deployments that could both use the same 

Tracking Areas configuration, e.g., the Tracking Areas configuration depicted in Figure 84. 

3.2.4.1 	Tracking 

[0793] Location information is desirable to assist the network to locate the UE. Solutions to 

provide location information using the SSI/AIT are possible; however, at the cost of introducing 

certain constraints. Another solution is to use the SSI block. The SSI block could carry the 

content or part of the content described in the TRASI (see below). The SSI block is independent 

of the SSI. Therefore, it could qualify as an option to provide location information. Yet, another 

solution which provides a higher degree of flexibility is to introduce a new signal to carry such 

information. This signal is in this context called Tracking RAN Area Signal, TRAS. The area in 

which this signal is transmitted is called Tracking RAN Area, TRA. A TRA may contain one or 

more RAN nodes as depicted in Figure 84. The TRAS may be transmitted by all or a limited set 

of nodes within the TRA. This also means that this signal and its configuration should preferably 

be common for all the nodes transmitting the TRAS within the given TRA, e.g., in terms of (at 

least) roughly synchronized transmissions, to facilitate the procedures for the UE and aid it to 

reduce its energy consumption. 

3.2.4.1.1 	Tracking RAN Area Signal — TRAS 

[0794] The Tracking RAN Area Signal (TRAS) comprises two components, a Tracking RAN 

Area Signal Synchronization (TRASS) and a Tracking RAN Area Signal Index (TRASI). 
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3.2.4.1.2 	Tracking RAN Area Signal Synchronization (TRASS) 

[0795] In the Dormant State, prior to each instance of reading the TRA info, the UEs are 

typically in a low-power DRX state and exhibit a considerable timing and frequency uncertainty. 

The TRA signal should therefore also be associated with a sync field that allows the UE to 

obtain timing and frequency synchronization for subsequent payload reception. To avoid 

duplicating synchronization support overhead in yet another signal, TRASI reception can use 

SSI for the purposes of synchronization in deployments where SSI and TRAS are transmitted 

from same nodes and are configured with a suitable period. In other deployments where the SSI 

is not available for sync prior to reading TRASI, a separate sync signal (TRASS) is introduced 

for that purpose. 

[0796] The SSI design has been optimized to provide UE synchronization. Since the synch 

requirements for TRA detection, not least the link quality operating point for the UE and the 

required ability to read the downlink, DL, payload information, are similar, we reuse the SS 

physical channel design and reserve one, or a small number, of the PSS+SSS sequence 

combinations to be used as the TRA sync signal. The SS detection procedure at the UE may be 

reused for TRA synchronization. Since TRASS constitutes a single predetermined sequence, or 

a small number of them, the UE search complexity is reduced. 

[0797] Information about whether TRASS is configured by the network may be signaled to the 

UE, or the UE may detect it blindly. 

	

3.2.4.1.3 	Tracking RAN Area Signal Index (TRASI) 

[0798] The tracking area index is broadcasted. At least two components have been identified 

to be included in the TRASI payload: 

1. Tracking RAN Area code. In LTE, a TA code has 16 bits. The same space range 

may be used for NX. 
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2. Timing information (see section 2.2.4.3). As an example, a System Frame Number 

(SFN) length of 16 bits may b used, which would allow a 10 minutes DRX given a 

radio frame length of 10 ms. 

[0799] The payload is thus estimated as 20-40 bits. Since this number of bits is impractical to 

encode into individual signature sequences, the TRA information is transmitted as coded 

information payload (TRASI) with associated reference symbols (TRASS) to be used as phase 

reference. 

[0800] The TRASI payload is transmitted using the DL physical channel structure: 

- Alternative 1 [preferred]: Use PDCCH (persistent scheduling). The UE is configured 

with a set of 1 or more PDCCH resources to monitor 

- Alternative 2: Use PDCH (persistent scheduling). The UE is configured with a set of 

1 or more PDCH resources to monitor 

- Alternative 3: Use PDCCH+PDCH (standard shared channel access). The UE is 

configured with a set of 1 or more PCCH resources to monitor, which in turn contain a 

pointer to PDCH with the TRA info 

[0801] The choice between PDCCH and PDCH should be based on whether reserving 

resources in one or the other channel imposes fewer scheduling limitations for other signals. 

(For nomenclature purposes, the used PDCCH/PDCH resources may be renamed as TRASI 

physical or logical channel. 

[0802] TRASI encoding includes a cyclic redundancy check, CRC, to reliably detect the 

correct decoding at the UE. 

3.2.4.1.4 	UE procedures 

[0803] The UE uses its standard SSI search/sync procedure to obtain sync for TRASI 

reception. The following sequence may be used to minimize the UE energy consumption: 

1. First look for TRASS 

191 



WO 2017/196249 	 PCT/SE2017/050491 

2. If TRASS not found, look for most recent SSI 

3. If same SSI not found, continue to full SSI search 

[0804] In some UE implementations, the RF wake up time is the dominant energy 

consumption factor, in which case full search may always be performed 

[0805] If no TRASS is present but several SSIs are audible, the UE attempts TRASI reception 

at all found SSI and/or TRASS timings, one of which succeeds. All SSIs are detected and 

corresponding TRASI detection is attempted during the same awake period, so no RF overhead 

is introduced. 

[0806] If "loose" sync with a known tolerance within a TRA is provided, a UE searches for 

TRAS-related time sync in the relevant vicinity of the current timing, plus the worst-case timing 

drift during the DRX. The UE RX waking time is "proportional" to the timing tolerance. 

3.2.4.1.5 	Low SNR operation 

[0807] For TRASS, a low-SNR situation should be addressed similarly to SSI (see section 

2.3.4), since the signaling requisites for successfully obtaining sync are the same. 

[0808] For TRASI, one or both of two approaches are practical to cover such low-SNR 

scenarios: 

1. Lower the rate of the TRASI signal to allow energy collection over an extended 

time (e.g., repetition). 

2. Apply beam sweep, repeating the TRASI information in a set of relevant 

directions, where beam gain is applied in each direction. (In this case, it is 

preferable to transmit TRASI on PDCH which has been designed with beam 

sweeping support.) 

[0809] Whether repetition is applied in the form of "omni-directional" low-rate transmission or 

spatial repetition of higher-rate transmissions during beam sweeping, the worst-case reception 

time is the same. However, using a beam sweep cuts the mean reception time in half. 
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3.2.4.1.6 	TRA configuration 

[0810] TRA configuration should be identical within the TRA. This means that all the nodes 

which transmit the TRAS should use the same configuration. The reason behind this is due to 

the DRX configuration. A UE in dormant mode wakes up for a certain period of time. In that 

period of time, the UE is expected to monitor and perform measurements as configured by the 

network (or as mandated by the standard). 

[0811] TRA configuration is conveyed via dedicated signaling. AIT is not the most suitable 

option to convey this information. The TRA configuration could be transmitted to the UE, for 

example, when the network commands the UE to move from Active Mode to Dormant Mode or 

when the network transmits a TRA Update Response to the UE. TRA Update Response — could 

also carry paging information (see Figure 85). This could be especially useful to minimize 

paging delays in situations when the network is trying to locate a UE in TRA which the UE has 

already exited. To be able to support this type of functionality, the UE may need to add in the 

TRA Update some type of ID or other information to assist the new TRA or node to identify 

previous TRAs or nodes which could contain the UE context, paging messages or user data. 

In Figure 85, which illustrates a TRA update procedure, a UE moves from a TRA_A to a TRA_B 

which is not configured in its TRA list. When the UE has exited the TRA_A, but not registered 

yet in TRA_B, the network starts sending paging indications over a certain node or set of nodes 

in TRA_A. The UE does not respond since it has exited the TRA_A and may not monitor the 

TRAS_A any longer. When the UE performs a TRA Update, the network provides the new TRA 

list and configuration, and may further include any paging indications which the UE could have 

been missed. 
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3.2.4.1.7 	Timing synchronization between TRA 

[0812] The less synchronized the network is, the higher the UE battery impact is. Keeping a 

tight synchronization across TRAs is therefore important but also challenging, especially in 

deployments with poor backhaul. 

[0813] A few options are listed below. 

- All TRAs are loosely synchronized. 

- No synchronization across TRASs. 

- Sliding synchronization across neighbor nodes. 

- Loosely synchronized within the TRA & not synchronization among TRASs. 

3.2.4.2 	Paging 

[0814] Paging functionality has one or both of two roles: 

- To request one or more UEs to access the network 

- To send notifications/messages to one or more UEs 

[0815] AIT may not always be a suitable solution to deliver broadcast/warning messages. 

There are a few reasons why: 

- One single node distributes the AIT in a large area. An update on the AIT would 

mean that all the UEs within the AIT coverage would acquire the AIT to collect the 

message. However, it would be more challenging, for example, to distribute this 

notification within a smaller area. 

- The NX concept allows long periods for AIT distribution. When AIT is seldom 

distributed, the delay requirements for warning messages may not be fulfilled. 

- AIT is expected to only carry the minimum possible information, and current 

thinking is that the AIT size (at the air interface) is, at most, a couple of hundreds of bits. 

This assumption is not compatible with the fact that broadcast and warning systems may 

require to transmit messages of several hundreds of bits. 
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[0816] The paging solution reuses the NX physical channel PCCH/PDCH but introduces the 

following logical channels: 

- Paging Indication CHannel (PICH) 

- Paging Message CHannel (PMCH) 

3.2.4.2.1 	Paging Signals: PICH and PMCH 

[0817] The general intention for paging signaling design is to enable reception with minimal 

UE energy consumption, preferably reading a single signal, while being resource-efficient for the 

network. In LTE, the UE first needs to read PDCCH information with a pointer to PDSCH 

resources containing the paged UE list. 

[0818] No new physical channels should be introduced for distributing paging information; the 

PDCCH and PDCH should be used for that purpose. PDCCH is expected to support message 

sizes up to 40-50 bits, which can provide a resource allocation pointer to a PDCH, while PDCH 

can carry large messages. 

[0819] Due to the need to support a wide range of network configurations and link conditions, 

a number of paging configurations are introduced, comprising two fields, PICH and PMCH, that 

assume different functions for the different configurations: 

- PICH: In a typical expected configuration, PICH is mapped onto PDCCH. The 

paging indication may contain, depending on the scenario/deployment and the amount of 

data to transmit, one or more of the following: a paging flag, warning/alert flag, ID list, and 

resource allocation. 

- PMCH:The PMCH is mapped onto PDCH. PMCH may optionally be transmitted 

after the PICH. When the PMCH message is sent, it may contain one or more of the 

following contents: ID list, and warning/alert message. 
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3.2.4.2.2 	Synchronization 

[0820] PICH/PMCH synchronization may be achieved by different means depending on the 

deployment scenario: 

- TRASS/SSI assisted: when paging signals are transmitted shortly after the TRASS 

or SSI from the same node. 

- Self-contained paging: A separate sync signal (like TRASS) preceding the paging 

should be introduced if nodes transmitting paging do not transmit TRAS or SSI, or the 

period of those signals is different than the paging period. 

	

3.2.4.2.3 	UE procedures 

[0821] The UE obtains sync using SSI or TRASS (-like) signal shortly before reading paging. 

The UE is configured to monitor PICH according to the format used by the network. Depending 

on the contents of PICH, the UE may perform required actions and/or read PMCH. Reading 

PDCCH and PDCH is performed in a standard manner, using the DMRS of the relevant RBs as 

a phase reference. 

[0822] Based on the received paging channel contents, the UE may then access the network, 

read system information, perform other actions according to the emergency messages, or do 

nothing. System access and system info acquisition follow the usual SSI-based procedures. 

	

3.2.4.2.4 	Low SNR operation 

[0823] The options for handling TRASI in similar conditions apply here as well. Low-rate PICH 

transmission may mean sending a single-bit paging indicator on PDCCH. PDCH may be the 

preferred medium if beamforming needs to be applied to the PICH. 

196 



WO 2017/196249 	 PCT/SE2017/050491 

3.2.4.2.5 	Paging configuration 

[0824] Paging configuration, like in LTE, also configures the UE DRX cycles. Paging 

configuration for UEs in Dormant state is provided to the UE the UE via dedicated messages 

e.g., in the TRA Update Response or other RRC messages. 

[0825] The paging configuration should be valid within a certain area(s) e.g., a TRA. This 

information is also to be conveyed to the UE in the paging configuration. 

3.2.4.3 	DRX and Paging in NX 

[0826] One of the underlying and important assumptions is that NX and LTE are tightly 

integrated. Therefore, the scheme to configure DRX and Paging cycles in NX is very similar as 

the one in LTE. In other words, paging cycles and DRX cycles in NX are bound together and 

depend on the SFN. 

[0827] The solutions proposed for tracking and paging allow all signals to be transmitted by 

any node independently from each other. In other words, a node transmitting one of them does 

not impose the transmission of another of the signals by the same node. This type of design 

imposes certain challenges and requirements: 

- The UE has to receive all the necessary signals during the DRX "listening period", 

- DRX cycle and paging cycle should apply within a certain region, e.g., a TRA 

o Paging configuration should apply within that region 

o TRAS configuration should apply within that region 

o All nodes within that region have synchronized SFNs. 

[0828] If SSI/TRAS/Paging signals are transmitted from different nodes or by combinations of 

nodes, the network should ensure that all these nodes are coordinated and know the UE 

configuration. 

[0829] For long DRX cycles, clock drifts are significant, and could be larger than the period of 

the downlink signals. This introduces a possible error in the SFN calculation. If there is no SFN 
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correction, the UE may miss paging indications. This means that the SFN (or other timing 

information) should be included in the downlink signals, so when the UE wakes up, it can 

correct its drift and calculate the correct paging frame. 

[0830] Since the SFN information is used to calculate the paging/DRX cycles, it could be 

reasonable to conclude that the SFN is to be introduced in at least one of the signals which 

support paging/DRX. The SFN cannot be included in the paging signal since paging is not 

always sent by the network. Therefore, the other potential signal to carry this information is the 

TRAS. Depending on the deployment, e.g., the SSI and TRAS and paging from the same node, 

the SFN could be contained in either the TRAS or the SSI Block. See Section 2.2.2.2.4. 

Moving paging/DRX functionality in dormant state to RAN has certain implications for the 

network. For example, RAN may need to buffer user plane data which could be considerable for 

long DRX cycles. In cases of long DRX in Dormant state, there may be also some impacts in 

the design of the core network protocols CP/NAS, and might be required the RAN to provide to 

CN nodes information about UE reachability (ref. High Latency Communication procedures in 

23.682). 

3.2.5 	Connection establishment 

[0831] The procedure for connection establishment may vary depending on the UE state and 

the deployment, both in terms of node transmit power and carrier frequencies deployed. In this 

section, initial connection establishment is described for a UE in DETACHED state. 

3.2.5.1 	PLMN selection 

[0832] From a higher layer perspective, before the UE powers on, the UE is in DETACHED 

state; see state transition diagram in Figure 3. When the UE powers on it could either have LTE 

or NX carriers as highest priority to perform PLMN selection, according to what is configured in 

its USIM. 
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[0833] In the case of LTE, the PLMN selection is a well-known procedure where the PLMN 

associated to a carrier frequency is broadcasted in SIBl. In order to do PLMN selection the UE 

needs to perform L1 synchronization using PSS/SSS, then PCI detection to decode cell-specific 

reference signals, CRSs, and perform channel estimation and decode System Information, 

more specifically the MIB and then SIB1 broadcasted each 80ms. This needs to be done for 

each carrier frequency until the UE finds an appropriate PLMN that it is allowed to select. 

[0834] In the case of NX, different solutions are possible. These have taken into account the 

different ways to distribute system information in NX; see 3.2.2. 

[0835] Assuming an AIT/SSI based solution for system information acquisition, for each 

scanned frequency carrier the UE detects the AIT that contains the PLMN. In order to allow the 

UE to quickly start scanning another carrier (if the previous one is not associated to an allowed 

PLMN) the PLMN can be encoded at the beginning of the AIT. A potential disadvantage is that 

to keep the same delay performance as LTE's PLMN selection, the AIT would need to be 

transmitted each 80ms (e.g., instead of a periodicity on the order of one or more seconds). 

Alternatively, the transmission of AIT can be aligned between different PLMNs to minimize the 

PLMN selection time. To note here is that the initial attach will be a rare event in NX, as the 

target is to keep UEs in dormant state; thus the delay performance of the attach procedure 

becomes of less importance. Also, the design includes the possibility for UEs to store the AIT 

and use the SSI to check validity of stored AIT when accessing the system, so that reading the 

AIT is not always needed when accessing from idle. In areas where PLMN search is more likely 

to occur, e.g., at airports, the AIT period can be shorter. 

[0836] An alternative is possible where for each scanned frequency carrier the UE detects 

PLMN-related information, preferably limited in number of bits, transmitted more frequently 

than the remaining system information. When system information is distributed according to 

the AIT/SSI approach, this limited information could be an SSI and the remaining information 

can be the AIT so the UE can check whether a given carrier frequency belongs or not to its 
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allowed PLMNs (stored in the USIM). This information can be used both to speed up the initial 

PLMN/RAT/Frequency search, as well as to avoid problems with re-use of system signatures 

(SSI) or other synch signals between operators (that can be reused). This PLMN-related 

information is preferably a compressed version of the PLMN list (which includes the Home 

PLMN). The compression can be made very space efficient since false positives could be 

allowed (but not false negatives). Alternatively, the information can be the PLMN list, e.g., 

when space is not an issue or when only one or a few PLMNs are broadcasted. This 

alternative solution in systems where plain system information is distributed per-node like in 

LTE. In that case, the few bits encoding the PLMN-indication can be transmitted more often, 

which could optionally be in areas where PLMN search are more likely to occur such as areas 

close to airports. 

3.2.5.2 	Single Attach for LTE and NX 

[0837] Once the UE has selected an allowed PLMN, the UE initiates an attach procedure to 

access and register to the CN. Regardless of the accessed RAT, the attach is associated to 

both NX and LTE. In this process, a common S1* is established, which is kept during the 

lifetime of the RRC connection. The single attach allows a fast sub-sequent establishment of 

dual connectivity between LTE and NX, when required. 

[0838] Because of the tight integration with LTE, the RRC connection establishment 

procedure resembles that of LTE, except for the information carried in the messages. The 

procedure for the initial attach over the NX interface is shown in Figure 86. On the other hand, 

some of the procedures (mainly from the perspective of lower-layer procedures) are access-

specific, such as coverage detection, PLMN search, system information acquisition, 

synchronization and random access. 
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Access information acquisition  

[0839] The UE starts by acquiring the needed access information to access the NX system, 

according to section 3.2.2. The SSI can be broadcasted or transmitted in a wide beam (see 

section 3.4.4.2), or beamforming may be used in some specific scenarios. 

[0840] The SSI implicitly provides the UE with information on how to demodulate, decode and 

descramble the AIT. One example alternative is that the SSIs are grouped into sets of N (e.g., N 

= 16), which all point out the same AIT. In the AIT the UE finds configurations required to 

transmit the physical random access preamble and how to receive the random access response 

(steps 1 and 2 in Figure 86, respectively). 

1. Physical random access preamble transmission  

[0841] Figure 87 illustrates random access preamble transmission. The physical random 

access preamble is transmitted based on a time reference from a SSI or specific PRACH 

indication signal. If beamforming is used and if the eNB only supports analog or Hybrid 

beamforming, the preamble transmission may be repeated to allow for beam sweeping. If beam 

sweeping is also used for SSI transmission, the timing offset from the SSI to preamble can also 

be utilized. This downlink reference signal is also used as a power control reference and layer 

selection for the transmission. A preamble is selected based on the SSI and the Access 

Information Table entry. The preamble format is described in 2.3.4.2. As shown in Figure 87, the 

transmitted preamble may be received by multiple network nodes. 

2. Random Access Response transmission  

[0842] Figure 88 illustrates random access response transmission. The random access 

preamble transmission is followed by a search window in time and frequency where one or 

multiple Random Access Response (RAR) messages can be received. The RAR transmission 

can be beam formed based on PRACH channel estimation assuming UL/DL reciprocity. The 

RAR is self-contained, in that it carries its own sync and demodulation pilots, and the UE blindly 

searches for a set of such pilots associated with the SSI and the selected preamble index. If 
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more than one network node received the random access preamble, network coordination can 

be applied to limit the number of RAR transmissions - see ID2 in the left part of Figure 88. If 

more than one RAR is received - see the right part of Figure 88 - the UE performs a selection 

step to find the RAR to comply with. The RAR also contains a timing advance command to 

adjust the uplink timing and a scheduling grant for next uplink message. The RAR message 

includes a downlink PDCCH/PDCH configuration and an uplink PDCH configuration; sub-

sequent messages use configurations provided in the RAR. These configurations can be 

derived from a single index e.g., a "radio link configuration index" (that is similar to the PCI in 

LTE). 

3. RRC connection request 

[0843] Upon receiving the random access response, the UE transmits the RRC Connection 

Request message, including a CN level UE identity (e.g., S-TMSI) requesting the setup of the 

RRC connection. 

4. RRC connection setup  

[0844] The network responds with RRC connection setup to establish SRB1. This step is also 

the contention resolution step, which is used to differentiate between two UEs having 

transmitted the same preamble and also selected the same RAR. This is done by resending the 

CN level UE identity included in the RRC Connection Request message and the RRC 

connection ID; see section 2.1.3.1.1. 

5. RRC connection complete  

[0845] The UE completes the procedure by sending the RRC Connection Complete message. 

6. Common security setup  

[0846] Security signaling is discussed in section 2.1.5.2. 

7. Common UE capability  

UE capability signaling is discussed in section 2.1.5.3. 

8. RRC connection reconfiguration  
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[0847] An RRC connection reconfiguration procedure is performed to configure SRB2 and the 

default RB. User plane transmission is possible after this procedure. Note that all CN signaling 

was not detailed in this brief description. In general, due to the tight integration, we expect the 

CN signaling to be backward compatible with LTE CN signaling. 

3.2.5.3 	Accessing NX carrier 

[0848] This section discusses NX carrier access, which is a component of several connection 

establishment procedures: 

- Case A: UE performs the single attach over NX, e.g., DETACHED 4 

RRC_CONNECTED ACTIVE transition, and needs to access an NX carrier that could be 

in low or high frequency layer. 

- Case B: UE performs the RRC CONNECTED DORMANT 4 RRC CONNECTED 

ACTIVE transition and establishes a link with an NX carrier. 

Case C: UE in RRC_CONNECTED ACTIVE having a primary carrier establishes a 

secondary carrier (that can be in higher frequencies). This could be seen as similar to the 

setup of a secondary carrier as in LTE CA. 

[0849] The common aspect of the abovementioned scenarios is that the UE needs to access 

an NX carrier which could be in a wide range of frequencies. A first step before the UE can 

access the NX carrier is to detect the coverage, typically done via the monitoring of some 

transmitted signals. These can be either i) common, ii) dedicated or iii) defined per group by the 

network. In the NX case these are either SSIs or MRSs. 

[0850] These signals may also differ in the way they are transmitted by the network. In higher 

frequency, for example, these signals can be transmitted using narrow beamforming (which 

would require a beam sweeping procedure for coverage detection, see section 3.4.4), or 

broadcasted (where some repetition could be desirable for worst case users). At lower 

frequencies, these signals could be broadcasted and less repetition may be used for worst case 
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users, since propagation is less challenging. It can be beneficial to have a harmonized solution 

for the different carriers where the UE procedure for coverage detection is exactly the same, 

regardless the way the network provides the coverage. 

[0851] Despite the commonalities of cases A, B and C there may still be some case specific 

issues, especially in deployments where the signals used for coverage detection need to be 

beam-formed (coverage only provided by an NX carrier in a high frequency in some specific 

ISD). 

[0852] Case C is the least challenging since the UE already has an active RRC connection 

and can be configured to search for specific NX signals, e.g., beam-formed MRSs. In that case, 

system information about how to access that beam (e.g., some sort of PRACH configuration 

towards that beam) can also be informed via dedicated signaling. In the case the secondary NX 

carrier is deployed in another node, some network signaling (e.g., over X2*) may be used. The 

establishment of the secondary NX carrier may occur with an RRC re-configuration, similarly as 

the establishment of inter-frequency DC. In another alternative, the UE can instead directly 

access the beam and rely on some context fetching. 

[0853] Case B is challenging since the UE needs to establish a link with NX without the 

support of an active RRC connection. From a higher layer perspective, this is described in 

section 2.1.5.6 (RRC Re-Activation procedure). From a lower layer perspective there could be 

different ways to access the NX link. If the UE is configured to camp on a low frequency NX 

carrier (or in a high frequency carrier where the deployment allows the broadcast of SSIs) state 

transition occurs via SSI synchronization and random access procedure, as described in section 

3.2.5.2. 

[0854] If the UE is configured to camp on a high frequency carrier, where even low rate 

channels need to be beam-formed to reach proper coverage, the state transition needs to rely 

on beam sweeping / finding; see section 3.4.4. Therefore, two alternatives are possible: an SSI-

based access (preferred choice) but with a specific configuration where different SSIs are 
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associated to different beams with different RACH configurations, or an MRS-based access 

where the UE is configured to directly perform a random access towards a pre-configured set of 

MRSs (e.g., within a TRA). The SSI-based access is the preferred choice, but the MRS-based 

alternative provides additional flexibility e.g., tight the access to location and on demand 

activation. 

[0855] Case A is the most challenging, where the UE may need to access an NX carrier in the 

higher frequency without any prior knowledge about the deployment. 

3.3 Protocol and resource partitioning for different services 

[0856] This section discusses methods for resource participation and optimizations for 

different services. The section is separated into three subsections, where 3.3.1 discusses higher 

layer aspects such as network slicing and multi-service support, while 3.3.2 and 3.3.3 look at 

possible resource partitioning solutions on MAC and physical layers, which can be used to 

support different network slices and services. 

3.3.1 	Network slicing and Multi-service support 

[0857] NX supports a wide range of services and associated service requirements in a wide 

range of scenarios. A single NX system could, for instance, at the same time support M-MTC, 

C-MTC, MBB and various media use cases. 

[0858] One way to address these different use cases is through the use of network slicing. 

Network slicing is an End-2-End approach where the user or operator of a network slice (e.g., a 

MTC sensor network) sees the network slice as a separate logical network having similar 

properties of a dedicated network (e.g., separate management/optimization), but where the 

network slice is in fact realized using a shared infrastructure (processing, transport, radio) that is 

shared with other network slices. From a functional domain, the network slice can be realized 

with dedicated or shared functional components (such as eNB, EPC). Typically, a network slice 

may have its own CN (EPC) instance, but share the physical transport network and the RAN. 
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However, other solutions are possible. In the event that a functional component is shared, it is 

possible via parameterization to configure the expected slice specific behavior for that shared 

component. 

[0859] Figure 89 illustrates examples of different services realized in different logical network 

slices, using common infrastructure resources and components 

[0860] Where different slices use different CN instances, it is possible to apply slice specific 

optimizations with regards to the functional scope and the deployment of the different CN 

instances. This is illustrated in Figure 90. In this example, for instance, use case X can have a 

different internal CN architecture and functions, which are also deployed much closer to the 

radio compared to the MBB slice. To enable support for different CN instances, in the RAN 

there is a slice selection mechanism to steer different users to different CNs. (Note that this 

drives a requirement for new functionality in the S1* interface, compared to the current S1 

interface.) In addition to a mechanism for slice selection, the RAN also supports a mechanism to 

manage resources usage between slices. These mechanisms are controlled by operator 

policies. 

[0861] It is preferred that all slices support the same CN/RAN interface (e.g., S1*). 

Figure 90 illustrates an example of network slicing using different EPC instances optimized for 

different use case 

[0862] In scenarios where the RAN supports multiple slices it is important that the shared 

resources, such as spectrum, are used efficiently between the slices, and that static or slowly 

changing allocations of resources to different slices are avoided. Only in exceptional cases 

should resources be reserved to one slice, such that they cannot dynamically be used by other 

slices. Example of such cases can include when the users in one slice require a special 

numerology or use a different MAC mode. When dynamically shared resources are used, it is 

possible to define a minimum share of resources to a slice during times of congestion. In order 

to be able to apply these types of slice related policies, the RAN needs to be aware of a slice ID. 
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[0863] In addition to different shares of resources for different slices, the RAN can also 

provide different slices with different MAC and physical layers. This is discussed in sections 

3.3.2 and 3.3.3. 

[0864] In addition to network slicing, NX also supports QoS differentiation within the same 

network slice. 

3.3.2 	Multiple MAC modes and radio resource partitioning 

3.3.2.1 	Motivations and scope 

[0865] NX is designed to allow flexible sharing of the radio resources between services with 

diverse requirements on, for example, delay and reliability. However, despite being supported 

by NX, in some practical deployments, for some critical use cases (e.g., intelligent transport 

system, public safety, factory automation, smart grid) it may not be acceptable to coexist on the 

same frequency or even carrier with any other service. For this purpose, it may be desirable to 

operate certain services on dedicated frequency (sub-) bands or even on a dedicated carrier. 

Separating the radio resource in this manner may also enable lower complexity implementation 

and testing in some situations. However, it should be stressed, the default assumption still is the 

dynamic sharing of resources between services and limiting services to sub-bands or even 

separating them on different carriers is the exception and only applicable in extreme cases. 

[0866] The multiplexing of services, either to support the network slicing (see 3.3.1) and/or 

multi-service support or for the support of different UE configurations, can take the advantage of 

the following approach to radio resource partitioning. This is in line with the stay in the box 

principle for Layer 2 (see 2.2), and the basic idea is to divide the available radio resources into 

different partitions, each being used for a given MAC behavior. 

[0867] As introduced in 2.2.1, a service-centric approach is desired to cope with all the 

possible aspects of scheduling a global network may face. 

207 



WO 2017/196249 	 PCT/SE2017/050491 

[0868] Numerous types of services can exist within the same network, and combinations of 

these may have to be served at the same time. All these services (e.g., MBB, C-MTC, Voice...) 

have different performance requirements (e.g., latency, reliability, throughput...), which translate 

into various radio resources usage requirements (TTI, Resource block size, Prioritization...). 

This is illustrated in Figure 91, which illustrates a diversity of services with their typical resource 

usage. 

[0869] Creating predefined resource partitions for different services is, in general, a sub-

optimal solution. It can be used to simplify the resource allocation in the scheduler if the overall 

complexity becomes unbearable. However, the use case described here is to support the 

creation of partitions of resources when the service requirements impose it. Such cases can 

include, for example: 

- When the physical resources have different properties, such as different 

numerologies; 

- When the service has very strong availability requirements (e.g., access delay so 

short that it needs a constant resource grant), such as C-MTC; 

- When the scheduling/signaling is handled in multiple nodes (D2D, distributed MAC, 

etc.) 

[0870] When a service or UE is served by a dedicated resource partition, its view of the 

resource can be simplified, as shown in Figure 92. Note that the resource partition doesn't have 

to be done in time or frequency domain. 

[0871] This approach also ensures that next generation of mobile network is prepared, not 

only for a gradual introduction of new services, but also for a gradual deprecation of features, as 

more efficient solutions are developed. This can be achieved by assigning the MAC responsible 

for the new solution to a gradually increasing set of physical radio resources at the expense of 

the physical radio resources assigned for the MAC responsible for the old deprecated solution. 
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3.3.2.2 	Multiple MAC modes and resource partitions 

[0872] For a given UE or service, a MAC behavior can be configured following specific 

requirements. Different MAC behaviors can be related to: 

- different MAC schemes, e.g., contention-based versus scheduled based, 

- different procedures for a scheme, e.g., RTS/CTS versus Listen-before-talk, 

- different parameters used, e.g., timing, prioritization, resource location... 

[0873] By assigning a separate set of physical radio resources to a given MAC behavior, the 

MAC solution can be optimized only for requirements that are relevant in that particular special 

case. The physical radio resources are "allocated" or "delegated" to each particular MAC. From 

a network perspective, the scheduling entity has to implement and process all the active MAC 

behaviors, but for each of these, behaviors can be processed independently. 

[0874] Although having predefined partitions for resources is sub-optimal, this may be useful 

in some scenarios since it enables a significant simplification of the scheduling, as well as a 

diversity of possible scheduling implementation. For instance, considering the case where a 

scheduled MAC and a contention-based MAC coexists, the contention-based MAC scheduling 

is actually a distributed process, and not all the nodes have direct access to the scheduled MAC 

information. 

[0875] To limit the burden of predefined resource partitioning, the partition between different 

MAC behaviors needs to be dynamically handled in the system. The resource partition and 

MAC mode selection can be done on different level of scopes and updated with different 

frequencies. For instance, it can be done within a single cell or among a cluster of cooperating 

cells; and with short or long term resource partitions (to adapt to specific local traffic 

requirements or to global traffic expectations. For partitions made across cells, coordination 

between eNB is required. From the UE side, a communication/handshaking should be done 

between the UE and Access Point, AP, (or UE to the serving node in case of relay or UE to 

UE...) to agree on the service and related MAC behavior. 
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[0876] 	Following the stay in the box concept, each MAC partition needs be self-contained, 

with all the control mechanisms, pilots, and signaling this implies — since different MAC behavior 

may require different type of control or information, it is easier that all are independent to each 

other. Preferably, the MAC schemes are not allowed to transmit anything on the other MAC's 

resource, so that each process enjoys clean resources. 

[0877] An example of MAC resource partitioning can look like Figure 93, where the radio 

resources are partitioned in the time domain. The partitioning can be done in any domain 

(frequency, time, space, code...), not necessarily in the time domain, although time may be 

easier to handle for duplexing issues. 

3.3.2.3 	MAC mode selection 

[0878] Which MAC mode or behavior is chosen for each node or service can depend on one 

or more of multiple factors: 

- The service or node requirements. As mentioned, the service requirements of the 

user's traffic are an important criterion for the design of the MAC behavior. 

- The supporting cell state. The load and link topology of the serving cell (or 

associated with the serving node) can have an impact on the performance of various 

MAC schemes. In the scheduled vs. distributed MAC opposition, it is known that 

distributed MAC is efficient and simple when the load is low or when the hierarchy 

between the links is not straightforward (presence of wireless backhauling, relay, D2D, 

etc.), while the scheduled MAC is more efficient in cases of heavy load and when 

uplink/downlink multiplexing doesn't need large cooperation. As another example, if the 

node is located near several other nodes or is subject to interferences (typically in the 

cell-edges), modes that are robust or avoiding interference are preferred, such as 

contention-based MAC or Scheduled MAC with coordination. 
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The network state (spatial coexistence). As another complementary use case, 

using multiple MAC modes can allow the coexistence between different parts of the 

networks. For instance, considering an eNB close to two cells with distinct MAC modes, it 

can choose to use a mixed MAC mode (partition of multiple MAC), to accommodate both 

neighbors. This is a case of spatial coexistence use. This spatial coexistence can apply 

within the same network, but also for coexistence across networks (typical of unlicensed 

bands). Figure 94 illustrates multiple MAC mode spatial coexistence. 

3.3.2.4 	Information exchange and signaling 

[0879] The information exchanges can contain local information, local requirements or local 

view of the system specific to a node or a group of node in the cluster. A cluster coordinating 

point (CCP)/functionality can be established to facilitate the coordination of the radio resource 

partitioning and the MAC mode selection. 

[0880] As described previously, the selection of the MAC mode or behavior depends on the 

service or user, but may also depend on the serving cell or network state. This information has 

to be propagated among the coordinated nodes. 

[0881] In addition, how the resources are actually partitioned, in some cases, has to be 

known by all the concerned nodes in the system, and the nodes performing resource 

partitioning should be aware of nodes and link conditions to perform efficient decisions. This is 

particularly the case when the scheduling decisions are not made at a single place. For 

instance, if one MAC behavior is distributed (e.g., contention-based) all the nodes following this 

behavior have to be aware of when and where they are allowed to transmit/receive signals. 

[0882] Two signaling methods are possible for communicating the resource partition to the 

UEs. 

The first would rely on Layer 2 management, and let the eNB scheduling messages 

include the radio resource partition information. In this case, the resource partition 
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between the different MACs can be directly ordered from classical scheduling messages, 

such as the dPDCH that can contain the scheduling of the partitions. This leads to having 

a main Scheduled MAC, like the classical cellular MAC scheme running as "default" and 

being responsible to delegate parts of the radio resources to other MAC schemes — or 

least being responsible of the delegation. These dPDCH can indicate which resources 

used for a given MAC. The advantage of L2 management is to have a per-TTI dynamicity 

of the MAC allocation if needed, as well as a larger flexibility in the message information 

provided in the dPDCH. 

The second would rely on Layer 3 management and signaling, and let system 

configuration typically provided in dedicated messages includes the radio resource 

configuration. In this case, system information concept is responsible to inform all users 

of the structure. The advantage of this method is the stability of the scheduling allocation, 

which can help all the nodes and MAC processes to have a better forecast of the 

resource availability. This also keeps all MAC totally independent by preventing from 

having a "default" MAC responsible to delegate resource to others. This however leads to 

a slower flexibility and increase the number of possible broadcast messages that require 

strong standardization. 

3.3.3 	Mixing of different numerologies 

3.3.3.1 	Introduction 

[0883] Because of differences of latency, reliability, and throughput requirements the 5G use 

cases require different symbol and frame structures (numerologies). Simultaneous support of 

5G use cases and services is a requirement and so NX is designed to support simultaneously 

multiple numerologies. As far as possible, resources should be dynamically allocated between 

services to match demand. 
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3.3.3.2 	Numerology and transmission format 

[0884] Critical machine-type communication is expected to happen below 10 GHz. For wide 

area deployments at the lower end of this range, 16.875 kHz is the default starting point; see 

also Section 2.3.2, where the different numerologies and their anticipated usage are detailed. 

Here the subframe duration is 250 ps, which allows for a sufficiently low latency for most use 

cases. Even shorter subframes can be realized with the 67.5 kHz numerology, which provides 

subframes of 62.5 p.s ("67.5 kHz, normal CP" or "67.5 kHz, long CP") or 125 p.s ("67.5 kHz, long 

CP b"). One drawback of the 67.5 kHz numerology over the 16.875 kHz numerology is the 

increased overhead: It increases from 5.5 % in "16.875 kHz, normal CP" to 40.6 % and 20.5 % 

in "67.5 kHz, long CP" and "67.5 kHz, long CP b", respectively. This assumes a deployment 

where a cyclic prefix in the order of 3 µs is required where "67.5 kHz, normal CP" with 0.8 µs 

cyclic prefix cannot be used. If a cyclic prefix of less than 0.8 ps is sufficient than "67.5 kHz, 

normal CP" can be used which has the same overhead as "16.875 kHz, normal CP". 

[0885] Often, a latency-critical machine-type communication (requiring 67.5 kHz numerology) 

requires only a fraction of the complete carrier. The remaining part of the resources are used for 

less delay-sensitive services such as mobile broadband or other - less delay-sensitive - 

machine-type communication. It is therefore beneficial to use the 67.5 kHz numerology only for 

that part of the carrier that serves extremely delay-critical services and "16.875 kHz, normal CP" 

numerology for the remaining part; see section 2.3.2.3. This enables extremely short latency for 

the latency-critical machine type communication, but keeps the cyclic prefix overhead low for 

other - less delay-critical - services. Frequency-domain mixing of numerologies is implemented 

with Filtered/Windowed OFDM; see section 2.3.1. Since the subcarriers of the two numerologies 

are not orthogonal, a guard band should be inserted (-10 subcarriers is desirable). As shown in 

Figure 95, the partitioning appears static, however, as shown in Figure 96 the partitioning can 
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change on a longer subframe basis (250 µs for mixing of 16.875 kHz and 67.5 kHz). This is 

possible since both numerologies are aligned at the longer subframe boundaries. 

[0886] In the example shown in Figure 95, two OFDM numerologies are mixed on the same 

carrier. In this example "16.875 kHz, normal CP" and "67.5 kHz, long CP b" are mixed. A guard 

band (grey) is inserted between the numerologies. In the example shown in Figure 96,the 

partitioning between the two numerologies changes dynamically at longer subframe boundaries 

(250 p). In this example "16.875 kHz, normal CP" and "67.5 kHz, long CP b" are mixed. A 

guard band (grey) is inserted between the numerologies. 

[0887] The case where each subframe contains only one numerology, but numerologies 

(may) switch at subframe boundaries is referred to as time-domain mixing of numerologies. 

Hardware limitations (e.g., linear pre-distortion) may restrict how often numerologies can be 

changed. 

[0888] The above description is valid for the use case of mixing mobile broadband and delay-

critical machine-type communication in a wide are deployment requiring a cyclic prefix in the 

order of 3 µs. For small cell deployments with less delay spread where "67.5 kHz, normal CP" 

provides sufficiently long cyclic prefix (0.8 µs) the complete carrier can operate with "67.5 kHz, 

normal CP" eliminating the need for frequency-domain mixing of numerologies. 

[0889] In general, it is expected that frequency-domain mixing of numerologies is only needed 

to address the most extreme requirements and single numerology or time-domain switching can 

address most use cases. 

3.3.3.3 	TDD specifics 

[0890] In a TDD system, resource availability for the two link directions alternates in time. 

Support of very low latency in TDD requires frequent availability of resources in the direction 

serving latency-critical data. Support of low latency in both link directions requires very short 

time durations per link direction and frequent switching between them; see Figure 97, which 
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shows that to support low latencies in TDD the link direction is switched every subframe. Every 

switch in a TDD system requires a guard period; hence increased switching frequency leads to 

increased overhead. The fastest switching periodicity is achieved by alternating link direction 

every subframe. Per UL subframe, one OFDM symbol duration is distributed as guard period 

among DL/UL and UL/DL switches and the remaining OFDM symbols are used for UL traffic. 

Most of the numerologies have 4 OFDM symbols per subframe (except those with extended 

cyclic prefix, which have 3 or 7 OFDM symbols per subframe); the switching overhead thus 

becomes 12.5 %, not only for the considered link but for all links served by the base station. 

[0891] Furthermore, in non-isolated TDD deployments even adjacent channel TDD systems 

need to adopt this very frequent switching ratio. Depending on the reliability requirements, even 

TDD systems operating on further away frequency channels need to be synchronized. Services 

requiring extremely low latencies are therefore preferable served via an FDD network. 

[0892] The switching periodicity imposes also restrictions on the subframe duration. For 

example, if the switching is done every subframe of the "67.5 kHz, normal CP" numerology 

(62.5 ps) only numerologies with subframe durations of equal to or less than 62.5 ps can be 

used. 

3.4 Multi-antenna technologies 

[0893] In section 3.4.1, an overview of the multi-antenna technologies in NX is provided. In 

section 3.4.2, the central point of reciprocity is discussed. In section 3.4.3, three conceptual 

modes for acquiring channel state information, CSI, at the eNB and designing beamforming for 

dedicated data transmission are elaborated. In section 3.4.4, three corresponding conceptual 

modes for UE transmit beamforming are described. In section 3.4.5, the multi-antenna 

perspectives of other procedures than data transmission are given. In section 3.4.6, some multi-

antenna hardware and architecture aspects are discussed. 
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3.4.1 	Overview 

[0894] Multi-antenna technologies have an instrumental role in the design of modern RATs 

due to their well-recognized benefits. Specifically, they enable array gain, spatial multiplexing, 

and spatial diversity, which lead to improved coverage, capacity, and robustness. The multi-

antenna features have significantly contributed to the success of LTE and continue driving its 

evolution to Re113 and beyond. Multi-antenna technologies have an even larger relevance in the 

design and performance of NX due to a multitude of factors that are highlighted in the remainder 

of this section. These factors pose several design challenges, but also provide solution 

opportunities in the multi-antenna domain. 

[0895] Driven by the 5G MBB requirement for Gbps peak rates, NX will be first deployed at 

new spectrum >3GHz, mainly due to the availability of larger bandwidth. However, extending 

the operation to >3GHz also poses challenges due to worse radio wave propagation conditions, 

e.g., the diffraction and propagation loss increase considerably. One way to overcome the link 

budget loss is to use UE-specific beamforming at the eNBs for both transmission and reception. 

While this is already included in LTE, NX provides higher beamforming gains due to the large 

number of antenna elements that arrays need to have to maintain the effective antenna area at 

a reasonable cost at high frequencies. The physical size of the antenna array though is 

expected to have similar size, or even smaller at very high frequencies, since this is important 

for deployment aspects such as ease of installation, wind load, and visual footprint. 

[0896] The spatially focused transmission and reception, achieved by UE-specific 

beamforming from large arrays, is not only required to use larger bandwidths that are only 

available at higher frequencies, but also enables spatial multiplexing. Increasing the spectral 

efficiency, in particular by means of MU-MIMO, is an important design goal for NX to meet the 

5G MBB capacity requirements. There are at least two major factors that contribute to making 

this goal viable. 
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[0897] The first factor is the technology evolution towards large-scale active antenna systems, 

also referred to as massive MIMO, in which several tens or even hundreds of antenna elements 

or small subarrays, can be individually accessed, even directly from the baseband for digital 

implementations. This gives massive degrees of freedom to signal processing procedures which 

greatly enhance the interference reduction capabilities. Moreover, the use of a very large 

number of antenna elements raises opportunities for reducing complexity and power 

consumption, and at least partially overcoming the HW impairments; thus enabling use of 

components with relaxed requirements. The second factor that enables the goal of meeting the 

NX MBB capacity is that since most of the new spectrum is expected to be unpaired, NX uses 

TDD. High quality CSI is desirable to further improve the performance potential of massive 

MIMO signal processing capabilities. TDD facilitates the acquisition of explicit CSI, by making it 

possible to achieve the strongest (so-called coherent) form of reciprocity, especially for large 

arrays for which feedback-based schemes may have significant signaling overhead. Explicit CSI 

makes it possible to design flexible precoders that exploit angular spread and suppress 

interference. In order to rely on reciprocity for CSI acquisition, special requirements need to be 

imposed to NX uplink signaling and HW design. 

[0898] NX multi-antenna technologies are relevant, not only for eMBB, but also for C-MTC. 

Receive beamforming is well known to enhance robustness by means of spatial diversity, and 

transmit diversity can be used to improve reliability of downlink transmissions. Exploiting 

reciprocity could allow efficient and robust design, while feedback-based schemes are 

hampered by the stringent requirements that C-MTC puts on the feedback reporting. 

[0899] Also, NX multi-antenna technologies are not confined only to high-gain beamforming 

and high-order spatial multiplexing. For procedures such as random access and broadcasting of 

control information or when CSI is less reliable, a wide (low-gain) beam pattern may be 

preferred, e.g., over sequential beam scanning. By proper selection of precoder one can 

generate beams with variable-width. Furthermore, NX should not be tied only to fully-digital 

217 



WO 2017/196249 	 PCT/SE2017/050491 

implementations; for several use cases, e.g., indoor deployments operating at mmW 

frequencies, hybrid analog/digital architectures offer attractive cost-performance trade-offs. Last 

but not least, NX is expected to be able to capitalize on deployed sites, operate at existing FDD 

spectrum, and possibly reuse LTE HW platform. In these cases, NX multi-antenna technologies 

stem directly from the state-of-the-art LTE ones, but are being adapted to NX design principles 

such as lean and self-contained transmissions, since NX does not have to the backwards 

compatibility requirement. 

[0900] It is important also to note that NX multi-antenna technologies do not only refer to the 

eNB. Small wavelengths make viable even for handheld UEs to be equipped with one or more 

arrays with many active elements, possibly with distributed power amplifiers. Then, UL transmit 

beamforming becomes a highly relevant feature, e.g., to improve uplink coverage of power-

limited UEs. Moreover, in several 5G use cases (e.g., self-backhauling, device-to-device, D2D, 

V2X, fixed wireless) the classical downlink/uplink notion of cellular access is not as relevant, as 

the two sides of the link may have similar multi-antenna capabilities. 

[0901] In conclusion, due to the diverse requirements, the NX multi-antenna technologies are 

a tool set of solutions with several flavors, rather than "one solution fits all". The common 

denominator is though that it is possible, when relevant, to use antenna arrays to beamform all 

channels that benefit from doing so in a given deployment. 

3.4.2 	Reciprocity 

[0902] A broad definition of reciprocity is when an estimate of the UL channel can be used 

when designing the downlink, DL, transmission. We can think of different "levels" of reciprocity 

which are summarized as follows: 

- "Coherent" reciprocity: RX and TX channels are the same as seen from baseband 

(within coherence time/bandwidth); 

- "Stationary" reciprocity: Channel covariance matrix is the same for RX and TX; 

218 



WO 2017/196249 	 PCT/SE2017/050491 

- 	"Directional" reciprocity: Angles of arrivals/departures (AoAs/AoDs) are reciprocal 

for RX and TX. 

[0903] Coherent reciprocity is the strongest form of reciprocity and it is only possible to 

achieve in TDD. It is very interesting to NX as it provides another means, rather than closed-

loop feedback, to obtain explicit CSI; thus enabling the full potential of the digital massive MIMO 

data mode described in section 3.4.3.3. The signaling overhead of the two techniques scales in 

different ways; namely, with the number of eNB antennas for feedback and with the sum of 

number of UE antennas for reciprocity. The techniques are complementary and one can be 

preferred over the other depending on the use case. 

[0904] Coherent reciprocity is not only the strongest but also the most challenging form of 

reciprocity to achieve. The propagation channel, including the antennas, is indeed reciprocal. 

However, hardware is typically not reciprocal. Reciprocity involves the complete RX and TX 

chains. There will be impairments that affect performance in that reciprocity will not be ideal, 

putting requirements on calibration at the eNB and UE sides. Some of the issues that could 

come into play here are: 

Power switching in the UE (normally the phase jumps depending on the power); 

RX Automatic Gain Control, AGC, switching; 

Phase ripple in filters (when UL and TX have different filters). 

One or more of these should be addressed. 

[0905] Directional reciprocity can be assumed quite safely in TDD, also outside the coherence 

time and bandwidth, and in FDD. This is because AoDs and AoAs appear to be reasonably 

similar even when changing the carrier frequency over a large range, e.g., 6-100 GHz. This is a 

fact that could (and probably should) be exploited to a much larger degree than considered so 

far in the concept work. One example is when a low-frequency (LTE) system is used in parallel 

with a high frequency NX system. DoAs or beam identities could be shared between the 

systems. Another example relates to CSI acquisition; AoD/AoA can be estimated from RSs in 
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one (narrowband) part of the bandwidth and used over the full bandwidth. This could ease the 

overhead significantly. Accuracy of resulting CSI depends on the circumstances, e.g., frequency 

difference between uplink, UL, & downlink, DL, and angular spread, as it is not realistic to 

assume that we can estimate all AoAs accurately. 

[0906] Stationary reciprocity can also be considered if the gap between the downlink, DL, and 

uplink, UL, bands is not too large and/or there is low angle spreading. This gives, additionally to 

the directional reciprocity, information on the amplitudes of the AoAs and AoDs. 

Reciprocity-based reliability and robustness for C-MTC 

[0907] It is known that for a system based on fixed antennas, high diversity is desirable to 

achieve very low error rates; for C-MTC see sections 2.3.3.2, 2.3.4.1, 2.3.5.1, and 3.1.7. The 

diversity track is judged to be quite safe, but resource inefficient. The problem for C-MTC, or low 

error probabilities in general, is that every delay and step in a CSI acquisition process gives 

potential error cases. If we consider traditional CSI feedback information these messages are 

quite comparable in the number of bits as a C-MTC message and also need robust encoding. 

An alternative is to use reciprocity that effectively "short-cuts" one step in the CSI acquisition 

process. Reciprocity-based schemes can thus be used to find and utilize the channel 

characteristics more selectively and maybe hence lower the cost for C-MTC dramatically. 

[0908] Another question is how hardware related issues like dynamic range and hardware 

reliability impact the design and how they are handled. Again, there is a large potential in 

reciprocity-based schemes as they can (at a hardware overhead cost) be used to get channel 

knowledge to many base-stations without any additional radio resource cost. 

3.4.3 	Dedicated data transmission 

[0909] In this section, three modes for dedicated data transmission are described, with 

particular focus on the CSI acquisition. Together, these three complementary modes cover the 
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foreseen multi-antenna solutions for deployment scenarios and antenna architectures. Each of 

the schemes has its advantages and drawbacks. The element-based feedback, beam-based 

feedback, and coherent reciprocity-based massive MIMO are described in sections 3.4.3.1, 

3.4.3.2, 3.4.3.3, respectively. 

3.4.3.1 	Element-based feedback 

[0910] Assume that the hardware architecture is similar to that of a traditional LTE platform. In 

this case, the assumption is that the best LTE feedback MIMO solutions are carried over without 

the legacy overhead of LTE, and used with an element-based feedback scheme. Here, an 

antenna element can mean a single radiating element, or a sub-array of radiating elements. The 

antenna patterns are fixed or very slowly varying and all of the limited number of TX/RX chains 

are possible to exploit in baseband. See Figure 98, option 1, for an example with 8 TX chains. 

Herein, it is assumed that the number of TX chains is limited to a maximum of 8. Foreseen 

examples where an element-based feedback scheme would be more appropriate are: 

- Nodes operating in FDD with a small number (-10) of antenna elements; 

- Nodes operating in TDD with a small number of antenna elements, where 

coherency cannot be maintained; in practice, this means that hardware calibration is not 

used; 

- Nodes with a small number of antenna elements, where UL/DL decoupling is 

applied, since reciprocity cannot be used then; 

- Nodes where we try to maximize similarity with LTE, perhaps to the extent to reuse 

the LTE hardware; 

- Scenarios when the node or UE cannot sound all RX/TX chains due to limited TX 

capabilities. 

[0911] In summary, an element-based feedback scheme is used when coherent reciprocity 

cannot be used, or when the number of antenna elements is small. For larger number of 
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antenna elements beams are formed using other feedback mechanisms, e.g., beam discovery 

or explicit feedback mechanisms, as described more in section 3.4.3.2. 

[0912] It may be surprising to aim to support element-based feedback for only some 10 

antenna elements, as LTE already supports 16, and soon even more. The reason for not 

advocating element-based feedback for larger number of antennas is the lack of flexibility that 

arises from defining the codebook in the standard: the defined codebook is only defined for a 

certain antenna size, and is only optimum for a certain antenna layout. Here, the beam-based 

feedback scheme offers more flexibility, both regarding antenna size and antenna layout. 

[0913] The main differentiating aspect in handling precoder feedback in NX compared to LTE 

is in scenarios with more UE antennas and multiple spatially separated eNB transmission points 

(possibly non-coherent), each with a number of antenna elements. In such case, multiple 

independent precoders could be signaled due to the fact that the channels in-between 

transmission points have uncorrelated fast-fading components and a higher number of UE 

antennas enable the UE to separate the different independent transmissions. In comparison to 

LTE this enable better support for simultaneous transmission from different transmission points 

that might differ in terms of large scale channel characteristics. 

CSI acquisition  

[0914] The CSI acquisition process involves the UE being assigned a CSI-RS from the 

serving node, which is used by the UE to calculate a rank, a precoder, and the resulting CQI. 

[0915] CSI-RSs are transmitted according to CSI acquisition demands and only on the part of 

the bandwidth where there are current or expected future data transmissions; see section 

2.3.6.5. The eNB makes the decision when to transmit CSI-RS and when the UE should report. 

Information on what CSI-RS resources to measure on are conveyed to the UE over dPDCH. In 

case of element based feedback, it is possible to share, to a larger extent, CSI-RSs between 

UEs, and enable more filtering in comparison to more dynamic beam-based schemes. An 
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additional potential benefit of sharing CSI-RS configurations is that the UEs can be more easily 

configured to rate-match around the common CSI-RS and hence utilized more resource 

elements for data. 

[0916] Figure 102 illustrates options of beam shapes for feedback-based solutions in NX. 

3.4.3.2 	Beam-based feedback 

[0917] Transmitting in a beam implies that there is a directional, possibly narrow, propagating 

stream of energy. The notion of a beam is thus closely related to the spatial characteristics of 

the transmission. To ease the discussion, the beam concept is first explained. In particular, the 

notion of a high-rank beam is described. 

[0918] Here, a beam is defined as a set of beam weight vectors, where each beam weight 

vector has a separate antenna port, and all the antenna ports have similar average spatial 

characteristics. All antenna ports of a beam thus cover the same geographical area. Note, 

however, that the fast fading characteristics of different antenna ports may be different. One 

antenna port is then mapped to one or several antenna elements, using a possibly dynamic 

mapping. The number of antenna ports of a beam is the rank of the beam. 

[0919] To illustrate the beam definition, take the most common example of a rank-2 beam. 

Such a beam is realized using an antenna with cross-polarized elements, where all antenna 

elements with one polarization are combined using one beam weight vector, and all antenna 

elements with the other polarization are combined using the same beam weight vector. Each 

beam weight vector has one antenna port, and since the same beam weight vector is used for 

the two antenna ports, the two beam weight vectors together constitute one rank-2 beam. This 

can then be extended to beams of higher rank. 

[0920] Note that high-rank beams may not work for the UE. Due to the irregular antenna 

element layout, the rich scattering at the UE and the fact that the UE antenna elements may 

have different characteristics, it is very challenging to construct several beam weight vectors 
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with similar spatial characteristics. Note that this does not preclude spatial multiplexing in the 

uplink: this can be achieved using several rank-1 beams. 

[0921] It is very important to note that the beam shapes can be quite flexible. Hence, "beam-

based transmission" is not the same as "fixed-beam transmission", although using a fixed grid of 

beams may be a suitable implementation in many cases. The working assumption is that each 

beam has between 1 and 8 ports, and each beam is associated with a CSI-RS with a rank 

ranging from 1 to 8. 

[0922] From UE's point of view, no major difference to element-based feedback is foreseen 

other than the CSI-RS configuration; namely, that for beam-based transmission, the CSI-RS 

allocations need to be more flexible. Even though the configuration is flexible this does not 

preclude that the UE may do filtering and interpolation, but this is under strict network control. 

Beam-based transmission  

[0923] In beam-based transmission, communication occurs through beams, where the 

number of beams may be much smaller than the number of antenna elements. Since the beams 

are still adjustable, the antenna system as a whole retains all its degrees of freedom. However, 

a single UE is not capable of supporting all these of freedom using instantaneous feedback. 

Note that this is in contrast to element-based transmission described in section 3.4.3.1, where 

the UE sees all the degrees of freedom of the antenna, and is capable of reporting based on 

this knowledge. 

[0924] From the network's point of view, multiple simultaneous beams can be generated, 

either using analog beamforming or digital domain processing; see section 3.4.6.1 for a 

description of various options for beamforming architectures. It is assumed that as long as the 

formed beams are of similar width as the angular spread of the channel, the overhead to 

maintain the UE beam associations are reasonable: the best beam for any single UE does not 

then vary with the fast fading. When the beam is narrower than the angular spread of the 

224 



WO 2017/196249 	 PCT/SE2017/050491 

channel, the best beam for any single UE varies over time, leading to that the best beam 

association needs to be frequently updated. In some cases, the antenna patterns are fixed; see 

Figure 98, option 2. In some cases, the beams are adapted to the UEs channel characteristics; 

see Figure 98, option 3, where user 2 with a rich channel receives data through a wide high-

rank beam and the LOS user 1 a narrow rank-2 beam. 

[0925] Beam-based transmission is applicable in both FDD and TDD, for any frequency band, 

and antenna size. 

[0926] Beam-based uplink reception implies that the baseband does not have individual 

access to all antenna elements. In this case, some sort of spatial preprocessing or preliminary 

beamforming may be applied. This preprocessing can be performed in the analog domain, in 

the digital domain, or in a hybrid of the two; see section 3.4.6.1. In general, the spatial 

preprocessing can be quite flexible. It needs to be time-varying to adapt the coverage area of 

the antenna to where the users are. Both phase and amplitude tapering can be considered. 

[0927] In the downlink, the individual antenna elements are never exposed to the UE. The UE 

only sees a number of linear combinations of the signals transmitted from different antenna 

elements. The number of linear combinations that is exposed is determined by the rank of the 

transmission. Data is received at the UE through such a linear combination (the beam) and 

downlink quality is measured and reported per beam. 

Pre-/decoding options and CQI acquisition  

[0928] With beam-based transmission, the eNB in principle still has full flexibility in forming 

the desired beams, or equivalently using any precoding. The way to adjust the precoding is 

different for FDD and TDD, and it is different for different beamforming architectures. 

In what follows, downlink and uplink procedures are described independently. In many cases, 

reciprocity can and should be used to improve performance of the procedures. In the final part 

of this subsection, reciprocity is explicitly discussed. 
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[0929] Precoder selection is based on beam-formed CSI-RS (see section 2.3.6.5) that is 

inserted at specific locations in the time-frequency grid in line with the data. These CSI-RSs are 

activated on demand, and the eNB decides through which beam the CSI-RS is transmitted. It is 

assumed that when scheduled, one CSI-RS uses one resource element. Each CSI-RS may be 

transmitted in different beam, transparent to the UE. One example of a CSI-RS allocation, 

where two CSI-RSs are transmitted, is shown in Figure 99. 

Both time- and frequency-multiplexing of CSI-RS should be supported, but it should be noted 

that for beamforming architectures that are not fully digital, transmitting different CSI-RSs at 

different points in time uses less baseband hardware than transmitting different CSI-RSs at the 

same time in different subcarriers. On the other hand, transmitting several CSI-RSs in different 

subcarriers at the same time means that more beams can be measured at the same time. 

[0930] To enable link adaptation, one of the CSI-RSs can be transmitted over the same beam 

as the currently scheduled data. Other CSI-RSs may be transmitted through other candidate 

beams, and the selection of these candidate precoders is the responsibility of the eNB. Still, this 

is transparent to the UE; only the eNB knows which CSI-RS is transmitted through which beam. 

For some CSI-RS allocations, observe that if a CSI-RS has high rank and or multiple associated 

UEs a precoder assumption can be desirable to improve link adaptation accuracy in the MU-

MIMO case, both for interference estimation and signal quality estimation. 

[0931] The number of CSI-RSs that are required depends on how many candidate beams 

need to be probed and also how frequent updates are required. Note that in many cases, the 

number of beams that need to be probed may not be very large. For instance, only two CSI-RSs 

may be assigned in each subframe, and transmitting through different candidate beams in 

subsequent subframes. To cater for this flexibility, the CSI-RSs allocation can be signaled in the 

DCI field. Since the CSI-RS is transmitted in line with the data, the amount of payload data 

needs to be reduced to make room for the CSI-RS. The amount of overhead varies depending 

on how many UEs are active, and the flexibility that is desired in the CSI-RS mapping. 
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[0932] Closed-loop codebook based precoding over the all the antenna ports of a beam is 

used, very similar to how it is done in LTE today. The UE measures the CSI-RS transmitted on 

the antenna ports, derives the most suitable precoding matrix from the codebook using the CSI-

RS measurements, and sends an indication of the most suitable precoding matrix to the eNB. 

Thus, the antenna port precoder is determined by the UE, based on one high-rank CSI-RS, 

whereas the beam is selected by comparing the CQIs reported by the UEs for different 

candidate beams. If a beam has higher rank than 2, the precoders would be of larger size and 

hence operate also over the spatial domain. As in LTE, the codebook for the precoder needs to 

be standardized. 

[0933] MRS can also be used to select beams, using the procedures described in section 2.5. 

As CSI-RS uses significantly less resources than MRS, CSI-RS is generally used whenever 

possible. As a rule of thumb, CSI-RS would be used within one node. To be more precise, MRS 

would have to be used when the serving and candidate beams are non-synchronized. Another 

situation where MRS would have to be used is when the user data in the network needs to be 

rerouted, e.g., when an S1 path data switch is required. 

[0934] When a UE is allocated multiple beams, the UE has been assigned several CSI-RSs 

and each CSI-RS has a certain rank. The UE measures on all allocated CSI-RS, and selects the 

most suitable antenna port precoder from the codebook. For each of the CSI-RSs, the UE 

transmits a precoder index, a CQI value and a rank indicator. 

[0935] Upon reception of the CSI report, the eNB maps each CSI report to the beam it was 

transmitted in. The eNB chooses the beam for the subsequent transmissions based on the 

reported CQI values, and also selects the precoder based on the suggestion from the UE. The 

CQI value is also used to select modulation and coding for the next transmission. 

[0936] Note that the CSI-RS measurement scheme works also for MU-MIMO. Different UEs 

are assigned different CSI-RS allocations, as shown in the proposed CSI-RS allocation for MU-

MIMO operation shown in Figure 100. In the resource elements where the CSI-RS is 

227 



WO 2017/196249 	 PCT/SE2017/050491 

transmitted to one user, interference from the data transmissions to the other user is measured, 

and vice versa. Hence, both measurements reflect the current interference properties of the co-

scheduled user. 

[0937] The starting point for the design is that the CSI-RSs are UE-specific, where each UE is 

assigned a distinct set of CSI-RSs to measure on. To reap the full benefits of the antenna 

system, the network also needs to transmit individual CSI-RSs through UE-specific candidate 

beams. This means that when there are many active UEs in a cell, quite many CSI-RS 

transmissions are needed. In that case, there may be an option to let several users measure on 

the same CSI-RSs, for example, by mapping the CSI-RS to a grid of beams. 

[0938] For beamformed uplink reception, there is generally not access to the output from all 

antenna elements. Instead, there is access to a linear combination of these element signals, 

and that linear combination can only be updated based on previously received data. 

[0939] Also in uplink, the notion of serving and candidate beams is relevant. We assume that 

the UE is able to successfully maintain communication with the network over a certain UL beam. 

In parallel, the network also receives the UE transmission in one or several candidate beams, 

and uses e.g., the transmitted RRS to estimate the quality in the candidate beams. These 

quality measures are then used to update the serving beam for subsequent transmissions, and 

also to form new candidate beams in the future. 

[0940] The more challenging use case for a beams-based solution is MU-MIMO for two users 

who have strongly correlated channels in spatial domain. Where this scenario is handled with 

feedback mechanisms instead of coherent reciprocity (see section 3.4.3.3) the UEs need to 

emulate inter-beam interference. One possible method to achieve MU-MIMO precoder selection 

is by configuring the UE with multiple (at least 2) CSI-RS and signaling the UE with some 

precoder information for the interfering CSI-RS. Further CSI-IM might still be needed to estimate 

non-coordinated interference. 
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[0941] Much of the complexity in the above procedure lies in how to form relevant candidate 

beams. In a possible first implementation, a subset of a grid-of-beams is used as candidates. 

Even in this case, the question on how to choose this subset intelligently is non-trivial. In the 

absence of any a priori information, the full grid-of-beams may need to be probed, measured 

and reported. The information about beam quality should then be stored at the eNB, and used 

for subsequent candidate beam selection. 

[0942] Candidate beam selection may also include beam narrowing. Here, communication 

may be initially maintained using a rather wide beam, with that beam then being refined by 

making it narrower. 

[0943] It is worth noting that the process described above is based on the assumption that the 

UE is able to reliably receive a CSI-RS allocation, and to subsequently transmit the resulting 

measurement. Under this condition, it is possible to maintain, update, and refine the beam used 

for communication. 

Using reciprocity with beam-based transmission  

[0944] As reciprocity is a very powerful property to be used with multi-antenna arrays, it is 

vital to highlight its usage when combined with beam-based transmission. 

[0945] For TDD deployments, when digital beamforming architecture with adequate 

calibration is available at the eNB, it makes sense to use coherent reciprocity to select the 

precoder used for transmission, at least closer to the cell center where coverage of UL signals is 

good. It then becomes possible to use quite powerful precoders, similar to the description in 

section 3.4.3.3. However, we may still transmit beamformed CSI-RS together with the data, and 

use that for link adaptation. 

[0946] In some cases, coherent reciprocity cannot be used, and weaker reciprocity relied on 

instead; see section 3.4.2. This includes cases with digital beamforming in FDD deployments. 
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Using coherent reciprocity with hybrid beamforming can be tricky, since there is only access to 

the uplink channel over the receive beams. 

[0947] For calibrated analog and hybrid beamforming, measurements on downlink, DL, 

candidate beams can be used to choose uplink, UL, candidate beams, and vice versa. In fact, 

measurements on DL candidate beams may be used to directly select UL serving beam and 

vice versa. This is possible both in TDD and FDD. 

3.4.3.3 	Coherent reciprocity-based massive MIMO 

[0948] This is the most forward-looking multi-antenna technique in NX, having the highest 

performance potential for dedicated data transmission and reception. It constitutes a special 

case in the general class of large-scale individually-steerable antenna systems, also known as 

massive MIMO. A first distinguishing factor is that it relies on the strictest, so-called "coherent", 

form of reciprocity, achievable only in TDD, in which the RX and TX channels are the same 

within the coherence time/bandwidth interval. Explicit instantaneous CSI is obtained by uplink 

measurements and it is used both for uplink and downlink beamforming design, enabling full 

exploitation of the angular spread. 

[0949] A second distinguishing factor is that, in order to realize the performance potential, a 

fully-digital implementation is assumed (see section 3.4.6.1) that allows element-based, flexible, 

array processing. Due to the many degrees of freedom that can be used for interference 

suppression, flexible beamforming can in principle enable high-order MU-MIMO operation. 

Hence, this mode is particularly suited for increasing the capacity in crowded scenarios with low 

mobility and good coverage, without need of strong LoS component. 

For many relevant scenarios, with low angular spread or limited chances for MU-MIMO, 

massive MIMO processing can be performed in the angular domain, assuming some sort of 

preprocessing (e.g., by a grid-of-beams), taking into account the tradeoffs among (HW, 

computational, CSI acquisition) complexity and performance. 
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Element-based precoding options  

[0950] Candidate flexible precoding schemes, relying on explicit knowledge of the 

instantaneous channel matrix, that are being considered in NX are maximum ratio transmission 

(MRT), zero-forcing (ZF), and signal-to-leakage-and-noise ratio (SLNR) precoding. MRT is the 

simplest and robust method but cannot null interference. This can be achieved by ZF, but this is 

more computationally complex and sensitive to channel estimation errors. SLNR is a mixture of 

MRT and ZF, where the mix ratio can be controlled by a regularization parameter; SLNR is 

equivalent to MMSE for equal power allocation. For an increasing number of antenna elements, 

the performance of MRT approaches that of ZF since the channel vectors of different UEs 

gradually become close to mutually orthogonal. 

[0951] Conventional flexible precoding solutions are derived assuming a constraint on the 

sum power of all PAs. This typically results in precoding weights having different amplitudes for 

different antennas which in turn imply that not all PAs are fully utilized. Even though the power 

per PA in a massive MIMO system is expected to be in the order of milliwatts, this may still be 

an issue in the situation where the coverage of the beam should be maximized without over-

dimensioning (on the average) the PAs. Taking this power loss into account may translate to a 

significant performance loss. An ad hoc solution to the problem is to simply use only the phase 

of the conventional precoder solution. This can in some cases be good enough. A more rigorous 

approach is to take the per-antenna power constraint into account in the derivation of the 

optimal precoder, but this problem is difficult to solve analytically. 

[0952] A feature of coherent reciprocity-based massive MIMO is that, due to channel 

hardening, the benefits of channel-dependent scheduling diminish with the number of eNB 

elements. Channel hardening has been validated in single cell setup, but the diminishing returns 

have been only partly validated for single-user scheduling. It is expected that channel hardening 

simplifies scheduling and/or link adaptation, but most likely gains even out due to the 
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complicated user grouping for MU-MIMO. Note that frequency multiplexing of users is still a 

relevant feature. 

[0953] There are a number of issues that need to be developed before any given 

implementation of coherent reciprocity-based massive MIMO is put into use, for example: 

Computational complexity, data buffering and shuffling; 

Multi-user scheduling and link adaptation; 

Effect of angular-domain preprocessing; 

Performance in different deployments, use cases, traffic patterns, frequencies, etc. 

CSI acquisition  

[0954] CSI acquisition at the eNB serves the purpose of enabling coherent demodulation of 

uplink data as well as, assuming that adequate coherency exists, precoder selection for 

downlink, DL, data transmission. CSI acquisition is also used to support frequency-selective 

scheduling and link adaptation. 

[0955] As interference is not reciprocal, the procedure is complemented by a feedback 

mechanism that enables a UE to report local interference estimation/measurement to its serving 

eNB. This interference measurement by the UE can be supported by downlink, DL, RSs that are 

similar to CSI-RS and interference measurement reference signals (IMR) that are similar to CSI-

IM in LTE. 

[0956] CSI acquisition is based on the uplink, UL, transmission of a new RS, tentatively called 

reciprocity RS (RRS), whose functionality and properties are described in section 2.3.7.3. RRS 

provides similar functionality as the SRS and DMRS in LTE. A difference is that RRS is flexibly 

allocated both in frequency and time, depending on the functionality they provide and the size of 

the coherence interval. Also, even though RRS are used for demodulation, its transmissions are 

decoupled from UL data transmissions. In fact, this decoupling is in line with the lean design 

principle of transmitting RSs only when needed. With RRS, the RS transmission is based on the 
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channel coherence time and bandwidth and the actual need to update its current CSI 

information rather than connecting RS transmissions to data transmissions as with legacy UL 

DMRS. The subframe types for beam-based feedback and coherent reciprocity-based modes 

are compared in Figure 101. 

[0957] The RRS design allows a UE to be configured with a set of RRSs that can be flexibly 

configured by MAC; see section 2.2. To support CSI acquisition for UEs with different 

coherence bandwidth, coherence time, UL/DL traffic pattern, bandwidth and antenna capability, 

the RRS is configured by a number of parameters that are similar to the SRS parameters in 

LTE. Both periodic and aperiodic RRS transmissions are possible. To keep the RRS overhead 

at a low level but to ensure reliable CSI acquisition, the eNB can trigger RRS dynamically and 

turn on/off periodic RRS transmission. 

[0958] Reciprocity-based CSI acquisition imposes constraints on, for example, using different 

antennas for RX and TX, different numbers of antennas for RX and TX, UE beamforming, 

channel aging, interference, etc. The system thus needs to be carefully designed to achieve 

coherent reciprocity. 

[0959] For multiple antenna UEs, RRS precoding is also supported; see section 3.4.4.2. If 

precoding is used for data, then RRS also needs to be precoded for demodulation. But RRS 

used only for DL precoder selection should not be precoded, or, at least, the rank of the RRS 

transmission should have the same rank expected for the DL. The rank is controlled by the 

network by explicit signaling and assigning multiple RRS sequences to the UE. When both the 

UE and the eNB rely on reciprocity (see section 3.4.4.3) there is a risk for a "dead-lock" 

situation, sticking to a local max instead of a global, in the beamforming process. RS with wide 

angular coverage transmitted from both UE and eNB may solve this. 

[0960] To manage pilot contamination as well as to configure the IMRs, massive MIMO 

operation benefits from some level of multicell coordination. At the minimum, within the 

sectors/cells comprising a cluster orthogonal RRS can be assigned to avoid pilot contamination. 

233 



WO 2017/196249 	 PCT/SE2017/050491 

3.4.4 	Multi-antenna UE transmission 

[0961] In this section, multi-antenna UE aspects, mainly related to transmission, are given. In 

general, UEs in NX can be very different devices. For instance, when NX is used for wireless 

backhaul, the multi-antenna properties of the UE in the backhaul link are very similar to those of 

an eNB. Also, UE devices for V2X applications may be quite different compared to smartphones 

and tablets. Here in, the focus is still on a handheld device, such as a smartphone or a tablet, as 

this is believed to be the most challenging case. 

[0962] Three possible modes are described for UE precoding, in analogy with section 3.4.3. 

[0963] The angular coverage of individual antenna elements decreases at higher frequencies, 

as compared to currently used frequencies, due to the fact that the elements become smaller in 

comparison to the size of a device, which leads to an increased interaction between the element 

and the rest of the device. From measurements, it has also been observed that body losses 

seem to decrease at higher frequencies. As a consequence, it is expected that the element gain 

increases. 

[0964] The orientation of a device is many times unknown in relation to the direction of the 

eNB (or rather the signal paths). For this reason, it is desired to have an antenna system with 

more or less "omnidirectional" coverage. Taking the limited coverage per element in 

consideration, this imposes the need for multiple elements arranged to cover different spatial 

directions and polarizations. Obviously it cannot be generally assumed that the multiple 

antennas on a UE are arranged in a uniform linear array (ULA) or uniform rectangular array 

(URA), as is often the case at the eNB. It cannot even be assumed that the elements are closely 

spaced or that they are identical. 

[0965] For a UE with multiple elements, beamforming gains are expected. How large the 

gains are depends on several factors, such as the number of antennas, channel knowledge, 

and precoder design. For example, gains in the order of 6-7dB over an "ideal" isotropic antenna 

have been found for an array of 8 elements in uplink using a precoder with phase-only tapering. 
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To be noted is that this value only includes beamforming gains; any gains due to reduced body 

losses are not included. Simpler precoders such as antenna selection, which are feasible since 

each element is directive and thus offers a few dB antenna gain, suffer significantly in UL given 

there is one power amplifier per antenna and thus the total output power is reduced significantly. 

3.4.4.1 	Element-based feedback 

[0966] With element-based feedback, reciprocity is not used. Instead, the channel between 

each UE antenna element and the eNB is observed via RSs transmitted from each UE antenna. 

RRS is one possible RS, but potentially an uplink CSI-RS can be considered as well. The eNB 

receives the RSs, applies all possible precoders, derives a suitable receiver, and estimates the 

resulting quality for the different precoder options at the receiver output. The result is fed back to 

the UE, most probably in terms of a PMI, RI, and resulting CQI over dPDCH, in combination 

with a scheduling grant. 

[0967] For an element-based feedback solution, a fully digital implementation is practical, 

where each element is reached by the baseband on both receive and transmit. The radiation 

properties for each element are fixed. 

[0968] In contrast to codebooks used at the eNB, precoder alternatives, due to UE antenna 

topologies, may also include cases where only one or a few antennas are used; the patterns of 

the individual antenna elements are probably different, especially at high frequencies. 

The UE strictly follows the instructions from the eNB, and applies the selected precoder; this is 

similar to the LTE uplink. 

[0969] As the uplink transmission is based on feedback from the eNB, it is thus agnostic to 

TDD or FDD. Furthermore, there is fundamentally no need for coherency in between TX or RX 

chains, nor between RX and TX paths connected to the same element. 
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3.4.4.2 	Beam-based feedback 

[0970] The scenario here is that the UE is equipped with multiple arrays, each array 

consisting of a (small) number of elements. The different arrays cover different spatial 

directions. The array can be configured to have different angular coverage (pointing direction 

and beam width). 

[0971] The UE transmits RSs through a number of beams, either sequentially or 

simultaneously. Sequential transmission can be used also with analog TX beamforming, and the 

detection at the eNB is easier. On the other hand, if RSs are transmitted over several beams in 

parallel, more beams can be probed in a shorter time. The RS is probably RRS, as different 

RSs should be transmitted through different beams, so that the eNB can identify each 

transmission. The shape of each beam is decided by the UE, but the number of beams is 

between the UE and the eNB. The eNB measures the quality of each received RS, and 

determines the most suitable UE transmit beam. The decision is then sent to the UE over 

dPDCH, together with a CQI value and a scheduling grant. 

[0972] As mentioned in section 3.4.3.2, it may not be possible to form a high-rank beam at the 

UE. To enable uplink MIMO, several rank-1 beams may be used. 

[0973] At the eNB, beam-based transmission typically means that the number of elements 

seen by the baseband is much lower than the number of elements used to form the beams. This 

implies that the (angular) coverage of simultaneous individual beams is less than by the 

elements. 

[0974] At the UE, beam-based transmission for feedback purposes may be used to improve 

link budget for RSs but perhaps not to reduce the angular coverage, such that the number of 

beams may still be equal to the number of elements. 

[0975] For an ongoing transmission there is a possibility to reduce the angular coverage, as is 

done on the eNB side, but this may imply that, after some time, the channel is not fully utilized. 

To prevent this, sounding, with wide or possibly full angular coverage, is required. 
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3.4.4.3 	Reciprocity-based 

[0976] The scenario here is that each antenna at the UE is equipped with a pair of RX/TX 

chains and that any differences in amplitude and phase responses are known to an adequate 

level, either by calibration or design. Hence, coherent reciprocity is assumed. The weaker types 

of reciprocity (see section 3.4.2) that typically are suitable for FDD at the eNB side, may not 

work so well at the UE side, in case the transmission involves multiple elements with fairly large, 

possibly uncertain relative positions and different element types. The reason is that the 

transformation of precoders from receive to transmit carrier frequency, which may be needed 

depending on relative carrier separation, may introduce significant errors. 

[0977] Channel matrix is estimated on downlink RSs, which can be DMRS or, in case of no 

data transmission in downlink, CSI-RS. How many CSI-RS need to be allocated depends on 

what transmission scheme is used in downlink. When beam-based or reciprocity-based 

transmission is applied in the down/ink, a small number of CSI-RS is enough. For element-

based downlink transmission, one CSI-RS per antenna element may be required, leading to a 

large overhead. 

[0978] On the eNB, there are several well-known precoder design principles, e.g., MRT and 

ZF (see section 3.4.3.3). Similar approaches can be envisioned also at the UE side. However, 

one or more of the following additional aspects may also be considered: 

Power utilization becomes more important, as the UE is typically power limited. 

Using precoders that result in that no or very little power is transmitted from some of the 

PAs may not be a good idea. This situation may be quite common at the UE, since the 

directive antenna elements are pointing in different directions, and may be of different 

types. 

The CSI estimated from downlink, DL, transmission may be outdated more quickly 

than at the eNB, due to the rich scattering environment. Hence, a more robust precoder 

design may be applicable. 
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EMF requirements are stricter at the UE side. Additional considerations should be 

taken to ensure that all regulations are fulfilled. 

3.4.5 	Multi-antenna aspects of other procedures 

[0979] In this section, multi-antenna aspects of other procedures than dedicated data 

transmission are raised. 

[0980] Note that the case where NX is operating stand-alone is considered here. When NX is 

tightly integrated with LTE, some of the procedures can be executed over LTE. This is true in 

particular for the provisioning of system information, described in section 3.4.5.1, for the 

standalone case. If the RRC connection establishment is done in LTE, the UE would end up in 

NX CONNECTED ACTIVE state. Note that the working assumption is to use the random access 

procedure described in section 3.2.2 to get from NX CONNECTED DORMANT to NX 

CONNECTED ACTIVE. 

3.4.5.1 	System information provisioning 

[0981] The signature sequence (SS) defined in section 2.3.6.1 is used to convey the 

signature sequence index (SSI) and provide coarse time sync and for UL power control of 

random access transmission. It is advantageous for the SS transmission not to rely on 

beamforming, since it needs to be transmitted over a large coverage area, and in many cases, 

this is possible since the amount of information that needs to be transmitted is envisioned to be 

quite small. However, in challenging coverage scenarios, the SS coverage may be insufficient. 

In this case, the SS can be transmitted in a narrow beam, whose pointing direction can be 

swept, so that the whole area is covered. 

[0982] SS's can be transmitted using beamforming in different ways. For example, different 

SS's can be allocated to different beams or SSI reuse for multiple beams can also be 

considered. This affects the way the RACH preamble detection is performed. 
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[0983] The SSI is used as an index into the AIT. When the AIT is delivered to the UE over 

NX, it is anticipated that beamforming is not required. Instead, coding and repetition is applied to 

achieve the desired level of reliability. 

3.4.5.2 	Random access procedure 

[0984] The random access procedure is defined and described in detail in section 3.2.5.2, 

whereas the focus in this section is the related multi-antenna aspects. What is important in this 

context is that the UE initiates a procedure to setup a connection with the network, and the 

network has no knowledge of the UE location or the beam most suitable for transmission and/or 

reception. 

[0985] As the network (or the UE) has no knowledge about the UE location or best beam, it is 

usually not possible to utilize the maximum antenna gain when transmitting and receiving the 

messages during random access. This is true in particular for analog beamforming at the eNB 

and the UE. However, the amount of data that needs to be transmitted is quite small for all the 

messages in the random access procedure, when compared to the data rates that NX is 

expected to deliver. Hence, the SINR required to receive the initial setup messages is deemed 

to be significantly lower, compared to the SINR required for data transmission. 

[0986] The UE initiates the process by sending a PRACH preamble, described in section 

2.3.7.1. The most common case is that no UE TX beamforming is required, due to the low SINR 

requirements of the PRACH. If UE TX beamforming is required, it may be possible to utilize 

reciprocity to transmit the PRACH from where the SS was received. Note that in this case, it is 

very likely that only nodes that transmit SS receive PRACH. Also note that reciprocity is difficult 

to use when SFN transmission is utilized for SS transmission. When reciprocity cannot be 

utilized, the UE can repeat the PRACH preamble transmission at subsequent transmission 

opportunities using different TX beams. Hence, the procedure is not optimized for that case, but 

the increased access delay is simply accepted where coverage is bad. Note that the UE does 
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not have to use the narrowest beam when initiating the transmission, but may rely on a wider 

beam. 

The eNB listens for PRACH preambles in the allocated time slots. The network detects which 

PRACH was transmitted and at the same time estimates the spatial properties of the received 

signal. These spatial properties are then used to transmit the random access response. 

[0987] When the SS is transmitted in a narrow beam, which is swept over the coverage area, 

spatial signature estimation may be unnecessary. Instead, it may be advantageous to indicate 

different SSIs in different beams, and let different SSIs point to different PRACH preambles. 

With this setup, the network can deduct which was the best downlink beam by checking the 

received preamble, and use that info for subsequent downlink transmissions. 

[0988] For a digital eNB beamforming solution using element-based uplink reception, the 

spatial properties of the received signal are estimated in baseband. In this case, it becomes 

feasible to use the full array gain, and no uplink coverage loss occurs. In a TDD system, 

coherent reciprocity could be used, whereas in an FDD system, the spatial signature needs to 

be mapped to an angle-of-arrival (AoA) and then mapped back to a suitable beam for 

transmission. Such a remapping works only for closely spaced antenna elements. Note that we 

may consider antenna architectures where the digital beamforming is only done over a narrow 

frequency range, corresponding to the PRACH bandwidth. 

[0989] For hybrid beamforming architectures (see section 3.4.6.1), the situation is different. 

Two solutions can be envisioned: 

1 Some coverage loss relative to the full antenna gain occurs. This coverage 

loss is related to the relation between the number of antenna elements and 

the number of digital receiver chains. Basically, each receiver chain is 

attached to different, non-overlapping receive beams, and together, these 

broad beams cover the area from which the PRACH may be received. In 

effect, the PRACH coverage is nant/ni-Rx  worse than the maximum PDCH 

240 



WO 2017/196249 	 PCT/SE2017/050491 

coverage. For instance, with 8 TRXs and 64 antennas, this corresponds to 

9 dB. This needs to be accounted for in the dimensioning, but for many cases, 

PRACH coverage is not limiting. In this case, the spatial signature can be 

estimated from the combined outputs of the receive chains. 

2 For cases with very large antenna arrays and/or very few receiver chains, the 

PRACH coverage is good enough if the previous procedure is used. The 

PRACH coverage may then be limiting performance, especially if we 

dimension for low uplink data rates. Basically, a higher antenna gain is 

desirable to be able to receive the PRACH. Here the receive beamformer is 

swept, while the UE repeats the PRACH transmission. 

[0990] In what follows, it is assumed that the PRACH can be detected, and that a spatial 

signature, or a suitable downlink beam, can be established. 

[0991] After having detected the PRACH, the eNB uses the AoA estimated from the PRACH 

transmission to form a beam to transmit the random access response (RAR), see section 

3.2.5.2. The width of this beam is determined by the quality of the AoA estimation from the 

PRACH reception. The width of the beam can be controlled using the methods described in 

section 3.4.5.6, if necessary in the analog domain. 

[0992] The UE receives msg2 and transmits msg3 over PDCH. The eNB receives msg3 using 

the information from the PRACH reception to improve reception and to refine the AoA estimate. 

Assuming that the AoA estimated from the PRACH is good enough, the reception of msg3 

works for both digital and analog/hybrid beamforming. With the refined AoA estimate, msg4 can 

be transmitted in a quite narrow beam. 

[0993] The procedure above sequentially improves the beam selection using the transmitted 

signals. Once a good enough beam is established so that communication maintained, the 

procedures in section 3.4.3 are used to refine the beam. In some cases, msg2 and msg4 can be 

transmitted without any beam refinement. 
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3.4.5.3 	Beamfinding 

[0994] The use of beamforming in NX affects procedures for establishing a new link between 

the UE and the network. When data transmission employs beamforming, the link establishment 

includes determining the preferred transmission beam configuration, in addition to the traditional 

synchronization tasks. 

[0995] Some examples of such procedures are switching to another set of nodes e.g., when 

changing the network layer (the current serving beam may then be irrelevant) or first access in a 

new frequency band (the spatial properties of the new and previous bands may differ 

significantly). When the UE has an established link to the network, at some node layer at some 

frequency, beam finding towards another layer or frequency is initiated by the network and 

typically handled as an active mode procedure. DL beam finding is based on providing a set of 

candidate beams in the DL for the UE to measure quality and report back to the network. The 

network configures the measurement and reporting modes, issues a measurement command to 

the UE, and turns on the MRS in relevant beams; see section 2.5.3. The MRS in the different 

beams are transmitted using beam sweeps in time, frequency, or code space, where the sweep 

may cover the full range of beam directions, or a reduced subset if usable prior info is available. 

The common MRS measurement configuration framework is used. UE reports after MRS 

measurements are then used to determine the first serving beam at the new layer/frequency. 

[0996] In initial system access scenarios where no prior UE info and beam direction 

information is available, beam finding may be applied for making the random access procedure 

more efficient, or in some cases, possible. While control signaling does not typically require the 

same degree of beam refinement as high-performance data transmission, it is expected that 

some beamforming is required at higher frequency bands to receive system information and 

complete the RA procedure; see section 3.2.5.2. The SSI design includes beam sweeping 

mechanisms and identifications for the different DL beam configurations; see section 2.3.6.1. 

The UE reports back the best received option in the UL RA preamble. This beam finding info is 
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then used by the responding node to direct the RAR and subsequent signaling in the direction of 

the UE. 

3.4.5.4 	Active mode mobility 

[0997] The Active Mode Mobility, AMM, solution in NX, described in section 3.5, is configured 

to manage mobility between beams, as opposed to the traditional cell mobility in LTE. Beam-

oriented transmission and mobility introduce numerous features that differ from LTE cell 

mobility. Using large planar antenna arrays at access nodes, with the number of elements in the 

hundreds, fairly regular grid-of-beams coverage patterns with hundreds of candidate beams per 

node may be created. The beam widths of the individual beams in elevation and azimuth are 

determined by the number of element rows and columns in the array. 

[0998] As illustrated in simulation studies, the coverage area of an individual beam from such 

array may be small, down to the order of some tens of meters in width. Channel quality 

degradation outside the current serving beam area is rapid, which may necessitate frequent 

beam switching to reap the full potential of the antenna array with low overhead. Static mobility 

signals in all beams are not feasible, so MRS need to be turned on only in relevant beams and 

only when needed; see section 3.5.3. The relevant beams are selected based on the UE 

position and prior beam coverage statistics for the different candidate beams, based on a SON 

database; see section 3.9.4. The SON data may also be used to trigger mobility measurement 

sessions when the serving beam quality degrades, without the need for continuous neighbor 

beam quality comparisons. 

[0999] Evaluations indicate also that sudden beam loss is possible due to shadow fading, 

e.g., when turning a street corner. The Active Mode Mobility, AMM, solution includes features 

that assist in avoiding or rapidly recovering from a sudden link quality reduction or out-of-synch 

condition; see section 3.5.6. 
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[1000] The AMM solution is presented in detail in section 3.5. This includes both lower-layer 

procedures (mobility trigger, measurements, beam selection, RS design, and robustness) and 

RRC topics (beam identity management, inter-node HO, and other higher-layer aspects). 

[1001] The Active Mode Mobility, AMM, solution described in section 3.5 supports both beam 

switches within one node and between different nodes using primarily measurements on MRS. 

Note that the procedures described in this section can be used to change beams within one 

node using measurements on CSI-RS. Or to be more precise: beam-switches using CSI-RS can 

be used for cases when the data plane does not have to be re-routed, and no resynchronization 

needs to be done. On these cases, the CSI-RS-based procedure is much leaner, and is also 

completely transparent to the UE. 

[1002] Furthermore, the Active Mode Mobility, AMM, solution distinguishes between link 

beams and mobility beams. Link beams are the beams used for data transmission, whereas 

mobility beams are used for mobility purposes. Hence, almost all the beams discussed in this 

chapter are link beams; the mobility beams are only described in this very subsection. 

3.4.5.5 	Multi-antenna functionality for inactive UEs 

[1003] In section 3.4.3 the multi-antenna procedures for dedicated data transmission are 

described. The description focuses on the case when data is continuously transmitted. 

However, packet data transmission is bursty by nature. Many packets are actually quite small, 

and idle periods between packets are common and of unknown and varying length. It is crucial 

that the multi-antenna functionality can handle this type of traffic patterns efficiently. 

A UE is moved to dormant state when no packets have been transmitted or received for some 

time. The working assumption is that the network loses all beam related information when this 

happens, and that the random access procedure described in section 3.4.5.1 is used to return to 

active state. 
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[1004] However, there is a time period between when the data transmission ends and the UE 

is moved to dormant. During this period, the UE applies micro-DRX, and it should be possible 

for the UE to resume data transmission or reception very quickly. This means that the network 

should maintain some notion of a suitable beam to use for data transmission. Reasonably 

accurate time-frequency sync should also be maintained, as well as an up-to-date node 

association. 

[1005] For element-based transmission, it is assumed that transmissions of downlink 

reference signals continue also during idle periods. As mentioned in section 3.4.3.1, the 

different UEs may share the same pilots, so the amount of resources used for this RS 

transmission is limited irrespective of the number of UEs. Also, it may not be necessary to 

maintain the full bandwidth of the RS transmission. 

[1006] For beam-based transmission, the situation is more complicated, since the RS are in 

general UE-specific. To maintain a suitable beam, the network and UE can rely on some sort of 

RSs. This may be done by having the UE measure quality on a set of downlink signals 

corresponding to different beams, and report the beam quality to the network, either periodically 

or in an event driven fashion. The downlink RSs that have been previously described are CSI-

RS and MRS. Here the same principle as for data transmission is applied: use CSI-RS for intra-

node beam switches, and activate MRSs from neighbor nodes when no intra-cell candidates are 

good enough. 

[1007] The number of UEs that are simultaneously transmitting or receiving data is rather 

small. However, the number of UEs that are in the active state but not transmitting/receiving can 

be rather large. As MRSs are only activated when there are no good-enough intra-cell 

candidates, the number of MRSs is not a bottleneck. However, the CSI-RSs are transmitted 

periodically to estimate the quality of intra-node beams and with many UEs in active mode, the 

amount of CSI-RSs that need to be transmitted can be quite large. 
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[1008] To reduce the CSI-RS resource consumption, one or more of several methods can be 

applied: 

- Transmit the CSI-RS more seldom; 

- Transmit only low-rank CSI-RS; 

- Transmit CSI-RS only over part of the bandwidth; 

- Use wider candidate beams; 

- Allow UEs to share CSI-RSs. 

When combined, these methods should make it possible to maintain quite many UEs in active 

mode, and to return to high-rate data transmission rather quickly. 

[1009] For coherent reciprocity-based massive MIMO transmission, it is assumed that the 

network schedules transmission of RRSs with a suitable frequency to support a quick return to 

data transfer. 

3.4.5.6 	Variable beam width 

[1010] Active antenna arrays such as ULAs and URAs offer many degrees of freedom to 

adapt beam patterns to channel conditions and scheduling needs. One typical beam example 

from a large antenna array is a narrow beam with high gain, possibly with extra low gain in 

selected directions for reduced interference spreading. 

[1011] Such a narrow beam pattern may be typical for user data transmission (as elaborated 

in section 3.4.3) whereas other types of transmission, such as broadcasting of control 

information or when CSI is less reliable, sometimes require a wider beam pattern. By proper 

selection of precoders one can, for many array sizes, generate beams for which the beamwidth 

can range from very wide, similar to the element pattern, to very narrow. In many cases the 

precoding may be done by phase taper only, which is important for active antenna arrays since 

the total output power is given by the aggregated power from all power amplifiers and for pure 

phase taper the entire available power is used. The El RP is lower for wider beams since the 
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antenna gain decreases. This type of beamforming can be applied to linear as well as 

rectangular arrays, and independently per antenna dimension. The wider beam can, similar to 

the narrow beams, be steered in any direction. 

[1012] The technique can be used to generate, for example, a beam with identical power 

pattern and orthogonal polarization in all directions, as well as beams using more ports, either 

arranged in one or two dimensions). 

3.4.6 	Hardware aspects 

3.4.6.1 	Multi-antenna architectures 

"Full-dimension" digital beamforming 

[1013] Ideally, the signals from/to all antenna elements should be digitally processed in the 

baseband domain so that all the degrees of freedom are available ("full-dimension" digital 

beamforming), as illustrated in Figure 102 for the transmitting side. This gives total flexibility in 

the spatial and frequency domains for post-processing signals at reception and for precoding at 

transmission; thus, enabling full potential of massive MIMO features such as frequency-

selective precoding and MU-MIMO. 

[1014] Figure 102 illustrates a simplified digital precoding-capable antenna architecture. 

For more antennas, the requirements on each radio chain can be relaxed, see section 3.4.6.2. 

Using a very large number of antenna elements (first NX macro eNBs operating at -4GHz are 

expected to have 64 elements, with one complete radio chain each (FFT, digital-to-analog 

converter (DAC)/analog-to-digital converter (ADC), PA, etc.) being a radical change in building 

practices. This necessitates innovative design to keep in reasonable levels the cost, complexity, 

and power consumption. 

[1015] Other practical limitations appear: the baseband unit (BU) can perform limited real-time 

computations (e.g., inverting 64x64 matrices at high rates may not be practical). Also, the data-

rate of the radio interface between the radio unit (RU) and BU is limited and scales very poorly 
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with the number of antenna elements (for a rough idea, it is seen reasonable to have about 

30Gbps between RU and BU, which can translate to about 8 streams of 20-bits I/Q data over 

200MHz). 

Active antenna systems: moving processing from BU to RU  

[1016] To decrease the bandwidth requirements between the BU and RU, some processing 

can be placed directly in the RU. For instance, the A/D conversion and the time to frequency 

FFT conversion can be done in the RU, so that only frequency-domain coefficients are required 

to be sent through the radio interface, which can also reduce the necessary bandwidth. Some 

digital beamforming may also be included in the RU. This is illustrated in the example receiver 

shown in Figure 102, for the uplink receiver case. 

[1017] In the uplink receiver case, to further reduce the radio interface requirements, the 

number of streams can be reduced with preprocessing at the RU. The goal of this 

preprocessing is to map the dimension of the antenna elements into the dimension of "useful" 

streams that are processed by the BU. This may be done "blindly" e.g., based on pure energy 

detection in either in time or frequency domain (before or after the OFDM FFT), using DFT-

based or SVD-based dimension decomposition and selecting the best dimensions for further 

processing; or may be done with assistance of the BU and results of the channel estimations. 

[1018] In the downlink transmitter case, similar chain of processing can be done in the 

reverse order, although the precoding/beamforming commands have to be sent on the radio 

interface. The transmitter and receiver may have the same number of antenna elements, or they 

may have a different number of antenna elements. 

Hybrid analog-digital beamforming 

[1019] Another solution that partly enables the benefits of large antenna arrays, while 

considering practical hardware limitations and having promising trade-offs, is the hybrid antenna 

architecture illustrated in Figure 104. This usually comprises a two-stage beamforming where 

248 



WO 2017/196249 	 PCT/SE2017/050491 

one digital stage is used for individual data streams (closer to the base-band) and another 

beamforming stage is made closer to the antenna elements to "shape" beams in the spatial 

domain. This second stage can have various implementations, but is usually based on analog 

beamforming. 

Analog beamforming  

[1020] Analog beamforming is done in the analog (time) domain, after the digital-to-analog 

converter, DAC, for precoding. Analog beamforming is therefore frequency independent, in that 

it applies to the entire spectrum, and can be done directly in the RU. 

[1021] Figure 105 illustrates a simplified analog precoding capable antenna architecture. 

Analog beamforming implementations usually rely on predefined grid of beams that can be 

selected to transmit/received data streams, as illustrated in Figure 105. Each beam corresponds 

to a phase-shifting precoder, which avoids having to control the amplitude as this would require 

additional PA. Beams can be set to form sectors, hotspots, or some spatial separations to allow 

user multiplexing. Antenna arrays spanning over 2 dimensions can perform both vertical and 

horizontal beam shaping. 

[1022] Depending on the implementation, all or only parts of the elements can be used to 

form the analog beams. Using only a subset of the elements makes the implementation easier 

by having each beam formed by dedicated elements and thus avoids the issues of "analog 

summation" of signals. This however reduces the aperture of the antenna and in turn the beam 

gain. The selection of the beam to use for each stream has to be done with digital commands. 

It is currently assumed (to be confirmed) that the analog phase shifters can change the beam 

direction within a CP time (e.g., one or few ps). For shorter CP-durations, especially for the 

higher sub-carrier spacing, this could be an optimistic assumption. A related issue is how 

frequently one can actually command the switch to be done (e.g., once per TTI or symbol, 

depending on the interface...). 
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3.4.6.2 	HW impairment and scaling laws 

[1023] Much of the feasibility of using very large antenna systems is dictated by the required 

hardware quality. For example, to achieve coherent reciprocity (see section 3.4.2), requirements 

need to be specified. If stringent requirements are imposed on a per-antenna basis, the overall 

cost in terms of power consumption suffers as a result. However, with increasing array sizes, 

opportunities for reducing complexity and power consumption follow. Some trade-offs are 

discussed below. Much of the trade-offs are dependent on the channel or pre-coding conditions 

since this effects the (spatial) correlation between transmit/receive signals. 

Data-converters  

[1024] To approach a fully digital, large antenna array, potentially large power savings can be 

reaped by reducing the data-converter resolution on a per-antenna port basis. This has been 

shown for the down-link, for several different array sizes. 1-bit quantization has also 

successfully been used in the uplink to recover high-order modulation formats in a multi-user 

massive MIMO setting. When the channel-vectors becomes highly correlated, as in a LoS case 

for example, it becomes impossible to resolve multiple users and higher order modulation. 

For the UL, resolving the near/far issue is still remaining, which may hamper the use of low-

resolution converters. 

Non-linear, efficient power-amplifiers and mutual coupling 

[1025] Amplifier linearity and efficiency are flagged as important issues for two reasons, the 

first of which is the increased carrier bandwidth and carrier aggregation, which limits the 

linearization bandwidth available to perform correction for the non-linear transfer function of the 

power amplifiers. The second is the impact of mutual coupling, as dense, highly integrated 

arrays may reduce the isolation between branches. Both of these issues may result in a need 

for relaxing the linearity performance on a per-antenna basis, while keeping the performance up 

over the air. 
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[1026] The out of band radiation and its spatial properties have been studied. In a LoS 

channel, the gain-curve of out of band radiation follows that of the in-band, but with some 

attenuation. Thus, the worst case of out of band interference radiated may be found at the 

intended user rather than a potential victim user. For MU-MIMO over a NLoS channel (IID 

Rayleigh), the eigenvalue distribution of the transmit covariance matrix was studied in order to 

understand the spatial behavior of the out of band radiation. It was seen that for the multi-user 

case (10 UEs), the distribution of the power in the adjacent channel is spread in an 

omnidirectional fashion. For the single-user case, however, the radiation is beamformed toward 

the intended user. 

Oscillator phase-noise  

[1027] As operating frequency increases, deterioration in terms of phase-noise often follows. 

For a multi-antenna architecture this may have different effects depending on the oscillator 

distribution and/or synchronization. The wave-form specific issues (such as sub-carrier 

interference due to loss of orthogonality) following increased phase-noise are well known and 

left out here. 

[1028] A challenge for large multi-antenna systems which follows is the distribution and/or 

synchronization of local oscillators (LO) in large antenna arrays which need phase-coherent RF 

in order to perform either beamforming or multi-user pre-coding. Taking a simplified approach, 

the impact of phase-noise and LO-synchronization can be modeled as a power loss at the 

receiving user. This in turn manifests itself as decreased SINR, causing performance 

degeneration as the ratio between signal and interference decreases. For multi-user pre-coding 

the performance loss depends on the relation between the phase-noise profile and channel 

coherence time. In the case of short coherence time, the impact of the low-frequency phase-

noise is reduced. 
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[1029] Simulations show that for the case of independently free-running oscillators, all power 

is lost after a certain delay that depends on the phase-noise innovation or LO quality. For the 

case of low- or intermediate-frequency synchronization, the received power loss is limited only 

by the frequency stability of the LO's, whereas the power loss is finite even asymptotically. 

Centralized or distributed processing 

[1030] In order to fully utilize the large number of degrees of freedom introduced with the 

increasingly large antenna arrays, the radio signal processing performed likely needs to take an 

array-centric perspective through vector signal processing in order to fully use the available 

degrees of freedom. This stretches not only over multi-user pre-coding, but also into areas such 

as digital pre-distortion, crest factor reduction, etc. 

3.5 Mobility 

[1031] The NX system should provide seamless service experience to users that are moving, 

and is designed to support seamless mobility with minimal use of resources. In this section, the 

NX mobility is described. As mentioned in section 1.2, there is dormant mode and active mode 

in NX, which means that the mobility includes the dormant mode mobility and active mode 

mobility. The mobility in dormant mode (location update and paging) can be found in section 

3.2. In this section, only the intra-NX active mode mobility is treated. Multi-point connectivity and 

related architecture aspects are discussed in section 3.12. The description of reference signals 

used for mobility procedures can be found in section 2.3.6. How to maintain beam neighbor lists 

is discussed in section 3.8. 

3.5.1 	Requirement and design principles 

[1032] There are some specific needs that the mobility solution should preferably fulfill, which 

include one or more of: 
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- The mobility solutions shall support movement between beams without any packet 

loss. (In LTE packet forwarding is used — some temporary extra delay is OK but loss of 

packets is not.) 

- The mobility solution shall support multi-connectivity, where coordination features 

usable for nodes connected both via excellent backhaul (e.g., dedicated fiber) as well as 

via relaxed backhaul (e.g., latency of 10 ms and above, wired, wireless). 

- The mobility solutions should work for both analog beamforming and digital 

beamforming. 

- Mobility and UE measurements shall work for both synchronized and 

unsynchronized Access Nodes, ANs. 

- The mobility solutions shall support radio link failure detection and recovery actions 

by the UE. The mobility solutions shall support movement between NX and all existing 

RATs with a tighter integration between NX and LTE with short inter-RAT handover 

interruption time. 

[1033] Desirable design principles for active mode mobility include one or more of: 

- A mobility framework built of configurable functions shall be used. 

- Mobility solutions shall have the flexibility that the downlink, DL, and uplink, UL, 

mobility can be triggered and executed independent to each other. 

- For active mode, mobility solutions shall be network controlled as a general rule, 

network configured UE control can be used to the extent there are proven large gains. 

- Mobility-related signalling shall follow the ultra-lean principle. Preferably it shall 

occur on-demand, to minimize measurement signal transmission. The signaling overhead 

and measurement overhead related to mobility should be minimized. 

- The mobility solutions shall always maintain a good-enough link between the 

terminal and the network (which is different from "always be on the best"). 

- The mobility solutions should work independently of the "transmission modes". 
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3.5.2 	Beam based active mode mobility 

[1034] Multi-antenna transmission already plays an important role for current generations of 

mobile communication and takes on further importance in NX to provide high data rate 

coverage. The challenges facing active mode mobility in NX are related to supporting the high-

gain beamforming. When the link beams are relatively narrow, the mobility beams should be 

tracking UEs with high accuracy to maintain good user experience and avoid link failure. 

[1035] The downlink, DL, mobility concept of NX is beam-based. In deployments with large 

antenna arrays and many possible candidate beam configurations, all beams cannot transmit 

reference and measurement signals in an always-on, static manner. Instead, the connected 

Access Nodes, ANs, select a relevant set of mobility beams to transmit when required. Each 

mobility beam carries a unique Mobility Reference signal (MRS). The UE is then instructed to 

measure on each MRS and report to the system. From a UE point of view, this procedure is 

independent of on how many ANs are involved. As a consequence, the UE does not have to 

care about which AN is transmitting which beams; sometimes this is referred to as the UE being 

node-agnostic and the mobility being UE-centric. For mobility to work efficiently, the involved 

ANs need to maintain beam neighbor lists, exchange beam information, and coordinate MRS 

usage. 

[1036] Tracking a moving UE is achieved by the UE measuring and reporting relevant 

candidate beams' quality, whereby the system can select beams for data transmission based on 

the measurements and proprietary criteria. The term beam switching is, in this context, used to 

describe the event when the ANs update the parameters, e.g., transmission point and direction 

of the beam. Thus, both intra- and inter-AN beam hand-overs can be seen as a beam switches. 

As a consequence, hand-over in NX is executed between beams rather than cells as in 

traditional cellular systems. 
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[1037] The beam type discussed in this section is mainly the mobility beam, which is the 

entity to update during mobility. Besides the mobility beam, there is also a rgeo-fence' beam 

which is introduced to ease inter-node mobility in some deployments. 

[1038] The following two sections describes downlink mobility: choosing which beam/node to 

use for downlink transmission. One section describes downlink measurement-based mobility 

and one section describes uplink measurement-based. So far, it is assumed that the same 

beam/node is used for uplink communication. However, in some cases, it can be advantageous 

to use different beams/nodes for downlink and uplink communication. This is called 

uplink/downlink decoupling. In that case, a separate procedure may be used to select the best 

uplink beam/node. Uplink measurements are used to select the uplink beam/node, and the 

procedures described in 3.5.4 are used with minimum changes. 

3.5.3 	Downlink measurement based downlink mobility 

[1039] Several detailed studies of mobility solution options have been carried out, and all 

these formulations follow a common mobility framework, which can be summarized at a high 

level as in Figure 106, which illustrates a generic active mode mobility (downlink measurement 

based) procedure. After it is decided to trigger a beam switch, a set of candidate beams are 

selected for activation and measurement. These beams may originate both in the serving AN 

and in potential target ANs. Measurements are based on Mobility Reference Signal (MRS) 

transmissions in mobility beams. The network decides the target beam after UE reports the 

result of the measurements to the network and optionally informs the UE of the selected target 

beam. (Alternatively, the UE may have been proactively configured to autonomously select the 

candidate beam with the best measurement result, and subsequently transmit the measurement 

report to the target beam.) The procedure includes one or more of: 

UE side: 
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1) Measurement configuration. UE receives the mobility configuration from network 

about which MRSs to measure (or the UE could also do a full blind search 

without a configured list), when to measure, how to measure, and how to report. 

The measurement configuration can be performed earlier (and continuously 

updated.) 

2) Measurement. UE performs mobility measurements after UE receives 

measurement activation which is instructed to start measuring on some or all of 

the entries in the measurement configuration. 

3) Measurement report. UE sends mobility measurement reports to the network 

4) Mobility execution. 

o UE may receive a request to transmit USS in the UL for TA measurement 

and send the USS. The requirement to send USS can be part of measurement 

configuration. 

o UE may receive a command (reconfiguration) to perform beam switch, which 

may include a new beam ID and a TA adjust command.The switch command can 

also be first informed, and TA can be measured and adjusted in target node. 

o Or, if the downlink, DL, sync and uplink, UL, TA remain valid, and the 

additional configuration (new DMRS, security, etc.) is not required or can be 

informed via target node, the UE may not receive a switch command. 

[1040] Network side: 

1) Measurement configuration. Network sends mobility measurement configuration 

to UE. 

2) Mobility trigger. Network determines whether to trigger beam switching 

procedure. 

3) Mobility measurement. Network decides to execute mobility measurement 

procedure which includes: 
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o Neighbor selection: Network selects candidate beams. 

o Measurement configuration. Network sends measurement configuration to 

UE if it is not configured in step 1. 

o Measurement activation. Network activates MRS in relevant beams and 

sends a measurement activation command to UE. 

o Measurement report. Network receives measurement report from UE. 

4) Mobility execution. 

o Network may send a USS request command (reconfiguration) to UE to 

transmit USS for TA measurement. 

o The target node may measure the TA value and send the value to the node 

communicating with the UE who will send TA configuration to the UE. 

o Network may send beam switching (reconfiguration) command to UE. 

[1041] Network can send measurement configuration to UE either before triggering beam 

switching procedure (step 1) or after (during step 3). 

[1042] The outlined sequence is configurable with suitable settings to serve as a common 

framework for all active mode mobility-related operations: first-time beam finding, triggered 

beam mobility update in data transmission and monitoring modes, and continuous mobility 

beam tracking. 

[1043] A configuration of the generic downlink active mode mobility procedure where the UE 

moves from Serving Access Node 1(SAN1) to SAN2, as shown in Figure 106, is described in 

the following section 

3.5.3.1 	Mobility measurements 

3.5.3.1.1 	Measurement configuration 

[1044] The network may send a mobility measurement configuration to the UE. This 

configuration is transmitted in an RRC message and may contain information related to 
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measurement events -- "what" (e.g., which MRS indices) to measure, "when" and "how" to 

measure (e.g., start time or criterion and filtering duration), or "when" and "how" to send a 

measurement report (e.g., report time slot, report best beam IDs or also their powers, etc.). The 

list may be useful if only a small number of MRS are turned on and can be measured on. But 

sending the list can be optional for the NW and UE can perform measurements blindly, e.g., 

detecting all audible MRS signals. Another example of configurability could be inter-node 

measurements where longer filtering may be required to avoid ping-pong effects. For intra-node 

beam measurements, a short filter is used. 

[1045] A measurement configuration may be sent by the network at any time. Typically, once 

the UE receives the configuration, it starts performing measurements. However, this procedure 

could be further enhanced by transmitting an activation command in the downlink control 

information, DCI field. Thus, the RRC message would only configure the measurement but may 

not necessary initiate the UE to start performing such measurements. 

3.5.3.1.2 	Measurement report 

[1046] The UE sends measurement reports based on the configuration provided by the 

network. Measurement reports are typically RRC messages sent to the network. However, in 

certain cases, some type of reports could be sent over MAC. For the L3 based report, different 

number of beams can be reported concurrently, allowing to find the preferred beam in a short 

time, however it requires more signaling overhead, and it is not easy to integrate beam 

switching with the scheduler. For L2 based reporting, there is less overhead, and it is easy to 

integrate with scheduler, however, a fixed maximum number of beam measurements can be 

concurrently reported. 

3.5.3.2 	Mobility monitoring and triggering/execution 

[1047] The MRS transmission and measurements are triggered based on the observed link 

beam/node quality when data transmission is ongoing, mobility beam quality in the absence of 
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data, or reports sent by the UE. Other triggers such as load balancing may also trigger mobility 

measurement execution. 

[1048] There are different trigger metrics and different conditions. The metric to reflect beam 

quality is either RSRP or SINR. The condition can be one or more of: 

al) comparison to one absolute value 

a2) comparison to multiple different relative values to a reference table according to 

position 

a3) comparison to values of other beams, or 

a4) degradation rate of the link beam quality. Practical trigger mechanisms that react 

to changes in the current quality metric have also been demonstrated. 

[1049] The observed beam can be one or more of the: 

bl) current serving link beam (DMRS or CSI-RS), 

b2) current serving link beam plus its 'sector' beam, 

b3) current serving mobility beam (MRS). 

[1050] The different types of switching (e.g., intra-node or inter-node) may have different 

thresholds. For example, when link quality is worse than threshold 1, intra-node beam switch is 

triggered. When link quality is worse than threshold 2, inter-node beam evaluation and switching 

is triggered. If excellent backhaul (e.g., dedicated fiber) is present and there is no problem with 

ping-pong effects, both intra-node and inter-node can use the same parameters. 

[1051] When the network decides that a serving beam/node identity need to be 

changed/updated/modified, the network prepares the mobility procedure. This may imply some 

communication with other nodes in the network. 

[1052] There are several options for reporting the MRS measurement results to the network: 

cl) If the UE reports all measurements to the serving node, the serving node 

determines the node to switch to and signals to the UE. This approach relies on 

the existing serving link for all signaling during the mobility procedure. TA 
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towards the new serving beam is estimated in conjunction with the switch 

command. Details of TA estimation are covered in section 3.5.3.4. 

c2) If the UE reports the measurements back to the individual nodes where the 

different MRS came from, the reporting itself requires a previous USS 

transmission and TA estimation -- it is then seen as part of the measurement 

procedure. Once the NW has decided the new serving node and signaled to the 

UE, the UE uses the already available TA towards the new serving node. This 

approach requires more UL signaling, but removes the critical dependence on 

the old serving link once the measurement command has been issued. 

c3) Similar to c2), but the UE reports all the measurements back via the serving beam 

and via the best of the measured new beams. Then, only one TA estimation 

procedure should be conducted. 

[1053] Eventually, the network may request the UE to apply a new configuration. There may 

be situations in which a reconfiguration could be transparent for the UE, e.g., in an intra-node 

beam switch. The reconfiguration then happens on the network side, a serving beam/node may 

be changed; however, the UE keeps the existing configuration. If a reconfiguration is needed, it 

can be configured before or after the switch. 

3.5.3.3 	Intra/inter node MRS activation/deactivation 

[1054] In general, the MRS is only transmitted based on demand. The network decides which 

candidate beams, or neighbor beams, should be activated. Candidate beam selection can be 

based on, e.g., a beam relations lookup table. This neighborhood lookup table is indexed by 

either UE position or radio fingerprint. The position can be the accurate position (GPS info) or 

an approximate position (current serving beam info). Creating and maintaining the 

neighborhood lookup tables is a generalization of the automatic neighbor relations (ANR) 

management process, handled by the SON functionality in the network (cf. section 3.9.4). The 
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tables can be used both for providing trigger criteria (section 3.5.3.2) to initiate a measurement 

session towards a given UE and for determining the relevant candidate beams for 

measurements and a possible beam switch. The beam in this lookup table can be either a 

normal mobility beam or a 'sector' beam. The neighbor beam relationship table size can be 

reduced; both from the memory consumption and from the signaling consumption perspective, if 

the candidate beams are wide and the number of beams is lower. In some network 

deployments, e.g., deploying NX in LTE frequency bands or in a high load and frequent 

handover area, it may be preferable to configure the MRS to be always-on, so that potentially 

many UEs that are covered by the same mobility beams can continuously track the quality of 

neighbour beams. 

3.5.3.4 	Timing advance update 

[1055] To report MRS measurements to nodes other than the serving node, and to resume 

UL data transmission towards a new serving node, the UE needs to apply correct timing 

advance, which typically differs from the TA for the current serving node. In a non-synched NW, 

the TA estimation always needs to be performed. USS transmission is then configured per-

measurement in the MRS measurement command or statically by RRC. The same applies in 

synched macro NWs, where the ISD exceeds or is comparable to the cyclic prefix, CP, length. 

[1056] In a tightly synched NW with short ISDs, on the other hand, the TA towards the old 

serving node may also work well for a new serving node. The UE can deduce whether that is 

the case from whether the old DL timing sync works for the new node. It would be efficient not to 

do new TA estimation unless really necessary. The NW-controlled approach is that the NW 

configures the UE to transmit the USS (or not) on a per-measurement basis in the MRS 

measurement command. TA is not estimated if the NW estimates that the old and new nodes 

can share the same TA value, otherwise the UE is requested to send USS. Alternatively, in a 

UE-controlled approach, the UE can omit sending USS in the UL if it determines that no re-sync 
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was necessary to measure the new node's MRS. Here, the node still needs to reserve 

resources for USS reception. 

[1057] If the TA is to be changed, this is conveyed using dPDCH or PCCH either over the old 

serving beam or from the new node (where the DL is already "operational" since the UE has 

synched to the MRS). 

[1058] In MRS reporting solution cl above, the USS may be sent in the UL and TA update in 

the DL may be sent as part of the beam switch command and handshake. 

[1059] In MRS reporting solutions c2 and c3 above, the UE sends the USS as part of the 

measurement report procedure towards an MRS-transmitting node, and receives a TA update 

as a separate message. 

[1060] In some deployments, where the UE position may be determined with high accuracy, 

the required TA correction when switching from old serving beam to a new one may be retrieved 

from a previously collected database. The database is created based on previous TA 

measurements managed according to SON principles. 

3.5.3.5 	Configurable sequences 

[1061] The mobility measurement sequences are essentially the same as in LTE. The mobility 

monitoring and triggering sequences are similar to those in LTE, but some details differ, e.g., 

the criteria of launching and the UE-specific signals available for mobility measurements. The 

MRS activation sequence where reference signals (MRS) are activated dynamically in a UE-

specific candidate beam set is a new procedure in NX. Activating and deactivating MRS on 

request, and in a UE specific manner is critical for lean design. The main new challenge in NX is 

for the network to decide which candidate MRSs are activated, and when. The latter aspect may 

be especially critical at high frequencies due to shadow fading. Some preparations and 

signaling may be needed in the network when candidate beams are activated in several 

different nodes. Nevertheless, this procedure is transparent to the UE. The UE is only informed 
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about the measurement configuration and the UE reports accordingly, without having 

associated the beams with specific nodes. The TA update sequences can also be measured 

and adjusted in target node after the switch command is first informed. Also the additional 

reconfiguration is probably required. 

[1062] The beam switch triggering procedure differs depending on how MRS is designed and 

transmitted. More specifically there are three typical cases: 

1. The beam MRS is only activated when serving beam quality degradation is 

detected. MRS for all relevant candidate beams in the lookup table are activated, 

no matter if the beam is from the same node or from a neighboring node. The 

table building can be part of the SON functions. The UE measures on all the 

MRSs and sends the measurement report. 

2. Either all the sector MRSs in the lookup table or the sector MRS containing the 

serving beam for the active UE is configured and transmitted periodically. UE can 

also keep track of the quality of the transmitted sector MRS and report the quality 

periodically or in an event-based manner. 

3. The serving mobility beam is adapted to continuously track the UE to maintain 

the maximum beam gain, which is similar to the CSI-RS procedures in section 

3.4. The UE reports an error signal between the current serving beam direction 

and the estimated best beam direction, using additional beams in the 

neighborhood of the serving beam. 

[1063] Case 1 is more suitable for services without strict QoS requirements, while case 2 is 

more suitable for time critical service with additional overhead. (There are also hybrid options, 

e.g., activating all the MRSs in the lookup table for a given UE, with additional overhead.) In 

case 3, with UE specific reference symbols, any modification of beam shape within one node 

can be transparent to the UE — no signalling is required, unless RX analog beamforming is 

applied in the UE side. 

263 



WO 2017/196249 	 PCT/SE2017/050491 

3.5.4 	Uplink measurement-based downlink mobility 

[1064] It is also possible to use uplink measurements to select downlink beam. On a high 

level, it can be assumed that such measurements are performed on demand, when a beam 

switch is deemed necessary. Hence, the concept of a mobility event still applies, and some sort 

of trigger to start the event is relied upon. 

[1065] Since the downlink beam is being updated, it is natural to still monitor the downlink 

performance, using any of the measurements described in the previous section. For instance, 

channel quality information, CQI, measured on CSI-RS or MRS may be monitored. 

[1066] Using uplink measurements to choose the AN used for downlink transmission usually 

works well, providing that different ANs use the same transmit power and have the same 

antenna capabilities. Otherwise, this has to be compensated for. 

[1067] To use uplink measurements to select downlink beam within one node, reciprocity 

between uplink and downlink is desirable. Passive antenna components and the propagation 

medium are physically reciprocal for TX and RX, but active components and RF filters in the RX 

and TX paths typically exhibit asymmetries and phase variations that do not yield automatic 

reciprocity in all cases. However, by introducing additional HW design constraints and 

calibration procedures, any desirable degree of reciprocity may be provided. 

[1068] As discussed in detail in section 3.4, different levels of reciprocity may be 

distinguished: 

• "Directional": Angles of arrivals/departures are reciprocal for RX and TX, 

• "Stationary": Channel covariance matrix is the same for RX and TX 

• "Coherent": RX and TX channels match, as seen from baseband within 

coherence time/bandwidth 

[1069] For the purposes of mobility, generally aiming at a proper grid-of-beams beam 

selection across many fading cycles, directional reciprocity typically suffices. Pairwise antenna 

element calibration techniques in the TX and RX paths can provide the required inter-element 
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phase coherence. "Directional" reciprocity allows using UL measurements for downlink TX 

mobility beam switching as well in the discussed grid-of-beams configurations. 

[1070] To obtain the uplink measurement, the network requests the UE to send UL reference 

signals to the network. One possible reference signal for mobility measurements is the USS. 

The USS can be detected not only by the serving node, but also by the neighbor nodes. The 

neighbor nodes should hold transmissions of UEs that they are serving, to clear the 

transmission resources where the USS will occur. 

[1071] If the coverage situation is challenging, the UEs may need to use TX beamforming to 

transmit the USS. In this case, the UE is required to transmit the USS in all candidate directions, 

and different USS identities may be allocated to different uplink TX beams in the UE side so that 

the network can feed back the best UE TX beam identities. If the UE cannot transmit in more 

than one direction simultaneously, the beams transmissions may be time-multiplexed. The USS 

can be transmitted from the UE periodically or be event triggered (when the quality of the link 

beams degrades). Such beam sweep configuration is more complicated in the UL than in the 

DL, due to the irregular UE antenna array layout. Suitable sweep patterns may be determined in 

several ways using prior calibration or on-the-fly learning by the UE. 

[1072] In the network, the candidate AN attempts to detect the USS in different beams, and 

selects the best beam. If analog beamforming is used by the network, the nodes cannot perform 

the measurement of a large number of beams in one USS period. The AN can scan the USS 

using different RX beams sequentially. Coordination of UE TX and AN RX beam sweep patterns 

is complicated. Relying on this combination should only be considered if really mandated by the 

coverage requirements. 

[1073] There are some requirements on signaling between UE and network, which include, 

e.g., the number of USS used in UE and the repetition period for network scanning. It may be 

assumed that the same procedure is adopted as for MRS configuration: configure USS 

transmission parameters using RRC, and activate transmission using MAC. 
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[1074] There are several alternatives to perform downlink beam switching based on the uplink 

measurement. 

1. The narrow (link) beam can be selected directly based on the uplink 

measurement. 

2. The beam selection based on the uplink measurement decides the mobility 

beam, and the narrow (link) beam can be selected based on the complemented 

downlink measurement later. 

3. The mobility beam is first decided by the uplink measurement with a wider RX 

beam. After that, the narrow (link) beam can be further decided by uplink 

measurements with narrow RX beam. When deciding the narrow beam, the other 

RS might be measured in the narrow beams that are located within, or in the 

vicinity of, the selected RX beams in first part. 

[1075] In the three alternatives, the beam selection procedures (beam selection in alt. 1, wide 

beam selection in alt. 2 and alt. 3) are similar, illustrated in Figure 107. The procedure of the 

beam selection based on the uplink measurement can briefly be expressed as follows: 

1 Trigger beam switch 

2 Activate USS reception between neighbor nodes in relevant beams 

3 Activate USS transmission in UE 

4 Perform USS measurement in network 

5 Determine the best beam based on the measurement report 

6 	Prepare beam switch if needed 

7 	Issue beam switch command if needed 

[1076] As said previously, the USS can be transmitted from the UE periodically, or in an 

event-triggered manner. If the USS is transmitted periodically according to the early 

configuration, steps 1-3 can be ignored. If a timing advance update is needed, the TA value can 
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be obtained from the USS measurement and the new TA value can be informed to UE during 

beam switch command. Details of TA estimation are similar to the description in section 3.5.3.4. 

In the narrow (link) beam selection of Alt3, there is only one small difference, where the beams 

from neighbor node are not involved. It is a kind of intra-node beam selection, which is 

illustrated in Figure 108. Here the "USS" could also be other type of reference, such as RRS. 

The complemented downlink measurement in Alt 2 is similar as the intra-Node beam switch in 

case 2 of downlink measurement based method. 

3.5.5 	Radio-link Problem 

[1077] Given a system that is "ultra-lean" and uses massive beam-forming, the traditional 

definition of a "radio link failure" needs to be re-considered. When data is not transmitted in 

either uplink or downlink there might not be any signal that can be used to detect that the radio 

link is failing. Mobility reference signals may, for example, not always be present in an ultra-lean 

5G system. 

[1078] A user terminal may move out of coverage between packet transmission bursts without 

being noticed. If in-band and/or beam-formed control-information is relied upon, it may not 

always be possible to reach the intended receiver to continue data transmission to this UE. 

Alternatively, when a user wants to send data it may not be able to communicate this to the 

network and be scheduled. In such a scenario the UE has to perform a new random access 

procedure, which is associated with a significant delay and signaling overhead cost. 

[1079] For this purpose, a new event denoted a radio link problem (RLP) is introduced. This is 

used to indicate that there is a mismatch between the network node and user terminal node 

configuration of the radio link. An RLP can be caused by a network node antenna pointing in a 

direction where the signal does not reach the intended UE. It may also be caused by an 

antenna configuration in the user terminal that is not tuned in properly towards the intended 

serving node in the network. 
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[1080] Note that this section considers only the case where there is a situation that is different 

from a traditional radio link failure (RLF) in the sense that a radio link problem (RLP) is not an 

"error event" but something that happens rather frequently. Instead of maintaining a radio link, it 

can be "fixed," when needed. An RLF type of event may also be used for NX, where the UE 

really attempts to re-establish using the "normal" access procedure. This may, for example, be 

triggered if RLP recovery fails. This is not considered in this sub-section. 

[1081] A fast radio link problem (RLP) resolution procedure is designed to re-establish a radio 

link between a UE and the network if needed. The UE may detect an RLP event as one or more 

of: 

• Expected downlink, DL, signal "disappears" (e.g., scheduled or periodic DL-

reference signal falls below a threshold). A timer may be configured for how long 

the signal needs to be below the threshold before RLP is detected. 

• A monitored DL signal "appears" (e.g., scheduled or periodic DL-reference signal is 

above a threshold). A timer may be configured for how long the signal needs to be 

above the threshold before RLP is detected. 

• No response on UL transmission (typically after a scheduling request transmission 

or a contention-based channel transmission). A counter may be applied for how 

many transmissions need to be un-responded before detecting RLP. 

[1082] In addition, the NW node detects an RLP event as one or more of: 

• Expected UL signal "disappears" (e.g., scheduled or periodic UL-reference signal 

falls below a threshold). A timer may be configured for how long the signal needs 

to be below the threshold before RLP is detected. 

• A monitored UL signal "appears" (e.g., scheduled or periodic UL-reference signal is 

above a threshold). A timer may be configured for how long the signal needs to be 

above the threshold before RLP is detected. 
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• No response on DL transmission (typically UL grant or DL assignment). A counter 

may be applied for how many transmissions need to be un-responded before 

detecting RLP. 

[1083] In case the normal (high bit-rate) data traffic occurs in a high antenna gain narrow 

beam, there may be a pre-configured fallback procedure defined that used another more robust 

beam (typically lower data rate, lower antenna gain, wider beam-width). 

[1084] In Figure 109, which illustrates an example in which the UE detects a radio link 

problem and the serving node resolves the problem, the UE is the node that detects an RLP in 

the first (e.g., narrow beam) radio link. Note the narrow oval shapes that schematically depict 

the network side and the UE side antenna configuration for this first radio link. After detecting 

the RLP event, the UE sends an UL RLP transmission, possibly using a new antenna and more 

robust configuration (schematically depicted by the right-hand circle in Figure 109). The serving 

network node starts, possibly after an inactivity timer has expired, an uplink monitoring for UL 

RLP transmissions from the served UE. This reception may be performed using a more robust 

(e.g., wider) beam (schematically depicted by the left-hand circle in Figure 109). The UE may 

identify itself in the UL RLP transmission by using a pre-defined public identifier, here denoted 

tagp, while the serving node may identify itself in the UL RLP repair response transmission using 

the identifiers, or tags tagp  (public) and tags  (serving). When the serving node has several radio 

links active it knows by examining the received identifier (tagp) which radio link that has a 

problem. When the UE is prepared to receive an UL RLP repair response from a non-serving 

node it then has the possibility to distinguish a non-serving node response (that uses the public 

identifier tagp) from a serving node response (that uses a serving node identifier tags). 

Once both nodes, the serving node and the UE, are both aware of the RLP event, then the 

natural next step is to perform a new optimization procedure for the radio link. Alternatively, the 

radio link can be allowed to remain "broken" until it needs to be fixed for the purpose of 

transmitting user data again. In that case the next transmission should preferably start with a 
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robust antenna configuration on both sides. A similar procedure is used in case the RLP is first 

detected in the NW node. 

3.6 Self-backhaul 

[1085] One of the features of NX is the integration of access and backhaul using the same 

basic technology and possibly operating over a common spectrum pool, including operation 

over the same physical channel or within different channels in the same band. (The use of out-

of band dimensioning of access and backhaul is not precluded.) As a desired result of such 

integration, a base station or an access node (AN) should be able to use the NX technology for 

both wireless access and wireless transport over, possibly, the same spectrum. This capability 

is herein referred to as self-backhauling, and self-backhauling in NX may therefore use the 

access components (e.g., multi-access, synchronization, multi-antennas, spectrum, etc.) 

supported in NX but for backhauling purposes. 

3.6.1 	Motivations and scope 

[1086] 	"Small-cell" access nodes can only cope with the anticipated growth in wireless data 

traffic in cooperation with a robust and capable transport network. There are situations in which 

no fixed backhaul connection such as optical fiber is available at locations exactly where 

additional base stations are needed. Dedicated carrier-grade wireless backhaul technology is a 

cost-effective alternative to fiber and is usually associated with high spectral efficiency, high 

availability, low latency, extremely low bit error rates, and low deployment cost. The use of 

wireless backhaul does not only put requirements on the technology itself but also requirements 

on interference handling which is usually done via careful planning and licensing. The traditional 

wireless backhaul deployment is typically a single LOS hop. 

The continuous evolution of radio access drives the backhaul development, e.g., need for higher 

and higher capacities, densification, etc. Future wireless backhaul deployments will also in 

many cases face the same challenges as faced by radio access, e.g., NLOS channels with 
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signal diffraction, reflection, shadowing, multipath propagation, outdoor-to-indoor penetration, 

interference, multiple access, etc. Wireless backhaul of moving base stations, e.g., those placed 

on high-speed trains, is an important use case. The performance requirements on backhaul are 

much higher than those placed on the access link, but the deployment scenarios are likely 

engineered carefully, often towards stationary scenarios. The high performance requirements 

may be met by the same techniques used for access networks, namely MIMO, multiple access, 

interference rejection, mobility etc. This forms the basis of access and backhaul convergence as 

well as self-backhauling. 

[1087] The NX design supports both in-band (where access and transport use the same 

spectrum) and out-of-band (where separate spectra or carriers are used for access and 

transport) self-backhauling. In-band self-backhaul requires only a single block of radio spectrum 

for both access and transport and is attractive when acquiring a separate spectrum for transport 

over the entire coverage area is costly or difficult. In-band self-backhaul also simplifies the 

hardware, and reduces the associated cost, with a common set of radio transceiver and 

antenna system. However, when the intended coverage areas of access and transport are 

substantially different, out-of-band backhaul with separate spectra and dedicated hardware may 

be desirable. Moreover, in-band self-backhaul can cause mutual interference between access 

and backhaul links and is thus more challenging than its out-of-band counterpart. To mitigate 

the impact of mutual interference, radio resource may be shared between access and transport 

through a fixed allocation in time or frequency domain. Alternatively, the resource sharing may 

be accomplished in a dynamic manner according to the traffic demands through joint radio-

resource management between access and transport to maximize spectral efficiency. 

[1088] In order to support a variety of different target use cases described in the next 

subsection, the NX design also supports self-backhauling over multiple (two or more) hops, 

where the number of hops is counted only over backhaul links, excluding the access link. The 
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multi-hop aspect poses challenges in protocol design, end-to-end reliability assurance, as well 

as radio resource management. 

3.6.2 	Target Use Cases 

[1089] The target use cases for self-backhauling may be classified into three groups roughly 

differentiated on the basis of two main characteristics: topology and availability. The groups may 

be listed as: 

I. Static or Deterministic topology, high availability, 

II. Semi-static topology, medium availability, and 

III. Dynamic topology, low availability, 

where the availability varies as five nines (i.e., 99.999%), 3-4 nines, and 0-1 nine(s), 

respectively. Among all these use cases, some have been prioritized for attention, because they 

are either representative or exemplary use cases. Figure 110 illustrates the prioritization of the 

use cases as the sequence II.4.b, II.2.b, II.3.a, 1.1.a, II.2.c, 111.6, 111.7, I.1.b, II.2.a, II.3.b, II.4.a, 

II.4.c, 111.5. 

[1090] The topology of a self-backhaul network is generally a mesh, but it is expected that 

simpler routing constructs would be superimposed on the connectivity graph. There is usually a 

tendency to minimize the number of hops needed to traverse the local network; in most cases 

this leads to the maximum number of backhaul hops to be limited to 2-3 hops. There are 

however exceptions, such as the high speed train, where the number of hops may grow to a 

much higher number, such as the number of carriages in the train. (It is certainly true that train 

carriages can be connected with wired technology, but this brings the additional complication of 

having to bridge the initial backhaul access towards a wired LAN with adequate transport 

capacity.) 

[1091] The transport format on the backhaul should be flexible. Thus, while it is advantageous 

that the basic air interface used for NX multiple access and NX self-backhaul links be identical, 
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the air interface should be capable of supporting a wide span of availability requirements 

ranging from 99.999% or five nines for traditional backhaul replacement to 0-1 nine(s) of 

availability for the V2V use case. (Many use cases for ITS are not subject to high reliability or 

low latency requirements, and there are limitations for provisioning high availability for large 

numbers of vehicles simultaneously.) Important use cases are described in detail below. Figure 

111 illustrates some cases of importance for self-backhaul with a diversity of performance 

requirements in terms of availability, latency and data rate requirements. 

KPI Requirements 

Small Cell 

Backhaul 

Event Train Public 

Safety 

Long-haul 

transport 

Link distance 500 

m 

5 km 1km 100 

m 

1km 500 m 200 m 20 km 5 km 

Frequency 

Band 

30 

GH 

z 

6 

GHz 

6 

GHz 

30 

GHz 

6 

GHz 

30 

GHz 

>700 

MHz 

6 GHz 30 

GHz 

Hops 

(backhaul) 

1-2 1-3 1-10 1-2 1-2 

Bandwidth 500 MHz 200-500 

MHz 

200-500 MHz - 200-500 MHz 

Availability 99.9- 

99.99% 

95% 99.9% 99.9% 99.999% 

Radio Latency 50-100 us 250 us 250 us - 250 us 

Total Latency 

(one way E2E) 

1-2 ms 1-2 ms 10 ms - 500 us 
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Data Rate 1-10 GB/s 200 Mb/s 0.8 2 10 Gb/s 2-10 Gb/s 

(user) Gb/s Gb/s 

Table 15: A tabulation of important KPIs for self-backhaul 

	

3.6.3 	Working assumptions 

[1092] To define the scope and set the focus of the NX self-backhaul concept, the following 

assumptions are made: 

1. Self-backhauling (BH) access nodes (ANs) are intended to work in a time 

synchronized manner. 

2. Multiple hops (unlimited) are supported, but performance is optimized for 2-3 

hops at most. 

3. In-band and co-channel use of access and backhaul are supported (access and 

backhaul do not necessarily share the same spectrum, but are allowed to do so). 

4. Homogeneous backhaul links that only use NX interface. 

5. Access interface is not necessarily NX (e.g., maybe LTE or WiFi). 

6. Routes are assumed to be fixed over significant time periods and may be 

switched at Layer-2 in local environments or at Layer-3 in the wide area. 

7. The self-backhaul links support all necessary network interfaces, such as S1/X2 

and BB-Cl/BB-CU, so that core network functionality can be maintained across 

backhaul links when used for transport. For distributed eNB implementation 

where higher layers may be conducted in cloud hardware, the support of other 

interfaces may also be needed.BB referring to Baseband. 

	

3.6.4 	Unified view of access and backhaul 

[1093] To achieve a harmonized integration of access and backhaul, a unified view of the 

access links (between UE and AN) and the backhaul links (between neighboring ANs) is highly 
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desirable. As illustrated in Figure 112, a self-backhauling base station or AN serves not only its 

own assigned UEs, referred to here as the normal UEs or just UEs, in its vicinity as a base 

station but also its neighboring access nodes as a relay to route data towards and from the core 

network. Each self-backhauling AN can be considered as a combination of a virtual AN and a 

virtual UE positioned at exactly the same physical location. An aggregation node (AgN) serves 

as a special, root node in such a network of ANs that has a fixed (wired) backhaul connection, 

where all data traffic originates from and terminates at. With this viewpoint, each backhaul link 

can be treated as an access link between a virtual UE of a downstream AN and a virtual AN of 

an upstream AN. The entire multi-hop network can thus be seen as a traditional cellular network 

with only single-hop access links between (virtual or normal) ANs and UEs. Both backhaul links 

and access links can be treated in the same manner, and any control channels and reference 

signals defined for access links can be re-used in backhaul links. However, as discussed later 

in the subsection on route selection, the NX design needs functionality that establishes a routing 

table at each self-backhauling AN. This may for example be achieved by means of a protocol 

layer such as the RLC or by an adaptation component of layer 3 such as the PDCP. 

[1094] Figure 112 illustrates a device co-location perspective of self-backhauling access 

nodes. 

3.6.5 	Multi-antenna for backhauling 

[1095] High capacity and spectral efficiency are important for backhaul in much the same way 

as access. Multi-antenna technologies like MIMO and space diversity that traditionally have 

been adopted in radio access have also been adopted to increase spectral efficiency and 

reliability in dedicated wireless backhaul systems. Antenna diversity is commercially available 

and LOS MIMO is becoming commercial in microwave point-to-point backhaul (MINI-LINK). 

Future and more flexible deployments in heterogeneous networks are also making beamforming 

or beam steering interesting desirable features in wireless backhaul. Beamforming has the 
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twofold advantage of improving received signal power, while reducing the amount of 

interference to other users by confining transmissions towards desirable directions. 

[1096] The multi-antenna concepts developed for NX, for the above reasons, provide 

increased coverage, reliability, spectral efficiency, and capacity for self-backhauling use cases. 

[1097] In contrast to an access link, a typical self-backhaul use case has an access node at 

each end of a link which makes it possible to have more advanced antenna systems in both 

ends. This opens up for possibilities to use higher order SU-MIMO to increase spectral 

efficiency and/or reliability. In some use cases, e.g., small-cell backhaul, MU-MIMO can 

advantageously be used. In an in-band self-backhauling implementation, MU-MIMO can also be 

applied to multiplex backhaul and access traffic over the same resources. MU-MIMO combined 

with multi-layer transmission to each self-backhauled access node may also have potential. 

[1098] The performance of multi-antenna schemes depends on the quality of the channel 

state information, CSI, that is used to design the transmission/reception. If the radio base 

stations are fixed and the channel has longer coherence time, then there is also better 

possibility to acquire high-quality CSI to design more robust high-capacity multi-antenna 

transmission/reception schemes. Pilot contamination in reciprocity-based massive MIMO also 

becomes less of a problem if the channel does not have to be re-trained that often. Reciprocity-

based multi-antenna techniques in NX rely on up-link measurements to design down-link 

transmissions to reduce or eliminate the need for CSI feedback. However, if the channel is more 

or less static which it might be in some backhaul scenarios then it can be possible to also 

consider FDD since associated overhead due to CSI feedback becomes smaller if the channel 

does not have to be trained that often thanks to longer coherence times. Reciprocity is easier to 

exploit with unpaired spectrum, but may also be achieved using statistical techniques for paired 

spectrum. (For example, covariance estimation can be used to determine dominant 

eigenmodes for the channel that are reasonably long-lived; these techniques can improve 

receiver SNR metrics without needing instantaneous channel information.) Additionally, it 
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becomes much easier to set up a link and to identify the good beams in a beam-based system 

when the channel has a long coherence time and the locations of the nodes might even be 

known. Static backhauling applications have clear advantages which makes it possible to claim 

the full potential of multi-antenna systems. 

[1099] Self-backhauling in NX should support both in-band and out-of-band operation which 

may put requirements on the antenna system used for backhaul. For example, if there is a large 

carrier frequency difference between access and backhaul links in an out-of-band solution then 

there is an obvious need to use separate antenna systems for access and backhaul that are 

adapted to their respective frequency. The same antenna system can in an in-band solution be 

used for both access and backhaul links. However, using the same antenna system has 

implications on the backhaul coverage area since all backhaul links need to be within the same 

coverage area as the access links which might not always be the case. If different coverage 

areas are desired for backhaul and access, then separate antenna systems should be 

considered also for the in-band case. Depending on the backhaul requirements, a separate 

antenna system may also be desirable to achieve a good enough link budget for the backhaul 

connection. 

3.6.6 	Protocol Architecture 

[1100] An important issue is the protocol architecture for self-backhaul. From purely protocol 

architecture point of view, there are three main alternative approaches: 

• L2 relay 

• L2 relay (as per LTE relay) 

• L3 relay (as per WHALE concept) 

[1101] The present design focuses on the architecture described in Figure 113 and Figure 

114 (L2 relay). 
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3.6.6.1 	L2 relay 

[1102] Figure 113 and Figure 114 show, respectively, the protocol architectures of user plane 

and control plane for multi-hop self-backhaul, where each self-backhauling AN is treated as a L2 

relay. In this architecture, each self-backhauling AN essentially serves as a L2 proxy of the 

downstream (virtual or normal) UE towards its upstream AN. 

[1103] The L2 relay approach can be combined with multi-hop ARQ, as discussed more in 

detail in Sections 2.2.8.4 and 2.2.8.5. 

	

3.6.6.2 	L2 relay (as per LTE relay) 

[1104] Alternatively, Figure 115 and Figure 116 show the protocol architectures adopted by 

LTE relay concept, for one-hop relaying, for user plane and control plane, respectively. With 

this architecture, a self-backhauling AN corresponds to an LTE relay, and an aggregation node 

corresponds to a LTE donor eNB. With this architecture, a self-backhauling AN can be viewed 

as essentially serving as a proxy of the upstream AN towards its downstream (virtual or normal) 

UE. As a result, the backhaul links need to carry S1/X2/OAM signals with associated tight 

requirement on availability and latency. It is unclear whether this architecture can be extended 

to the cases with multiple (two or more) hops, and, if so, what the benefits of this architecture 

are compared to that described in Figure 113 and Figure 114. 

	

3.6.6.3 	L3 relay 

[1105] A third approach is to implement a separate underlying transport network using 

wireless technology (such as NX). This architecture can be described as one wireless 

application stratum on top of an underlying wireless backhaul stratum. In Figure 117, a high 

level architecture for this alternative is illustrated. Even if the figure only illustrates a single hop 

in the backhaul stratum, this can be extended to multiple hops, by including L2 relay as part of 

the backhaul stratum, e.g., as described above in Sections 3.6.6.1 or 3.6.6.2. 
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[1106] As the application stratum interfaces wireless backhaul on the IP layer, this alternative 

can also be described as "L3 relay", note that the user plane core network nodes used by the 

application stratum are typically the same as those for the backhaul stratum, e.g., using 

piggybacking of the core network user plane nodes. 

[1107] An important characteristic of this alternative is that the wireless backhaul is access-

agnostic — the underlying wireless is a generic transport network that can be shared by several 

wireless network applications (different types of access nodes). 

3.6.7 	Route Selection 

[1108] In order to transport information wirelessly from an aggregation node, which is 

assumed to have a wired connection to the core network, to a (normal) UE, or vice versa, 

through a network of self-backhaul ANs, each self-backhauling AN has to know where to 

forward a received NX PDU in the next hop for each individual (normal) UE and for at least one 

aggregation node. Hence, each self-backhauling AN should maintain a routing table that 

contains such next-hop routing information and context for all registered (normal) UEs. As the 

wireless environment can change over time, this routing table needs to be periodically updated 

at each self-backhauling AN, albeit relatively infrequently. These routing tables collectively 

determine a route between each (normal) UE and an aggregation node. In the following, 

several options for establishing these routing tables and the associated routes are considered 

for NX. 

3.6.7.1 	Fixed, predetermined routing 

[1109] The routing table (and the associated routes) are pre-determined during deployment, 

and do not change over time. In this case, no periodic routing functionality needs to be 

implemented in the network. Each virtual UE of a self-backhauling AN is assumed to be 

attached to at least one fixed virtual AN of another AN or aggregation node. 
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3.6.7.2 	Implicit routing through serving-node selection 

[1110] With the unified view of access and backhaul links described in Section 3.6.4, route 

selection may be accomplished implicitly by applying the traditional serving-node selection 

mechanism on the virtual UE of each self-backhauling AN. By restricting that the virtual AN of 

each self-backhauling AN can only be activated after a connection with the core network is 

established by the virtual UE of the self-backhauling node through other self-backhauling ANs or 

aggregation nodes, a tree topology of routes rooted at the core network can be established for 

all self-backhauling ANs. A routing table can thus be established at each self-backhauling AN 

by forwarding the identities of descendant ANs to the upstream AN on the route tree. A logical 

control channel should be made available in NX, for forwarding these AN identities or other 

routing information in general. 

[1111] The advantage of such implicit routing through serving-node selection is that no 

explicit routing function is needed, and the mobility solutions developed for NX can be reused 

for routing purposes. When the channel condition between a virtual UE and a virtual AN 

changes, due to the change of the environment or the mobility of the ANs, the virtual UE should 

handover to a new virtual AN corresponding to another self-backhauling AN, and as a result, the 

routes of all descendent ANs of the virtual UE will change accordingly. A drawback of the 

implicit routing is that the selection of each link in the route tree is based purely on the local 

channel conditions (for handover) without considering the impact of the selection on the 

throughput of each route. 

	

3.6.7.3 	Explicit routing 

[1112] In order to optimize the throughput and the latency of self-backhaul connections, route 

selection should ideally take into account both the interference generated by neighboring links 

that constitute the route (intra-route interference) and the interference generated by links that 

constitute the other routes (inter-route interference). Such interference-aware routing can only 
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be accomplished by an explicit, dynamic routing function. The explicit routing function can be 

implemented in a centralized or distributed fashion. 

[1113] In a centralized (explicit) routing function, all routing and resource allocation decisions 

are taken by a single central node (e.g., an aggregation node) that is assumed to have access 

to all relevant channel state or distribution information about all nodes and links in the network. 

The centralized implementation allows the use of not only interference-aware routing solutions, 

but also energy-efficient network-coding-based routing solutions. Such a solution has therefore 

the potential of leading to the best overall selection of routes and radio resource allocations. 

However, it requires a significant amount of overhead to periodically forward all channel 

information to the central node over certain end-to-end logical control channel. 

[1114] 	In distributed routing, the (explicit) routing function is collectively implemented by all 

self-backhauling ANs. Each node makes individual decisions on where to forward a packet to 

reach a target node based on local channel measurements and local exchanges of routing 

information with its neighbors. Collectively, the set of decisions made by all nodes forms the 

overall selected route(s) and allocated resources in the network. An advantage of distributed 

routing is that the routing function scales well with the network size. A challenge is to set up 

necessary control channels to facilitate the exchange of routing information among neighbor 

ANs. 

[1115] The NX design initially supports the first two more basic routing solutions, namely, the 

fixed routing and the implicit routing, while paving the way for evolution to more sophistical 

explicit routing solutions in the future. 

3.6.7.4 	Physical-layer network coding 

[1116] Unlike wired networks, routes carrying different traffic cause undesirable mutual 

interference in wireless networks. This fundamentally limits the performance of routing as the 

routing solution was originally intended for wired networks with isolated connections and cannot 
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easily be extended to cope with the interference in wireless networks. Physical-layer network 

coding (PLNC) schemes may be used for multi-hop communications in wireless networks. They 

have the ability to exploit the broadcast characteristics of wireless medium, treat the 

interference as useful signals, and disseminate data over multiple routes that naturally arise in a 

wireless medium. PLNC schemes may also be integrated with the routing paradigm by applying 

the PLNC schemes over routes that are severely interfering with each other. 

[1117] Figure 118 illustrates routing vs. PLNC. The left side of the figure shows routing of two 

packets on two separate routes. Each relay node receives a mixture of the two packets and 

needs to reconstruct the desired packet. Therefore, packets create mutual interference at the 

relays. The right side of the figure shows the PLNC approach: both relay nodes forward the 

received mixture of packets. None of the packets is viewed as interference at the relays. 

[1118] There are a number of different PLNC schemes, but the most promising ones are 

compute-and-forward (CF) and noisy network coding, which is also sometimes referred to as 

quantize-map-and forward (QMF). There are two important ideas behind these schemes that 

routing lacks. First, a relay AN does not have to decode every data packet it wishes to forward. 

Since decoding in a wireless channel is difficult due to the fading, noise, interference and limited 

received power, relaxing the decoding constraint boosts the network performance. Instead, the 

relay can send some quantized information about the received packet. This allows any node 

(even if it cannot decode) to forward data towards the destination, which in turn boosts the 

network robustness and flexibility. The main difference between CF and QMF lies in the way 

such quantized information is produced. 

[1119] Second, a relay AN can simultaneously send information received from many 

transmitters. For example, the relay that receives a combination of multiple packets that sum 

together in the air can forward that combination of packets. The destination node receives in 

due course multiple different combinations of packets from the relays and resolves the individual 

packets via linear algebraic methods. Such simultaneous transmission of multiple packets leads 
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to a more efficient bandwidth utilization. The same idea, which is also present in the traditional 

network coding, is illustrated in Figure 118. In routing, packets sent via different routes are 

mutually interfering. In the PLNC approach, they are viewed as useful information at every 

relaying AN. 

3.6.8 	Multi-hop Retransmission 

[1120] Important use cases of self-backhaul, such as small-cell backhaul and event-driven 

deployment, impose new requirements on the protocol stack that are desirable to provide 

support for multi-hop communications. Different L2 protocol architectures result in different 

design options for L2 functionalities, such as the ARQ, regarding multi-hop communications. 

[1121] For LTE relay, the relay takes on dual roles. It appears as a regular base station to its 

own UE and as a regular UE to its own base station, fully reusing the LTE radio interface with its 

protocols and procedures. Essentially the same radio protocols are reused on the backhaul, 

except for certain control plane protocol additions. This is to a large extent consistent with the 

unified view of access and backhaul described in Section 3.6.4. However, the LTE two-layered 

ARQ protocol, i.e., RLC ARQ and MAC HARQ, is originally designed for single hop 

communication only and is not directly extendable to support multi-hop communication. 

[1122] Basically, there are several options for designing the multi-hop ARQ protocol 

architecture. The simplest way is that each hop performs independently ARQ and HARQ just 

like LTE single hop, which however cannot support end-to-end reliability. Alternatively, each hop 

can have independent HARQ but for the end node (BS and UE), a RLC ARQ is added to ensure 

end-to-end reliability. Yet another option is that a common ARQ can be introduced over multiple 

hops, utilizing Relay-ARQ. Here, ARQ timers and handling are improved by delegating 

responsibility of packet delivery to the next hop but still maintaining the data in the buffer until a 

confirmation of delivery to the final destination is received, this can improve efficiency compared 
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to an end-to-end ARQ since messages only need to be retransmitted over the link that failed. 

Refer to Section 2.2.8.4 for more details. 

3.6.9 	Self-Interference Avoidance 

[1123] Despite the recent advances in full-duplex communications, a majority of future 5G 

devices (base stations or UEs) is expected to be still only capable of half-duplex 

communications over any given frequency band. NX therefore supports such devices, which 

are restricted not to transmit and receive data at the same time over the same frequency band 

in order to avoid self-interference. As a result, at any given time over any given band, all the 

self-backhauling ANs in the network are classified into two distinct groups, one transmitting and 

the other receiving. Base stations or ANs that are in the same group cannot communicate with 

each other over the same band. Hence, a mechanism for allocating compatible radio resources 

across neighbor ANs is desirable. 

3.6.9.1 	Half-duplex constrained resource allocation 

[1124] Assuming a tree topology of routes, a simple scheme for allocating radio resource to 

ensure that an upstream AN can communicate with a downstream AN can be used. In this 

scheme, an upstream AN always take precedence over a downstream AN in the decision on 

which radio resource is used for them to communicate with each other. Specifically, starting 

from the root node (e.g., an aggregation node) of a route tree, an upstream AN periodically 

receives from a downstream AN its buffer occupancy information, along with the typical channel 

quality information. Based on the received buffer and channel quality information, the upstream 

AN determines which radio resource (e.g., time slots) is used to transmit data to or receive data 

from the downstream AN and signals such resource allocation information to the downstream 

AN. Upon the receipt of such resource-allocation information from its upstream AN and the 

buffer occupancy information for its own downstream AN, the downstream AN then allocates 

parts of the remaining resources for transmitting data to and receiving data from its own 
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downstream AN along the tree branch. The process continues until all the leaves of the route 

tree are reached. 

[1125] Although this resource-allocation scheme is by no means optimal, it provides a simple 

and effective mean to cope with the half-duplex constraint. However, to realize such scheme, 

the resource allocation schedules among neighbor ANs along a tree branch should be properly 

offset. Also, a new logical control channel may need to be defined to convey buffer occupancy 

information from a downstream AN to an upstream AN. 

	

3.6.9.2 	Reference signal offsets 

[1126] The half-duplex constraint also imposes restrictions on the transmission timing of 

reference signals among neighbor self-backhauling ANs. For example, in order to maintain time-

frequency synchronization among neighbor self-backhauling ANs along a route or in order to 

perform re-training of transmit and receive beam directions when necessary, each AN should be 

able to listen to the reference signal transmitted by its upstream AN. This implies that such 

reference signal cannot be transmitted simultaneously from neighbor ANs. One solution is to 

offset the subframe timing of neighbor ANs by an integer multiple of the subframe period to 

allow the reference signals from different ANs to be staggered. Similar to the resource 

allocation solution described above, an upstream AN along a route can again take precedence 

in selecting the subframe timing offset and inform its downlink AN, which subsequently selects 

its own timing offset and propagates the offsets along the route. 

	

3.6.9.3 	Impact of propagation delay 

[1127] Due to differences in propagation delay, different UEs finish their respective downlink 

reception, and thus can begin uplink transmission, at slightly different timing. The need to 

transmit according to different timing advances to align timing at the receiver further increases 

the problem. A guard period may need to be inserted at the transition of downlink and uplink 

transmission to allow an UE to switch from reception to transmission. Alternatively, one may 
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also lengthen the cyclic prefix of the first uplink time slot after switching from downlink 

transmissions. 

3.7 Tight integration of NX and LTE evolution 

[1128] NX is designed so that it benefits from coordination with LTE — at least when both are 

deployed in the same operator's network. A future-proof solution for the tight integration of LTE 

and NX is an important feature from the very first release, but also long term. 

[1129] Realizing tight integration is approached by enabling seamless connectivity to LTE and 

NX for a given UE. Different architecture solutions are presented in this chapter. A RAN-level 

integration with RRC/PDCP layer integration for LTE and NX is described in section 3.7.3. The 

challenges associated with a MAC-level integration (which would enable multi-RAT carrier 

aggregation) are also highlighted. 

[1130] Section 3.7.1 contains some general motivations for LTE-NX tight integration. Section 

3.7.2 shows potential network scenarios where tight integration is relevant, followed by device 

considerations in terms of multi-radio capabilities. In Section 3.7.3, different protocol solutions 

for the tight integration are described. In section 3.7.4, different multi-connectivity features like 

RRC diversity and user plane aggregation are presented. OAM aspects of the LTE-NX tight 

integration are not covered. 

3.7.1 	Motivation 

[1131] Tight integration fulfills 5G user requirements such as very high data rates by user 

plane aggregation or ultra-reliability by user or control plane diversity. User plane aggregation is 

particularly efficient if NX and LTE offer similar throughput for a particular user so that the 

aggregation can roughly double the throughput. The occurrence of these cases will depend on 

the allocated spectrum, the coverage and the load of the two accesses. Ultra-reliability can be 

mandatory for some critical applications for which reliability and low latency are crucial to 

maintain. 
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[1132] In addition to these, it is worth mentioning that the tight integration also provides 

enhancements to existing multi-RAT features (such as load balancing and service continuity) 

thanks to a RAN level integration transparent to the core network, CN, (less signaling). Service 

continuity, in particular, is very desirable for early deployments, since it can be expected that 

early NX deployments will comprise islands in a wider LTE coverage. 

[1133] The following focuses on characteristics that motivate support for multi-connectivity, for 

which LTE tight integration is one solution, to ensure service continuity. 

	

3.7.1.1 	Challenging propagation conditions for NX in high frequency bands 

[1134] In comparison with the current frequency bands allocated to LTE, much more 

challenging propagation conditions exists in higher bands, such as higher free space pathloss, 

less diffraction, and higher outdoor/indoor penetration losses, which means that signals have 

less ability to propagate around corners and penetrate walls. In addition, atmospheric/rain 

attenuation and higher body losses could also contribute to making the coverage of the new 5G 

air interface spotty. Figure 119 shows an example of average SINR variations over a UE route 

in an urban deployment employing a large-array grid of beams, for a 15 GHz, comparing the 

optimal serving beam choice at all times with optimal beam switching delayed by 10 ms. The 

route demonstrates some deeper dips that indicate a sudden deterioration of the serving beam 

SINR due to shadowing, e.g., in "around the corner" situations. The serving beam SIR may drop 

by over 20 dB within 5-10 ms. Such occasional drops are unavoidable at above 10 GHz and 

they should be handled seamlessly — Either by rapid beam switching, see section 3.5, or by 

relying on some form of multi-connectivity until the connectivity has been restored. The latter is 

a strong motivation for tight LTE/NX integration e.g., to provide service continuity. 

	

3.7.1.2 	Massive use of beamforming 

[1135] Beamforming, where multiple antenna elements are used to form narrow beams to 

concentrate the energy, is an efficient tool for improving both data rates and capacity. Its 
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extensive use, in particular at the network side, is an important part of high-frequency wireless 

access in order to overcome the propagation challenges; see section 3.4. On the other hand, 

the reliability of a system using high-gain beamforming and operating in higher frequencies is 

challenging, due to the high directivity and selectivity of large antenna arrays. Thus, coverage 

might be more sensitive to both time and space variations. 

3.7.2 	Network and Device Scenarios 

3.7.2.1 	Network scenarios 

[1136] The network scenarios for LTE and NX may be very diverse in terms of coverage and 

co-location. In terms of deployments, LTE and NX can be co-located (where the baseband is 

implemented in the same physical node) or non-co-located (where the baseband is 

implemented in separate physical nodes with non-ideal backhaul). 

[1137] In terms of coverage, LTE and NX may have essentially the same coverage, e.g., in a 

situation where LTE and NX are deployed co-located and operating in a similar spectrum. This 

also covers the case where NX may have better coverage than LTE due to the usage of high-

gain beamforming. Alternatively, NX may be deployed in a high frequency band which would 

result in a spottier NX coverage. The different options are summarized in Figure 120. 

3.7.2.2 	UE scenarios 

[1138] UE scenarios are presented here, as certain UE types may be limited in the kind of 

tight integration solutions they support. Characteristic of the different UE types is the number of 

receiver chains. It is expected that in 5G timeframe there will be UEs with dual radios, where 

each radio has both receiver and transmitter (RX/TX) and that these can be operated 

simultaneously. Such UEs will be able to be fully connected to LTE and NX at the same time 

without requiring time division operation on lower layers. From a specification point, tight 

integration is easiest to specify for this UE type, in the following referred to as UE type #1. 

However, from an implementation point of view, two transmitter chains (uplink) operating 
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simultaneously introduces new challenges, including the need to split the limited TX power 

across the two TXs as well as intermodulation problems might prohibit dual UL TX in certain 

cases. Thus, there will also be UEs with dual RX but single TX, as these are easier to 

implement, and these are referred to as UE type #2. Finally, there will be single-radio low cost 

UEs capable of both air interfaces, but only one at a time, referred herein to as UE type #3. The 

main focus has been on type #1 and type #2 UEs, as type #3 UEs cannot benefit as much on 

the features enabled by the tight integration. The UE types are highlighted in Figure 121. 

3.7.3 	RAN Architecture supporting tight integration 

[1139] In order to realize the tight integration of LTE and NX, the concept of an "integration 

layer" is introduced. A protocol entity of the (multi-RAT) integration layer interacts with the RAT 

specific lower layer protocols (for NX and LTE respectively). The NX architecture is described in 

section 3. In the following we show a summary of the pros and cons analysis for each 

integration layer alternative. 

3.7.3.1 	MAC layer integration 

[1140] Using MAC as the integration layer means that the layers above would be common to 

LTE and NX, as shown in Figure 122. The main advantage of low-layer integration is the 

potential of much tighter inter-RAT coordination features such as fast multi-RAT / multi-link 

switching and cross-RAT scheduling at the physical layer. MAC level integration would enable a 

Carrier Aggregation like operation between LTE and NX, allowing for a very dynamic distribution 

of traffic even for short-lived flows. For instance, RLC retransmissions can be scheduled on any 

access, enabling quick recovery if one access fails. On the other hand, reordering of packets 

received over the different accesses would be needed on either MAC or the RLC layer, which 

would delay the RLC retransmissions. Currently, the LTE RLC reordering timer can be tuned 

quite accurately due to the deterministic HARQ delays of the MAC layer, and this would no 
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longer be the case for the more unpredictable reordering delays, which are depending on link 

quality and scheduling decisions of the respective links. 

[1141] A further benefit of MAC layer integration is that it can support asymmetric uplink, UL, 

and downlink, DL, configurations. Poor UL NX coverage could be one driver for such solutions, 

and would enable using available NX DL spectrum in combination with LTE UL when there is 

poor UL NX coverage (especially for higher frequencies) could be a strong motivator to enable 

MAC level integration. However, this would require carrying of NX physical layer control 

information over the LTE uplink channels. Apart from mixing NX specifics into the LTE physical 

layer specifications, this would probably prove quite complex due to the different numerology 

and round trip times of LTE and NX. For example, the staggered stop and wait HARQ of LTE 

uses a fixed timing, whereas the target for NX is to support varying timing in order to support 

more flexible deployments in terms of baseband location. 

[1142] The same argument applies to cross carrier scheduling between LTE and NX. This 

would cause strong dependencies in the specifications, and would limit the possibilities for 

physical layer optimizations of each access. The current stand of the internal NX concept is that 

the MAC operations for NX would differ quite much from LTE operations, complicating carrier 

aggregation like scheduling of UEs for LTE+NX. Therefore, if UL coverage turns out to severely 

limit the NX coverage, a solution with a NX DL carrier operating in high frequency could be 

combined with an NX UL carrier operating in low frequency, possibly multiplexed with a LTE UL 

carrier using similar techniques as for NB-I0T. 

3.7.3.2 	RLC layer integration 

[1143] RLC layer integration allows independent optimization of the MAC and physical layer 

of each access, but still allows dynamic mapping of RLC transmissions and retransmissions on 

the different accesses; see Figure 123. However, as for MAC level integration, the reordering 

timer of RLC would need to be increased to cover reordering due to different packet delivery 
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times of the lower layers, which would slow down the RLC retransmissions. In normal 

conditions, RLC retransmissions are rare, and so is then the benefit of being able to reschedule 

a RLC retransmission between accesses. 

[1144] The interface between RLC and MAC is tightly connected in LTE, where segmentation 

is performed on RLC and scheduling (basically telling RLC the requested RLC PDU size) is 

performed on MAC. The functional split between RLC and MAC for NX is not yet set, but if the 

same split is kept, RLC level integration has the same limitations as MAC level integration when 

it comes to the support of backhaul. 

3.7.3.3 	PDCP layer integration 

[1145] PDCP functions for the control plane are ciphering/deciphering and integrity protection 

while for the user plane the main functions are ciphering/deciphering, header compression and 

decompression using ROHC, in-sequence delivery, duplicate detections and retransmissions 

(used in handovers). In contrast to the PHY, MAC and RLC these functions do not have strict 

time constraints with the in terms of synchronicity with the lower layers. The main benefit of 

PDCP layer integration is that it allows separate optimization of the lower layers for each 

access. A disadvantage is that this may require a fairly large remake of the MAC/PHY for NX, 

including new numerology and scheduling principles. 

[1146] PDCP layer integration, illustrated in Figure 124, also supports both ideal and non-

ideal backhaul and can thus operate in both co-located and non-co-located deployments. Still 

some of the same coordination features as for lower layer integration can be supported, e.g., 

load balancing, user plane aggregation, control plane diversity, coordinated RAT scheduling, 

see. The difference is a lower granularity compared to lower layer integration. Here access can 

be selected per PDCP PDU and RLC retransmissions are access specific. One of the features 

that cannot be enabled by a PDCP integration is cross-carrier scheduling (as in carrier 

aggregation) where feedback of one access could be reported in another access. 

291 



WO 2017/196249 	 PCT/SE2017/050491 

[1147] One constraint with PDCP layer integration is that both uplink and downlink 

connectivity is required for each access, which means that asymmetric configurations with 

regard to uplink, UL, and downlink, DL, are not supported. 

3.7.3.4 	RRC layer integration 

[1148] LTE-NX tight integration builds on RRC layer integration, illustrated in Figure 125, to 

provide common control of connectivity, mobility, configurability and traffic steering between 

LTE and NX. Possible implementation alternatives of RRC for LTE-NX tight integration are 

discussed in section 2.1. 

3.7.3.5 	Conclusion 

[1149] In existing multi-RAT integration (e.g., between LTE and UTRAN), each RAT has its 

own RAN protocol stack and its own core networks where both core networks are linked via 

inter-node interfaces. When it comes to the integration between NX and LTE, enhancements 

have been proposed. 

[1150] A first step towards this direction is a common core network, CN, integration. In the 

case that each RAT has its own RAN protocol stack but the core network (and the CN/RAN 

interface) is common, new 5G core NFs can be used by both LTE and the new air interface. 

This has the potential to reduce hard handover delays and enable more seamless mobility. On 

the other hand, potential multi-RAT coordination is limited. Based on the design characteristics 

of NX and the analyses for the different alternatives for the integration layer, the integration is 

placed at PDCP/RRC layers. 

3.7.4 	Tight integration features 

[1151] In this section it is described which features can be realized by the solution for the tight 

integration. A summary of the features is shown in Figure 126, assuming an RRC 
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implementation based on a common RRC with the LTE's RRC extended to cover NX new 

procedures and acting as sort of MeNB (see section 2.1). 

3.7.4.1 	Control Plane Diversity 

[1152] RRC level integration for LTE and NX as described in section 2.1 provides a single 

point of control at the network and UE for dedicated signaling. To improve signaling robustness, 

messages from this point can be duplicated at the link layer, with copies of the RRC message 

transmitted via separate links to UEs with dual radio (UE type #1). In the preferred architecture, 

this split is performed at the PDCP layer, so that PDCP PDUs are duplicated at the transmission 

point and each copy send over individual link to the UE, and duplicate detection is performed in 

the receiving PDCP entity to remove redundant PDCP PDUs. 

[1153] The feature can be applied to both uplink and downlink transmissions. In the downlink, 

the network may decide to use one link or another. One significant aspect of the feature is that 

no explicit signaling would be needed to switch the link which imposes that the UE transceiver 

should be capable of receiving any message on any link. The main benefit of this feature is to 

provide additional reliability without the need for explicit signaling to switch air interface, which 

might be important to fulfill the ultra-reliability requirements for certain applications in 

challenging propagation conditions where the connection on one air interface is lost so quickly 

that no explicit "switch signaling" could have been performed. 

[1154] The feature could also be used, for example, during mobility procedures where NX 

links could degrade so quickly that the fact that the UE can just use the LTE link without the 

need to any extra signaling is beneficial. With diversity, the UE could send measurement reports 

via both LTE and NX so that up to date measurements are available at the network for handover 

decisions. In the same scenario, handover commands could be sent by both LTE and NX. 
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3.7.4.2 	Fast Control Plane Switching 

[1155] Fast control plane switching is one possible alternative to the control plane diversity, 

which relies on RRC level integration and which allows the UE to connect to a single control 

point via NX or LTE and switch very fast from one link to another (without requiring extensive 

connection setup signaling). The reliability might not be as high as in the Control Plane Diversity 

and additional signaling would be needed to enable the link switch compared to Control Plane 

Diversity. The solution does not allow simultaneous reception / transmission. On the other hand, 

one advantage is that the solution would work for all UE types defined in section 3.7.2.2. 

[1156] These two solutions can be seen as alternatives but can also be complementary, 

where the first solution could be used only in critical scenarios to improve reliability. They can be 

seen as different operation modes configurable at the UE depending on the different procedures 

/ messages or UE types. 

	

3.7.4.3 	UL Control Plane Diversity and DL Fast Control Plane Switching 

[1157] Some potential issues have been identified for the fast control switching solution, e.g., 

the RLF handling. Then, as a more experimental alternative, a hybrid with the Control Plane 

Diversity has been proposed. This hybrid comprises a Control Plane Diversity in the Uplink (UE 

is capable of sending RRC messages via NX and/or LTE while the network is prepared to 

receive these messages from either/both accesses) and a Fast Control Plane Switching in the 

Downlink, where the UE is informed by the network which access it should listen to receive RRC 

messages and the network sends only via one access. 

[1158] The solution can be considered as a fallback in the case the Control Plane Diversity 

solution is too complex e.g., in the case of UE type #3, which could be relaxed in the case of 

Control Plane Switching. Note that in case the two accesses are not tightly synchronized or are 

transmitting in different bands, the UE may need to re-acquire synchronization every time it 

needs to transmit over the other access, which could consume some time making it less 
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suitable for some critical procedures. Another challenge to enable the usage of the feature by 

UE type#3 is the fact that it takes even longer is to reliably discover that the UE failed on the 

"first" access and then to "find" the suitable connection on the other access. One way to address 

that issue is to configure the UE to constantly monitor a secondary access in order to be 

prepared. A possible drawback of this is that it can consume extra UE battery and enforce some 

additional DL transmissions on the NX side. 

	

3.7.4.4 	User Plane Aggregation 

[1159] User plane aggregation has two different variants. The first variant is called flow 

aggregation which allows a single flow to be aggregated over multiple air interfaces. 

Another variant is called flow routing where a given user data flow is mapped on a single air 

interface, so that different flows of the same UE may be mapped either on NX or LTE. This 

option requires a mapping function of the flows to different bearers in the core network. 

[1160] The benefits of user plane aggregation include increased throughput, pooling of 

resources and support for seamless mobility. The feature works only for UEs of type #1, if 

PDCP layer integration is assumed. 

	

3.7.4.5 	Fast User Plane Switching 

[1161] For this feature, rather than aggregating the user plane, the UE uses only a single air 

interface at a time, relying on a fast switching mechanism between them. Apart from providing 

resource pooling, seamless mobility and reliability, a main advantage is that it applies for UE 

types #1, #2 and #3, where only one access is used at a time. It is expected that fast switching 

may be sufficient in a scenario where one access provides significantly higher user throughput 

than the other, whereas user plane aggregation provides additional significant throughput gains 

in scenarios where access performance is more similar. 
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3.8 Operation in shared spectrum 

[1162] It is important that NX can be deployed in all frequency bands that are made available 

for 5G, including frequency bands allocated for shared operation. As a consequence, NX 

system should be able to share spectrum with other NX systems and/or different technologies, 

such as LTE and Wi-Fi, on the same carrier. Focus is on TDD operation assuming half-duplex 

transmission, but full duplex is possible and enables a more aggressive sharing mechanism. 

3.8.1 	Sharing scenarios 

[1163] Figure 127 illustrates a summary of spectrum types and usage scenarios for NX 

systems. Besides licensed dedicated use, it is clearly seen that spectrum sharing is commonly 

divided into the following categories: 

• Vertical sharing refers to spectrum sharing between systems of different priority 

(e.g., primary and secondary), with unequal rights of spectrum access. 

• Horizontal sharing is sharing between systems that have the same priorities in 

the spectrum, where different systems have fair access rights to the spectrum. If 

the sharing systems in the spectrum adopt the same technology, it is called 

homogenous horizontal sharing, e.g., inter operator sharing in the same 

carrier/channel; otherwise heterogeneous horizontal sharing, e.g., LTE sharing 

with Wi-Fi. Homogenous horizontal sharing can also be applied in licensed mode 

between different operators typically using the same technology. 

[1164] NX is expected to cover 1-100GHz spectrum ranges, where the most promising 

shared spectrum lies in the following categories: 

• Case A: Unlicensed bands such as 5GHz and 60GHz which are already 

available for network deployment. This is the most typical case for sharing of 

spectrum and very promising for user deployed scenario (e.g., enterprise) since 
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there is no need for user to coordinate with operators when operating in 

unlicensed band; 

• Case B: Co-primary licensed bands with inter-operator horizontal sharing 

especially above 30GHz which is proved to have benefit. Spectrum efficiency 

may be improved a lot by introducing inter-operator sharing especially for low 

interference environment with massive MIMO in NX; 

• Case C: LSA bands operation as secondary systems without or with horizontal 

sharing. Vertical sharing techniques could open the door for 3GPP systems to 

use more spectrums and make global harmonization of spectrum easier. 

Similarly, inter-operator horizontal sharing can be valid as well in LSA bands. 

3.8.2 	Motivations and requirements 

[1165] Current 2nd Generation,2G, 3rd Generation,3G, and 4th Generation, 4G, systems 

mainly use licensed dedicated spectrum for network deployment. However, NX systems aiming 

for 5G with massive bandwidth need significantly more spectrum than today and it is hard to find 

enough bands to achieve this by using licensed dedicated spectrum. Besides, NX systems are 

more likely to serve new application scenarios such as enterprise, which favor shared spectrum 

operation. Therefore, shared spectrum operation plays an important complementary role to use 

spectrum for NX systems. 

[1166] In shared spectrum, where multiple systems can coexist and interfere with each other, 

there is a need for coexistence rules. In general, there is no protection that a user can expect 

from interference when operating in the unlicensed regime, but intentional radiators engaged in 

communication must follow rules designed to minimize interference to other devices using the 

band. The FCC has devised such rules for fair coexistence in unlicensed bands, as has CEPT , 

Conference europeenne des administrations des postes et telecommunications, in association 

with ETSI. Current regulations typically provide a spectral mask which limits the total power and 

297 



WO 2017/196249 	 PCT/SE2017/050491 

power spectral density (PSD) that each transmitter can use. In addition, there are derived 

protocols that are sometimes quite liberal in the extent to which a transmitter can gain access to 

the channel, and at other times are more restrictive; the coexistence protocols typically followed 

in the 5 GHz band allow the liberal approach in the US and restrict users to following listen-

before-talk in Europe. 

[1167] The sharing problem is itself not new, as numerous devices on the 2.4 GHz and 5 GHz 

unlicensed bands already behave in a manner that is unfriendly to neighboring devices. Up to 

now, the FCC rules have been band dependent and technology-neutral. In 2.4 GHz and 5 GHz 

bands Wi-Fi is established as a dominating technology most often using some sort of Listen-

before-talk mechanism (LBT) to enable fair coexistence and global relevance. This has 

established LBT as a de facto method for providing fairness. New technology such as licensed 

assisted access (LAA) for LTE has also adopted LBT to enable fairness. The IEEE 802.11 

standard also proposes coexistence techniques in the new 'ad' amendment for 60 GHz, but 

common use of that band may not employ LBT uniformly, as it is expected that spatial isolation 

between users may often make active sensing of the channel unnecessary. Recently, the FCC 

has proposed expanding the 60 GHz band from its current 57-64 GHz to included 64-71 GHz as 

well. 

[1168] New bands may be expected for shared spectrum use elsewhere in the future and NX 

should be able to operate within such spectrum. It remains to be seen how the regulators will 

handle fair coexistence when embracing new technology and new bands. For vertical sharing, 

the main work is in the regulatory bodies to establish coordination interface with primary 

systems, which has small impact on the radio design for NX systems, e.g., geolocation 

database (GLDB) support. So the following focuses on how NX systems are designed to solve 

horizontal sharing between different operators or systems. Unlicensed bands such as 2.4GHz 

and 5GHz are already used by a number of access technologies, e.g., 802.11(Wi-Fi). Currently, 

licensed assisted access (LAA) is being developed in 3GPP to make LTE operate in unlicensed 
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bands and coexist with Wi-Fi systems. LAA for LTE has the potential to offer better coverage 

and higher spectral efficiency comparing to Wi-Fi. This milestone to deal with horizontal sharing 

for 3GPP technology lays a solid base for NX operation in shared spectrum. 

[1169] NX has some characteristics that ease operation in shared spectrum as compared to 

LTE: 

• Smaller granularity in time domain (see 2.3.2), e.g., 62.5ps subframe. 

• Flexible HARQ scheme; no strict timing on ACK/NACK and retransmission (see 

2.2.8). 

• Flexible TDD (see 2.3.2.1); UL transmission is scheduled and is allowed in any 

subframe. 

• Full duplex operation. 

• Contention-based uplink data transmission (see 2.2.6). 

• Massive MIMO with high-gain beamforming (see 3.4) provide isolation and 

reduces interference in many cases. However, high-gain beamforming may also 

bring challenges to coexistence mechanism like Listen-before-talk. Details are 

elaborated in later sections. 

3.8.3 	Coexistence mechanism for horizontal sharing 

[1170] Listen-before-talk (LBT) is the most flexible tool to support horizontal sharing for the 

following reasons: a) distributed structure without needing information exchanges between 

different networks or nodes; b) it may realize the coexistence support with different operators or 

systems simultaneously. Section 3.8.3.1 introduces LBT concept with high-gain beamforming 

and addresses possible problems brought by massive MIMO in combination with LBT. Then, in 

section 3.8.3.2, a Listen-after-talk (LAT) mechanism is introduced to solve some problems. 

Finally, section 3.8.3.3 summarizes the application scenarios for both mechanisms according to 

analysis. 
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3.8.3.1 	Listen-before-talk with high-gain beamforming 

[1171] An important idea of LBT is that the source node (SN) listens to check the channel 

status before it actually transmits to destination node (DN). In other word, the default mode of 

LBT for SN is 'not to send' and data is sent only when it is confirmed that the channel is 

available by listening. Here 'available' means that the planned transmission will neither interfere 

nor be interfered by current ongoing transmission. So the assumption behind this is that the 

sensed power at SN side represents the interference power at DN side. However, when the 

sensed power at SN side is much smaller than interference power at DN side, the hidden node 

problem may occur, where the channel is considered available but actually occupied. In contrast, 

the exposed node problem may occur when sensed power is much larger than interference 

power, where the channel is detected busy but is actually not occupied. In current Wi-Fi or LAA 

systems for LTE, these problems already exist, but they are not so severe and can be tuned by 

setting feasible detection threshold. The probability of such problems occurring when using LBT 

is acceptable according to evaluations and practical applications in current Wi-Fi or LAA 

systems for LTE. For LBT, how long time needs to be sensed for each transmission can also be 

considered. For this purpose, a back-off counter is introduced for LBT. The counter is generated 

randomly when SN wants to transmit data and decreases if the channel is sensed idle. When it 

expires, SN regards the channel as idle and could start to transmit data in the channel. 

[1172] For NX systems with large antenna arrays, high-gain beamforming is available for data 

transmission. This exacerbates the hidden- and exposed node problems. Due to high-gain 

beamforming, the sensing power phase is done with a directional beamforming pointing towards 

the direction the node wants to transmit. In this case, differently oriented directions may result in 

different receiving powers. 

[1173] Figure 128 illustrates examples of the hidden node and exposed node problems. In 

Figure 128a, AN1 is transmitting data to UE1 and AN2 is listening. Since it is not in TX coverage 

of AN1, AN2 considers the channel is available and thus starts to transmit data to UE2. But 
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actually UE1 is interfered by AN2's transmission due to it is in AN2's TX coverage. A reason 

behind this is that sensed power at AN2 is much smaller than the interference power at UE1 

side due to direction difference. In contrast, the exposed node problem is illustrated in Figure 

128b. 

[1174] 	More antennas (e.g.,100 antennas at AN side) result in less correct LBT, with more 

severe hidden node problems and exposed node problems. Here, 'correct' means 'channel 

detected as busy, actually interfered' and 'channel detected as available, actually not interfered'. 

This can lead to performance degradation on both average system throughput and cell-edge 

user throughput. 

[1175] Request to send/clear to send (RTS/CTS) handshaking mechanism is proposed in Wi-

Fi systems to solve hidden node problem brought by physical carrier sensing. It is an additional 

method to implement virtual carrier sensing over physical carrier sensing. When physical carrier 

sensing indicates the channel is idle, data SN transmits RTS to DN and then DN responses one 

clear to send, CTS, to accomplish handshaking. Neighbor nodes hearing RTS and CTS defer 

their transmission so that hidden node problem doesn't exist. However, this makes exposed 

node problem more severe and also introduces more overhead for RTS/CTS transmission 

before data transmission. Considering the problems in high-gain beamforming case, exposed 

node problem is already a problem and RTS/CTS can pronounce it. Besides, interference 

probability is much smaller in high-gain beamforming case which means a lot of RTS/CTS 

overhead before data transmission is unnecessary. For these reasons, traditional RTS/CTS is 

not a good solution to solve hidden node problem and exposed node problem in high-gain 

beamforming case. 

3.8.3.2 	Listen-after-talk (LAT) mechanism 

[1176] A so-called listen-after-talk mechanism is introduced to address the abovementioned 

hidden- and exposed- node problem in massive antennas case. A reason to have such severe 
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problems for LBT is a large difference between sensed power at SN side (e.g., AN2 in Figure 

128) and interference power at DN side (e.g., UE1 in Figure 128) in high-gain beamforming 

case. Thus, LAT involves the receiver to sense the channel directly. Another motivation for LAT 

is low interference situations, where there are fewer collisions for naive direct transmission. For 

this reason, LAT adopts opposite logic compared to LBT as follows: the default mode for 

transmitter is `to send' and data is not sent only when it is confirmed that channel is occupied by 

interfering transmissions. An important idea is that the SN transmits anyway when data packets 

arrive and then solve collision detected by DN according to coordination signaling. 

[1177] To address LAT clearly, the following definitions are assumed: 

• Idle time is assumed after continuous data transmission. This is reasonable for 

unlicensed band since there are always channel occupation limitation rules, e.g., 

the SN must stop transmitting and enter idle state after contiguous transmission 

time exceeds a given threshold; 

• Notify-To-Send (NTS) message: This message can be transmitted by SN or DN, 

including the link information which will transmit data and expected occupation 

time duration; 

• Notify-Not-To-Send (NNTS) message: This message is transmitted from DN, 

telling its SN not to transmit data in indicated duration. 

[1178] A short description of procedures for SN and DN is given here. First, the listening 

function at DN side is triggered when it detects interference and fails to receive the data. Then 

the DN of victim link coordinates the data transmission with SN of the aggressor link(s). Finally, 

the coordination is performed in idle time of aggressor link. One example is shown in Figure 129, 

where AN2->UE2 is interfered by AN1->UE1. When UE2 fails to decode the data, it starts to 

look for the idle period of aggressor link and send NTS message towards AN2 direction. Since 

UE2 is interfered by AN1, AN1 can receive the message as well and then defer the transmission 

as NTS indicates. Besides, NTS also indicates when AN2 will stop transmission and listen, the 
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idle period of AN2->UE2. Then AN1 transmits NTS that can be received by UE2. Finally, NNTS 

is relayed by UE2 to let its transmitter AN2 know which resource is occupied by aggressor link 

and not transmit. By this scheme, the transmission of this interference pair (AN1-UE1 and AN2-

UE2) is coordinated in distributed way to transmit data by turns. 

3.8.3.3 	Summary 

[1179] Both LBT and proposed LAT scheme are aiming to solve the interference between 

operators or systems to achieve good coexistence. So taking into account their different design 

ideas, Table 16 summarizes the requirements and possible application case as follows: 

Coexistence 

scheme 

Structure Listening 

node 

Signaling Scenario 

LBT distributed SN only Optional Small to middle 

antenna gain 

LAT distributed Both SN and 

DN 

Mandatory Large antenna 

gain 

Table 16: Comparison between Listen-before-talk and Listen-after-talk mechanism 

[1180] From the above comparison, LAT scheme involves RX's listening and thus signaling 

between data source node (SN) and data destination node (DN), e.g., NTS and NNTS. For LBT 

scheme, only data SN is listening while optional signaling may be adopted to solve the hidden 

node problem. In other words, RTS/CTS handshaking may be standardized in Wi-Fi protocol. 

However, RTS/CTS can't solve exposed problem which may severely degrade frequency reuse 

in massive antenna case. 

[1181] LBT can work well to achieve coexistence using moderate antenna gain (AN with less 

than 16 antennas). However, for high antenna gain case, alternative solutions, including LAT, 

may be used. 
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3.8.4 	LBT-based Data transmission 

[1182] This section describes how to incorporate LBT in the NX frame structure for physical 

data and control channels defined in section 2.3.3. For the purposes of this section, it is 

assumed that both downlink, DL, and uplink, UL, data transmission are subject to LBT. This is 

motivated by the assumption that LBT is needed for operation in both 2.4GHz and 5GHz bands. 

For new frequency bands at higher frequencies where high antenna gain is expected to be used, 

other sharing mechanisms such as LAT may be used. For NX, data transmission-related 

channels are defined as introduced in 2.3.3, e.g., the physical control channel (PDCCH) and 

physical data channel (PDCH). PDCCH is used to schedules PDCH which could accommodate 

either downlink, DL, or uplink, UL, data. 

[1183] To reduce uplink transmission latency, cPDCH was introduced to enable contention-

based access, as described in 2.2.3. With cPDCH, a semi-persistent grant that may be 

assigned to multiple UEs is introduced. Referring to the discussion in section 2.2.6, cPDCH is 

used for transmission of initial uplink data in a contention way. In section 2.2.6 there is also a 

description of how an LBT mechanism may be added to cPDCH for access in dedicated 

spectrum, to further improve performance. 

3.8.4.1 	DL LBT-based data transmission 

[1184] For downlink, DL, data transmissions, there are two different kinds of opportunities to 

transmit DL data: PDCH scheduled by PDCCH, or one could apply contention-based resource 

handling similar to what has been devised for DL using cPDCH. In this section, these access 

methods have to be accompanied with LBT. 

[1185] The principle of using PDCH for LBT-based DL transmission of data is illustrated in 

Figure 130, which illustrates a PDCH-carried DL transmission example, at the eNB side. First, 

the eNB starts to sense the channel M symbols before PDCCH. Then, the back-off mechanism 

is performed to determine if it is OK to transmit data by physical carrier sensing. When the 
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randomly generated back-off counter expires, the eNB inserts reservation signal to occupy the 

channel until PCCH boundary. If the carrier is determined to be idle, the eNB schedules the data 

transmission by transmitting PDCCH to the UE including a DL assignment indicator (all UEs that 

expect to receive data on a specific resource has to what PDCCH to monitor). Finally, the eNB 

transmits the data accordingly. PDCCH and PDCH are co-located in the continuous resource as 

mentioned in section 2.3. 

[1186] In Section 2.2, cPDCH is discussed for UL transmission only. Here we show that the 

cPDCH can also be used for LBT-based DL transmission. Before DL transmission using 

cPDCH, the eNB needs to configure UEs to monitor shared resources to detect if there is 

cPDCH transmissions intended for them. If DL data to these configured UEs arrives, the eNB 

starts to sense the channel at before these resources and perform Listen-before-talk, as 

illustrated in Figure 131. (Note that a longer random back-off counter as compared to what is 

used for UL data provides priority to LBT based cPDCH-carried UL data). When determined 

idle, eNB sends DL data packet with special format as compared to PDCH-carried one in 

cPDCH immediately. The whole special packet includes preamble and header comprising of 

multiple fields (e.g., data duration, ID of DN and etc.) before the DL data payload so that the UE 

can know the beginning and end of the data designated for it. 

[1187] Using cPDCH in DL in this way is similar in some respects to how Wi-Fi transit data in 

DL. However, the cPDCH resources are configured by MAC. So, it could be seen as contention 

MAC over scheduled MAC. When low load, resources for cPDCH can be configured large to 

have low latency for both UL and DL; when medium and high traffic load, the resources for 

cPDCH can be set small, to have more scheduling MAC. 

3.8.4.2 	UL LBT-based data transmission. 

[1188] For UL data transmission, there are also two options for LBT transmission: PDCCH- 

scheduled PDCH-carried UL, and cPDCH-carried contending UL. For UE-initiated transmission 
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on PDCH, the UE first sends an UL scheduling request using cPDCH on a shared resource, and 

then PDCCH is used to inform the UE when it can transmit. To reduce delay, the cPDCH can be 

used to carry data directly, as outlined in section 2.2.6. 

[1189] First, a cPDCH resource should be configured for the UE. Then, the UE with UL data 

starts to sense the channel at cPDCH staring boundary, as illustrated in Figure 132, which 

shows an example of UL data transmission in cPDCH. LBT is performed at UE side until a back-

off counter becomes expired. A shorter random back-off timer generation window is used, 

compared to that for DL data, to prioritize its transmission. When the channel is determined as 

idle, UE sends the UL data including buffer status report in cPDCH. Note that transmission in 

cPDCH is not limited to initial UL data. 

[1190] Another UL data transmission option is PDCH-carried scheduling UL data. It is 

assumed here that UL scheduling request and buffer status report are already available at the 

eNB. There are two steps to perform this kind of transmission, as shown in Figure 133, which 

shows an example of UL data transmission in PDCH. First, assume that the contention for 

PDCCH transmission is successful at eNB side. Then, the eNB transmits PDCCH including an 

UL grant scheduling grant for the UE. Then, the UE detects PDCCH and prepare to send UL 

data when LBT succeeds, after the LBT period shown in Figure 133. 

[1191] One problem with PDCCH scheduled PDCH-carried UL data is that the UL granted 

resource is not used if LBT at UE side fails, which results in resource waste. One solution to this 

problem is to apply grouped grant opportunity for different UEs in a partly overlapping resource. 

For example, as shown in Figure 134, which illustrates the coupling of a DL and UL grant, one 

DL grant is scheduled to start shortly after the UL grant resource opportunity. In this way, the 

eNB first decodes in the first subframes: If CRC checks there is UL data, and the eNB can 

proceed to receive the rest of the UL data transmission; otherwise, the eNB starts DL LBT 

procedure to initiate DL transmission. Note that the UEs granted in overlapping resource are 

preferred to be carefully selected to increase the probability of successful contention for the 

306 



WO 2017/196249 	 PCT/SE2017/050491 

resource. For example, if UEs with large distance in one cell is selected, it is reasonable to 

assume that they have different channel state. Then, as long as at least one of them is 

successful, the resource would be occupied. 

3.8.5 	LBT-based transmission for system plane 

[1192] To support stand-alone operation in shared spectrum, transmission of system plane 

(see section 3.2) should also be considered. As introduced in section 2.3.4.1, periodic system 

signature index (SSI) and access information table (AIT) transmissions are fundamental to UE 

initial access. However, shared spectrum operation may bring uncertainty of the periodical 

transmission and thus their transmission under LBT constraints needs to be carefully designed. 

The details are given in the following subsections. 

3.8.5.1 	SSI transmission 

[1193] In NX system design for licensed band, SSI is a strict periodic signal sequence 

transmission (e.g., every 100ms), to provide synchronization. Further, the sequence is allocated 

in a pre-defined group of subcarriers, e.g., a small number of possible positions of the working 

carrier. 

[1194] In shared spectrum band operation, a much larger number of candidate SSI 

sequences are desirable, to reduce the possibility that SSIs from different un-coordinated 

network nodes are different. On the other aspect, LBT should be performed in the process of 

SSI transmission. In particular, the eNB starts listening a certain time (e.g., 4 subframes) before 

a periodic SSI transmission time. When the randomly generated back-off counter expires, a 

reservation signal is inserted until SSI transmission time, to avoid others jumping in. In order to 

prioritize SSI transmission compared to data transmission, a shorter contention window than for 

data transmission is used, e.g., Q=8 for SS and Q=20 for data, where [0, Q] is the range for 

random back off counter. Since SSI transmission is only located in a small number of possible 

positions in the carrier, downlink, DL, data transmission or dummy signals are transmitted in 
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other subcarriers at the same time, as shown in the SSI transmission example illustrated in 

Figure 135, so that other listening devices can regard this carrier as busy or occupied by energy 

sensing. AIT or other useful system information could be put here as well. 

[1195] However, it is possible that LBT fails at the transmission time of SSI. To alleviate such 

problem, multiple candidate positions for SSI transmission can be predefined, e.g., the three 

dashed resource blocks in Figure 135. For the same SSI, additional sequences are used to 

indicate the transmission time offset. eNB still starts to monitor the carrier before the first 

candidate position. If LBT fails until starting point of the first one, eNB continues to monitor the 

channel and seeks opportunity to transmit SSI in the second or third candidate positions with 

different sequences. Note that different sequences are used to indicate the predefined offset in 

different position. One example is shown in Figure 136, which shows SSI transmission 

contention: NX operator 1 (0P1) and operator 2 (0P2) have different back-off counters. When 

OP1 back-off counter expires, the eNB transmits SSI. Then OP2 considers this channel as busy 

and stops back-off. When SSI of OP1 ends, OP2 finish the rest back-off time and transmit. 

3.8.5.2 	AIT transmission 

[1196] In a manner similar to that used with SSI transmissions, the eNB starts LBT before 

periodical AIT transmission (e.g., every 100 ms). First, it is assumed that one or several 

sequences along with AIT are used for UEs to detect time position of AIT transmission, as 

introduced in section 2.3.3.4. Then, one predefined transmission window is introduced to allow 

AIT transmission when LBT succeeds. This transmission window (maximum offset) should be 

indicated to UE via signaling, for scanning AIT blindly. As discussed in section 3.2.2.2, 

SFN/Timing information is also provided in the AIT content. Here, SFN/Timing indicates the time 

in the granularity of 10 ms in NX, for example, instead of lms in LTE. However, AIT 

transmission offsets may occur, as shown in Figure 137, such that one additional field is 
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desirable to indicate a millisecond-level (less than 10 ms) offset. Finally, the real AIT 

transmission time is a combination of SFN/Timing and the millisecond-level time offset. 

3.8.5.3 	UE access procedure 

[1197] The UE searches for SSI and AIT to update system information needed for initial 

access. After power up, UE scans SSI first to know which node can be accessed. From SSI 

detection, UE can get coarse synchronization by adjusting SSI transmission time offset 

indicated by the SSI sequence ID. Simultaneously, the UE can know SSI from the detected 

sequence. If local AIT doesn't have information on needed information for detected SSI, UE 

needs to scan AIT by detecting the self-contained sequence. The real global time is calculated 

by adding global time field and time offset for further use. Referring to section 3.2.2.2.2, the UE 

access procedure is updated with offset indication in shared spectrum, as shown in Figure 138, 

which illustrates the UE access procedure in shared spectrum. A difference (bold text in Figure 

138) from licensed operation is that synchronization offset is obtained from SSI detection, and 

thus synchronization implies further processing by complementing the detected offset. Further, 

the accurate global time from AIT detection should be obtained by considering AIT offset field as 

well, which may be used for SSI scanning. 

3.9 Self-organizing networks 

[1198] Self-organizing network (SON) features were listed among the LTE requirements, and 

some important concepts, functions and procedures significantly facilitated the introduction of 

new nodes as well as optimization of the operation of existing nodes. Therefore, it is natural for 

NX to provide at least a comparable level of automation. 

[1199] This section describes some fundamental automation concepts for NX, mainly 

targeting the early deployment and operation phases. The text also comments on the 

differences from LTE. LTE BS automation was to a large extent influenced by the design 

choices implying that BSs broadcast fixedly allocated signals and identifiers. Such broadcasts 
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served as a basis for a wide range of functions, including idle mode mobility, initial access, 

frequency selective channel estimation, mobility measurements, positioning etc. As described in 

the present document, the NX design avoids such broadcast as much as possible. Furthermore, 

as discussed in Section 3.10, it is desirable to avoid broadcast of a fixed sequence or identifier 

over time from the same BS or antenna configuration. Instead, it is possible to operate an NX 

network in a mode (obfuscated mode), where transmitted sequences and identifiers from an 

antenna configuration are changed regularly. These design choices have an impact on NX RAN 

SON. 

[1200] The introduction of a new base station in an NX network is subject to several 

management and automation tasks to ensure a smooth introduction. These tasks are listed in 

sequence in Figure 139, and are discussed in more detail below. 

• Site planning. Traditionally, base station sites are planned. The planning 

includes establishing a leasing agreement with a landlord and deciding an 

appropriate site location. Since NX introduces new concepts and features, also 

the site planning procedure is affected. Potentially, this step can be omitted in 

detail, in favor of a more ad hoc deployment procedure, where the BS is placed 

at an appropriate location during a site visit. 

• OAM system connection establishment. Once the BS is deployed, it needs to 

establish contact with the OAM system to confirm the deployment and to 

associate the BS hardware with the planned site. The OAM system also has the 

possibility to upgrade the BS software and obtain system parameters. The BS 

may also retrieve information about how to establish backhaul and fronthaul to 

realize transport network connections, core network connections, inter-

basestation connections, etc. 

• System access establishment. The system plane is configured to provide UEs 

with system access. A new base station needs to be included in a set of base 

310 



WO 2017/196249 	 PCT/SE2017/050491 

stations providing system plane access, and the system plane needs to be tuned 

accordingly. 

• BS relation establishment. By automatic establishment of inter-BS relations, 

the infrastructure is capable of establishing relations between the nodes that 

needs to interact and exchange information. 

• Beam relations establishment. With beam based communication between a 

base station and a UE, the network can benefit from establishing relations 

between beams at different transmission points and also between different 

beams from the same transmission point. 

• Mobility robustness optimization. The NX active mode mobility is supported by 

the transmission of beam-formed mobility reference signals. The mobility 

procedure tuning includes deciding when it is appropriate to initiate mobility 

measurements, and when to initiate the handover procedure. 

• Self-optimization and healing. This section only addresses a limited set of SON 

procedures, and there are other procedures such as identity management, load 

balancing, coverage and capacity optimization, handling of disruptive events etc. 

3.9.1 	Site planning, OAM system connection establishment and system access 

establishment 

[1201] Despite ambitions to make radio network node configuration and optimization 

extensively automatic, site planning involves manual work such leasing agreements with 

landlords, and providing at least a set of candidate sites where site deployments can be 

realized. Part of the site planning can also be automatic, for example to select sites for 

deployment among a set of site candidates, and to define some basic configuration parameters 

such as base station type and capability, transport network type and capability, maximum 

transmission power, etc. The configuration can be separated into hardware configuration and 
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parameter configurations. The latter includes pre-configurations of radio functions, identifiers, 

sequences, security, base station relations, inter-base station connections to be established 

etc., where some parameter configurations can be seen as optional. 

[1202] The scope of the configuration can vary depending on the level of distributed 

automation of certain parameters and procedures, if this automation is conducted centrally, or if 

the parameters are pre-configured based on planning. It also depends on the considered 

deployment strategy (see also section 3.2), for example: 

A. each base station (a traditional base station or a cluster of transmission points 

connected with good backhaul, sharing the same interface to other nodes) is 

configured with its specific system access configuration, and thereby a base 

station specific SSI 

B. system access configuration is shared between base stations in the same region, 

and the backhaul characteristics is very different between different base stations, 

and might not be known before the deployment. 

C. System access configuration is shared between base stations of the same type, 

which for example can mean that macro base stations are configured with one 

SSI, and micro base stations with a different SSI. 

[1203] In deployment strategy A, each base station provides its specific system access, and 

some preferably automatic planning can configure the system access. In case base stations in 

the form of clusters with transmission points, these may already initially have some pre-

configured inter-transmission point connections within the cluster to enable coordination of 

receptions and transmissions. Once deployed, the system access configuration can be 

automatically reconfigured to adapt to the local conditions. These local radio conditions can be 

learned over time, based on a combination of UE and BS measurements. 

[1204] In deployment strategy B, the ambition is to provide regional system access. 

Therefore, the system access configuration can initially be planned just as in strategy A. Once 
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deployed, base stations can be reassigned to new system access regions based on the local 

radio conditions. These local radio conditions can be learned over time, based on a combination 

of UE and BS measurements. The backhaul can be very varying and subject to varying latency, 

limiting coordination capabilities. 

[1205] In the event that NX is deployed in an area where there already exists a legacy 

system, then existing logical models (neighbor relations, tracking area configurations, random 

access procedure statistics) can be used to assign the base station to a system access region 

(strategy B) either in the planning phase, after establishing the connection to the OAM system, 

or once the relation between the new NX base station and the legacy network has been 

established. 

[1206] Similarly, with NX deployed with different base station types in mind, each type can be 

associated to the same system access configuration (strategy C). This is reasonable for 

example if the system access configuration should be related to the transmission power of the 

base station. 

[1207] One alternative is to deploy new base stations with a BS specific system access 

(strategy A) from a set of system access configurations only used for newly installed base 

stations. Once sufficient knowledge about the local conditions has been established, the base 

station is assigned to a system access region (strategy B). 

[1208] Similarly, the tracking area configurations also can be subject to (automatic) planning 

prior to site installation, centrally determined as part of the initial OAM interactions, or 

distributedly reconfigured after the base station has been deployed. The tracking area may be 

dependent of existing tracking area configurations in legacy networks, and may be related to the 

system access regions. 

[1209] In case obfuscated operations is considered (section 3.10.3), where some base station 

reference sequences and/or identifiers are obfuscated, the base station needs to establish a 

connection to the positioning management entity (PME). In this way, the base station obtains 
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encryption details, validity times, etc., about such transmissions. Some of these configurations 

are for common positioning functions, and some for dedicated positioning functions. 

Random access configuration and optimization can be seen as two parts, first the random 

access parameter configuration of the system access needs to be tuned in relation to the 

configuration of the system access in adjacent regions, and second the random access handling 

within the system access region needs to be established. 

[1210] For random access parameter configuration, the strategy can be that the base station 

or the OAM system gathers random access statistics based on base station measurements (no 

of received system access preambles, no of successful/failed system access procedures, no of 

received node-specific random access preambles, etc.), and/or UE measurement reports 

associated to the random access procedure (number of transmitted system access preambles 

and node-specific random access preambles, number of procedure failures due to contention, 

number of preambles transmitted at max power, etc.). 

[1211] Once the system access is configured and the base station is operational, the base 

stations and nodes of the system access region need to establish knowledge of node reception 

and transmission coverage overlaps within the system access region and between system 

access regions. The parameter configuration and tuning aims at locally unique system access 

configurations, which means that the set of configured system access preambles and node-

specific random access preambles, as well as the related resources in time, frequency and 

space can be altered due to overlaps with adjacent system access regions. 

[1212] For deployment strategy A and B, such overlap statistics can also be used to 

understand which beams and nodes within the system access region that all are likely receive a 

preamble from a UE, and also which are capable of transmitting a response to such a UE. 

Equally important is to establish which beams and nodes with the system access region that are 

not likely to receive the same preamble from a specific UE, or are incapable of transmitting a 
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response to the same UE. This knowledge may be formalized as reception and transmission RA 

relations, as well as reception and transmission RA non-relation. 

[1213] Figure 140 illustrates an example of such overlap, where two different system access 

regions have an overlap and needs to align the system access configurations. Furthermore, 

within the system access region with SS1, nodes B1 and B2 have a RA relation (both reception 

and transmission for simplicity) as concluded based on statistics associated to UE 1 and similar, 

while nodes B1 and B2 have a RA non-relation as concluded based on statistics associated to 

UE 1 and UE2 and similar. In case of deployment strategy B, such relations can be used to 

coordinate RA responses, uplink configurations and contention handling between nodes. For 

deployment strategy C, the relations may instead be used when coordinating node-specific RA 

preambles and resources on a longer time scale. 

3.9.2 	Base station relation establishment 

[1214] Despite advanced radio network planning tools, it is very difficult to predict the radio 

propagation in detail. As a consequence, it is difficult to predict which base stations need to 

have a relation and maybe also a direct connection prior to the network deployment. This was 

addressed in LTE, where UEs could be requested to retrieve unique information from the 

system information broadcast of unknown base stations and report to the serving base station. 

Such information was used to convey messages to the unknown base station via the core 

network, which maintained a lookup table from a unique identifier to an established S1 

connection. One such message was used to request transport network layer address 

information necessary for a direct base station to base station connection for the X2 interface. 

For base station relations in the NX context, a base station is an entity that terminates the 

evolved X2 and/or S1 interfaces. 

[1215] One approach for establishment of such base station relations is via pre-configuration 

and subsequent removal of unnecessary relations. The initial relations can be based on 
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geographical information or logical information such as relations between all base stations 

within the same cluster interconnected via 'good' backhaul. Furthermore, the initial relations can 

be very lightweight to enable an extensive set of initial base station relations. The drawback is 

that some base station relations might not be relevant initially but after some time due to 

changes in the environment or in UE mobility patterns. An alternative is to regularly establish 

extensive base station relations and then subsequently remove unnecessary relations. For 

deployment strategy A with clusters of transmission points within the same base station, it is 

reasonable that some relations are needed within the cluster for example to coordinate system 

access, but there can still be a need for base station relations to base stations in different 

clusters and system access regions. 

[1216] Therefore, it is concluded that there is a need for an Automatic Base station Relation 

,ABR, procedure in NX. 

3.9.2.1 	Ultra-lean broadcast of a base station identifier 

[1217] The ABR, Automatic Base station Relation, can be based on a similar foundation as 

ANR, Automatic Neighbor Relations, in LTE, where a UE is requested to retrieve system 

information from a different base station and report back to the serving BS. The procedure is 

thus based on broadcast of a base station identifier (BSID). One challenge is to combine this 

with an ultra-lean design, specifically relatively infrequent broadcast of the BSID compared to 

the SSI. The periodicity of the BSID could be on the same order as the AIT periodicity, and even 

associated to the AIT transmission for both base station and UE efficiency. Note that such 

infrequent BSID broadcasts most likely correspond to worse real time relation establishment 

performance compared to LTE, but that is an acceptable degradation, given the benefits from 

more ultra-lean transmissions. 

[1218] Moreover, for efficient UE BSID retrieval, the UE benefits from knowledge about an 

approximate search space for BSI Ds of non-serving BSs. The first alternative is based on the 
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assumption that base stations are time aligned on millisecond level, for example via some 

network time protocol, and that BSIDs are transmitted in a network-wide, or at least regional 

common search space from a UE perspective. This enables an efficient BSID retrieval also for 

sparse BSID broadcasts. 

[1219] The second alternative considers whether base stations are not time aligned, or 

whether it is desirable to support a more flexible BSID broadcast pattern between certain areas. 

Then, the BSID transmission pattern can be signaled as part of the AIT, and thereby be tied to 

the system access region. However, such a scheme requires that the UE is able to retrieve the 

AIT everywhere it is desirable to retrieve the BSID. For example, it can be relevant to broadcast 

the BSID everywhere the base station is reasonably able to serve connected UEs, which 

possibly could be a wider area than the SSI/AIT covers. 

[1220] A third alternative is to rely on idle mode UE measurements. UEs can be configured to 

monitor and log SSI, AIT and BSID in addition to the tracking area information, as well as time 

stamps when in idle mode. Such a log can be provided to a serving base station when the UE 

has connected to the network. The log of transitions between different BSIDs can be used to 

identify BS relations. Either the serving BS that obtained the log can retrieve the BSID of an 

adjacent BS from the most recent visited cell, or the serving BS or a central entity like the OAM 

system can use the full log to establish BS relations corresponding to all BS transitions in the 

log. 

[1221] A fourth alternative is to rely on radio link reestablishment procedures, where the UE 

provide a new serving base station with information about its previous serving base station. It is 

important to acknowledge that there might be a coverage hole between two base stations that 

caused the radio link failure. However, the BS relation can still be very relevant and an 

important part in an inter-BS coordination to compensate for the coverage hole. 

[1222] Figure 141 illustrates some possible BSID information that different UEs may retrieve 

from non-serving BS, upon request, to support automatic BS relations: 
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• UE1, served by B1, can retrieve the ID of B2 using any of the four alternatives. It 

may also be configured to retrieve all BSIDs that have the same BSID search 

space configuration as its serving BS and also be able to retrieve the ID of B2. 

• UE2, served by B3, cannot retrieve any BSID 

• UE3, served by B3, can retrieve the ID of B4 using any of the first, third and 

fourth alternative, but not the second alternative since the SSI/AIT cannot be 

retrieved in that location. 

• UE4, served by B3, can retrieve the ID of B4 using any of the four alternatives. 

[1223] Moreover, not only the BSID but also the time of retrieval is needed in case the base 

stations broadcast the BSID in obfuscated mode, meaning that the BSID is only fixed during a 

validity time, and the BSID and retrieval time tuple is needed to correctly identify the BS. A 

signaling chart for the BSID and TNL address retrieval, and automatic X2 setup is provided by 

Figure 142. Steps 1-5 illustrate the retrieval of a unique BSID from the PME (section 3.10) or 

similar despite obfuscation over the air, which is enough to establish a BS relation. In addition, it 

is also possible to automatically retrieve the TNL address information about the non-serving BS, 

either via a lookup table in a network node (step 6), or via a triggered request from the network 

node to the non-serving BS (step 6 and 7). The retrieved TNL address information can 

subsequently be used to establish an evolved X2 connection between the two BSs. 

[1224] The transmission of BSID also needs to be evaluated and compared to other means to 

establish BS relations. One example is based on a central entity such as the PME coordinating 

the use of MRSs by the base stations. The base station regularly negotiates with PME which 

MRSs it can use. Then BS relations can be established based on MRS reports from UEs to a 

serving base station, which are sent to the PME for an association to a base station using the 

reported MRS. Such a solution comes at a coordination cost, but it enables a faster BS relation 

establishment, in the same order of the LTE establishment times. 
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3.9.2.2 	Base station relations based on uplink transmissions 

[1225] An alternative to ultra-lean broadcast of BSIDs is to let served UEs to transmit in the 

uplink during a specific uplink search space. In a first alternative, the information about this BS 

search space can be valid network-wide, and the BSs are assumed to be time aligned on 

millisecond level. This enables efficient BS monitoring of the search space, provided that this 

search space is sufficiently limited in time and frequency. The serving BS configures the UE to 

send an uplink message including the BSID of the serving BS. A non-serving BS that retrieves 

the uplink transmission can extract the BSID or at least look it up via a different node, and 

thereby establish a BS relation. 

[1226] An alternative supports non-time aligned BSs, or a more flexible assignment of the 

uplink search space between regions. It is based on that the definition of the BS search space 

for such uplink transmissions from non-serving UEs is included in the AIT or similar, and is 

therefore configured as part of the system access. This requires that the UE retrieves the 

SSI/AIT of the non-serving BS and reports to its serving BS. 

[1227] Note that since the BSID in this case is not broadcasted by the nodes, the need for 

obfuscation is not as strong. Possibly, the uplink transmission could be obfuscated to be on the 

safe side. Signaling with some different options is illustrated by Figure 143, which is a signaling 

chart for uplink-based ABR. Steps 1-2 are only needed if the uplink search space is defined by 

the SSI/AIT. Also, steps 5a and b are only needed if the BS needs to lookup the UBSID from 

PME based on the retrieved ULID and time. Again, steps 3-5 (1-2 optionally) are needed to 

establish a BS relation, while steps 6 and optionally 7 are needed to recover the TNL address 

and make the relation mutual, while steps 8-9 are needed to automatically establish an evolved 

X2 connection. 
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3.9.3 	Beam relations establishment 

[1228] When BS relations have been established, base stations can interact to coordinate 

and inform about transmissions. One possible use of such interactions is to establish relations 

between mobility beams of different base stations and nodes/transmission point associated to 

the base stations as discussed in section 3.5. Some important aspects when discussing 

relations between beams: 

• the relations should not be related to transmitted MRSs explicitly associated to 

beams to avoid an MRS planning problem. 

• the nodes should be able to benefit from altering beams by tuning beams, 

splitting beams, etc. 

• the relation could also be based on the uplink time alignment value to further 

narrow down the candidate beams for the handover of the UE. 

• the relation table supporting handover from a beam of the source node to a beam 

of the target node could reside in the source node or in the target node. 

[1229] The relations between beams in NX can therefore be something different than the 

relations between cells in LTE. 

[1230] In order to address the first two aspects, the notion of virtual mobility beams is 

introduced. A virtual beam of a node N is represented by an index i, i=/..,M. In the sequel, the 

virtual beam i of node N is denoted VBNi, e.g., VB21. The considered procedure to 

automatically create mobility beam relations is therefore denoted Automatic Virtual beam 

Relations (AVR) to emphasize that the relations are between virtual beams. To support mobility, 

a node can realize a virtual mobility beam by one or more transmitted mobility beams, each 

assigned an MRS. The assignment of MRS to a mobility beam is not fixed and typically varies 

from one time window to the next. The virtual beam concept can also accommodate and 

support uplink based mobility, where a virtual beam can be associated to uplink reception, 
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possibly with directivity. The discussion below is based on downlink based mobility, but the 

discussion more or less applies to uplink based mobility as well. 

[1231] Figure 144 provides some more insights into virtual beams and virtual beam relations, 

from the perspective of the virtual beam VB21 of node B2. It has one virtual beam relation to 

VB11 of node B1 and another to VB31 of node B3. The virtual beam VB11 is realized by a 

mobility beam assigned to MRS M1 and VB21 is realized by a mobility beam assigned to MRS 

M2. Furthermore, the virtual beam VB31 is realized by two mobility beams assigned to MRS M3 

and M4 respectively. It is also reasonable to try to associate a served UE to a serving virtual 

mobility beam, either via direct measurements of periodically transmitted mobility beams from 

the serving node, or by associating the serving downlink or uplink beam (typically UE-

specifically tuned) of the UE to a virtual mobility beam. 

[1232] When node B2 triggers the need for mobility measurements on behalf of the depicted 

UE, the node takes advantage of the virtual beam relations between VB21 on one hand and 

VB11 and VB31 on the other. In this case, the realized mobility beam configured with MRS M3 

is the most favorable alternative. 

[1233] The virtual mobility beam relations can also be refined to be separate in the uplink and 

downlink, and may also consider the uplink time alignment to the serving node. In the following, 

uplink and downlink relations are assumed to be the same, and the serving node is the same in 

uplink and downlink, which means that the uplink time alignment is applicable also to the 

serving downlink beam. (In case or uplink and downlink split, the uplink time alignment reflects 

another node than the serving downlink node, which means that the uplink time alignment 

cannot be associated to the serving downlink beam.) 

[1234] The uplink time alignment is put into the context of virtual mobility beam relations in 

Figure 145. Here, the relations are not only between virtual mobility beams, but also including a 

TA range associated to the serving node. The virtual mobility beam VB21 now has one virtual 

beam relation from TA range TA1 to VB11 of node B1 and another from TA range TA2 to VB31 
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of node B3. When node B2 triggers the need for mobility measurements on behalf of the 

depicted UE with a TA within the TA range TA2, the node takes advantage of the virtual beam 

relations between VB21, TA2 on one hand and VB31 on the other. Thereby, only node B3 is 

asked to transmit mobility beams which are associated to virtual mobility beam VB31. Also in 

this case, the realized mobility beam configured with MRS M3 is the most favorable alternative. 

The TA ranges mentioned above are established from TA statistics based on successful 

handovers and will be improved over time with more statistics. 

[1235] The concept of virtual mobility beams and virtual mobility beam relations means that 

the virtual mobility beam can be a mobility beam with any MRS, and is an alternative to a fixed 

association between beam and MRS which brings an MRS planning problem. A design based 

on a virtual mobility beam concept implies that an association between the logical virtual 

mobility beam and the realized mobility beam with its assigned MRS needs to be communicated 

to other nodes together with information about allocated resources via the evolved X2 or S1. 

Thereby, UEs can be informed about which search spaces the UE shall consider and/or which 

MRSs to search for. The design also ensures that any possible MRS collision from two different 

nodes can be predicted beforehand. Since the MRS to mobility beam allocation is not fixed in 

such a design, this enables obfuscated operation of mobility beams. 

[1236] The virtual mobility beam relation table considered for a handover from a source node 

to a target node can reside in the source node or the target node. These are synchronized 

between target and source nodes, since the beam relation tables are needed for handover in 

both directions between two different nodes. 

[1237] The relations between virtual mobility beams are established based on UE 

observations and reports. These observations are made when associated mobility beams are 

transmitted. Depending on the situation, the transmitted mobility beams can be initiated 

differently. Two situations are considered in the following two subsections. Moreover, 

establishing virtual mobility beam relations from RLF events is addressed in the subsequent 
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subsection. A fourth alternative is where position information is available from GNSS or some 

other non-NX based system, which are addressed in the last subsection of virtual mobility beam 

relations section. 

	

3.9.3.1 	Establishment of a green field network 

[1238] When all nodes in an area are deployed at the same time, there are plenty of virtual 

mobility beam relations to establish, and the traffic is typically relatively low. Therefore, in order 

to establish the relations quickly, it is relevant to use the available UEs as much as possible for 

extensive observations. The green field deployment benefits from a dedicated training 

procedure, which is agreed upon once the base station relations have been established. 

[1239] As illustrated by Figure 146, which illustrates virtual mobility beam relation 

establishment for green field deployments, once the base station relations have been 

established, the base stations agree on a coordinated virtual mobility beam relation 

measurement phase. In the configuration, the base stations may coordinate the use of MRSs to 

avoid collisions, and to maximize the number of observations within a limited time. The 

configured MRSs are associated to virtual mobility beams as well as mobility beam realizations 

by each base station. Optionally, the virtual mobility beam relations are associated to the uplink 

time alignment and specifically different TA ranges. 

	

3.9.3.2 	Establishment of a new node in a mature network 

[1240] When a new node is established in a mature network, there is typically already a large 

amount of served UEs that trigger handover procedures. Every such handover procedure 

triggers transmissions of mobility beams configured with MRSs. It can therefore make sense to 

try to utilize these mobility beams for measurements by UEs served by the new node. This can 

be made in different ways: 

• The new node requests mobility beam information for all transmitted mobility 

beams from neighboring base stations. Whenever a base station initiates a 

323 



WO 2017/196249 	 PCT/SE2017/050491 

mobility beam, it notifies the new node in time to allow that node to configure its 

served UEs for measurements. 

• The new node requests additional mobility beam transmissions from neighbor 

base stations, and to be informed when these are transmitted. 

[1241] Both these are illustrated by Figure 147, which illustrates virtual mobility beam relation 

establishment for mature deployments, with the optional step 2 addressing the request from the 

new base station to another base station to transmit excessive mobility beams. Step 1 concerns 

the request for mobility beam information to enable learning from mobility beams transmitted to 

support handover between existing base stations and transmission points. At the same time, the 

new BS transmits mobility beams for served UEs to measure on as well. In a similar manner, 

information about these mobility beams from the new base station to the neighboring base 

stations. 

3.9.3.3 	Virtual mobility beam relations from RLF reports 

[1242] Inappropriate virtual mobility beam relations may lead to radio link failure (RLF) when 

the serving node cannot maintain the connection to the UE. Since the UE has an established 

context in the network, the UE does not initiate a completely new connection but tries to re-

establish a connection to the network, typically towards a new/target base station. This can also 

be seen as a procedure to establish the required relations without any additional information 

broadcast from the nodes — though some of the initial UEs experience radio link failure, the 

procedure learns the required beam relations from such failures and becomes more robust in 

the future. 

[1243] The steps 1-7 of Figure 148 address the connection re-establishment as well as 

establishment of a virtual mobility beam relation, based on RLF reports: 

1. The UE is informed about the BSID, Base Station Identifier, of the serving BS as 

part of some connection configuration procedure. 
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2. The UE is regularly associated to a virtual mobility beam, either via UE or BS 

measurements, or relating a serving data beam to the most appropriate virtual 

mobility beam. 

3. The radio link of the UE fails. The source BS maintains the UE context. 

4. The UE saves measurements, states and time of failure. 

5. The UE re-establishes with the target BS or node, and provides UE ID and BSID 

at source BS to the target BS. The target BS either has been provided with the 

UE context already if handover has been initiated, or can retrieve the UE context 

from the source BS using the UEID and BSID. The UE context may include an 

association to a virtual mobility beam. 

6. The target BS associates the UE to a virtual mobility beam in the target BS. 

7. The target establishes a virtual mobility beam relation between the associated 

virtual mobility beams at source before the RLF, and at the target after the RLF 

(here, the source node is assumed to keep the UE context until receiving the re-

establishment information for the UE after experiencing RLF for the UE). 

Optionally, the source TA is retrieved from the UE context and included in the 

relation, and/or the target TA is established and included in the relation. 

[1244] Provided that the re-establishment procedure is reliable and prompt, then it can be 

seen as an adequate means for establishing virtual mobility beam relations. Maybe some RLFs 

can be considered a reasonable price compared to the limited overhead, but the associated 

performance needs to be related to customer requirements. 

[1245] As the UE can be agnostic to the serving beam ID and/or serving BSID, the UE re-

establishment procedure can be initiated by the source base station informing potential target 

base stations, as illustrated by Figure 149, which shows a re-establishment procedure initiated 

by source BS with enhancements to virtual mobility beam relations. Based on the amount of 
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information available to the UE at the moment of RLF, different amount of additional information 

might be exchanged between the original source BS and the re-establishment BS. 

[1246] If the UE is agnostic to the serving BS and to the serving beam, then the serving BS 

needs to send notification to its neighbors about the UE, as shown in Figure 149. By voluntarily 

acting to send the UE's RLF notice to the neighboring base stations, the serving base station 

opens up for future signaling from the re-establishment node. Note that the step-2 in Figure 149 

could be replaced with the UE notifying the re-establishment node about the previous serving 

node if the UE is only serving-beam agnostic rather than both serving-beam and serving-node 

agnostic. 

[1247] In the step-4 of Figure 149, information is exchanged not only about the UE's context 

but also information that aids in enhancing the virtual mobility beam relations. The re-

establishment BS informs the original serving BS about the current virtual mobility beam that is 

being associated to the UE based on which the serving node can update its virtual mobility 

beam relations. Also the source node can re-evaluate the active mode procedure triggering 

thresholds in the UE's original serving beam configurations 

3.9.3.4 	Position information and virtual mobility beam relations 

[1248] If a base station and UE are capable of regularly, or in an on-demand fashion, 

establishing a UE position estimate, then the virtual mobility beam relations can be based on the 

position information. This is also related to the considered positioning mechanisms and the 

associated positioning architecture. One advantage is that the source BS does not need to 

associate the UE to a virtual mobility beam at the source BS. On the other hand, the 

combination of an associated virtual mobility beam at the source BS as well as an uplink time 

alignment can in combination be seen as a coarse position estimate, and therefore the position 

information based virtual mobility beam relations can be seen as the same as discussed above. 

However, if the position information is independent from the mobility beams of the source BS, 
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then the position to virtual mobility beam relations can be seen as a crowd sourcing of virtual 

mobility beam relations. 

[1249] Building of such a table involves gradual learning, either via machine learning 

techniques or via SON research approaches or both, as to identify which radio feature best 

represents the position of the UE (when the geo-position of the UE is not available directly), 

relating the accuracy of the geo-location to the virtual mobility beams, as well as the associated 

mobility beams and continuously optimizing the contents of the table to suit the network 

changes (changes in the infrastructure of the city, changes in the deployment etc.). The position 

accuracy also has an impact on the reasonable size of the virtual mobility beams. 

3.9.4 	Mobility robustness optimization 

[1250] The mobility procedure is explained in section 3.5. The explained beam-based 

procedure requires a self-organizing functionality in order to reduce the overhead of the MRS 

transmissions without a significant impact on the mobility robustness of the beam switch 

procedure. The SON features mentioned below assume the presence of base station relations 

and virtual mobility beam relations, as mentioned in sections 3.9.2 and 3.9.3. Also, a SON 

function similar to CIO (Cell Individual Offset) threshold tuning carried out in LTE but at the 

beam level is possible — the beam individual offset (B10) tuning complements its LTE 

counterpart. 

3.9.4.1 	Handover procedure tuning based on virtual mobility beams relation tables 

[1251] The virtual mobility beam relations support the handover procedure to propose suitable 

virtual mobility beams. The serving node determines which virtual mobility beams (and 

associated mobility beams with configured MRSs) needs to be transmitted from itself and also 

either requests the neighboring nodes to transmit specific virtual mobility beams or informs the 

neighbors about the associated virtual mobility beam at source, which the neighbor uses to 

determine the related virtual mobility beams in the target node. The source and target BS uses 
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the virtual mobility beams to generate associated mobility beams. For example, the virtual 

mobility beam can be associated to one or more mobility beams as illustrated by Figure 144.The 

association between virtual mobility beams and mobility beams, as well as the mobility beam 

configuration itself, can be adapted over time. 

[1252] Under the assumption that the AVR SON function is running for long enough duration 

to build a virtual mobility beam relation table with sufficient confidence, the HO procedure can 

be further refined to make it faster. A HO border scenario is shown in Figure 150. The virtual 

mobility beam relation for a UE at the square is associated to one mobility beam A3 at the 

source node A and one mobility beam B2 at target node B. Since the UE is only requested to 

measure on only one target mobility beam, then a blind handover can be considered instead 

without configuring the UE to measure and report mobility beams. Therefore, all the steps until 

`Network Preparation' stage in Figure 106 could be avoided, to speed-up the HO procedure. 

3.9.4.2 	Dynamic geo-fence management 

[1253] The concept of geo-fence is mentioned in section 3.5.2. Just to summarize the concept 

of geo-fence again, it is the active mode UE coverage identifier for the node. Such a geo-fence 

could be used for pro-active (without waiting for the SINR to drop below certain threshold) 

triggering of the active mode handover procedure. A geo-fence is created with the help of a geo-

fence beam (geo-fence beam is a MRS beam wider than the narrow MRS beam and this beam 

is transmitted periodically from the node when at least one active mode UE is connected to the 

node) and some relative thresholds in each narrow MRS beam directions. This method is further 

illustrated with the help of Figure 151. In the figure, the narrow MRS beams are identified, and 

the geo-fence area is the shaded area overlapping the narrow MRS beams. In this method, the 

geo-fence area is generated with the help of a geo-fence beam, in that there is a physical beam 

transmitted from the node to create the shaded area in Figure 151. The geo-fence area for such 

a geo-fence beam is defined with the help of thresholds in each of the narrow MRS beam. 
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Therefore, when the UE is in narrow MRS beam-1 then the threshold-1 is used to identify the 

coverage of the geo-fence beam and when the UE is in narrow MRS beam-2 then the threshold-

2 is used to identify the coverage of the geo-fence beam and so on. In this way, a UE in the 

narrow MRS beam 1 uses threshold-1 as a relative offset towards the signal quality of the geo-

fence beam to trigger an event triggered measurement report. 

[1254] In the initial deployment stages of the node, based on the drive test measurements or 

any other available pre-knowledge, OAM can identify the geo-fence for a give node and it can 

configure the node with corresponding geo-fence related thresholds directly. As one would 

prefer to reduce the drive tests, one could see this as a non-drive test based configuration, 

wherein the OAM configures each of the thresholds corresponding to the narrow MRS beams to 

the same value and lets the geo-fence management SON function optimize these thresholds. 

[1255] A geo-fence can be further optimized based on different measurements collected by 

the node from the UEs and the performance of HO decisions. The shape of the geo-fence 

depends on the tuning of the beam relation parameters based on not only the performance of 

the HOs in the past, but also the node capabilities involved in the HO borders. As an example, 

the geo-fence beam's shape can differ significantly in certain narrow beam directions compared 

to other narrow beam directions. This is illustrated in Figure 151. As shown in the figure, the 

coverage of the geo-fence beam can be limited via different thresholds in different directions 

based on the narrow MRS beams' quality and the performance of the neighboring node beam's 

(not shown in the figure but the current node is assumed to have neighbors) qualities. Also note 

that even though the signal strength measurements of the geo-fence beam of a particular node 

is better than the signal strength measurements of the geo-fence beam of another node at a 

particular position, it does not guarantee that the position belongs to the first node in terms of 

first node's geo-fence region, as the node capabilities in creating the narrow beams dictate how 

large or small the geo-fence of a node is. 
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[1256] Therefore, a dynamic geo-fence management SON function optimizes the active mode 

mobility procedure triggering location based on the HO statistics (Ping-Pong behaviors between 

the nodes, handover failures etc.), node (self and neighbor) capabilities and also possibly on 

load situations. The controlled parameter is the threshold value that is specific to a narrow MRS 

beam. 

3.9.5 	Self-optimization and healing 

[1257] Several SON functions such as identity management, entity specific parameters, load 

management, coverage and capacity optimization, cognition and self-healing, are briefly 

commented upon in this section. 

3.9.5.1 	Identity management 

[1258] When operating the network in obfuscated mode, the ambition is to regularly change 

transmitted sequences and identifiers. This can also be seen as a way to avoid the planning 

problem of identifier assignment for local uniqueness. The identifiers mainly reside in the 

network and between network elements, and the transmitted identifiers and sequences are 

regularly changed in coordination with a PME. 

3.9.5.2 	Entity specific parameters 

[1259] Detailed procedures of the network elements may be subject to automation, provided 

that there are systematic aspects such as radio conditions to adapt. 

3.9.5.3 	Enhanced load sharing between neighboring nodes 

[1260] A beam can potentially serve the UE with a good channel quality even when the UE is 

outside the geo-fence of a node. This is highly likely to be the case when the neighboring node 

is not interfering, e.g., due to lack of activity in the beam/s towards the UE. Though the neighbor 

is not transmitting any beams in the direction of the current UE, the neighbor could be 

overloaded due to high activity in other beams. This has an impact on the backhaul and other 
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processing overhead in the neighbor. One example of a mobility load balancing scenario is 

shown in Figure 152. 

[1261] In Figure 152, the UE moves from node A towards node B and once the UE goes 

outside the coverage of node A, then in the geo-fence based HO triggering method, the HO 

procedure is triggered towards node B. Based on the MRS measurement results, the node A 

recognizes that the HO candidate is node B and specifically beam B2 in node B. When the node 

A requests for the HO to beam B2 the node B can defer from accepting the HO if it realizes that 

the node A can serve the UE sufficiently well. (Note that node B is serving several other UEs in 

different beams which might cause more processing overhead and backhaul overhead in node 

B.) In such a load balancing feature, the node B can further only get certain measurements from 

the node A related to the UE to make sure that the UE is not suffering because of the in-efficient 

beam quality from node A. 

	

3.9.5.4 	Coverage and capacity optimization 

[1262] With a beam-based system, the ambition is to always provide an adequate beam to 

the UE. At the same time, the network and service coverage should be maintained and 

predictable. Therefore, it is important to re-evaluate the coverage and capacity situation in the 

network to assess whether deployments of additional network elements are needed, or if the 

existing can be reconfigured to accommodate the needs of the users. 

	

3.9.5.5 	Cognition and self-healing 

[1263] Much of the assessments and analysis today take advantage of the extensive 

broadcast of reference signals and identifiers. With more restricted transmission of such 

identifiers, it is important to still support root case and analytics use cases properly. 
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3.10 	Positioning 

[1264] Positioning in NX aims at addressing vastly different positioning needs and 

differentiation between users, device types, services etc. Signals and procedures for positioning 

in NX are flexible, to meet the requirements. 

3.10.1 	Requirements and capabilities 

[1265] With a multitude of potential applications and use cases, the requirements can be 

stated along multiple dimensions, as exemplified and illustrated by Figure 153, which illustrates 

positioning requirements trade-offs, illustrated by a critical application (shaded area extending 

generally horizontally) such as an emergency call or autonomous vessel associated to a device, 

and a non-critical application (shaded area extending generally vertically) such as sensing or 

network management. The set of requirements is thus more heterogeneous than only accuracy 

requirements. 

[1266] Physical layer requirements: 

• Cost concerns CAPEX, Capital Expenditures, and OPEX costs of the operator 

associated to positioning, as well as radio resources allocated to positioning 

• Energy efficiency aspects can be relevant at both the network side and the 

device side and concerns to what extent energy efficiency is a consideration or 

not. Also related to costs. 

• Accuracy requirements range from crude (100m) to very accurate (submeter). A 

related requirement is regarding accuracy assessments, which implies that the 

estimated accuracy of an estimated position should be stated. 

[1267] Protocol oriented requirements: 

• Protocol aspects concerns whether the positioning is supported by a very 

specific protocol such as the LTE Positioning protocol between a UE and a 
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network node, or if it is a mix of different protocols including user plane and 

control plane signaling, access and non-access stratum signaling etc 

• Device type dependency concerns support for various limitations associated to 

devices and tags. 

• State dependency is a requirement that dictates whether the device can be 

positioned in different states such as idle/dormant/active 

[1268] Architecture and deployment requirements 

• Deployment relates to whether positioning poses requirements that affect and 

influence the deployment configuration. 

• Absolute/relative position requirements with estimates either related to a known 

geographical reference, or only to a logical entity, maybe with uncertain or even 

unknown position. 

• Time to fix, the time from when the positioning request is made, to when the 

position estimate is provided to the requester, can be of different importance and 

at different level depending on application. For example, vessel autonomy would 

have stricter requirements than an emergency call. 

• Flexibility to support different requirements over time 

• Scalability to support applications with vast number of devices 

• Network architecture aspects are also related to time to fix and scalability, as 

well as the network slicing aspects. Some applications may require that a specific 

network node is involved, while others are fine with support from a logical 

network function that can be virtualized anywhere. 

[1269] Higher layer requirements 

• Differentiation concerns the ability to simultaneously provide different grade of 

positioning performance to different applications, devices, services, etc 
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• Privacy dictates whether positioning information should be anonymized for the 

operator, and whether the network supports anonymized UE-based positioning. 

• Security concerns whether a third party can retrieve some positioning 

information 

[1270] Figure 153 illustrates the requirements by two example use cases. The first use case 

represents a critical application where strict time to fix, accuracy, security, protocol aspects and 

state dependency requirements are most important and scalability is less strict. The second use 

case illustrates a non-critical application for sensing and network management where instead 

strict flexibility, scalability, cost and privacy requirements are most important, and requirements 

on accuracy, state dependency and protocol aspects are less strict. 

[1271] The scope of positioning opportunities is also very much dependent on the capabilities 

of the terminal. Figure 154 lists some typical capabilities, and some examples of different level 

of device complexity. Different device complexities can for example be associated to support of 

different numerology, where simple devices are limited in terms of supported bandwidth and 

symbol time etc. The device complexity can also be associated to how the device is powered, 

which is closely related to energy efficiency aspects. Some devices are pre-configured and 

cannot be re-configured once deployed, while others are capable of retrieving some common 

information, and even more capable devices can retrieve dedicated configuration information. 

[1272] Devices can also have different capabilities when it comes to support of differently 

complex downlink reception and uplink transmission schemes. Simple devices may be 

configured to only transmit in the uplink, while slightly more complex devices can measure and 

report downlink measurements. Beam forming and codebook-based may require an even more 

advanced device etc. Also, some devices are capable to taking advantage of their own position, 

while simpler devices only enable some other node to determine its position and use in 

applications. 
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3.10.2 	Common and dedicated functions 

[1273] NX positioning components can be configured as common or dedicated components 

to enable both scalable and crude positioning as well as accurate and tailored positioning. 

Common Positioning Reference Signals (PRSs) and contention-based uplink signals can be 

configured via a specific Positioning Information Table (PIT) or some other table such as Access 

Information Table (AIT). Dedicated components include dedicated PRSs, dedicated Uplink 

Synchronization Signals (USSs), and dedicated procedures. A positioning procedure may be 

initiated via common procedure to be refined via dedicated procedures. The geographical 

association to a component can be included in assistance data to the UE (UE-based 

positioning), or be configured in a database in a network node, where the association is made 

based on UE feedback (UE-assisted positioning). Both positioning strategies are supported in 

previous generations, and are supported also in NX. 

3.10.2.1 	Common PRSs 

[1274] Some common signals can be seen as instances of PRSs, such as the System 

Signature (SS). In addition, there can be additional common PRSs defined and the UE has to 

retrieve information about such PRSs via scheduled signaling in active mode. The configuration 

information is denoted the Positioning Information Table (PIT), which may be associated to a 

validity region characterized by a SSI or a tracking area. It is up to the UE to monitor the validity 

of the PIT and retrieve an update once the region has changed. This means that common PRSs 

can be monitored in essentially any state. 

[1275] A common PRS may be node specific, or common for a set of nodes. It may also be 

beam specific. The common PRS may also be transmitted via a different RAT such as the 

existing PRSs of LTE. 
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3.10.2.2 	Common contention-based uplink signals 

[1276] Common uplink signals such as PRACH preambles can be used to establish uplink 

time synchronization at a node. Since the signals are common, contention has to be handled to 

ensure the true identity of the device. The configuration information about these common 

signals can be provided to the UE via broadcast information or scheduled information 

	

3.10.2.3 	Dedicated PRSs 

[1277] The PRSs can also be configured in a dedicated fashion, either to extend the common 

PRSs to enhance performance or to refine the resolution of PRSs in time and/or space. One 

typical PRS configuration is the Time Synchronization Signal (TSS) for timing estimation, 

typically in combination with a Mobility Reference Signal (MRS) to refine timing estimation and 

enable beam identification. A PRS is a configuration towards a UE, which means that given a 

transmitted TSS, one UE can be configured to use the TSS for timing estimation, while another 

UE is configured to consider the TSS as a realization of a PRS. 

[1278] Furthermore, dedicated PRSs can also be configured by extending TSS and or MRS in 

time and/or frequency. In one example, a node is configured to transmit identical sequences for 

TSS and MRS in two consecutive symbols. One UE is configured to utilize the transmission of 

the first symbol as a TSS/MRS, while another UE is configured to use the sequences of the two 

symbols as a PRS. 

	

3.10.2.4 	Dedicated Uplink Synchronization Signals (USS) 

[1279] Time alignment during random access aims at aligning the time with respect to a node. 

The UE is assigned an USS to enable uplink timing estimation. The procedure can also be seen 

as a round-trip time estimation procedure, which potentially can use the USS as is or be refined 

by an enhanced USS with even better support for timing estimation. 

336 



WO 2017/196249 	 PCT/SE2017/050491 

[1280] Furthermore, multiple nodes may receive the USSs to enable uplink Time Difference of 

Arrival (TDOA). To support such positioning, the information about the USS needs to be 

signaled between nodes, or at least to the corresponding baseband processing unit. 

3.10.2.5 	Combining common and dedicated components 

[1281] Figure 155 exemplifies some common and dedicated components, where the common 

components are defined in a validity region characterized by the SSI area. Positioning can be 

gradually refined from crude and supported by the common PRS transmitted by a set of nodes, 

to accurate and supported by some beam-specific dedicated PRSs. The UE needs to retrieve 

information about the dedicated PRSs in UE NX active state. Once retrieved, measurements 

can be aggregated and processed in any state (active, dormant, idle). 

3.10.2.6 	Network synchronization challenges 

[1282] Some positioning frameworks such as uplink and downlink time difference of arrival 

are based on information about the relative timing between nodes or the corresponding 

baseband units. For crude positioning, the network synchronization is less of an issue, and the 

current network synchronization procedure based on Global Navigation Satellite Systems 

(GNSS) suffices. It implies a timing error standard deviation in the order of 50 ns [3GPP37.857] 

corresponding to 15 meters. However, for sub-meter accuracy requirements, this is not accurate 

enough. Therefore, clock synchronization based on over the air measurements is desirable. An 

alternative is to use mechanisms that utilize ranging and direction measurements, which in 

combination can provide accurate positioning without accurate inter-node synchronization. 

3.10.3 	Restricted availability of positioning information 

[1283] There can be several reasons to restrict the availability of positioning information. 

One is that regular transmission of PRSs has an impact on energy consumption of a node 

since it limits node sleep. If there are no UEs taking advantage of the PRSs, then their 
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transmission should be avoided. Moreover, if such signals are semi-statically configured, then 

party applications can be used to register the PRSs, associate them to geographical 

positions and store the data in a database. This database then enables 3rd  party applications 

to measure PRSs and correlate with the established database to enable positioning of the 

device. An operator might be interested in restricting the access to PRSs to only its 

customers, possibly with some differentiation. Restricted availability of and access to 

positioning information is a new concept for NX and is therefore described in more detail than 

the PRS components in the previous subsection. 

[1284] In general, a PRS can be seen as sequences/resources/descrambling that are 

functions of time (t) and, frequency (f), node ID (id,), system ID (id2) PRS ID (idpRs), etc that can 

be semi-statically configured. By adding a time-varying parameter a(t) that is altered regularly 

and has to be retrieved via dedicated signaling: 

PRS„ = f(idn, 	a(t)) 

[1285] It is possible to define a PRS with a validity time or access time in the sense that a UE 

needs to retrieve information about a(t) once its current information has become outdated. 

Thereby, it is not possible to record PRSs via over the top applications since this information is 

only valid for a limited time. 

[1286] This is exemplified in Figure 156, where different nodes transmit different positioning 

reference signals. The signals are not fully useful for the UE unless it knows the time varying 

sequence a(t) used to generate the signals. In this example the time-varying parameter a(t) is 

denoted a "positioning key" since it enables the UE to unlock the high accuracy positioning 

capabilities provided by the network. 

[1287] Example signaling is provided in Figure 157. In this example, a network entity denoted 

Positioning management entity (PME) configures the network nodes with a time-varying 

dedicated PRS configuration. The network node n transmits a dedicated PRS„ (on behalf of 
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some other UE, probably) that is a function of the time varying PRS configuration. Since the UE 

in this example has no information about the current dedicated PRS configuration, it cannot 

perform a high accuracy positioning using the dedicated PRS signals. Optionally it may perform 

a low accuracy positioning e.g., using common PRS information that is not time-varying. 

[1288] If the UE determines that it wants to perform a high accuracy positioning using 

dedicated PRS signals it sends a request to the network (typically via the currently serving node 

that may then forwards the request to the PME node) and receives in response the information 

required to perform high accuracy positioning. 

[1289] After some time, the current positioning expires and the PME configures the network 

nodes with a new dedicated PRS configuration (or its reconfiguration pattern might be 

configured for a longer period of time). Unless the UE has received an update containing 

information related to this new configuration it can now no longer perform a high accuracy 

positioning. 

[1290] Note that the example provided in Figure 157 is just an example. Alternative solutions 

could be that the network nodes handles the PRS expiration timers and re-configuration 

autonomously, after an initial configuration, e.g., by an OSS (operation and support system) or 

SON (self-optimizing network) node. 

[1291] Differentiated positioning accuracy can be enabled in many different ways e.g., by one 

or more of: 

• Providing a positioning key that is valid for a short time or for long time duration. 

• Providing information that enables the user terminal to decode only a selected 

sub-set of the available PRS signals transmitted from the network. 

• Making selected parts of the PRSs decodable to the UE (e.g., in time and/or 

bandwidth). 

• Providing additional PRSs in response to a higher accuracy request. 
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3.10.4 	Flexible reference nodes 

[1292] In previous generations, the positioning infrastructure has been network nodes such as 

base stations, transmission points, etc. However, in some use cases, the density and geometry 

of network nodes are insufficient to provide accurate positioning. Furthermore, some 

applications and use cases rely on relative positioning between entities, and accurate relative 

positions are more important that absolute positions. One example is use cases with 

autonomous vessels with humans in the vicinity. In such cases, the relative position is vital to 

avoid accidents. 

[1293] Therefore, it is relevant to consider some devices to be part of the positioning 

infrastructure. 

In order to be clear, the following distinction is made: 

Positioning — determination of the whereabouts of a device, which can be estimated 

based on signals from infrastructure nodes and devices. 

Location — whereabouts of a piece of infrastructure, which can be either network 

nodes or other devices. Note that the location of such a device can be 

determined via positioning. 

[1294] Devices that support positioning may either have specific capabilities such as a 

capability of self-positioning in absolute terms (e.g., GNSS) or in relative terms (e.g., radar, 

sensors). These devices are referred to here as positioning support devices. These devices at 

least have the capability of transmitting a positioning reference signal, or even the capability of 

supporting a ranging and/or bearing estimation procedure. 

[1295] Figure 158 illustrates a signaling example with device 1 that acts as a positioning 

support device and thereby enhances the positioning of a device 2. The positioning support 

device informs the network node about its capability, and receives a PRS configuration. One 

example of a PRS is the sidelink discovery signal in LTE, enhanced with a reporting procedure. 
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3.10.5 	Ranging procedures 

[1296] The purpose of uplink timing alignment is to establish an uplink timing that is 

approximately equal for all served UEs at the same node. It is typically established during 

random access and maintained during the duration of the connection based on feedback from 

the node to the UE with relative timing adjustments. 

[1297] Ranging can also be an important component in positioning, but it requires range 

estimates from at least two to four nodes depending on whether a time series of measurements 

is available, and whether a 2D or 3D position is required. Therefore, it can be relevant to design 

a ranging procedure towards non-serving nodes. It is natural to base such a procedure on uplink 

time alignment which starts from random access. Hence, the UE needs to be authorized and 

configured to be able to initiate random access to a non-serving node. The configuration can be 

via one or more of 

• the AIT providing system access information, where optionally some random 

access preambles may be restricted for access of non-serving devices. 

• the serving node, providing information about random access procedures to non-

serving nodes, including both random access preambles as well as related 

downlink reference signals. 

• pre-configuration, where a specific downlink reference signal indicates 

acceptance of the reception of a random access preamble for non-serving 

ranging. 

[1298] The UE initiates the ranging by monitoring a downlink reference signal (a PRS or some 

other downlink, DL, RS) associated to non-serving node ranging. Based on the received timing 

of the downlink signal, or an uplink timing related to the serving cell, the UE transmits a random 

access preamble to the non-serving node, and awaits a response in a pre-configured or 

configured time/frequency resource or search space. The response may include an initial uplink 

timing, and may include an uplink resource and transmission configuration for subsequent 
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uplink transmission. The transmission/response procedure may continue until a satisfactory 

ranging accuracy has been achieved. The procedure may comprise configuration of gradually 

wider uplink and downlink signals to enable gradual accuracy improvements. 

3.10.6 	Direction estimation procedure 

[1299] The serving node interactions may include feedback about the favorable beam or 

beams, typically associated to an MRS. The feedback may also include the received signal 

strength of the MRS. The node can thereby associate to the UE a direction estimate based on 

the direction and width of the favorable beam. A prerequisite is that the beam has been 

calibrated to a spatial direction. Such calibration can be performed by gathering some accurate 

positions in a training phase via GNSS or similar, and associating such positions to favorable 

beams. 

[1300] One way to refine the direction estimates is to not only request the UE to report the 

favorable beam but to configure multiple beams in the direction where the UE approximately 

roams, and request the UE to report the received signal strength from multiple beams. The 

feedback can be efficient if considering relative signal strength reports as the received signal 

strength relative to the strength of the favorable beam. 

[1301] If the beams stem from the same node, and the radio propagation conditions can be 

considered to be the same, then the relative signal strength between two beams is equivalent to 

the relative antenna beam gain between the beams. With calibrated beams, this can be 

translated into very accurate direction estimates. 

3.11 	Device-to-device communication 

[1302] While a first set of LTE device-to-device, D2D, features were first added in Release 12, 

NX includes D2D capabilities as an integral part of the system. This includes peer-to-peer user-

data communication directly between devices but also, for example, the use of mobile devices 

as relays to extend network coverage. 
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3.11.1 	Basic rationale and desired features for D2D communications 

[1303] In LTE, a rudimentary support for device-to-device, D2D, communications was first 

added in Release-12. The main functionalities were developed for the public safety (PS) use 

case, including intra- and intercell (in-coverage), outside network coverage and partial network 

coverage scenarios. For non-public safety use cases only discovery within network coverage 

was supported. For Release-13 and Release-14 the scope of D2D communications will be 

extended both for PS and commercial use cases, including support for V2X communications. 

Still, the currently supported LTE D2D communications technology components are not 

designed to fully harvest the potential of the coverage, capacity and delay gains that D2D 

communications are expected to deliver. 

[1304] For NX, D2D communications capabilities are supported as an inherent part of the 

system rather than as an "add-on" feature. The basic rationale for D2D communications as a 

technology component is that D2D transmission should be used whenever it is (1) more efficient 

in terms of spectral efficiency, energy efficiency, achievable latency or reliability or (2) can 

provide a better service experience than traditional cellular communication. 

[1305] The D2D features that are or will be supported by Release-12, -13, -14 D2D are also 

supported by the NX D2D design. In addition, the NX D2D design supports additional features 

that are motivated by new use cases, requirements or performance enhancements. To 

summarize the D2D scenarios and to establish some basic D2D related requirement list, the 

D2D scenarios are summarized in Figure 159. These scenarios may be helpful to identify 

desirable features and design options, but D2D technology components under discussion are 

not and should not be tightly connected to or limited by these scenarios. 

[1306] Figure 160 lists desirable features related to D2D and compares their current status 

with how that requirement applies to NX. Unicast (point-to-point) D2D communication can be 

seen as a base case, that — when mode selection, resource allocation and power control are 

properly applied — can much improve the network performance when proximal communication 
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opportunities exist. Multicast and broadcast communication by means of D2D is supported from 

3GPP Rel-12. In NX, there can be performance enhancements to support a longer 

multicast/broadcast range and higher rates without affecting the cellular layer. Support for D2D 

based relaying in partial network coverage situations exists already in Rel-12, but the 

performance both in terms of range extension and achieved end-to-end rates can be expected 

to increase by appropriate relaying device selection and RRM functions. 

[1307] Cooperative communications enabled by network controlled and assisted D2D 

communications can take many different forms at various layers of the protocol stack, such as 

distributed device based content caching and distribution, cooperative MAC protocols and, for 

example, network coding enhanced cooperative relaying. Likewise, some forms of D2D 

communication outside NW coverage is supported already in Rel-12 (e.g., multicast/broadcast), 

but in NX D2D is further developed to cover larger areas in, for example, disaster situations and 

provide higher bit rate services even in (temporarily) out-of-coverage areas. 

3.11.2 	NX Design Principles and D2D 

NX design principles Implications on D2D design in NX 

Use ultra-lean transmission Already that way compared to 

traditional cellular, possibility on R12/13 

SLSS (side-link sync signal) reduction 

compared with Rel-12. 

Use self-contained 

transmissions 

Already that way compared to 

traditional cellular, possibility on 

integrated control channel and data 

channel 

Avoid strict timing relations 

across subframes 

Take advantage of UL/DL flexibility (no 

explicit restriction to constrain D2D to 
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uplink resource / (either carrier for FDD 

or subframe for TDD)) 

Avoid slow reconfiguration of 

dynamically changing 

quantities 

To enhance control plane reliability and 

flexibility (to support multi-hop/mesh 

D2D); 

Support high-frequency 

friendly D2D 

PHY numerology for NX-D2D 

Take advantage of advanced antenna 

solutions and high processing 

capabilities and large storage available 

in devices 

RAT/frequency selection/coordination 

Bring "sufficient" NW control 

into the D2D sidelink 

management 

To do relay at L2 instead of L3 type 

relay defined in Rel-13. Relaying UE 

should appear to be similar (at L1/L2) to 

an out of coverage UE as a BS. 

Table 17: NX design principles and their applications to D2D in NX 

[1308] The NX design principles are applied to the D2D design as much as possible to ensure 

a smooth integration into the NX system and to allow for a gradual convergence between 

solutions for UL, DL, sidelink and possibly also for backhaul links. Table 17 lists some of the NX 

design principles are applied for D2D, and also two additional ones (the last two rows of the 

Table as above) as D2D-specific principles. 

3.11.3 	Spectrum for D2D and Duplexing Schemes 

[1309] For LTE, D2D communication is supported in UL spectrum resources, in the uplink, 

UL, band or uplink, UL, subframes in the case of an FDD or TDD network respectively. The 

reasons for this decision are related to both regulatory and implementation aspects. 
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[1310] However, NX is designed to flexibly manage UL/DL resources and utilize different 

types of spectrum bands and therefore, NX D2D is also designed to be able to operate flexibly 

in UL as well as downlink, DL, resources. Further, D2D should be able to operate both in 

licensed and unlicensed spectrum bands depending on the scenario, UE capabilities, coverage 

situation and other factors. For NX, the in higher frequency bands (>6 GHz), the network will 

typically operate in TDD mode, whereas in lower frequency bands both FDD and TDD 

operations can be assumed. In FDD networks, the NX D2D link advantageously uses UL 

frequency resources, whereas in TDD networks, D2D operation is configured by the NW in line 

with the flexible duplex and dynamic TDD principles of NX. 

[1311] In NX, the D2D sidelink is evolved such that the NX uplink, NX downlink, NX sidelink 

and backhaul links become similar in terms of PHY layer capabilities, including duplexing 

schemes. For proximity communication, that is when two devices are close to one another, 

bidirectional full duplex can also be a viable duplexing scheme. 

[1312] Operating in unlicensed and licensed bands may require that the sidelink flexibly 

support scheduled and LBT type of MAC protocols (see section 3.8). 

3.11.4 	Basic Architecture for D2D Communications: Clustering Concept 

[1313] Figure 161 illustrates D2D communications supported by the clustering concept. The 

cluster head, CH, node can be in NW coverage or out of NW coverage. A UE in coverage can 

act as a source for synchronization signals or provide RRM information to a CH which is outside 

NW coverage. 

[1314] The NX D2D design uses clusters to support the broad diversity of in-coverage, out-of-

coverage and partial coverage use cases. The basic idea of the clustering is to extend the 

cellular concept to out of coverage situations by nominating a UE (handheld, truck mounted or 

provisionally deployed) to act as a resource owner and control node, similarly to a regular eNB. 
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The cluster head (CH) node is thus very similar to an eNB, although differences in capabilities in 

terms of output power, number of UEs that it can support or mounted antennas can vary. 

[1315] The CH, when outside NW coverage can get synchronization information or radio 

resource management information from a non-CH UE that is inside coverage and capable of 

relaying such information from an eNB (Figure 161). 

[1316] An inherent part of the cluster concept is the dynamic cluster head, CH, selection 

process. The clustering concept is a hybrid of distributed, CH selection, and centralized, CH 

itself acting as a central node within the cluster, elements. In short, the CH selection process is 

distributed, and uses discovery beacon signals transmitted from all devices, including 

meaningful information about its status to be able to be selected as a cluster head, and a 

selection of which peer device is to act as the cluster head for a particular device. 

3.11.5 	NX Network and UE Scenarios 

[1317] Figure 162 illustrates some combinations of NX deployment scenarios and UE 

capabilities. In the NX standalone case (left), the UE supports NX, whereas in the co-deployed 

(middle) and multi-site (right) cases, there may be a need for RAT selection for D2D. 

[1318] As illustrated in Figure 162, when NX is co-deployed or when NX and LTE are 

deployed at different sites, UEs with different RAT capabilities may be in the proximity of one 

another such that D2D communication can be a viable alternative provided that these UEs use 

compatible RATs. To facilitate D2D communications in such scenarios, RAT selection for D2D 

may be a desirable function to fully exploit the proximity of various devices. 

[1319] Such RAT selection does not necessarily imply selecting only one of the available 

interfaces at a time: RAT selection may also mean the simultaneous usage of the available 

RATs as well. This can be the case in, for example, multihop scenarios. 
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3.11.6 	Protocol Architecture 

[1320] To support D2D in partial coverage and out-of-coverage situations, several design 

approaches can be viable, including a hierarchical architecture or a distributed (flat) architecture 

as a design base. A hybrid approach aims at electing a cluster head (CH) that takes a similar 

role to an eNB in case the infrastructure becomes dysfunctional. In this approach the CH 

selection and re-selection are distributed in the sense that nodes can elect the CH from among 

themselves without the help from a central entity. Once a CH is elected, it acts similarly to an 

eNB until re-selection. 

[1321] When only group communications based on broadcast or multicast need to be 

supported, the CH based architecture and associated dynamic cluster organization procedures 

are not necessary. However, when point-to-point D2D communications and the possibility to 

reach a cellular base station through multiple hops are a requirement, the CH based approach 

can outperform completely flat architectures. 

3.11.6.1 	General 

[1322] The protocol stack for the sidelink is, when possible and when it can be motivated, 

aligned with the protocol stack for the uplink/downlink. For example, a physical layer that is 

symmetric in uplink and downlink fits well for D2D communication. As another example, a 

cluster head for D2D communication may either be an eNB or a UE. 

[1323] Moreover, the user plane protocol stack for different relaying cases involving a UE-UE 

direct interface (such as UE-to-network relay and UE-to-UE relay) should be aligned with any 

relaying cases for self-backhauling. Aligned protocol stacks have the following additional 

benefits: 

• RAN has the possibility to control which path that is used for a given traffic flow, 

and consequently control which type of radio resources that is used. This 

flexibility enables for example a UE-UE user plane to be relayed via RAN, as well 
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as a UE-NW user plane to be relayed via a UE (acting as UE-to-NW relay), 

controlled by RAN. 

• Moreover, there is an opportunity for RAN to switch a traffic flow between 

different paths ensuring service continuity during the switch since the switch 

would be performed on layer 2 level, below the IP layer of the UE (like a 

handover). (To switch the traffic between e.g., UE-network path and UE-to-

network relay path, the IP address used by the UE needs to be valid on both 

paths, which requires support by the core network.) 

[1324] Figure 163 illustrates Layer 2 switching of user data paths. 

	

3.11.6.2 	User plane 

[1325] The user plane protocol architecture for the single hop case is illustrated in Figure 164. 

For the relaying cases, the main approach is to use L2 relay. (L2 relay does not, in principle, 

preclude that L3 (IP) relaying is performed using a UE as an IP router.) This is also in line with 

the main alternative for self-backhauling (see sections 3.6.6 and 2.2.8.4). Figure 165 illustrates 

the user plane protocol architecture for UE-to-network relay. In this figure, a two-layered RLC 

solution is assumed, as further described as one of the alternative approaches in Section 

2.2.8.4. 

[1326] Figure 166 illustrates the user plane protocol architecture for UE-to-UE relay. 

	

3.11.6.3 	Control plane 

[1327] For D2D communication and discovery, there are three potential control planes: 

• A UE-Cluster Head control plane: Used to assign the radio resources for D2D 

communication and discovery. In case the UE is in coverage, the eNB takes the 

role of the cluster head. In case the UE is outside coverage, a UE is selected as 

cluster head and takes that role. 
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• An end-to-end UE-UE control plane. This protocol is typically not radio layer 

specific ("NAS") and is used for mutual authentication, setup of security and 

setup of bearer parameters for the UE-UE end-to-end user plane. This protocol 

corresponds to the PC5 Signaling Protocol specified for LTE-based D2D in 3GPP 

Rel-13. This control plane is connection-oriented, as protocol contexts/states 

would be needed in each peer UE. 

• A link-by-link UE-UE control plane. This protocol is radio layer specific and is 

used for the control of PHY, MAC and RLC configuration used over a single hop 

between two UEs. It may also be used for transfer of measurements on the UE-

UE direct radio link. This control plane is typically connection-oriented. 

• Moreover, there is also a control plane needed for direct discovery, including 

multi-hop path discovery and relay selection/reselection. This control plane can 

be included as part of the end-to-end UE-UE control plane and/or link-by-link UE-

UE control plane above. 

[1328] Figure 167 illustrates plane protocols used by D2D (UE3 is outside coverage). 

3.11.7 	D2D Technology Components 

[1329] Figure 168 illustrates some combinations of NX deployment scenarios and UE 

capabilities. 

[1330] To realize the potential gains due to D2D communications, protect the network from 

interference caused by sidelink transmissions, and to smoothly integrate D2D operation in the 

NX system, some D2D specific technology components should be implemented in the network 

and devices. These are summarized in Figure 168. 

3.11.7.1 	D2D synchronization 

[1331] The devices that participate in D2D (unicast, multicast and broadcast) communications 

should be synchronized in time and frequency. Good synchronization is necessary to ensure 
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sidelink transmissions are according to the time/frequency domain scheduling decisions, energy 

efficient discovery and communication operation and facilitate high quality data reception. D2D 

synchronization can be challenging in out of coverage and partial coverage situations. 

[1332] A concept of synchronization source (SynS) provided by a UE is applicable to NX 

D2D. In LTE, D2D synchronization is facilitated by the PHY sidelink synchronization related 

procedures [TS 36.213]. A similar design is the foundation for NX D2D synchronization 

procedures, which can be extended to out of coverage situations (Scenario 4) using the concept 

of the SynS. A SynS can be a network node (BS), when available, or can be an in-coverage UE 

providing a synch signal to out-of-coverage UEs. The SynS can also be an out-of-coverage UE 

that obtains synchronization with the help of another (e.g., in-coverage) UE. 

3.11.7.2 	Device and Service Discovery 

[1333] Device and service discovery can be part of a D2D session or it can be a standalone 

service. In both cases, discovery implies that a UE can take on the role of an announcing UE or 

a discovering UE or both announcing and discovering. In both cases, a prerequisite to starting 

the discovery procedure is service authorization and provisioning (See Section 3.11.5.3.). 

Similarly to LTE, two discovery models are supported and configured by the network, taking into 

account UE capabilities, user preferences, etc. Although these discovery models do not imply 

differences at the physical layer, they can lead to different performance in terms of overall 

consumed energy and discovery time due to the different beacon transmission patterns. 

[1334] In the first discovery model (for LTE denoted 'Model A"), the announcing UE 

broadcasts discovery messages on specific radio resources configured by the network. Such 

network configuration can use broadcast information, preconfigured information and/or UE 

specific signaling (e.g., RRC signaling). The discovering UE can use the configuration 

information to capture and decode discovery messages in an energy efficient fashion, since it 

needs to monitor only the discovery resources. 
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[1335] In the second model (for LTE denoted 'Model B'), the discovering UE (rather than the 

announcing UE) broadcasts discovery messages, also according to configured and provisioned 

parameters and resources. The network assistance in the discovery procedures has been 

shown to be beneficial both in terms of discovery time and overall used energy during the 

discovery process. 

[1336] In partial coverage and out-of-coverage situations, D2D discovery mechanisms 

depend on the basic architecture decisions regarding cluster based or flat architecture for D2D 

communications. When clusters are used, the distributed cluster head, CH, selection and re-

selection and CH association procedures act as discovery procedures based on node 

autonomous (distributed) decisions on transmitting and detecting beacon and synchronization 

signals. 

[1337] A special case of discovery is UE-to-Network relay discovery. A UE that is authorized 

by the network to act as a relay for remote UEs typically out of coverage (or inside coverage) 

participates in UE-to-Network relay discovery during which a remote UE selects which UE to be 

used as the UE-to-Network relay. 

[1338] Moreover, the discovery mechanisms for NX need to support path selection for more 

complex cases such as UE-to-UE relaying and multihop relaying. 

3.11.7.3 	Service authorization and provisioning 

[1339] Service authorization and provisioning allows a device to use radio and other 

resources for D2D discovery and communication purposes. The exact mechanisms for this may 

depend on the D2D use case (see Section 3.11.1) and can include one or more of the following 

main elements: 

• Pre-configured information in the device. Preconfigured information can contain 

the allowed frequency bands, associated transmit power levels and other 

parameters that the device may use for discovery and communication purposes. 
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Pre-configuration may take place prior to accessing the NX system and/or 

through other accesses. 

• NAS signaling to exchange information with CN functions similar to the LTE 

ProSe function. 

• System information and UE specific (e.g., RRC) signaling when in NX coverage. 

	

3.11.7.4 	Sidelink management 

[1340] Sidelink management is responsible for the establishment, maintenance and 

termination of sidelink channels, including discovery and communication channels. These 

functions can be considered as the extensions and evolution of functions that are defined in LTE 

in [TS 36.213]. 

[1341] Examples on sidelink management include the triggering of broadcast discovery 

(announcing or inquiry) messages, establishing the sidelink shared channel with a specific peer 

device or triggering broadcast/multicast messages to a set of peer UEs on specific resources, 

etc. 

[1342] Figure 169 illustrates examples of sidelink management functions. 

	

3.11.7.5 	Measurement reports and radio resource management 

[1343] Figure 170 illustrates examples of measurement functions desirable for D2D 

communications. 

[1344] Measurements and associated reporting provide important input to sidelink 

management and D2D related radio resource management functions so that D2D 

communication can indeed improve the overall spectral/energy efficiency and coverage and 

reduce latency without causing unacceptable interference to cellular traffic. The radio resource 

management functions that are desirable to realize these goals depends on the use case (see 

Section 3.11.1), availability of licensed/unlicensed spectral resources, traffic load, device 

capabilities (e.g., small battery driven device, smart phone, public safety device). The RRM 
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functions are distributed between network nodes and the devices. Important aspects of the 

functional distribution between network nodes and devices are the level of network control and 

the time scale over which network and device RRM functions operate. The general principle for 

these aspects is that the network or the CH has tight control over resources owned by network 

or by the CH (e.g., licensed spectrum resources). Accordingly, two UEs, out of which none of 

them is CH capable, cannot communicate on licensed resources when out of coverage. 

[1345] The RRM functions that are desirable for D2D communications involve standardized 

and proprietary elements and can partially reuse RRM functions designed for traditional cellular 

communications. Such RRM functions include one or more of: 

• Mode selection between cellular and direct D2D mode; 

• Sidelink resource allocation and scheduling; 

• Sidelink power control; 

• Out-of coverage and partial coverage cluster formation. 

3.11.7.6 	Multi-antenna schemes (UE beamforming, sidelink beam matching) 

[1346] Figure 171 illustrates how UE beamforming for D2D communications relies on network 

controlled service authorization, provisioning and local measurements. The eNB/CH control is at 

a much coarser time scale (- 500 ms) than the D2D link control exercised autonomously within 

the constraints set by the eNB/CH. 

[1347] UE beamforming can largely improve the D2D range and therefore can further improve 

the potential of D2D communications for, e.g., cellular coverage extension, increasing the 

number of devices reached by device discovery or reducing the number of devices needed to 

provide provisional coverage in a disaster situation. From a configuration and control 

perspective, the basic principle for supporting UE beamforming is similar to other device 

functions (see 3.11.7.3 and 3.11.7.5): the device operation relies on the service provisioning 

and configuration information and the supporting measurement procedures. 
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3.11.7.7 	D2D band selection strategy 

[1348] For cases with multiple available bands, such as licensed and non-licensed bands, a 

negotiation and decision making strategy should be implemented to improve the balance of 

overall bandwidth efficiency and specific link benefits of side-links. For instance, high or lower 

frequency bands have distinct physical characteristics such as different propagation loss, 

bandwidth availability, coherent time of channels, spatial separation granularity. These aspects 

could be prudently considered for different D2D cases in term of different QoS requirements, 

link budgeting situation, interference status, etc. If multi-bands are available, optimized and 

dynamic choice of the band selection impacts substantially on D2D link-wise performance and 

NW-wise overall performance. 

[1349] In practice, multiple mode UE devices are pervasively available. Integrating such 

modes and bands provides more opportunity to balance individual link performance and NW 

performance targets which is of a special interest to D2D cases to further extend the D2D 

capacity gains. 

[1350] The strategy of band selection can take many factors into account, such as NW 

loading, non-licensed band availability and quality, common capability of UE pairs, side-link 

quality for different bands, latency requirement of traffic, side-link role as relay or direct 

communications, UEs' roles in wireless relay or simple single role as a destination/source of 

traffic. 

[1351] At different bands, the UE or eNB may have a different MAC mode, which is optimized 

for this specific band. Namely, one node capable of operating at different radio resource 

partition possesses a multi-mode MAC transiting from one to another. Resource partitioning 

enables a simplified D2D integration to cellular access; Potentially, it may bring indispensable 

robustness for dense NW deployment and high loading cases and easy feature depreciation or 

adding-in for NX cellular NW with D2D. 
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3.11.7.8 	D2D scheduling, HARQ and DRX 

[1352] Figure 172 illustrates a sidelink scheduling operation. 

[1353] L2 mechanisms proposed for D2D should enable energy-efficient, low latency and high 

reliability communications for both in-coverage and out-of-coverage scenarios e.g., by adopting 

the necessary L2 mechanisms e.g., DRX and HARQ. 

[1354] The fast scheduling (small time scale operation) of the sidelink is managed 

autonomously by the devices, within the constraints configured by an eNB or by CH as shown in 

Figure 172. Examples of sidelink operations configured by an eNB or CH include D2D slow 

(spectrum allocation, maximum transmit power etc.) scheduling, HARQ processes and DRX 

management. 

[1355] Due to the fact that the eNB scheduling requires additional network processing and 

two hop message exchange for D2D scheduling, the disjunction of scheduling is used for D2D 

transmissions when an in-coverage scenario is assumed. This means that each D2D UE is 

responsible for its own transmission, and for each transmission, the fast scheduling information, 

which is a subset of slow scheduling grant, is self-contained within the sidelink transmission in 

order to enable frequency selective scheduling. It should be also noted that uplink and sidelink 

resource reuse (for the same UE) would be possible if that is jointly and semi-persistently 

configured by the eNB. 

[1356] Figure 173 illustrates sidelink HARQ operation. Similarly to NX DL HARQ (see Section 

2.2.7.2 for further details), HARQ feedback can be sent as a sidelink MAC control element. By 

embedding HARQ feedback in MAC, it becomes cyclic redundancy check, CRC, protected and 

ACK/NACK detection error can be minimized. 

[1357] Figure 174 illustrates DRX alignment of infrastructure-to-device (12D) and D2D 

communications for maximizing OFF-duration. D2D-DRX and cellular-DRX (C-DRX) may be 

independent DRX mechanisms. Both configurations may only be visible to the CH. Therefore, 

the CH can align the D2D-DRX with C-DRX, when D2D and infrastructure-to-device (12D) 
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transmissions happen, so as to minimize the energy consumption by switching off more 

components of the terminal transceiver. 

3.11.8 	Mobility Aspects of D2D Communication 

[1358] When it comes to mobility management, section 3.5 describes the beam-based 

mobility solution, yet for D2D connections, there are two main issues to be further discussed: 

- Change from maintaining single UE specific connection to more than one UE: 

traditionally, when there is a change of serving network node, the resource 

allocation to the moving UE may be reconfigured. However, this kind of resource 

allocation has to take into account of the status of the counterpart UE(s) evolving 

in the D2D communication, in order to minimize the D2D serving interruption due 

to the resource reconfiguration. This may require some enhancement on the 

cellular-oriented mobility management procedure. 

- The D2D communication in RRC dormant state (which is defined in Section 2.1): 

In this state, the resource usage of D2D link is controlled by UE themselves 

(although still within the resource pool defined by network using broadcast 

signaling), so when the UE movement is beyond the network node range, the 

resource configuration change cannot be known by the counterpart D2D UE(s) 

via network nodes. Therefore, in order for seamless / lossless switching, the 

resource re-configuration has to be notified to the counterpart UEs via D2D 

signaling over D2D control plane, which is to be enhanced to achieve that. 

3.11.8.1 	D2D-aware handover 

[1359] Figure 175 illustrates D2D cluster communicating over the cell borders. In case of in-

coverage use cases where the eNB is the CH, RRC signalling for D2D control needs to be 

exchanged between D2D cluster and eNB in order to enable a reliable control plane and robust 

mobility. In this case, it may be costly for network to manage the control plane of a D2D cluster 
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with multiple eNBs, due to the fact that the backhaul overhead in the radio network may be an 

issue. Therefore, it is beneficial to keep the control plane of D2D cluster under a single eNB. 

This is achieved by managing the mobility of a D2D cluster based on not only the channel 

quality of a single device but also the measurements from other devices in the cluster. This 

mechanism can be implemented on the network side by simply defining an additional handover 

criterion. Note that the complexity may increase if the optimal node needs to be selected for the 

D2D control since the coordinated measurement reporting (and the additional measurement 

configuration and reporting thereof) are then required. 

3.12 Architecture aspects of NX multi-point connectivity 

[1360] This section describes architecture solutions for supporting NX multi-point connectivity. 

The section is organized as follows: In Section 3.12.1, a brief background and motivation for 

multi-point connectivity is provided. Section 3.12.2 describes the higher layer protocol 

architecture for multi-point connectivity for NX. Section 3.12.3 elaborates on some multi-

connectivity specific aspects of mobility. Then, Section 3.12.4 describes a method that can be 

used to relax the backhaul latency requirements by applying UE assisted multi-point diversity. 

3.12.1 	Background 

[1361] NX is likely to be deployed in bands higher than those of current commercial RANs. At 

higher frequencies, shadowing of radio paths is much more severe as compared to radio 

shadowing at lower frequencies. Especially for high frequencies, line-of-sight may be needed for 

successful transmission. In such radio conditions, multi-point connectivity can be used to reduce 

interruptions in traffic. Capacity and user throughput improvements can also be achieved when 

multiple connection points can be maintained simultaneously. The NX design supports multi-

point connectivity as an integral part of the concept. As discussed above, the downlink, DL, 

mobility concept of NX is beam-based. From a UE point of view, the mobility procedures are the 

same, independently on how many eNBs that are involved. A consequence of this is that the UE 

358 



WO 2017/196249 	 PCT/SE2017/050491 

does not have to care about which eNB is transmitting beams or not; sometimes this is referred 

to as the UE being node-agnostic and the mobility being UE-centric. For mobility to work 

efficiently, the involved eNBs need to maintain beam neighbor lists, exchange beam 

information, and coordinate MRS usage. The generic mobility approach for NX is described in 

Section 3.5. Fast switching of beams in a multi-point connectivity scenario requires fast 

communication between eNBs and may also require pre-caching and duplication of data; in 

many cases the data need to be duplicated and distributed to, and from, multiple eNBs. This 

requirement challenges the capability of backhaul connection in terms of capacity and delay. 

One option is to put a certain data splitting agency at EPC side so as to remove the loop at 

anchor-eNB S1 connection. Additionally, at air-interface, it is possible to reduce transmission 

possibility/ratio of such duplicated data between eNBs via an UE assisted flow control. 

Subsection 3.12.5 discuss that UE assistance in this regard can maximize multiple-point 

diversity performance. 

[1362] In Figure 176, the relation between different multi-connectivity modes in NX is 

illustrated. The connected transmission points can belong to one or multiple eNBs, typically 

referred to as intra-eNB multi-point connectivity and inter-eNB multi-point connectivity, 

respectively. 

Different transmission/reception modes can be considered depending on the channel 

conditions, network deployment, available backhaul capacity and delay, and type of traffic. In 

the NX context, multi-point diversity (MPD), traffic aggregation and distributed MIMO are issues. 

Traffic aggregation usually refers to multi-connectivity operations at lower layers being 

independent and distinct in terms of resources and/or RATs, such as carrier aggregation or IP 

layer aggregations. Distributed MIMO involves multiple transmission points and assumes joint 

coding over the branches. Typically, it requires a backhaul with high capacity and low delay to 

deliver the expected performance. In this section the focus is on architecture and protocol 

aspects of multi-point diversity (MPD), and traffic aggregation. 
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[1363] Coordinated multi-point (CoMP) is a term that is used to describe a set of specific LTE 

features used for intra LTE multi-point connectivity. Usually, CoMP features tight coordination 

on MAC level. MAC coordination is desiralbe when co-channel radio resources are used for the 

different transmission points. The term CoMP is intentionally avoided in the NX context to avoid 

confusion. 

[1364] Alongside measurement acquisition, a challenge associated with multi-point 

connectivity lies in limitations on capacity and delay in the backhaul links carrying the inter node 

interfaces. In many deployments, backhaul with limited capacity and large latency is the only 

option due to high cost involved in deploying fast backhaul. For example, in some cases, X2 

connections are made available by an ordinary internet data link. 

[1365] The multi-connectivity described in this section focus on the inter eNB case. The multi-

connectivity solution for intra-eNB where eNB comprises a centralized RRC/PDCP and 

distributed RLC/MAC is an alternative embodiment. 

3.12.2 	Protocol and architecture of multi-point connectivity in NX 

3.12.2.1 	User plane protocol architecture 

[1366] Multi-point connectivity on the user plane can operate at different layers. The 

integration layer for multi-point connectivity can be either PHY layer, MAC layer (which 

corresponds to Carrier Aggregation in the LTE context), or PDCP layer (which corresponds to 

Dual Connectivity in LTE) as mentioned in Section 3.7. In this section, the investigated multi-

point connectivity solutions work at PDCP layer. This solution is viable also for slow backhaul, 

and in alignment with the proposal in section 3.7 for NX and LTE interworking. Other multi-point 

connectivity solutions, e.g., inter-node MAC split multi-point connectivity are also possible 

approaches. Inter-node MAC split is preferred considering the centralized RRC/PDCP 

architecture and fast backhaul. In this section, slow backhaul and PDCP spit are assumed. The 

user plane protocol stack for NX multi-point connectivity is shown in Figure 177, taking two 
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SeNBs as an example. It is suitable for both multi-point diversity and multi-point traffic 

aggregation modes. 

3.12.2.2 	Control plane protocol architecture alternatives 

[1367] Section 3.7 discusses the RRC design for LTE and NX tight integration. Here the focus 

is on intra NX multi-point connectivity using PDCP as the integration layer. The question in 

focus is whether to have one centralized RRC entity in MeNB (Master eNB), which is termed as 

alternative 1 below, or multiple RRC entities distributed in both MeNB and each SeNB in multi-

point connectivity, which is termed as alternative 2 below. (MeNB is the anchor point for UE 

from CN (core network) point of view and the radio link between MeNB and UE determine UE 

RRC state. SeNB assists MeNB to serve UE either to increase UE throughput or increase the 

radio link robustness between UE and RAN.) 

[1368] The alternative 1 is similar to that defined for DC in LTE with some extensions. Beside 

one MeNB, more than one SeNB are involved in multi-point connectivity. There is only one RRC 

entity located at MeNB which communicate with the RRC entity at UE. When SeNB RRM 

function needs to configure its local radio resources between it and UE, SeNB needs to first 

encapsulate its RRC message into an X2 message and transmit it via backhaul to MeNB. And 

then MeNB forwards RRC message from SeNB to UE. Similarly, when UE sends measurement 

report, even this measurement report is SeNB related, this message is received by MeNB. 

MeNB then checks the measurement report, if some of the information is related to SeNB, 

composes a new message and forwards it to SeNB via backhaul. The RRC diversity solution 

can be supported in this alternative which means RRC message from MeNB can be transmitted 

to UE via multiple legs to increase the robustness of signaling transmissions. The protocol 

architecture for alternative 1 is shown in Figure 178, which illustrates that there one RCC entity 

at the MeNB. 
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[1369] An advantage of this alternative is that it is simple, compared to alternative 2 

(discussed below) and follow the same architecture as LTE DC. The UE only needs to maintain 

one RRC connection with MeNB, and it is not impacted by DL and UL decoupling. A 

disadvantage is that the response to some radio resource configuration at SeNB, e.g., UE beam 

switching within SeNB, may be slow, and when MeNB crashes the procedure to recover the 

whole multi-point connectivity could also relatively time consuming compared to alternative 2. 

[1370] In alternative 2, multiple RRC entities are setup at MeNB and SeNBs, as shown at 

Figure 179. The RRC entity at SeNB can communicate with the RRC entity at UE. There is only 

one RRC state between UE and the multi-point connectivity which is determined by the RRC 

connection between UE and MeNB. The RRC at MeNB is a full stack RRC which can execute 

all RRC functionalities while the RRC at SeNB is a slim RRC which can only execute limited 

RRC functionalities, e.g., RRC connection reconfiguration can be executed to configure the 

radio resources between SeNB and UE, but RRC connection setup and release are excluded. 

The protocol architecture of alternative 2 is shown in Figure 179. 

[1371] An advantage of this alternative is that it can react fast to local radio resource 

configuration events between SeNB and UE. When MeNB crashes, assuming the connection 

between UE and SeNB is maintained, the time to recover the multi-point connectivity could be 

short if SeNB already has RRC related UE context e.g., security KEY stored plus S1 related UE 

context, e.g., S1AP UE ID. So either UE or SeNB, which takes the role as new MeNB, can send 

RRC message to its peer directly to take action without requiring re-establishment of the RRC 

connection. And the SeNB which is going to become a MeNB can also inform CN that it is the 

new MeNB to restore S1 connection. A disadvantage of this alternative is that it is more 

complicated. Since multiple network nodes can send RRC message to UE, several issues need 

to be solved. First, SRB (Signaling Radio Bearer) needs to be setup between each SeNB and 

UE. The security key used for the SRB between SeNB and UE need be configured by MeNB 

during the setup procedure. Second, the SRB between SeNB and UE need be configured with a 
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unique logical channel ID within the multi-point connectivity so that UE can know from which 

node a RRC message comes and then deliver a response RRC message back according to the 

mapping relationship between logical channel ID and network node. Third, the UE internal RRC 

procedure handling needs to be enhanced to support parallel RRC procedures. That is, the 

RRC procedure from SeNB and MeNB can be executed concurrently. There may be a risk that 

the RRC request from MeNB and SeNB conflict with each other, e.g., the total flows to receive 

configured by network may exceed UE capability. If so, UE can report back to, e.g., SeNB that 

the total configured flows are over its capacity. After receiving this information, SeNB can 

reconfigure its message to UE to meet UE capability. 

[1372] Since the alternative 1 is a centralized RRC protocol architecture, it is better that beam 

switching scheme could work at Layer 2 so that beam switching related command and message 

can be exchanged between SeNB and UE directly without requiring the involvement of MeNB. 

For alternative 2, it suits the beam switching scheme working on either Layer 2 or Layer 3, as 

mentioned in Section 3.5. 

3.12.3 	Architecture aspects of mobility for multi-point connectivity 

[1373] 	The signaling procedures on L3 for multi-point connectivity in NX include SeNB 

addition, SeNB release, SeNB change, SeNB modification, MeNB change, MeNB and SeNB 

role switch. For the procedure involving just SeNB, if different frequencies are used in multi-

point connectivity, then the criterion and trigger condition for the procedures could be similar to 

that of LTE DC — an SeNB with good radio quality can be added into multi-point connectivity, 

and correspondingly an SeNB with worse radio quality can be released from multi-point 

connectivity. If single frequency is used in multi-point connectivity, which SeNB to add or 

release from multi-point connectivity need to consider the interference impact into this multi-

point connectivity besides just radio channel quality which needs further investigation. 
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[1374] For MeNB change (a new eNB outside this multi-point connectivity becomes a new 

MeNB, and SeNB does not change), or MeNB and one SeNB switch roles — one SeNB switches 

to new MeNB and MeNB switches to new SeNB, the procedure defined in LTE DC is quite 

cumbersome: UE needs to first remove all SeNB in the multi-point connectivity, handover from 

old MeNB to new MeNB, then setup SeNB in new multi-point connectivity again. Since all the 

members in the multi-point connectivity are not changed after role switch, a fast and efficient 

procedure can be defined, as shown in Figure 180. 

[1375] That is, before role switch, the security KEY to be used between the SeNB (which will 

be upgraded to MeNB) and UE is also configured. UE maintains multiple security contexts. 

When role switch occurs, signaling between involved eNBs indicates this is a role switch, so that 

all the existing protocol entities and context in eNBs can be reused during role switch as much 

as possible. No additional L3 RRC signaling is needed to inform UE this role switch (updating of 

timing advance etc. are done independently of the role switch). Packet forwarding may be 

needed from old MeNB to new MeNB after role switch. 

[1376] For link level related mobility, it includes add/remove/change of the serving links for a 

UE in multi-point connectivity. Depends on UE capability in communicating with multiple eNB in 

multi-point connectivity, and the network deployment, link level mobility could mean UE 

transmit/receive data using multiple links or legs concurrently, UE transmit/receive data using 

just one link/leg concurrently and fast switch within these links/legs or a combination. For 

example, one link/leg is always used for data transmission/reception, others links/legs are 

dynamically switched from one to the other. 

3.12.4 	Fast UE-assisted multi-point diversity for NX radio access 

[1377] As mentioned in 3.12.1, both S1 and X2 connections between eNBs and EPC or inter-

eNBs are usually made by non-dedicated cabling through ordinary internet connections. The 

resulting non-ideal backhaul capacity and delay performance becomes a bottleneck to 
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performance gains by multi-point diversity. Facing this reality, this section introduces a method 

that can be used to speed up the control plane coordination when the backhaul is slow and the 

integration layer is on PDCP. An important idea of fast UE-assisted multi-point diversity is to 

employ UE assistance, or even a UE decision, to assist the MAC procedure, in order to speed-

up MAC coordination between the involved eNBs. 

[1378] An objective of this section is to propose a solution on multi-point diversity (MPD), for 

which it assumes: (i) A scenario of realistic non-ideal backhaul, (ii) Both downlink (DL) and 

uplink (UL) MPD diversity schemes are considered. (iii) Access links involved operate at the 

same frequency band. Hence, it is a scheme of intra-frequency multi-point diversity. Owing to 

aforementioned reasons, it has a wide applicability in reality. 

[1379] In contrast to intra-carrier multi-point connectivity using relaxed backhaul for 

coordination, this approach relies on air-interface based coordination through assistance or 

decision of UE. Therefore, it can, in many cases, achieve lower control plane latency than 

coordination schemes relying on (relaxed) backhaul. 

[1380] Note that this approach is still subject to backhaul latency impact on user plane delay, 

since the user plane data is still delivered via relaxed backhaul. 

[1381] This design primarily includes two parts: (i) UE assisted MAC and (ii) UE assisted flow 

control, these two parts can work standalone or jointly to enhance the multi-point diversity gain. 

A generic description is that 'pre-grant' from NW and UE's decision & acknowledgement of the 

"pre-grant" plays a role in the operation. Firstly, the concept of UE assisted MAC is based on 

the fact that the UE owns timely information on link quality states itself so that it is suitable to 

dynamically conduct the resource coordination (in contrast to traditional dual connectivity, DC, 

scheme which relies on Backhaul, BH, to do the coordination). It is proposed that the UE 

acknowledgement or rejection on "pre-grant" from the NW, aids the network to fast change 

resource share among each links to adapt to diverse link quality variations for links with the 

same frequency band. 
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[1382] Secondly, the main concept of UE assisted flow control is to introduce the decision 

entity at UE for the UE decision based flow control. The input information is obtained by UE 

local measurement, and UE makes the decision / suggestion on the PDU delivery routing on the 

multiple connectivity and send commands to each serving AP directly. 

4 	Discussion of Selected Terms 

4.1 Antennas 

[1383] Antenna port — An antenna port is defined such that the channel over which a symbol 

on the antenna port is conveyed can be inferred from the channel over which another symbol on 

the same antenna port is conveyed. 

[1384] In practice a reference signal and an "antenna" as seen by the receiver. Two antenna 

ports are said to be quasi co-located if the large-scale properties of the channel over which a 

symbol on one antenna port is conveyed can be inferred from the channel over which a symbol 

on the other antenna port is conveyed. 

[1385] Example: Cross-polarized beam = set of two antenna ports, mapped to two orthogonal 

polarizations, with QCL assumed wrt delay spread, Doppler spread, Doppler shift [list not 

exhaustive] 

[1386] Beam — A beam is a set of beam weight vectors, where each beam weight vector has 

a separate antenna port, and all the antenna ports have similar average spatial characteristics. 

All antenna ports of a beam thus cover the same geographical area. Note however, that the fast 

fading characteristics of different antenna ports may be different. One antenna port is then 

mapped to one or several antenna elements, using a possibly dynamic mapping. The number of 

antenna ports of a beam is the rank of the beam. 

4.2 Latency 

[1387] Control plane latency— Control plane (C-Plane) latency is typically measured as the 

transition time from different connection modes, e.g., from idle to active state. 
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[1388] RAN User plane latency — The RAN user plane latency (also known as Radio-specific 

delay) is defined as the one-way transit time between an SDU packet being available at the IP 

layer in the user terminal/base station and the availability of this packet (protocol data unit, 

PDU) at IP layer in the base station/user terminal. User plane packet delay includes delay 

introduced by associated protocols and control signaling assuming the user terminal is in the 

active state. 

[1389] Mobile Network User Plane Latency —The Mobile Network or PLMN user plane 

latency is defined as the one-way transit time between an SDU packet being available at the IP 

layer in the user terminal/Network Gateway and the availability of this packet (protocol data unit, 

PDU) at IP layer in the Network Gateway/user terminal. PLMN packet delay includes delay 

introduced by all transport tunnels that are controlled by the network operator, including a virtual 

network operator using physical infrastructure that is owned by a third party. 

[1390] Application end-to-end delay— Application end-to-end delay represents the one-way 

transit time including framing delay and buffering delay at the source and all intermediate 

application-aware processing nodes during the transit of a packet or stream of packets between 

a service or software application on a terminal/server node communicating with another terminal 

or server node. Application delay is scenario specific and may include framing of information, 

transcoding or translation services, and network delays. In rare occasions where the application 

depends on two-way interactive communication, it may have to account for round-trip time. 

[1391] Application jitter- Application jitter with respect to min delay corresponds to the 

variation in delay from a minimum value, and is measured using statistical expectation of the 

difference between instantaneous delay and the minimum possible delay. Application jitter with 

respect to mean delay logically follows. 

4.3 Reliability and service availability 

[0392] For 5G new use cases are foreseen in the area of critical machine-type 

communication, which is referred to by ITU as Ora-reliable and /ow latency communication. 
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Example use cases are distribution automation in the smart power grid, industrial manufacturing 

and control, autonomous vehicles, remote control of machines, tele-surgery. For these use 

cases the requirements of reliability and availability are used, which we define in this section. 

The typical applications are control processes, which typically operate with some sort of a 

feedback loop and sensory input directing an actuator and depend on "deterministic" behavior of 

the underlying communication system. The reliability defines to what level the deterministic 

behavior can be met, e.g., the desired information is successfully received at the right time. 

0393] Reliability - The reliability of the connectivity is the probability that a message is 

successfully transmitted to a receiver within a specified delay bound. For example, the reliability 

may require that, control messages are delivered to the receiver with a 99.9999% guarantee 

and within a delay of ms. This means that only 0,0001% of packets are either lost due to 

transmission errors or are delayed due to congestion or load on the channel, or too low 

achievable data rate. This reliability is provided with regard to a maximum message size, so the 

latency can be linked to a required data rate. The reliability relates to the reliability of the 

connectivity provided from the sender to the receiver; the connectivity can be provided by a 

single radio link, but also by a set of radio links (e.g., on different frequency layers, with different 

antenna sites, or even based on different RATS) that jointly provide the connectivity. The 

reliability requires that a sufficient amount of radio resources is available for a transmission at 

sufficiently high SiNR on the connectivity links. The SINK must enable the radio link to meet the 

required data rate and delay bound and also provide sufficient fading margins for the desired 

reliability level. 

[1394] Service availability - For a certain reliable-low-latency service — a pair of reliability and 

latency bound — a service-availability can be defined, which defines to what level the reliability-

latency is provided in space and time. In bounded environments high availability can be 

required, e.g., via a service layer agreement. For example, in an industrial plant an availability of 

e.g., 99,9999% can be specified, so that at 99.9999% of transmissions in time and space fulfil 
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the reliability-delay requirements within the premises of the plant. This can be enabled by 

corresponding deployment and redundancy of the network. (The SLA may be further limited to a 

e.g., a maximum number of devices in the area or a maximum aggregate priority traffic load.) in 

spatially unbounded environments, like connected vehicles autonomously driving around 

anywhere on a continent, an availability cannot be easily guaranteed with any deployed 

infrastructure. Even with ad-hoc D2D communication between vehicies, the availability of a 

reliable-low-latency-service can only be provided for a certain range around the transmitter and 

possibly with further restrictions of a maximum vehicle density (and priority traffic load), 

[1395] It should be noted that many control systems that require reliable-low-latency services 

can have several operation modes, depending on the connectivity reliability and delay. For 

example, a platoon of autonornot.,isly driving trucks may drive with 4rn inter-vehicle distance if 

the communication can be 99.9999% guaranteed within 5ms, and may switch to an am inter-

vehicle distance if only a delay of lOrns at 99% reliability can be provided. Similarly, the control 

cycle of a production plant can be reduced, or a remote-controlled machinery may oniy operate 

in a conservative control mode for inadequate reliability-delay levels. it is desirable that the 

communication system can inform a service about changes in the achievable service level so 

that the application may adapt. This concept is sometimes referred to as tellable service 

composition, where changes in service level are indicated in an availability indication. 

5 	Additional Techniques 

[1396] Described in this section are several additional techniques that complement the 

techniques descried above. In various embodiments, any one or more of these additional 

techniques may be implemented along with any combination of the techniques described above. 

5,1 Power-saving CSI reporting 

[1397] In NX, the amount of channel state information, CSI, generally increases with the 

number of antennas/beams, meaning that the number of evaluations of beams/hypothesis 
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performed by the UE can increase accordingly. This will in turn lead to an increase in UE power 

consumption. 

[1398] One approach to address this, and to thus lower UE power consumption, is to have at 

least two reporting modes for CSI. One mode is a mode where the UE or other wireless device 

seeks the "best" transmission configuration. This may be regarded as a "default" or "legacy" 

mode. Another mode may be referred to as a "low-power mode," and is based on the use of a 

threshold for the quality of the reported CSI (e.g., PMI). In this mode, the UE reports (to the 

wireless network) the first CSI/PMI that meets a quality threshold requirement. Thus, rather than 

finding the absolute best possible transmission configuration, the UE instead finds one that is 

sufficient to meet the quality threshold requirement, and reports it, reducing UE power 

consumption by not necessarily seeking the absolute best possible transmission configuration. 

In certain embodiments, the UE may select the threshold for the quality of the reported CSI by 

itself, based on pre-programmed quality thresholds or other selection criteria. In alternative 

embodiments, the UE may receive a direction from the network as to the threshold for the 

quality of the reported CSI, and select the directed threshold. 

[1399] In some embodiments, this low power mode may involve the UE only scanning a 

subset of the PMI, for example. This low power mode may also involve the UE turning off one or 

more receiver/transmitter chains or, more generally, switching one or more receiver and/or 

transmitter circuits to a low-power state while operating in the low power mode, such that the 

circuits consume less power in this low-power state relative to their power consumption in the 

default mode. 

[1400] Figure 200 illustrates a process flow diagram according to an embodiment of this 

approach. The illustrated method includes steps performed by the network, e.g., in radio 

network equipment, as well as in a wireless device (e.g., a UE). It will be appreciated that 

embodiments may include all or some of the network-side steps, or some or all of the UE-side 

steps, or both. As shown at block 20010, the method may, in some embodiments, include 
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identifying a UE capable of the low-power mode, e.g., using capability information as described 

above in Section 2.1.5.3. The illustrated method further comprises, as shown at block 20020, 

configuring the UE for low-power channel-state information (CSI) reporting, e.g., using RRC 

signaling. As shown at block 20030, the UE determines a reporting quality threshold for one or 

more CSI-related parameters — this may be determined from configuration information provided 

to the UE by the network, in some embodiments, or from pre-programmed quality thresholds, in 

other embodiments, or by some combination of both. 

[1401] As shown at block 20040, the UE performs evaluations of received signals for one or 

more beams and/or cells, and determines a power mode and CSI that meets the quality 

threshold. The UE then, in some embodiments, reports the CSI to the network, as shown at 

block 20050. 

[1402] The technique described in this section should be understood to complement all of the 

techniques described above, and in particular the detailed techniques described in Section 3.4. 

This low-power mode allows the evaluations of beams to be discontinued once a sufficiently 

good beam is found, saving power consumption. An advantage of this approach is that for most 

signaling of small packets, the UEs can use a CSI reporting mode that saves a significant 

amount of energy, as less time is spent measuring and evaluating CSI-RS. These 

circumstances may include, for example, situations where the UE needs only to send or receive 

a relatively few packets and/or small packets, such that optimizing the beam quality is not 

necessary. 

5.2 Dormant made UE measurements 

[1403] In NX, a UE operating in dormant mode (e.g., RRC_CONNECTED DORMANT state) 

searches for synchronization signals and other system information, as was described in detail in 

sections above, e.g., in Sections 1.2 and 3.2.4.1. In a system where beamforming is in use, the 

UE searches for these synchronization signals and other system information across an interval 
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of possible resources, where that interval covers various combinations of time, frequency, and 

spatial beam. Note that this freedom with respect to resources does not exist in LTE. 

[1404] A potential problem with this is that the dormant UE may need to stay awake for much 

longer periods to perform this searching, as compared to when operating in LTE. This can have 

a negative impact on power consumption by the UE. 

[1405] This problem may be addressed, in some embodiments, by having the UE go (back) to 

sleep as soon as it has received sufficiently good system information and/or synchronization, 

where "sufficiently good" is determined by meeting a predetermined threshold or thresholds, 

without necessarily searching over an entire predetermined search interval. This approach 

allows the UE to realize power savings, especially in environments with good signals. 

[1406] Figure 201 is a process flow diagram illustrating an example method according to this 

approach. As shown at block 20110, the method begins with performing a measurement and/or 

demodulating/decoding, for synchronization and/or system information, on one of a 

predetermined set of resources, where the resources are defined by one or more of beam, 

timing, and frequency. As shown at block 20120, the method further includes determining 

whether sufficient synchronization and/or system information has been obtained, as a result of 

the measurement and/or demodulating/decoding on the current resource. If so, the method 

further includes, as shown at block 20130, performing one or more actions based on the 

measurement, if and to the extent that such an action is required, and going back to "sleep," 

where "sleep" refers to a lower-power mode of operation for the UE's circuitry, as compared to 

the operating mode in which the measurements are actively performed. If, on the other hand, it 

is determined that sufficient synchronization and/or information is not obtained, a next resource 

from the predetermined set of resources is assigned, as shown at block 20140, and the 

measuring and/or demodulating/decoding step shown in block 20110 is repeated. 

[1407] Figure 203 is also a process flow diagram an example method 20300 according to the 

approach mentioned above. The method illustrated in Figure 203 is carried out while the 
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wireless device, such as a UE, is operating in a dormant mode, wherein operating in the 

dormant mode comprises intermittently activating receiver circuitry to monitor and/or measure 

signals. This dormant mode may be, for example, the RRC_CONNECTED DORMANT state 

discussed earlier. The UE carries out the steps illustrated in Figure 203 while in this dormant 

mode, and while the receiver circuitry is activated. As shown at block 20310, the wireless 

device, e.g. a UE, performs a measurement on each of a plurality of resources from a 

predetermined set of resources, or demodulates and decodes information from each of a 

plurality of resources from a predetermined set of resources, where the resources in the 

predetermined set of resources are each defined by one or more of a beam, a timing, and a 

frequency. This corresponds to the method step shown at block 20110 in figure 201 above. As 

shown at block 20320, the method further includes evaluating the measurement or the 

demodulated and decoded information for each of the plurality of resources against a 

predetermined criterion. This corresponds to the method step shown at block 20120 in figure 

201 above. As shown at block 20330, the wireless device, such as a UE, then discontinues the 

performing and evaluating of measurements, or discontinues the demodulating and decoding 

and evaluation of information, in response to determining that the predetermined criterion is 

met, such that one or more resources in the predetermined set of resources are neither 

measured nor demodulated and decoded. As shown at block 20340, the method further 

comprises deactivating the activated receiver circuitry, further in response to determining that 

the predetermined criterion is met. These steps correspond to the method step shown in block 

20130 in figure 201 above. As shown at block 20350, the wireless device, such as a UE, then 

receives, in a first downlink subframe, a first Orthogonal Frequency-Division Multiplexing 

(OFDM) transmission formatted according to a first numerology; and receives, in a second 

downlink subframe, a second OFDM transmission formatted according to a second numerology, 

the second numerology differing from the first numerology. The steps in the figure may be 
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repeated at the next occurrence of a triggering event that re-activates the receiver circuitry, in 

some embodiments, for example upon the periodic expiration of a dormant mode timer. 

[14081 In some cases, the method 18200 or another method such as method 20300, as 

shown in Fig. 187 or in any other figure includes operating in a connected mode for one or more 

first intervals and operating in a dormant mode for one or more second intervals, where the first 

and second OFDM transmissions are performed in the connected mode (block 18270). Details 

of such a dormant state in the NX context were provided above, e.g., in Section 1.2. Operating 

in the dormant mode comprises monitoring signals carrying tracking area identifiers (block 

18272), comparing tracking area identifiers received during the monitoring with a tracking area 

identifier list (block 18274), and notifying the wireless communication network in response to 

determining that a received tracking area identifier is not on the list but otherwise refraining from 

notifying the wireless communication network in response to receiving changing tracking area 

identifiers (block 18276). 

An advantage of this technique is that UE power consumption in dormant mode may be 

reduced, in some cases to lower levels than achieved in conventional LTE operation. Note that 

"dormant mode" as used herein refers generally to a mode where a wireless device 

intermittently activates receiver circuitry to monitor and/or measure signals, deactivating at least 

parts of the receiver circuitry in between these monitoring/measuring intervals. These periods 

where some of the circuitry is deactivated may be referred to as "sleep" periods. In the 

discussion above, NR is described as having a dormant mode referred to as 

RRC CONNECTED DORMANT state. However, it will be appreciated that there may be one or 

several dormant modes supported by any given network, with names that vary. 

5 3 Adapting UE beamforming for power consumption 

[1409] While UE-based beamforming, using multiple antennas at the UE to form directional 

beams for transmitting and/or receiving, is a beneficial feature that is supported by NX, the use 

of multiple transmit and/or receiver chains in the UE can be costly, from a power consumption 

perspective. 
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[1410] This power consumption can be mitigated in some circumstances, such as when 

propagation losses between the UE and the wireless network are low and/or when interference 

is low. In these circumstances, for example, the number of antennas (and corresponding 

transmitter and receiver circuitry) can be decreased. This decrease can be to a point where, for 

example, there is a tradeoff between achievable data rates and UE power consumption. It 

should be appreciated that in some scenarios and/or circumstances, reducing power 

consumption may be more important than achieving the maximum possible data rate, whether 

in the uplink or in the downlink, or in both. 

[1411] Accordingly, a UE or other wireless device according to some embodiments may be 

configured to selectively reduce a number of antennas used for forming an uplink and/or 

downlink beam, based on signal conditions and/or interference conditions being sufficiently 

good, and/or based on the level or status of its battery or its battery consumption. This 

sufficiency may be indicated, for example, by a signal sent from the network that an uplink 

signal, as received by the network, is above or below a threshold, or exceeds a threshold by 

some predetermined margin. In other embodiments, the UE may determine the sufficiency itself, 

e.g., based on a measurement of one or more reference signals and/or on an estimation of 

downlink propagation loss, and/or on an interference level measured at the UE. In other 

embodiments, a combination of techniques may be used — for example, a signal sent from the 

network might be used to determine whether a number of antennas used for uplink 

beamforming may be reduced, while UE-based measurements are used to determine whether a 

number of antennas used for downlink beamforming may be reduced. 

[1412] Figure 202 is a process flow diagram illustrating an example method, as implemented 

in a UE or other wireless device, for carrying out a technique like that described above. The 

illustrated method is applied to determining a number of antennas for uplink beamforming, but a 

similar technique might also or instead be applied to downlink beamforming. 
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[1413] As shown at block 20210, the UE is configured to transmit in the uplink. As shown at 

block 20220, the UE determines, based on an estimated downlink propagation loss, whether or 

not the number of antennas used for uplink beamforming may be decreased. It will be 

appreciated that decreasing the number of antennas (and corresponding transmit circuitry, in 

this case) corresponds to decreasing the effective antenna gain. Likewise, increasing the 

number of antennas for beamforming increases the antenna gain. The determination shown at 

block 20220 may comprise comparing the estimated downlink propagation loss (or other 

parameter based on signal measurements) to a corresponding threshold. In some 

embodiments, a desired data rate may be considered when making this determination, e.g., the 

threshold may vary depending on the desired data rate. Similarly, a desired coverage, e.g., a 

desired minimum beamwidth, may also be considered. For example, the number of antennas 

may not be allowed to go above a certain number, in some embodiments. In certain 

embodiments, the UE may in addition (or alternatively) consider its remaining battery life or 

battery consumption when making this determination about whether or not the number of 

antennas used for uplink beamforming may be decreased. 

[1414] Finally, as shown at block 20230, the UE adjusts the number of antennas/transmitters 

in the event that the determination shown at block 20220 is positive. This may involve, for 

example, turning off (or on) transmitter circuitry associated with one or more unused (or used) 

antennas, thus reducing (or increasing) power consumption. 

[1415] Advantages of this technique include that the UE power consumption, for transmission, 

especially, and to a lesser extent, for receiving, can be selectively reduced, based on 

requirements for coverage (as determined by the beamwidth of the beam at issue) and 

depending on desired data rate. Note also that in an environment where the directions change 

fast, it is easier to track beams with wider beams; hence, reducing the number of antennas in 

good conditions may provide better reliability. 
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6 	 Methods, radio network equipment, and wireless devices 

[1416] In this section, some of the many detailed techniques and procedures described above 

are generalized and applied to specific methods, network nodes, and wireless devices. Each of 

these methods, radio network equipment, and wireless devices, as well as the numerous 

variants of them that are described in the more detailed description above, may be regarded as 

an embodiment of the present invention. it should be understood that the particular groupings of 

these features descried below are examples — other groupings and combinations are possible, 

as evidenced by the preceding detailed discussion. 

[1417] Note that in the discussion that follows and in the claims appended hereto, the use of 

labels "first," "second," "third," etc., is meant simply to distinguish one item from another, and 

should not be understood to indicate a particular order or priority, unless the context clearly 

indicates otherwise. 

6.1 Wireless devices and methods 

[1418] As used herein, "wireless device" refers to a device capable, configured, arranged 

and/or operable to communicate ‘,,,vireiessiy with network equipment and/or another wireless 

device. In the present context, communicating wirelessly involves transmitting and/or receiving 

wireless signals using electromagnetic signals. In particular embodiments, wireless devices may 

be configured to transmit and/or receive information without direct human interaction. For 

instance, a wireless device may be designed to transmit information to a network on a 

predetermined schedule, when triggered by an internal or external event, or in response to 

requests from the network. Generally, a wireless device mad,.  represent any device capable of, 

configured for, arranged for, and/or operable. for wireless communication, for example radio 

communication devices. Examples of wireless devices include, but are not iii-nited to, user 

equipment (UE) such as smart phones. Further examples include wireless cameras, wireless- 

377 



WO 2017/196249 	 PCT/SE2017/050491 

enabled tablet computers, laptop-embedded equipment (LEE), laptop-mounted equipment 

(LME), USB dongles, and/or wireless customer-premises equipment (OPE). 

[1419] As one specific example, a wireless device may represent a UE configured for 

communication in accordance with one or more communication standards promulgated by the 

3rd Generation Partnership Project (3GPP), such as 3GPP's GSM, UMTS, LTE, and/or 5G 

standards. As used herein, a "user equipment" or "UE" may not necessarily have a "user" in the 

sense of a human user who owns and/or operates the relevant device. Instead, a UE may 

represent a device that is intended for sale to, or operation by, a human user but that may not 

initially be associated with a specific human user. It should also be appreciated that in the 

previous detailed discussion, the term "UE" is used, for convenience, even more generally, so 

as to include, in the context of the NX network, any type of wireless device that accesses and/or 

is served by the NX network, whether or not the UE is associated with a "user" per se. Thus, the 

term "UE" as used in the above detailed discussion includes machine-type-communication 

(MTC) devices (sometimes referred to as machine-to-machine, or M2M devices), for example, 

as well as handsets or wireless devices that may be associated with a "user," 

[1420] Some wireless devices may support device-to-device (D2D) communication, for 

example by implementing a 3GPP standard for sidelink communication, and may in this case be 

referred to as D2D communication devices. 

[1421] As yet another specific example, in an Internet of Things 00T) scenario, a wireless 

device may represent a machine or other device that performs monitoring and/or 

measurements, and transmits the results of such monitoring and/or measurements to another 

wireless device and/or a network equipment. A wireless device may in this case be a machine-

to-machine (M2M) device, which may in a 3GPP context be referred to as a machine-type 

communication (MTC) device. As one particular example, a wireless device may be a UE 

implementing the 3GPP narrow band internet of things (NB-ioT) standard, Particular examples 

of such machines or devices are sensors, metering devices such as power meters, industrial 
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machinery, or home or personal appliances, e.g. refrigerators, televisions, personal wearables 

such as watches etc. In other scenarios, a wireless device may represent a vehicle or other 

equipment that is capable of monitoring and/or reporting on its operational status or other 

functions associated with its operation. 

[1422] A wireless device as described above may represent the endpoint of a wireless 

connection, in which case the device may be referred to as a wireless terminal. Furthermore, a 

wireless device as described above may be mobile, in which case it may also be referred to as 

a mobile device or a mobile terminal. 

[1423] Although it will be appreciated that specific embodiments of the wireless devices 

discussed herein may include any of various suitable combinations of hardware and/or software, 

a wireless device configured to operate in the wireless communications networks described 

herein and/or according to the various techniques described herein may, ire particular 

embodiments be represented by the example wireless device 1000 shown in Figure 181. 

[1424] As shown in Figure 181, example wireless device 1000 includes an antenna 1005, 

radio front-end circuitry 1010, and processing circuitry 1020, which in the illustrated example 

includes a computer-readable storage medium 1025, e.g., one or more memory devices. 

Antenna 1005 may include one or more antennas or antenna arrays, and is configured to send 

and/or receive wireless signals, and is connected to radio front-end circuitry 1010. In certain 

alternative embodiments, wireless device 1000 may not include antenna 1005, and antenna 

1005 may instead be separate from wireless device 1000 and be connectable to wireless device 

1000 through an interface or port. 

[1425] Radio front-end circuitry 1010, which may comprise various filters and amplifiers, for 

example, is connected to antenna 1005 and processing circuitry 1020 and is configured to 

condition signals communicated between antenna 1005 and processing circuitry 1020. in 

certain alternative embodiments, wireless device 1000 may not include radio front-end circuitry 

1010, and processing circuitry 1020 may instead be connected to antenna 1005 without radio 
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front-end circuitry 1010. In some embodiments, radio-frequency circuitry 1010 is configured to 

handle signals in multiple frequency bands, in some cases simultaneously. 

0426] Processing circi..iitry 1020 may include one or more of radio-frequency (RF) transceiver 

circuitry 1021, baseband processing circuitry 1022, and application processing circuitry 1023. In 

some embodiments, the RE transceiver circuitry 1021, baseband processing circuitry 1022, and 

application processing circuitry 1023 may be on separate chipsets. In alternative embodiments, 

part or all of the baseband processing circuitry 1022 and application processing circuitry 1023 

may be combined into one chipset, and the RE transceiver circuitry 1021 may be on a separate 

chipset. In still alternative embodiments, part or all of the RF transceiver circuitry 1021 and 

baseband processing circuitry 1022 may be on the same chipset, and the application 

processing circuitry 1023 may be on a separate chipset. In yet other alternative embodiments, 

part or all of the RF transceiver circuitry 1021, baseband processing circuitry 1022, and 

application processing circuitry 1023 may be combined in the same chipset. Processing 

circuity 1020 may include, for example, one or more central processing units (CPUs), one or 

more microprocessors, one or more application specific integrated circuits (ASlCs), and/or one 

or more field programmable gate arrays (FPGAs). 

[14271 In particular embodiments, some or ail of the functionality described herein as relevant 

to a user equipment, MTC device, or other wireless device may be embodied in a wireless 

device or, as an alternative, may be embodied by the processing circuitry 1020 executing 

instructions stored on a cornputer-readable storage medium 1025, as shown in Figure 181. In 

alternative embodiments, some or all of the functionality may be provided by the processing 

circuitry 1020 without executing instructions stored on a computer-readable medium, such as in 

a hard-wired manner. In any of those particular embodiments, whether executing instructions 

stored on a computer-readable storage medium or not, the processing circuitry 1020 can be 

said to be configured to perform the described functionality. The benefits provided by such 

functionality are not limited to the processing circuitry 1020 alone or to other components of the 

380 



WO 2017/196249 	 PCT/SE2017/050491 

wireless device, but are enjoyed by the wireless device as a whole, and/or by end users and the 

wireless network generally. 

[1428] The processing circuitry 1020 may be configured to perform any determining 

operations described herein. Determining as performed by processing circuitry 1020 may 

include processing information obtained by the processing circuitry 1020 by, for example, 

converting the obtained information into other information, comparing the obtained information 

or converted information to information stored in the wireless device, and/or performing one or 

more operations based on the obtained information or converted information, and as a result of 

said processing making a determination. 

[1429] 	Antenna 1005, radio front-end circuitry 1010, and/or processing circuitry 1020 may be 

configured to perform any transmitting operations described herein. Any information, data 

and/or signals may be transmitted to a network equipment and/or another wireless device. 

Likeyvise, antenna 1005, radio front-end circuitry 1010, and/or processing circuitry 1020 may be 

configured to perform any receiving operations described herein as being performed by a 

wireless device. Any information, data and/or signals may be received from a network 

equipment and/or another wireless device 

[1430] Computer-readable storage medium 1025 is generally operable to store instructions, 

such as a computer program, software, an application including one or more of logic, rules, 

code, tables, etc, and/or other instructions capable of being executed by a processor. Examples 

of computer-readable storage medium 1025 include computer memory (for example, Random 

Access Memory (RAM) or Read Only Memory (ROM)), mass storage media (for example, a 

hard disk), removable storage media (for example, a Compact Disk (CD) or a Digital Video Disk 

(DVD)), and/or any other volatile or non-voiatile, non-transitory computer-readable and/or 

computer-executable memory devices that store information, data, and/or instructions that may 

be used by processing circuitry 1020, in some embodiments, processing circuitry 1020 and 

computer-readable storage medium 1025 may be considered to be integrated. 
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[1431] Alternative embodiments of the wireless device 1000 may include additional 

components beyond those shown in Figure 181 that may be responsible for providing certain 

aspects of the wireless device's functionality, including any of the functionality described herein 

and/or any functionality necessary to support the solution described above. As just one 

example, wireless device 1000 may include input interfaces, devices and circuits, and output 

interfaces, devices and circuits, input interfaces, devices, and circuits are configured to allow 

input of information into wireless device 1000, and are connected to processing circuitry 1020 to 

allow processing circuitry 1020 to process the input information. For example, input interfaces, 

devices, and circuits may include a microphone, a proximity or other sensor, keys/buttons, a 

touch display, one or more cameras, a USB port, or other input elements. Output interfaces, 

devices, and circuits are configured to allow output of information from wireless device 1000, 

and are connected to processing circuitry 1020 to allow processing circuitry 1020 to output 

information from wireless device 1000. For example, output interfaces, devices or circuits may 

include a speaker, a dispiay, vibrating circuitry, a USB port, a headphone interface, or other 

output elements. Using one or more input and output interfaces, devices, and circuits, wireless 

device 1000 may communicate with end users and/or the wireless network, and allow them to 

benefit from the functionality described herein. 

[1432] As another example, wireless device 1000 may include power supply circuitry 1030. 

The power supply circuitry 1030 may comprise power management circuitry. The power supply 

circuitry may receive power from a power source, which may either be comprised in, or be 

external to, power supply circuitry 1030. For example, wireless device 1000 may comprise a 

power source in the form of a battery or battery pack which is connected to, or integrated in, 

power supply circuitry 1030. Other types of power sources, such as photovoltaic devices, may 

also be used. As a further example, wireless device 1000 may be connectable to an external 

power source (such as an electricity outlet) via an input circuitry or interface such as an 
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electrical cable, whereby the external power source supplies power to power supply circuity 

1030, 

0433] Power supply circuitry 1030 may be connected to radio front-end circuitry 1010. 

processing circuitry 1020, and/or computer-readable storage medium 1025 and be configured to 

supply wireless device 1000, including processing circuitry 1020, with power for performing the 

functionality described herein. 

[UN 	Wireless device 1000 may also include multiple sets of processing circuitry 1020, 

computer-readable storage medium 1025, radio circuitry 1010, and/or antenna 1005 for different 

wireless technologies integrated into wireless device 1000, such as, for example, GSM, 

WCDMA, LTE, NR, VViFi, or Bluetooth wireless technologies. These wireless technologies may 

be integrated into the same or different chipsets and other components within wireless device 

1000. 

[1435] Wireless device 1000, in various embodiments, is adapted to carry out any of a variety 

of combinations of the features and techniques described herein. in some embodiments, for 

example, processing circuitry 1020, e.g., using antenna 1005 and radio front-end circuitry 1010, 

is configured to receive a downlink signal comprising an uplink access configuration index, use 

the uplink access configuration index to identify an uplink access configuration from among a 

predetermined plurality of uplink access configurations, and transmit to the wireless 

communications network according to the identified uplink access configuration. As discussed in 

Section 3.2.2 above, this uplink access configuration index is a pointer into a table of uplink 

access configurations. This pointer may be retrieved, for example, from an 331, as described 

above, while the uplink access configurations are received as an AlT. As discussed in detail 

above, an advantage arising from the use of an uplink access configuration index is that 

broadcasted information can be reduced. The plurality of uplink access configurations from 

which a particular uplink access configuration is retrieved, using, the uplink access configuration 

index, can be distributed separately from the broadcasting of the index itself. 
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[1436] Processing circuitry 1020 is also configured to receive, in a first downlink subframe, a 

first OFDM transmission formatted according to a first numerology and receiving, in a second 

downlink subfrarne;  a second OFDM transmission formatted according to a second numerology, 

the second numerology differing from the first numerology. The first numerology may e.g. have 

a first subcarrier spacing (or first subcarrier bandwidth) and the second numerology may have a 

second subcarrier spacing (or second subcarrier bandwidth), the first subcarrier spacing 

differing from the second subcarrier spacing. Note that a "numerology," as that term is used 

herein, refers to a particular combination of OFDM subcarrier bandwidth, cyclic prefix length, 

and subframe length. The term subcarrier bandwidth, which refers to the bandwidth occupied by 

a single subcarrier, is directly related to, and is sometimes used interchangeably, with subcarrier 

spacing. As discussed in detaii above, e.g., in Section 2.3, the availability and use of different 

numerologies allows for better matching of the physical layer to specific applications and use 

case requirements. 

0437] in some embodiments, the components of wireless device 1000, and in particular 

processing circuitry 1020, are also configured to perform a method 18200 as illustrated in Fig. 

182 or according to any of the other method embodiments described in the following. The 

method 18200 includes receiving a downlink signal comprising an uplink access configuration 

index, using the uplink access configuration index to identify an uplink access configuration from 

among a predetermined plurality of uplink access configurations, and transmitting to the 

wireless communications network according to the identified uplink access configuration (block 

18210). The method 18200 may also include receiving, in a first downlink subframe, a first 

OFDM transmission formatted according to a first numerology and receiving, in a second 

downlink subframe, a second OFDM transmission formatted according to a second numerology, 

the second numerology differing from the first numerology (block 18220). The first numerology 

may e.g. have a first subcarrier spacing (or first subcarrier bandwidth) and the second 

numerology may have a second subcarrier spacing (or second subcarrier bandwidth), the first 
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subcarrier spacing differing from the second subcarrier spacing. The first OFDM transmission 

may have a numerology according to the specifications for LTE, thereby enabling coexistence 

with iegacy LTE. The method 18200 may also comprise receiving broadcasted system access 

information and using the received system access information for accessing the wireless 

communications network. Furthermore, the first and second downlink subframes may be 

received on the same carrier frequency (see e.g. [0583D, which has the advantage that there 

can be different numerologies on the same carrier. 

[1438] As an example, the first and second numerologies may comprise subframes of first 

and second subframe lengths, respectively, where the first subframe length differs from the 

second subframe. length. The subframes of the first and second numerologies may comprise 

first and second predetermined numbers of OFDM symbols, respectively, see e.g. [0536] and 

[0553]. In this way, there can be a standardized time interval (like e.g. 1 ms), and the different 

numerologies use a different number of OFDM symbols to cover this time interval. Such a 

standardized or common time interval has benefits in enabling radio coexistence. At least one of 

the first and second numerologies may comprise subframes having a length of 250 

microseconds or less, see [0536]. [0553] or Table 3. 

[1439] In some embodiments, the method 18200 discussed above or another method may 

further include receiving and processing first Layer 2 data on a first physical data channel and 

receiving and processing second Layer 2 data on a second physical data channel, as shown at 

blocks 18230 and 18232 of Figure 183. Examples of these were provided above, where these 

first and second physical data channels were referred to as retransmittable and direct channels, 

or rPDCH and dPDCH, respectively. The receiving and processing of the first Layer 2 data 

comprises the use of soft HARQ combining, and the receiving and processing of the second 

Layer 2 data comprises no soft HARQ combining. This may include using a common set of 

demodulation reference signals for receiving both the first and second Layer 2 data, An 

advantage of this use of two types of physical data channels is that the error correction and 
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overhead associated with each of the channels can be better matched to the specific types of 

data carried by the respective channels. 

[1440] In some cases, a single Radio Resource Control (RRC) approach may be used for 

handling both the first and second OFDM transmissions, e.g., in combination with some or all of 

the features discussed above. This single-RRC approach was discussed above, for example, in 

Section 2.1.4. Note that in the detailed discussion above, the term "RRC" is frequently used as a 

shorthand for the more precise term Radio Resource Control protocol layer, or RRC protocol 

layer, which is the collection of procedures that provides Radio Resource Control, e.g., as 

specified by industry standards and as typically implemented with corresponding software 

modules in wireless devices and radio network equipment. For example, the method 18200 or 

another method, as shown in Fig. 184, may further include processing data from the first OFDM 

transmission using a first MAC protocol layer (block 18240) and processing data from the 

second OFD 9I transmission using a second MAC protocol layer, where the first MAC protocol 

layer differs from the second MAC protocol layer (block 18242). This method may further 

include processing messages received from each of the first and second MAC protocol layers 

using a single, common RRC protocol layer (block 18244). An advantage of this approach is 

that the RRC handling for the two physical channels, which may be an LTE-based and an NX-

based channel, for example, is that the RRC handling is more tightly integrated and efficient. 

[1441] In some cases, a dual-RRC approach may be used instead, again as discussed in 

Section 2.1.4, for example. In this case, the method 18200 or another method, as shown in Fig. 

185, further includes processing data from the first OFDM transmission using a first MAC 

protocol layer (block 18250) and processing data from the second OFDM transmission using a 

second MAC protocol layer, where the first MAC protocol layer differs from the second MAC 

protocol layer (block 18252). The method 18200 may further include processing messages 

received via the first MAC protocol layer using a first RRC protocol layer and processing 

messages received via the second MAC protocol layer using a second RRC protocol layer, 
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where the first RRC protocol layer differs from the second RRC protocol layer (block 18256). At 

least a first one of the first and second RRC protocol layers is configured to pass selected RRC 

messages to the other one of the first and second RRC protocol layers. The selected RRC 

messages are RRC messages received and processed by the first one of the first and second 

RRC protocol layers but targeted for the other one of the first and second RRC protocol layers. 

As was discussed in Section 2.1.4.2, this approach provides for independent specification of the 

RRC protocol layers in the context of operating with two different RATs (such as NX and LTE), 

and allows each RRC protocol layer to be modified independently of the other. 

[1442] The method 18200 or another method, as shown in Fig. 186, may further include 

transmitting third Layer 2 data on a third physical data channel (block 18260) and transmitting 

fourth Layer 2 data on a fourth physical data channel (block 18262). The transmitting of the third 

Layer 2 data comprises the use of a HARQ process supporting soft combining, and the 

transmitting of the fourth Layer 2 data comprises no HARQ process. These third and fourth 

physical data channels correspond to the retransrnittable and direct channels discussed in detail 

above. 

[1443] In some cases, the method 18200 or another method, for example as shown in Fig. 

187, includes operating in a dormant mode, wherein operating in the dormant mode comprises 

intermittently activating receiver circuitry to scan for synchronization signals and/or system 

information signals, These wireless devices may be further adapted to, while scanning for 

synchronization signals and/or system information signals: perform a measurement on each of a 

plurality of resources from a predetermined set of resources or demodulate and decode 

information from each of a plurality of resources from a predetermined set of resources, where 

the resources in the predetermined set of resources are each defined by one or more of a 

beam, a timing, and a frequency; evaluate the measurement or the demodulated and decoded 

information for each of the plurality of resources against a predetermined criterion; discontinue 

the performing and evaluating of measurements or discontinue the demodulating and decoding 
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and evaluation of information, in response to determining that the predetermined criterion is met 

for one of the resources, such that one or more resources in the predetermined set of resources 

are not measured or demodulated and decoded; and deactivate the activated receiver circuitry, 

further in response to determining that the predetermined criterion is met for one of the 

resources. 

[14441 In some cases, the method 18200 or another method, for example as shown in Fig. 

187, includes operating in a connected mode for one or more first intervals and operating in a 

dormant mode for one or more second intervals, where the first and second OFDM 

transmissions are performed in the connected mode (block 18270). Details of such a dormant 

state in the NX context were provided above, e.g., in Section 1.2, Operating in the dormant 

mode comprises monitoring signals carrying tracking area identifiers (block 18272), comparing 

tracking area identifiers received during the monitoring with a tracking area identifier list (block 

18274), and notifying the wireless communication network in response to determining that a 

received tracking area identifier is not on the list but otherwise refraining from notifying the 

wireless communication network in response to receiving changing tracking area identifiers 

(block 18276). Example details of this tracking-related behavior are described above, in Section 

3,2.4.1, In the detailed discussion above, examples of these tracking area identifiers were 

referred to as Tracking RAN Area Codes (TRAC), which correspond to a particular Tracking 

RAN Area and which may be received in a Tracking RAN Area Signal index. Note that this 

dormant state allows the wireless device to move around within a tracking area without reporting 

to the network, thus providing for more efficient operation and less signaling. 

[1445] The method 18200 may include transmitting, to the wireless communications network, 

a capability pointer, the capability pointer identifying a set of capabilities, for the wireless device, 

stored in the wireless communications network. Thus, instead of sending a set of capabilities, 

the wireless device may instead send a pointer to an already stored set of capabilities in the 

network. Details of this approach are provided above, in Section 2,1.5,3, As noted there, this 
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approach allows for a continuing evolution of new wireless device capabilities, without requiring 

constant updates of the signaling to indicate those capabiiities. The set of capabiiities may 

include at least one of wireless device vendor (e.g. a UE vendor), capability version, or 

proprietary information of the wireless device (e.g. proprietary UE information) or of the network, 

see [0345] or Fig. 10. The method may comprise transmitting to the wireless communications 

network using Discrete Fourier Transforrn-Sprea.d OFDM (DFTS-OFDM) transmission. 

0446] As discussed in extensive detail above, wireless devices according to many of the 

embodiments described herein may use scheduled transmissions, contention-based 

transmissions, or a combination of both. Thus, the method 18200 may include transmitting to 

the wireless communications network using a contention-based access protocol. The 

contention-based access protocol may comprise a listen-before-talk (LBT) access mechanism. 

04471 The method 18200 or another method, as shown in Fig. 188, may include measuring a 

first mobility reference signal on a first received beam (block 18280) and measuring a second 

mobility reference signal on a second received beam, where the second mobility reference 

signal differs from the first mobility reference signal (block 18282). These mobility reference 

signals are referred to as MRS in the detailed system described above, e.g., in the discussions 

of beam-based transmission and feedback in Section 3.4, and in the discussion of mobility in 

Section 3.5. The method 18200 may further include reporting results of measuring the first and 

second mobility reference signals to the wireless communications network (block 18284). The 

method 18200 may also include receiving, in response to reporting the results, a command to 

switch from receiving data on a current downlink beam to receiving data on a different downlink 

beam (block 18286). The method 18200 may include receiving a timing advance value for 

application to the different downlink beam (block 18288). This approach provides for a beam-

based active mobility, detailed in sections 3.5.2 to 3.5.4, as distinct from the cell-based mobility 

used in conventional wireless systems, 
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0448] In some embodiments, wireless device 1000 is adapted to carry out one or more of the 

techniques described in Section 5 and/or the techniques illustrated in Figures 200-202, alone or 

in combination with one or more of any of the other techniques described above. That is to say, 

in some embodiments, the components of wireless device 1000, and in particular processing 

circuitry 1020, are configured to carry out one or more of the techniques described in Section 5 

and/or illustrated in Figures 200-202, alone or in combination with one or more of any of the 

other techniques described above. 

0449] in some embodiments, for example, wireless device 1000 is adapted to determine a 

reporting quality threshold for a parameter related to channel state information (081), perform a 

measurement for each of a plurality of beams from a first predetermined set of beams for 

evaluation, evaluate the measurement for each of the plurality of beams against the reporting 

quality threshold, discontinue the performing and evaluating of measurements in response to 

determining that the reporting quality threshold is met for one of the beams, such that one or 

more beams in the first predetermined set of beams are not measured and evaluated, and 

report, to the wireless communications network, CSI for the one of the beams, In some 

embodiments, these operations are carried out during a first time interval, in a first reporting 

mode, and the wireless device 1000 is further adapted to, during a second time interval, in a 

second reporting mode: perform a measurement for each beam in a second predetermined set 

of beams for evaluation; identify, based on the measurements, a best beam according to one or 

more predetermined criteria; and report, to the wireless communications network, 081 for the 

best beam. In some of these latter embodiments, the wireless device is further adapted to 

receive a reporting configuration message from the wireless communication network, the 

reporting configuration message directing the wireless device to operate in the second reporting 

mode. In some embodiments, the wireless device is adapted to switch one or more receiver 

and/or transmitter circuits to a low-power state while operating in the first reporting mode, such 

that the receiver and/or transmitter circuits consume less power in the first reporting mode 
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relative to the second reporting mode. In some embodiments, the wireless device is adapted to 

determine the reporting quality threshold by receiving the reporting quality threshold or an 

indication of the reporting quality threshold from the wireless communications network. 

[1450] As noted above, the techniques described in Section 5 and illustrated in Figures 200-

202 can be combined with any of the other techniques described herein. Thus, for example, a 

wireless device adapted to carry out the CSkrelated method described immediately above may 

be further adapted to receive a downlink signal comprising an uplink access configuration index, 

use the uplink access configuration index to identify an uplink access configuration from among 

a predetermined plurality of uplink access configurations, and transmit to the wireless 

communications network according to the identified uplink access configuration. Likewise, such 

a wireless device may be adapted to receive, in a first downlink subframe, a first Orthogonal 

Frequency-Division Multiplexing (OFDM) transmission formatted according to a first 

numerology, and receive, in a second downlink subframe, a second OFDM transmission 

formatted according to a second numerology, the second numerology differing from the first 

numerology. These and other embodiments may be further adapted to receive and process first 

Layer 2 data on a first physical data channel, where the receiving and processing of the first 

Layer 2 data comprises the use of soft HARQ combining, and receive and process second 

Layer 2 data on a second physical data channel, where the receiving and processing of the 

second Layer 2 data comprises no soft HARQ combining. 

[1451] Similarly, any of these or other embodiments of a wireless device as described herein 

may be adapted to operating in a dormant mode, wherein operating in the dormant mode 

comprises intermittently activating receiver circuitry to scan for synchronization signals and/or 

system information signals. These wireless devices may be further adapted to, while scanning 

for synchronization signals and/or system information signals: perform a measurement on each 

of a plurality of resources from a predetermined set of resources or demodulate and decode 

information from each of a plurality of resources from a predetermined set of resources, where 
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the resources in the predetermined set of resources are each defined by one or more of a 

beam;  a timing, and a frequency; evaluate the measurement or the demodulated and decoded 

information for each of the plurality of resources against a predetermined criterion; discontinue 

the performing and evaluating of measurements or discontinue the demodulating and decoding 

and evaluation of information, in response to determining that the predetermined criterion is met 

for one of the resources, such that one or more resources in the predetermined set of resources 

are not measured or demodulated and decoded; and deactivate the activated receiver circuitry, 

further in response to determining that the predetermined criterion is met for one of the 

resources. 

[1452] In some of these latter embodiments, the wireless device is adapted to operate in the 

dormant mode for one or more first intervals and operate in a connected mode for one or more 

second intervals, where operating in the dormant mode further comprises: monitoring signals 

carrying tracking area identifiers; comparing tracking area identifiers received during said 

monitoring with a tracking area identifier list; and notifying the wireless communication network 

in response to determining that a received tracking area identifier is not on said list but 

otherwise refraining from notifying the wireless communication network in response to receiving 

changing tracking area identifiers. 

0453] Once again, the wireless devices adapted to operate in a dormant mode according to 

the several techniques described above may be further adapted to carry out one or more of the 

several other techniques described herein. Thus, for example, a wireless device adapted to 

operate in a dormant mode may be further adapted to receive a downlink signal comprising an 

uplink access configuration index, use the uplink access configuration index to identify an uplink 

access configuration from among a predetermined plurality of uplink access configurations, and 

transmit to the wireless communications network according to the identified uplink access 

configuration. Likewise, such a wireless device may be adapted to receive, in a first downlink 

subframe, a first Orthogonal Frequency-Division Multiplexing (OFDM) transmission formatted 
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according to a first numerology, and receive, in a second downlink subframe, a second OFDM 

transmission formatted according to a second numerology, the second numerology differing 

from the first numerology. The first numerology may e.g. have a first subcarrier spacing (or first 

subcarrier bandwidth) and the second numerology may have a second subcarrier spacing (or 

second subcarrier bandwidth), the first subcarrier spacing differing from the second subcarrier 

spacing. Furthermore, the first and second downlink subframes may be received on the same 

carrier frequency (see e.g. [0583]), which has the advantage that there can be different 

numerologies on the same carrier. As an example, the first and second numerologies may 

comprise subframes of first and second subframe lengths, respectively, where the first subframe 

length differs from the second subframe length. The .subframes of the first and second 

numerologies may comprise first and second predetermined numbers of OFDM symbols, 

respectively, see e.g. [0536] and [0553]. In this way, there can be a standardized time interval 

(like e.g. I ms), and the different numerologies use a different number of OFDM symbols to 

cover this time interval. Such a standardized or common time interval has benefits in enabling 

radio coexistence. At least one of the first and second numerologies may comprise subframes 

having a length of 250 microseconds or less, see [0536], [0553] or Table 3. 

[1454] These and other embodiments may be further adapted to receive and process first 

Layer 2 data on a first physical data channel, where the receiving and processing of the first 

Layer 2 data comprises the use of soft HARQ combining, and receive and process second 

Layer 2 data on a second physical data channel, where the receiving and processing of the 

second Layer 2 data comprises no soft HARQ combining. 

[1455] Still other embodiments of a wireless device may have a plurality of antennas operable 

for beamforming, and may be adapted to: determine, based one or more of an estimated 

downlink pathloss, an estimated remaining battery life for the wireless device, and a battery 

consumption for the wireless device, whether a number of antennas to be used for beamforming 

should be increased or decreased: and increase or decrease the number of antennas used in 
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beamforming for one or more subsequent transmit or receive operations. The wireless device 

may be adapted to make such a determination based further on a desired data rate, and/or 

based further on a desired minimum bandwidth. 

[1456] Once more, these wireless devices adapted to carry out the technique described in the 

immediately preceding paragraph may be adapted to carry out one or more of the other 

techniques described herein, such as receiving a downlink signal comprising an uplink access 

configuration index, using the uplink access configuration index to identify an uplink access 

configuration from among a predetermined plurality of uplink access configurations, and 

transmitting to the wireless communications network according to the identified uplink access 

configuration. Such wireless devices may be additionally or alternatively adapted to: receive, in 

a first downlink subfrarne, a first Orthogonal Frequency-Division Multiplexing (OFDM) 

transmission formatted according to a first numerology, and receive, in a second downlink 

subframe, a second OFDIVI transmission formatted according to a second numerology, the 

second numerology differing from the first numerology. Similarly;  such wireless devices may be 

alternatively or additionally adapted to receive and process first Layer 2 data on a first physical 

data channel, where the receiving and processing of the first Layer 2 data comprises the use of 

soft HARQ combining, and receive and process second Layer 2 data on a second physical data 

channel, where the receiving and processing of the second Layer 2 data comprises no soft 

HARQ combining. 

6.2 Radio network equipment and methods 

[1457] As used herein, the term "network equipment" refers to equipment capable, 

configured, arranged and/or operable to communicate directly or indirectly with a wireless 

device and/or with other equipment in the wireless communication network that enable and/or 

provide wireless access to the wireless device. Examples of network equipment include, but 

are not limited to, access points (GPs), in particular radio access points. Network equipment 
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may represent base stations (BSs), such as radio base stations. Particular examples of radio 

base stations include Node Bs, and evolved Node Bs (eNBs). Base stations may be categorized 

based on the amount of coverage they provide (or, stated differently, their transmit power levels) 

and may then also be referred to as femto base stations, pico base stations, micro base 

stations, or macro base stations. "Network equipment" also includes one or more (or all) parts of 

a distributed radio base station such as centralized digital units and/or remote radio units 

(RRUs), sometimes referred to as Remote Radio Heads (RRHs). Such remote radio units may 

or may not be integrated with an antenna as an antenna integrated radio. Parts of a distributed 

radio base stations may also be referred to as nodes in a distributed antenna system (DAS). 

[1458] As a particular non-limiting example, a base station may be a relay node or a relay 

donor node controlling a relay. 

0459] Yet further examples of network equipment include multi-standard radio (MSR) radio 

equipment such as MSR BSs, network controllers such as radio network controllers (RNCs) or 

base station controllers (BSCs), base transceiver stations (BTSs), transmission points, 

transmission nodes, Multi-ceitimulticast Coordination Entities (MCEs), core network nodes (e.g., 

MSCs, MMEs), O&M nodes, OSS nodes, SON nodes, positioning nodes (e.g., E-SMLCs), 

and/or MDTs. More generally, however, network equipment may represent any suitable device 

(or group of devices) capable, configured, arranged, and/or operable to enable and/or provide a 

wireless device access to the wireless communication network or to provide some seNice to a 

wireless device that has accessed the wireless communication network. 

[1460] As used herein, the term "radio network equipment" is used to refer to network 

equipment that includes radio capabilities. Thus, examples of radio network nodes are the radio 

base stations and radio access points discussed above, It will be appreciated that some radio 

network equipment may comprise equipment that is distributed — such as the distributed radio 

base stations (with RRHs and/or RRUs) discussed above. It will be appreciated that the various 

references herein to eNBs, eNodeBs, Node Bs, and the like are referring to examples of radio 
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network equipment. It should also be understood that the term "radio network equipment" as 

used herein may refer to a single base station or a single radio node, in some cases, or to 

multiple base stations or nodes, e.g., at different locations. In some cases, this document may 

refer to an "instance" of radio network equipment, to more clearly describe certain scenarios 

where multiple distinct embodiments or installations of redo equipment are involved. However, 

the lack of reference to an "instance" in connection with a discussion of radio network 

equipment should not be understood to mean that only a single instance is being referred to. A 

given instance of radio network equipment may alternatively be referred to as a "radio network 

node," where the use of the word "node" denotes that the equipment referred to operate as a 

logical node in a network, but does not imply that all components are necessarily co-located. 

[14611 While radio network equipment may include any suitable combination of hardware 

and/or software, an example of an instance of radio network equipment 1100 is illustrated in 

greater detail by Figure 189. As shown in Figure 189, example radio network equipment 1100 

includes an antenna 1105, radio front-end circuitry 1110, and processing circuitry 1120, which in 

the illustrated example includes a computer-readable storage medium 1025, e.g., one or more 

memory devices. Antenna 1105 may include one or more antennas or antenna arrays, and is 

configured to send and/or receive wireless signals, and is connected to radio front-end circuitry 

1110. In certain alternative embodiments, radio network equipment 1100 may not include 

antenna 1005, and antenna 1005 may instead be separate from radio network equipment 1100 

and be connectable to radio network equipment 1100 through an interface or port. In some 

embodiments, all or parts of radio front-end circuitry 1110 may be located at one or several 

locations apart from the processing circuitry 1120, e.g., in a RRH or RRU. Likewise, portions of 

processing circuitry 1120 may be physically separated from one another. Radio network 

equipment 1100 may also include communication interface circuitry 1140 for communicating 

with other network nodes, e.g., with other radio network equipment and with nodes in a core 

network. 
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[1462] Radio front-end circuitry 1110, which may comprise various filters and amplifiers, for 

example, is connected to antenna 1105 and processing circuitry 1120 and is configured to 

condition signals communicated between antenna 1105 and processing circuitry 1120, In 

certain alternative embodiments, radio network equipment 1100 may not include radio front-end 

circuitry 1110, and processing circuitry 1120 may instead be connected to antenna 1105 without 

radio front-end circuitry 1110. In some embodiments, radio-frequency circuitry 1110 is 

configured to handle signals in multiple frequency bands, in some cases simultaneously. 

[1463] Processing circuitry 1120 may include one or more of RE transceiver circuitry 1121, 

baseband processing circuitry 1122, and application processing circuitry 1123. In some 

embodiments, the RE transceiver circuitry 1121, baseband processing circuitry 1122, and 

application processing circuitry 1123 may be on separate chipsets. In alternative embodiments, 

part or all of the baseband processing circuitry 1122 and application processing circuitry 1123 

may be combined into one chipset, and the RF transceiver circuitry 1121 may be on a separate 

chipset. In still alternative embodiments, part or all of the RF transceiver circuitry 1121 and 

baseband processing circuitry 1122 may be on the same chipset, and the application 

processing circuitry 1123 may be on a separate chipset. In yet other alternative embodiments, 

part or all of the RE transceiver circuitry 1121, baseband processing circuitry 1122, and 

application processing circuitry 1123 may be combined in the same chipset. Processing 

circuitry 1120 may include, for example, one or more central CPUs, one or more 

microprocessors, one or more ASICs, and/or one or more field FPGAs. 

[1464] In particular embodiments, some or all of the functionality described herein as being 

relevant to radio network equipment, radio base stations, eNBs, etc., may be embodied in radio 

network equipment or, as an alternative may be embodied by the processing circuitry 1120 

executing instructions stored on a computer-readable storage medium 1125, as shown in Figure 

183. In alternative embodiments, some or all of the functionality may be provided by the 

processing circuitry 1120 without executing instructions stored on a computer-readable medium, 
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such as in a hard-wired manner, in any of those particular embodiments, whether executing 

instructions stored on a computer-readable storage medium or not, the processing circuitry can 

be said to be configured to perform the described functionality. The benefits provided by such 

functionality are not limited to the processing circuitry 1120 alone or to other components of the 

radio network equipment, but are enjoyed by the radio network equipment 1100 as a whole, 

and/or by end users and the wireless network generally. 

[1465] The processing circuitry 1120 may be configured to perform any determining 

operations described herein. Determining as performed by processing circuitry 1120 may 

include processing information obtained by the processing circuitry 1120 by, for example, 

converting the obtained information into other information, comparing the obtained information 

or converted information to information stored in the radio network equipment, and/or 

performing one or more operations based on the obtained information or converted information, 

and as a result of said processing making a determination. 

[1466] 	Antenna 1105, radio front-end circuitry 1110, and/or processing circuitry 1120 may be 

configured to perform any transmitting operations described herein. Any information, data 

and/or signals may be transmitted to any network equipment and/or a wireless device. Likewise, 

antenna 1105, radio front-end circuitry 1110, and/or processing circuitry 1120 may be 

configured to perform any receiving operations described herein as being performed by a radio 

network equipment. Any information, data and/or signals may be received from any network 

equipment and/or a wireless device. 

[1467] Computer-readable storage medium 1125 is generally operable to store instructions, 

such as a computer program, software, an application including one or more of logic, rules, 

code, tables, etc. and/or other instructions capable of being executed by a processor. Examples 

of computer-readable storage medium 1125 include computer memory (for example, RAM or 

ROM), mass storage media (for example, a hard disk), removable storage media (for example, 

a CD or a DVD), and/or any other volatile or non-volatile, non-transitory computer-readable 
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and/or computer-executable memory devices that store information, data, and/or instructions 

that may be used by processing circuitry 1120. in some embodiments, processing circuitry 

1120 and computer-readable storage medium 1125 may be considered to be integrated. 

[1468] Alternative embodiments of the radio network equipment 1100 may include additional 

components beyond those shown in Figure 189 that may be responsible for providing certain 

aspects of the radio network equipment's functionality, inciuding any of the functionality 

described herein and/or any functionality necessary to support the solution described above. As 

just one example, radio network equipment 1100 may include input interfaces, devices and 

circuits, and output interfaces, devices and circuits. Input interfaces, devices, and circuits are 

configured to allow input of information into radio network equipment 1100, and are connected 

to processing circuitry 1120 to allow processing circuitry 1120 to process the input information. 

For example, input interfaces, devices, and circuits may include a microphone, a proximity or 

other sensor, keys/buttons, a touch display, one or more cameras, a USB port, or other input 

eiements. Output interfaces, devices, and circuits are configured to avow output of information 

from radio network equipment 1100, and are connected to processing circuitry 1120 to allow 

processing circuitry 1120 to output information from radio network equipment 1100. For 

example, output interfaces, devices, or circuits may inciude a speaker, a display, a USB port, a 

headphone interface, or other output elements. Using one or more input and output interfaces, 

devices, and circuits, radio network equipment 1100 may communicate with end users and/or 

the wireless network, and allow them to benefit from the functionality described herein. 

[1469] As another example, radio network equipment 1100 may include power supply circuitry 

1130. The power supply circuitry 1130 may comprise power management circuitry. The power 

supply circuitry.  1130 may receive power from a power source, which may either be comprised 

in, or be external to, power supply circuitry 1130. For example, radio network equipment 1100 

may comprise a power source in the form of a battery or battery pack which is connected to, or 

integrated in, power supply circuitry 1130. Other types of power sources, such as photovoltaic 
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devices, may also be used. As a further example, radio network equipment 1100 may be 

connectable to an external power source (such as an electricity outlet) via an input circuitry or 

interface such as an electrical cable, whereby the external power source supplies power to 

power supply circuitry 1130. 

[1470] Power supply circuitry 1130 may be connected to radio front-end circuitry 1110, 

processing circuitry 1120, and/or computer-readable storage medium 1125 and be configured to 

supply radio network equipment 1100, including processing circuitry 1120, with power for 

performing the functionality described herein. 

[1471] Radio network equipment 1100 may also include multiple sets of processing circuitry 

1120, computer-readable storage medium 1125, radio circuitry 1110, antenna 1105 and/or 

communication interface circuitry 1140 for different wireless technologies integrated into radio 

network equipment 1100, such as, for example, GSM, WCDMA, LTE, NR, WiFi, or Bluetooth 

wireless technologies. These wireless technologies may be integrated into the same or different 

chipsets and other components within radio network equipment 1100. 

[1472] One or more instances of the radio network equipment 1100 may be adapted to carry 

out some or all of the techniques described herein, in any of various combinations. It will be 

appreciated that in a given network implementation, multiple instances of radio network 

equipment 1100 will be in use. In some cases, several instances of radio network equipment 

1100 at a time may be communicating with or transmitting signals to a given wireless device or 

group of wireless devices. Thus, it should be understood that while many of the techniques 

described herein may be carried out by a single instance of radio network equipment 1100, 

these techniques may be understood as carried out by a system of one or more instances of 

radio network equipment 1100, in some cases in a coordinated fashion. The radio network 

equipment 1100 shown in Figure 189 is thus the sirriplest example of this system. 

[1473] 	In some embodiments, for exampie, a system of one or more instances of radio 

network equipment 1100, and in particular the processing circuitry 1120 in such radio network 
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equipment 1100, e.g., using an antenna 1105 and radio front-end circuitry 1110, is configured to 

transmit a first downlink signal comprising an uplink access configuration index, the uplink 

access configuration index identifying an uplink access configuration from among a plurality of 

predetermined uplink access configurations, and subsequently receive a transmission from a 

first wireless device according to the identified uplink access configuration. Note that this 

transmitting of the uplink access configuration index may be a broadcast transmission, in that it 

is not necessarily targeted to any particular wireless device or group of wireless devices. It will 

be appreciated that these techniques complement the wireless device-based techniques 

described in Section 6.1, and provide the same advantages. The processing circuitry 1120 is 

also configured to transmit, in a first downlink subframe, a first OFDM transmission formatted 

according to a first numerology and transmit, in a second downlink subframe, a second OFDM 

transmission formatted according to a second numerology, the second numerology differing 

from the first numerology. Here, each of these first and second OFDM transmissions is typically 

(but not necessarily) targeted to a particular wireless device or group of wireless devices; the 

two transmissions here may be targeted to the same wireless device or to two different wireless 

devices. Again, these techniques complement those described in Section 6.1. 

[14741 In some embodiments, a system comprising one or more instances of radio network 

equipment 1100 is configured to perform a method 19000, as illustrated in Figure 190. The 

method 19000 includes transmitting a first downlink signal comprising an uplink access 

configuration index, the uplink access configuration index identifying an uplink access 

configuration from among a plurality of predetermined uplink access configurations, and 

subsequently receiving a transmission from a first wireless device according to the identified 

uplink access configuration (block 19010). The method 19000 also includes transmitting, in a 

first downlink subframe, a first OFDM transmission formatted according to a first numerology 

and transmitting, in a second downlink subframe, a second OFDM transmission formatted 
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according to a second numerology, the second numerology differing from the first numerology 

(block 19020). 

0475] in some cases, transmitting the first downlink signal is performed by a first instance of 

radio network equipment, while the transmitting of the first and second OFDM transmissions is 

performed by a second instance of radio network equipment. The first OFDM transmission may 

have a numerology according to the specifications for LTE. 

[1476] The first and second nurnerologies may comprise subfrarnes of first and second 

subfrarne lengths, respectively, where the first subfrarne length differs from the second 

subfrarne length. The first numerology may have a first .subcarrier spacing and the second 

numerology may have a second subcarrier spacing, where the first subcarrier spacing differs 

from the second subcarrier spacing. 

[1477] The method 19000, as further shown in Fig. 190, may include transmitting a second 

dovvnlink signal comprising an access information signal, the access information signal 

indicating a plurality of uplink access configurations, where the uplink access configuration 

index identifies one of the plurality of uplink access configurations (Nock 19030). The 

transmitting of the second downlink signal may be performed by a third instance of radio 

network equipi-nent. 

[14M] In some cases, the method 19000 or another method, as shown in Fig, 191, includes 

processing and transmitting first Layer 2 data on a first physical data channel (block 19040) and 

processing and transmitting second Layer 2 data on a second physical data channel (Nock 

19042). The processing and transmitting of the first Layer 2 data comprises the use of a HARQ 

process supporting soft combining, and the processing and transmitting of the second Layer 2 

data comprises no HARQ process. The transmitting of the first and second Layer 2 data may be 

performed using a common antenna port, where the method 19000 further includes transmitting 

a common set of demodulation reference signals, using the common antenna port, for use in 

receiving both the first and second Layer 2. Thus, the common set of demodulation reference 
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signals are for use by wireless devices in receiving both the first and second Layer 2 data. 

Again, these techniques, and the corresponding techniques for receiving physical data channels 

discussed immediately below, complement the techniques discussed in Section 6,1, and 

provide the same advantages. 

[1479] The method 19000, as shown in Fig. 192, may include receiving and processing third 

Layer 2 data on a third physical data channel (block 19050) and receiving and processing fourth 

Layer 2 data on a fourth physical data channel (block 19052), where the receiving and 

processing of the third Layer 2 data comprises the use of soft HARQ combining and the 

receiving and processing of the fourth Layer 2 data comprises no soft HARQ combining. 

[1480] In some cases, the transmitting of the first and second OFDM transmissions may be 

performed by a single instance of radio network equipment, in which case the method 19000 or 

another method, as shown in Fig. 193, may further include processing data for the first OFDM 

transmission using a first MAC protocol layer (block 19060) and processing data for the second 

OFDM transmission using a second MAC protocol layer, where the first MAC protocol layer 

differs from the second MAC protocol layer (block 19062). The method 19000 may further 

include processing messages to be transported by each of the first and second MAC protocol 

layers, using a single, common RRC protocol layer (block 19064). 

[1481] In other cases, the transmitting of the first and second OFDM transmissions is 

performed by a single instance of radio network equipment, in which case the method 19000 or 

another method, as shown in Fig. 194, may further include processing data for the first OFDM 

transmission using a first MAC protocol layer (block 19070) and processing data for the second 

OFDM transmission using a second MAC protocol layer, where the first MAC protocol layer 

differs from the second MAC protocol layer (block 19072). The method 19000 further includes 

processing messages to be transported by the first MAC protocol layer, using a first RRC..• 

protocol layer (block 19074), and processing messages to be transported by the second MAC 

protocol layer, using a second RRC protocol layer, where the first RRC protocol layer differs 
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from the second RRC protocol layer (block 19076). At least a first one of the first and second 

RRC protocol layers is configured to pass selected RRC messages to the other one of the first 

and second RRC protocol layers, the selected RRC messages being RRC messages received 

and processed by the first one of the first and second RRC protocol layers but targeted for the 

other one of the first and second RRC protocol layers. 

[1482] The method 19000 or another method, as shown in Fig. 195, may include receiving, 

from a second wireless device, a capability pointer, the capability pointer identifying a set of 

capabilities for the second wireless device (block 19080), and retrieving the set of capabilities 

for the second wireless device, from a database of stored capabilities for a plurality of wireless 

devices, using the received capability pointer (block 19082). 

[1483] The method 19000 may include transmitting to a third wireless device, using a 

contention-based protocol. The contention-based access protocol may comprise an LBT access 

mechanism. 

[1484] In some embodiments, the method 19000 or another method, as shown in Fig. 196, 

includes receiving a random access request message from a fourth wireless device, via an 

uplink beam formed using multiple antennas at one of the one or more instances of radio 

network equipment (block 19090), estimating an angle-of-arrival corresponding to the random 

access request message (block 19092) and transmitting a random access response message, 

using a downlink beam formed using multiple antennas at the one of the one or more instances 

of the radio network equipment (block 19094). Forming the downlink beam is based on the 

estimated angle-of-arrival. The uplink beam may be a swept uplink beam. A width of the 

downlink beam may be based on an estimated quality of the estimated angle-of-arrival. Note 

that exemplary details of a random access procedure in NX are described in Section 3.2.5.2, 

while multi-antenna aspects of the random access procedure are provided in Section 3.4.5.2. 

[1485] The method 19000 or another method, as shown in Fig. 197, may include serving a 

fifth wireless device, where serving the fifth wireless device comprises sending data from the 
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fifth wireless device to a first network node or first set of network nodes, according to a first 

network slice identifier associated with the fifth wireless device (block 19096). The method 

19000 may also include serving a sixth wireless device, where serving the sixth wireless device 

comprises sending data from the sixth wireless device to a second network node or second set 

of network nodes, according to a second network slice identifier associated with the sixth 

wireless device (block 19098). The second network slice identifier differs from the first network 

slice identifier, and the second network node or second set of network nodes differs from the 

first network node or first set of network nodes. 

6.3 Functional representations and computer program products 

[1486] Figure 198 illustrates an example functional module or circuit architecture as may be 

implemented in a wireless device 1000, e.g., based on the processing circuitry 1020. The 

illustrated embodiment at least functionally includes an access configuration module 19802 for 

receiving a downlink signal comprising an uplink access configuration index, using the uplink 

access configuration index to identify an uplink access configuration from among a 

predetermined plurality of uplink access configurations, and transmitting to the wireless 

communications network according to the identified uplink access configuration. The 

implementation also includes a receiving module 19804 for receiving, in a first downlink 

subframe, a first OFDM transmission formatted according to a first numerology and receiving, in 

a second downlink subframe, a second OFDM transmission formatted according to a second 

numerology, the second numerology differing from the first numerology, 

[1487] In some embodiments, the implementation includes a receiving and processing 

module 19806 for comprising receiving and processing first Layer 2 data on a first physical data 

channel and receiving and processing second Layer 2 data on a second physical data channel, 

wherein the receiving and processing of the first Layer 2 data comprises the use of soft HARQ 
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combining and wherein the receiving and processing of the second Layer 2 data comprises no 

soft HARD combining, 

0488] In some embodiments, e.g. when the wireless device operate in dormant mode and 

while scanning for synchronizations signals and/or system information signals, the receiving and 

processing module 19806 is for performing a measurement on each of a plurality of resources 

from a predetermined set of resources or demodulate and decoding information from each of a 

plurality of resources from a predetermined set of resources, where the resources in the 

predetermined set of resources are each defined by one or more of a beam, a timing, and a 

frequency. The receiving and processing module 19806 may further be for evaluating the 

measurement or the demodulated and decoded information for each of the plurality of resources 

against a predetermined criterion and discontinuing the performing and evaluating of 

measurements or discontinuing the demodulating and decoding and evaluation of information, 

in response to determining that the predetermined criterion is met for one of the resources , such 

that one or more resources in the predetermined set of resources are not measured or 

demodulated and decoded and deactivating the activated receiver circuitry, further in response 

to determining that the predetermined criterion is met for one of the resources. And wherein the 

receiving and processing module 19806 is further for receiving, in a first downlink subframe, a 

first Orthogonal Frequency-Division Multiplexing (OFDM) transmission formatted according to a 

first numerology; and receiving, in a second downlink subframe, a second OFDM transmission 

formatted according to a second numerology, the second numerology differing from the first 

numerology. 

[1489] In some embodiments, the implementation includes a transmitting module 19808 for 

transmitting, to the wireless communications network, a capability pointer, the capability pointer 

identifying a set of capabilities, for the wireless device, stored in the wireless communications 

network, 
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[1490] In some embodiments, the implementation includes a measuring module 19810 for 

measuring a first mobility reference signal on a f€r•st received beam and for measuring a second 

mobility reference signal on a second received beam, the second mobility reference signal 

differing from the first mobility reference signal. This implementation also includes a reporting 

module 19812 for reporting results of measuring the first and second mobility reference signals 

to the wireless communications network. Figure 199 illustrates an example functional module or 

circuit architecture as may be implemented in the radio network equipment 1100, e.g., based on 

the processing circuitry 1120. The illustrated embodiment at least functionally includes an 

access configuration module 19902 for transmitting a first downlink signal comprising an uplink 

access configuration index, the uplink access configuration index identifying an uplink access 

configuration from among a plurality of predetermined uplink access configurations, and 

subsequently receiving a transmission from a first wireless device according to the identified 

uplink access configuration. The implementation also includes a transmitting module 19904 for 

transmitting, in a first downlink subframe, a first OFDM transmission formatted according to a 

first numerology and transmitting, in a second downlink subframe, a second OFDM transmission 

formatted according to a second numerology, the second numerology differing from the first 

numerology. 

[1491] In some embodiments, the implementation includes a transmitting module 19906 for 

transmitting a second downlink signal comprising an access information signal, the access 

information signal indicating a plurality of uplink access configurations, wherein the uplink 

access configuration index identifies one of the plurality of uplink access configurations. 

[1492] In some embodiments, the implementation includes a processing and transmitting 

module 19908 for processing and transmitting first Layer 2 data on a first physical data channel 

and processing and transmitting second Layer 2 data on a second physical data channel, 

wherein the processing and transmitting of the first Layer 2 data comprises the use of a HARQ 

407 



WO 2017/196249 	 PCT/SE2017/050491 

process supporting soft cornbining and wherein the processing and transmitting of the second 

Layer 2 data comprises no HARQ process. 

[1493] in some embodiments, the implementation includes a receiving module 19910 for 

receiving, from a second wireless device, a capability pointer, the capability pointer identifying a 

set of capabilities for the second wireless device. This implementation also includes a retrieving 

module 19912 for retrieving the set of capabilities for the second ',wireless device, from a 

database of stored capabilities for a plurality of wireless devices, using the received capability 

pointer. 

[1494] in some embodiments, the implementation includes a receiving module 19914 for 

receiving a random access request message from a fourth wireless device, via an uplink beam 

formed using multiple antennas at the radio network equipment. This implementation also 

includes an estimating module 19916 for estimating an angle-of-arrival corresponding to the 

random access request message and a transmitting module 19918 for transmitting a random 

access response message. using a downlink beam formed using multiple antennas at the radio 

network equipment, wherein forming the downlink beam is based on the estimated angle-of-

arrival. 

6.4 Non-limiting example embodiments 

[1495] Now further non-limiting examples 1-59 will he described 

[1496] 1. A method, in a wireless device, for operating in a wireless communications network, 

the method comprising: determining a reporting quality threshold for a parameter related 

to channel state information (CSI); performing a measurement for each of a plurality of 

beams from a first predetermined set of beams for evaluation; evaluating the 

measurement for each of the plurality of beams against the reporting quality threshold; 

discontinuing the performing and evaluating of measurements in response to 

determining that the reporting quality threshold is met for one of the beams, such that 
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one or more beams in the first predetermined set of beams are not measured and 

evaluated; and reporting, to the wireless communications network, CSI for the one of the 

beams. 

[1497] 2. The method of example 1, wherein the steps of example 1 are performed during a first 

time interval, in a first reporting mode, and wherein the method further comprises, during 

a second time interval, in a second reporting mode: performing a measurement for each 

beam in a second predetermined set of beams for evaluation; identifying, based on the 

measurements, a best beam according to one or more predetermined criteria; and 

reporting, to the wireless communications network, CSI for the best beam. 

[1498] 3. The method of example 2, wherein the method further comprises receiving a reporting 

configuration message from the wireless communication network, the reporting 

configuration message directing the wireless device to operate in the second reporting 

mode. 

[1499] 4. The method of example 2 or 3, wherein the method comprises switching one or more 

receiver and/or transmitter circuits to a low-power state while operating in the first 

reporting mode, such that the receiver and/or transmitter circuits consume less power in 

the first reporting mode relative to the second reporting mode. 

[1500] 5. The method of any of examples 1-4, wherein determining the reporting quality 

threshold comprises receiving the reporting quality threshold or an indication of the 

reporting quality threshold from the wireless communications network. 

[1501] 6. The method of any of examples 1-5, wherein the method further comprises: receiving 

a downlink signal comprising an uplink access configuration index; using the uplink 

access configuration index to identify an uplink access configuration from among a 

predetermined plurality of uplink access configurations; and transmitting to the wireless 

communications network according to the identified uplink access configuration. 
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[1502] 7. The method of any of examples 1-6, wherein the method further comprises: receiving, 

in a first subframe, a first Orthogonal Frequency-Division Multiplexing (OFDM) 

transmission formatted according to a first numerology; and receiving, in a second 

subframe, a second OFDM transmission formatted according to a second numerology, 

the second numerology differing from the first numerology. 

[1503] 8. The method of any of examples 1-7, wherein the method further comprises: receiving 

and processing first Layer 2 data on a first physical data channel, wherein the receiving 

and processing of the first Layer 2 data comprises the use of soft HARQ combining; and 

receiving and processing second Layer 2 data on a second physical data channel, 

wherein the receiving and processing of the second Layer 2 data comprises no soft 

HARQ combining. 

[1504] 9. A method, in a wireless device, for operating in a wireless communications network, 

the method comprising: operating in a dormant mode, wherein operating in the dormant 

mode comprises intermittently activating receiver circuitry to scan for synchronization 

signals and/or system information signals; and while scanning for synchronization 

signals and/or system information signals: performing a measurement on each of a 

plurality of resources from a predetermined set of resources or demodulating and 

decoding information from each of a plurality of resources from a predetermined set of 

resources, where the resources in the predetermined set of resources are each defined 

by one or more of a beam, a timing, and a frequency; evaluating the measurement or the 

demodulated and decoded information for each of the plurality of resources against a 

predetermined criterion; discontinuing the performing and evaluating of measurements 

or discontinuing the demodulating and decoding and evaluation of information, in 

response to determining that the predetermined criterion is met for one of the resources, 

such that one or more resources in the predetermined set of resources are not 

measured or demodulated and decoded; and deactivating the activated receiver 
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circuitry, further in response to determining that the predetermined criterion is met for 

one of the resources. 

[1505] 10. The method of example 9, wherein the method comprises operating in the dormant 

mode for one or more first intervals and operating in a connected mode for one or more 

second intervals, and wherein said operating in the dormant mode further comprises: 

monitoring signals carrying tracking area identifiers; comparing tracking area identifiers 

received during said monitoring with a tracking area identifier list; and notifying the 

wireless communication network in response to determining that a received tracking 

area identifier is not on said list but otherwise refraining from notifying the wireless 

communication network in response to receiving changing tracking area identifiers. 

[1506] 11. The method of examples 9 or 10, wherein the method further comprises: receiving a 

downlink signal comprising an uplink access configuration index; using the uplink access 

configuration index to identify an uplink access configuration from among a 

predetermined plurality of uplink access configurations; and transmitting to the wireless 

communications network according to the identified uplink access configuration. 

[1507] 12. The method of any of examples 9-11, wherein the method further comprises: 

receiving, in a first subframe, a first Orthogonal Frequency-Division Multiplexing (OFDM) 

transmission formatted according to a first numerology; and receiving, in a second 

subframe, a second OFDM transmission formatted according to a second numerology, 

the second numerology differing from the first numerology. 

[1508] 13. The method of any of examples 9-12, wherein the method further comprises: 

receiving and processing first Layer 2 data on a first physical data channel, wherein the 

receiving and processing of the first Layer 2 data comprises the use of soft HARQ 

combining; and receiving and processing second Layer 2 data on a second physical 

data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 
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[1509] 14. A method, in a wireless device having a plurality of antennas operable for 

beamforming, for operating in a wireless communications network, the method 

comprising: determining, based one or more of an estimated downlink pathloss, an 

estimated remaining battery life for the wireless device, and a battery consumption for 

the wireless device, whether a number of antennas to be used for beamforming should 

be increased or decreased; and increasing or decreasing the number of antennas used 

in beamforming for one or more subsequent transmit or receive operations. 

[1510] 15. The method of example 14, wherein said determining is further based on a desired 

data rate. 

[1511] 16. The method of example 14 or 15, wherein said determining is further based on a 

desired minimum bandwidth. 

[1512] 17. The method of any of examples 14-16, wherein the method further comprises: 

receiving a downlink signal comprising an uplink access configuration index; using the 

uplink access configuration index to identify an uplink access configuration from among 

a predetermined plurality of uplink access configurations; and transmitting to the wireless 

communications network according to the identified uplink access configuration. 

[1513] 18. The method of any of examples 14-17, wherein the method further comprises: 

receiving, in a first subframe, a first Orthogonal Frequency-Division Multiplexing (OFDM) 

transmission formatted according to a first numerology; and receiving, in a second 

subframe, a second OFDM transmission formatted according to a second numerology, 

the second numerology differing from the first numerology. 

[1514] 19. The method of any of examples 14-18, wherein the method further comprises: 

receiving and processing first Layer 2 data on a first physical data channel, wherein the 

receiving and processing of the first Layer 2 data comprises the use of soft HARQ 

combining; and receiving and processing second Layer 2 data on a second physical 
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data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1515] 20. A wireless device, comprising radio-frequency circuitry and a processing circuit 

operatively connected to the radio-frequency circuitry and configured to: determine a 

reporting quality threshold for a parameter related to channel state information (CSI); 

perform a measurement for each of a plurality of beams from a first predetermined set of 

beams for evaluation; evaluate the measurement for each of the plurality of beams 

against the reporting quality threshold; discontinue performing and evaluating 

measurements in response to determining that the reporting quality threshold is met for 

one of the beams, such that one or more beams in the first predetermined set of beams 

are not measured and evaluated; and report, to the wireless communications network, 

CSI for the one of the beams. 

[1516] 21. The wireless device of example 20, wherein the processing circuit is configured to 

carry out the determining, performing, evaluating, discontinuing, and reporting of 

example 20 during a first time interval, in a first reporting mode, and wherein the 

processing circuit is further configured to, during a second time interval, in a second 

reporting mode: perform a measurement for each beam in a second predetermined set 

of beams for evaluation; identify, based on the measurements, a best beam according to 

one or more predetermined criteria; and report, to the wireless communications network, 

CSI for the best beam. 

[1517] 22. The wireless device of example 21, wherein the processing circuit is further 

configured to receive a reporting configuration message from the wireless 

communication network, the reporting configuration message directing the wireless 

device to operate in the second reporting mode. 

[1518] 23. The wireless device of example 21 or 22, wherein the processing circuit is configured 

to switch one or more receiver and/or transmitter circuits to a low-power state while 
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operating in the first reporting mode, such that the receiver and/or transmitter circuits 

consume less power in the first reporting mode relative to the second reporting mode. 

[1519] 24. The wireless device of any of examples 20-23, wherein the processing circuit is 

configured to determine the reporting quality threshold by receiving the reporting quality 

threshold or an indication of the reporting quality threshold from the wireless 

communications network. 

[1520] 25. The wireless device of any of examples 20-24, wherein the processing circuit is 

further configured to: receive a downlink signal comprising an uplink access 

configuration index; use the uplink access configuration index to identify an uplink 

access configuration from among a predetermined plurality of uplink access 

configurations; and transmit to the wireless communications network according to the 

identified uplink access configuration. 

[1521] 26. The wireless device of any of examples 20-25, wherein the processing circuit is 

further configured to: receive, in a first subframe, a first Orthogonal Frequency-Division 

Multiplexing (OFDM) transmission formatted according to a first numerology; and 

receive, in a second subframe, a second OFDM transmission formatted according to a 

second numerology, the second numerology differing from the first numerology. 

[1522] 27. The wireless device of any of examples 20-26, wherein the processing circuit is 

further configured to: receive and process first Layer 2 data on a first physical data 

channel, wherein the receiving and processing of the first Layer 2 data comprises the 

use of soft HARQ combining; and receive and process second Layer 2 data on a second 

physical data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1523] 28. A wireless device, comprising radio-frequency circuitry and a processing circuit 

operatively connected to the radio-frequency circuitry and configured to: operate in a 

dormant mode, wherein operating in the dormant mode comprises intermittently 
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activating receiver circuitry to scan for synchronization signals and/or system information 

signals; and while scanning for synchronization signals and/or system information 

signals: perform a measurement on each of a plurality of resources from a 

predetermined set of resources or demodulate and decode information from each of a 

plurality of resources from a predetermined set of resources, where the resources in the 

predetermined set of resources are each defined by one or more of a beam, a timing, 

and a frequency; evaluate the measurement or the demodulated and decoded 

information for each of the plurality of resources against a predetermined criterion; 

discontinue the performing and evaluating of measurements or discontinuing the 

demodulating and decoding and evaluation of information, in response to determining 

that the predetermined criterion is met for one of the resources, such that one or more 

resources in the predetermined set of resources are not measured or demodulated and 

decoded; and deactivate the activated receiver circuitry, further in response to 

determining that the predetermined criterion is met for one of the resources. 

[1524] 29. The wireless device of example 28, wherein the processing circuit is configured to 

operate in the dormant mode for one or more first intervals and to operate in a 

connected mode for one or more second intervals, and wherein said operating in the 

dormant mode further comprises: monitoring signals carrying tracking area identifiers; 

comparing tracking area identifiers received during said monitoring with a tracking area 

identifier list; and notifying the wireless communication network in response to 

determining that a received tracking area identifier is not on said list but otherwise 

refraining from notifying the wireless communication network in response to receiving 

changing tracking area identifiers. 

[1525] 30. The wireless device of example 28 or 29, wherein the processing circuit is further 

configured to: receive a downlink signal comprising an uplink access configuration index; 

use the uplink access configuration index to identify an uplink access configuration from 
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among a predetermined plurality of uplink access configurations; and transmit to the 

wireless communications network according to the identified uplink access configuration. 

[1526] 31. The wireless device of any of examples 28-30, wherein the processing circuit is 

further configured to: receive, in a first subframe, a first Orthogonal Frequency-Division 

Multiplexing (OFDM) transmission formatted according to a first numerology; and 

receive, in a second subframe, a second OFDM transmission formatted according to a 

second numerology, the second numerology differing from the first numerology. 

[1527] 32. The wireless device of any of examples 28-31, wherein the processing circuit is 

further configured to: receive and process first Layer 2 data on a first physical data 

channel, wherein the receiving and processing of the first Layer 2 data comprises the 

use of soft HARQ combining; and receive and process second Layer 2 data on a second 

physical data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1528] 33. A wireless device, comprising radio-frequency circuitry and a plurality of antennas 

operable for beamforming, and further comprising a processing circuit operatively 

connected to the radio-frequency circuitry and configured to: determine, based one or 

more of an estimated downlink pathloss, an estimated remaining battery life for the 

wireless device, and a battery consumption for the wireless device, whether a number of 

antennas to be used for beamforming should be increased or decreased; and increase 

or decreasing the number of antennas used in beamforming for one or more subsequent 

transmit or receive operations. 

[1529] 34. The wireless device of example 33, wherein the processing circuit is configured to 

determine whether the number of antennas to be used for beamforming should be 

increased or decreased further based on a desired data rate. 
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[1530] 35. The wireless device of example 33 or 34, wherein the processing circuit is configured 

to determine whether the number of antennas to be used for beamforming should be 

increased or decreased further based on a desired minimum bandwidth. 

[1531] 36. The wireless device of any of examples 33-35, wherein the processing circuit is 

further configured to: receive a downlink signal comprising an uplink access 

configuration index; use the uplink access configuration index to identify an uplink 

access configuration from among a predetermined plurality of uplink access 

configurations; and transmit to the wireless communications network according to the 

identified uplink access configuration. 

[1532] 37. The wireless device of any of examples 33-36, wherein the processing circuit is 

further configured to: receive, in a first subframe, a first Orthogonal Frequency-Division 

Multiplexing (OFDM) transmission formatted according to a first numerology; and 

receive, in a second subframe, a second OFDM transmission formatted according to a 

second numerology, the second numerology differing from the first numerology. 

[1533] 38. The wireless device of any of examples 33-37, wherein the processing circuit is 

further configured to: receive and process first Layer 2 data on a first physical data 

channel, wherein the receiving and processing of the first Layer 2 data comprises the 

use of soft HARQ combining; and receive and process second Layer 2 data on a second 

physical data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1534] 39. A wireless device for operation in a wireless communications network, the wireless 

device being adapted to: determine a reporting quality threshold for a parameter related 

to channel state information (CSI); perform a measurement for each of a plurality of 

beams from a first predetermined set of beams for evaluation; evaluate the 

measurement for each of the plurality of beams against the reporting quality threshold; 

discontinue performing and evaluating measurements in response to determining that 
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the reporting quality threshold is met for one of the beams, such that one or more beams 

in the first predetermined set of beams are not measured and evaluated; and report, to 

the wireless communications network, CSI for the one of the beams. 

[1535] 40. The wireless device of example 39, wherein the wireless device is adapted to carry 

out the determining, performing, evaluating, discontinuing, and reporting of example 39 

during a first time interval, in a first reporting mode, and wherein the wireless device is 

further adapted to, during a second time interval, in a second reporting mode: perform a 

measurement for each beam in a second predetermined set of beams for evaluation; 

identify, based on the measurements, a best beam according to one or more 

predetermined criteria; and report, to the wireless communications network, CSI for the 

best beam. 

[1536] 41. The wireless device of example 40, wherein the wireless device is adapted to 

receive a reporting configuration message from the wireless communication network, the 

reporting configuration message directing the wireless device to operate in the second 

reporting mode. 

[1537] 42. The wireless device of example 40 or 41, wherein the wireless device is adapted to 

switch one or more receiver and/or transmitter circuits to a low-power state while 

operating in the first reporting mode, such that the receiver and/or transmitter circuits 

consume less power in the first reporting mode relative to the second reporting mode. 

[1538] 43. The wireless device of any of examples 39-42, wherein the wireless device is 

adapted to determine the reporting quality threshold by receiving the reporting quality 

threshold or an indication of the reporting quality threshold from the wireless 

communications network. 

[1539] 44. The wireless device of any of examples 39-43, wherein the wireless device is 

adapted to: receive a downlink signal comprising an uplink access configuration index; 

use the uplink access configuration index to identify an uplink access configuration from 
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among a predetermined plurality of uplink access configurations; and transmit to the 

wireless communications network according to the identified uplink access configuration. 

[1540] 45. The wireless device of any of examples 39-44, wherein the wireless device is 

adapted to: receive, in a first subframe, a first Orthogonal Frequency-Division 

Multiplexing (OFDM) transmission formatted according to a first numerology; and 

receive, in a second subframe, a second OFDM transmission formatted according to a 

second numerology, the second numerology differing from the first numerology. 

[1541] 46. The wireless device of any of examples 39-45, wherein the wireless device is 

adapted to: receive and process first Layer 2 data on a first physical data channel, 

wherein the receiving and processing of the first Layer 2 data comprises the use of soft 

HARQ combining; and receive and process second Layer 2 data on a second physical 

data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1542] 47. A wireless device for operation in a wireless communications network, the wireless 

device being adapted to: operate in a dormant mode, wherein operating in the dormant 

mode comprises intermittently activating receiver circuitry to scan for synchronization 

signals and/or system information signals; and while scanning for synchronization 

signals and/or system information signals: perform a measurement on each of a plurality 

of resources from a predetermined set of resources or demodulate and decode 

information from each of a plurality of resources from a predetermined set of resources, 

where the resources in the predetermined set of resources are each defined by one or 

more of a beam, a timing, and a frequency; evaluate the measurement or the 

demodulated and decoded information for each of the plurality of resources against a 

predetermined criterion; discontinue the performing and evaluating of measurements or 

discontinuing the demodulating and decoding and evaluation of information, in response 

to determining that the predetermined criterion is met for one of the resources, such that 
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one or more resources in the predetermined set of resources are not measured or 

demodulated and decoded; and deactivate the activated receiver circuitry, further in 

response to determining that the predetermined criterion is met for one of the resources. 

[1543] 48. The wireless device of example 47, wherein the wireless device is adapted to 

operate in the dormant mode for one or more first intervals and to operate in a 

connected mode for one or more second intervals, and wherein said operating in the 

dormant mode further comprises: monitoring signals carrying tracking area identifiers; 

comparing tracking area identifiers received during said monitoring with a tracking area 

identifier list; and notifying the wireless communication network in response to 

determining that a received tracking area identifier is not on said list but otherwise 

refraining from notifying the wireless communication network in response to receiving 

changing tracking area identifiers. 

[1544] 49. The wireless device of example 47 or 48, wherein the wireless device is adapted to: 

receive a downlink signal comprising an uplink access configuration index; use the 

uplink access configuration index to identify an uplink access configuration from among 

a predetermined plurality of uplink access configurations; and transmit to the wireless 

communications network according to the identified uplink access configuration. 

[1545] 50. The wireless device of any of examples 47-49, wherein the wireless device is 

adapted to: receive, in a first subframe, a first Orthogonal Frequency-Division 

Multiplexing (OFDM) transmission formatted according to a first numerology; and 

receive, in a second subframe, a second OFDM transmission formatted according to a 

second numerology, the second numerology differing from the first numerology. 

[1546] 51. The wireless device of any of examples 47-50, wherein the wireless device is 

adapted to: receive and process first Layer 2 data on a first physical data channel, 

wherein the receiving and processing of the first Layer 2 data comprises the use of soft 

HARQ combining; and receive and process second Layer 2 data on a second physical 
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data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1547] 52. A wireless device for operation in a wireless communications network, the wireless 

device having a plurality of antennas operable for beamforming and the wireless device 

being adapted to: determine, based one or more of an estimated downlink pathloss, an 

estimated remaining battery life for the wireless device, and a battery consumption for 

the wireless device, whether a number of antennas to be used for beamforming should 

be increased or decreased; and increase or decreasing the number of antennas used in 

beamforming for one or more subsequent transmit or receive operations. 

[1548] 53. The wireless device of example 52, wherein the wireless device is adapted to 

determine whether the number of antennas to be used for beamforming should be 

increased or decreased further based on a desired data rate. 

[1549] 54. The wireless device of example 52 or 53, wherein the wireless device is adapted to 

determine whether the number of antennas to be used for beamforming should be 

increased or decreased further based on a desired minimum bandwidth. 

[1550] 55. The wireless device of any of examples 52-54, wherein the wireless device is 

adapted to: receive a downlink signal comprising an uplink access configuration index; 

use the uplink access configuration index to identify an uplink access configuration from 

among a predetermined plurality of uplink access configurations; and transmit to the 

wireless communications network according to the identified uplink access configuration. 

[1551] 56. The wireless device of any of examples 52-55, wherein the wireless device is 

adapted to: receive, in a first subframe, a first Orthogonal Frequency-Division 

Multiplexing (OFDM) transmission formatted according to a first numerology; and 

receive, in a second subframe, a second OFDM transmission formatted according to a 

second numerology, the second numerology differing from the first numerology. 
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[1552] 57. The wireless device of any of examples 52-56, wherein the wireless device is 

adapted to: receive and process first Layer 2 data on a first physical data channel, 

wherein the receiving and processing of the first Layer 2 data comprises the use of soft 

HARQ combining; and receive and process second Layer 2 data on a second physical 

data channel, wherein the receiving and processing of the second Layer 2 data 

comprises no soft HARQ combining. 

[1553] 58. A user equipment (UE) for operating in a wireless communications network, said UE 

comprising: one or more antennas configured to send and receive wireless signals; 

processing circuitry; radio front-end circuitry connected to the antenna and to the 

processing circuitry, and configured to condition signals communicated between the 

antenna and the processing circuitry; an input interface connected to the processing 

circuitry and configured to allow input of information into the UE to be processed by the 

processing circuitry; an output interface connected to the processing circuitry and 

configured to output information from the UE that has been processed by the processing 

circuitry; and a battery connected to the processing circuitry and configured to supply 

power to the UE; the processing circuitry being configured to: determine a reporting 

quality threshold for a parameter related to channel state information (CSI); perform a 

measurement for each of a plurality of beams from a first predetermined set of beams for 

evaluation; evaluate the measurement for each of the plurality of beams against the 

reporting quality threshold; discontinue performing and evaluating measurements in 

response to determining that the reporting quality threshold is met for one of the beams, 

such that one or more beams in the first predetermined set of beams are not measured 

and evaluated; and report, to the wireless communications network, CSI for the one of 

the beams. 

[1554] 59. The UE of example 58, wherein the UE is further operative to perform the steps of 

any one of examples 2-19. 
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APPENDIX: ABBREVIATIONS 

Abbreviation 	Explanation 

2G 	 2nd Generation 

3G 	 3rd Generation 

3GPP 	 3rd Generation Partnership Project 

4G 	 4th Generation 

5G 	 5th Generation 

5GPPP 	5G Infrastructure Public-Private Partnership 

5GTB 	 5th Generation Testbed 

ABR 	 Automatic Base station Relation 

ACK 	 Acknowledgement 

ADSS 	 Aligned Directional Sounding and Sensing 

AGC 	 Automatic Gain Control 

AGV 	 Automated Guided Vehicle 

AIT 	 Access Information Table 

AMM 	 Active Mode Mobility 

AN 	 Access Node 

ANR 	 Automatic Neighbor Relations 

AP 	 Access Point 

ARQ 	 Automatic Repeat reQuest 

AS 	 Access Stratum 

ASA 	 Authorized Shared Access 

AVR 	 Automatic Virtual beam Relations 

BB 	 Baseband 
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BBF 	 Baseband Function 

BBU 	 Baseband Unit 

BER 	 Bit Error Rate 

BF 	 Beamforming 

BH 	 Backhaul 

BIO 	 Beam Individual Offset 

BLEP 	 Block Error Probability 

BLER 	 Block Error Rate 

BRS 	 Beam Reference Signal 

BS 	 Base Station 

BS2BS 	 Base Station to Base Station 

BSID 	 Base Station Identifier 

BW 	 Band Width 

CA 	 Carrier Aggregation 

CAPEX 	Capital Expenditures 

CB 	 Contention-based 

CCE 	 Control Channel Element 

CCP 	 Cluster Coordinating Point 

CDMA2000 	Cellular system specified by 3GPP2 

Conference europeenne des administrations des postes et 
CEPT 

telecommunications 

CF 	 Compute-and-Forward 

CH 	 Cluster Head 

CIO 	 Cell Individual Offset 

CMAS 	 Commercial Mobile Alert System 
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C-MTC 	Critical Machine Type Communication 

CN 	 Core Network 

COMP 	 Coordinated Multi-Point 

CP 	 Cyclic Prefix 

CPRI 	 Common Public Radio Interface 

CQI 	 Channel Quality Information 

CRC 	 Cyclic Redundancy Check 

CRS 	 Cell-specific Reference Signal 

CSI 	 Channel State Information 

CTS 	 Clear to Send 

D2D 	 Device-to-Device 

DAC 	 Digital-to-Analog Converter 

DC 	 Dual Connectivity 

DCI 	 Downlink Control Information 

DDOS 	 Distributed Denial of Service 

DFT 	 Discrete Fourier Transform 

DFTS 	 Discrete Fourier Transform - Spread 

DL 	 Downlink 

DLIM 	 Directional Link Interference Map 

DMRS 	 Demodulation Reference Signal 

DN 	 Destination Node 

DRB 	 Dedicated Radio Bearer 

DRX 	 Discontinuous Reception 

DSSI 	 Directional Sounding and Sensing Interval 

DSSP 	 Directional Sounding and Sensing Period 
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DSSW 	 Directional Sounding and Sensing Window 

DTX 	 Discontinuous Transmission 

E2E 	 End to End 

E3F 	 Energy Efficiency Evaluation Framework 

EAB 	 Extended Access Class Barring 

ECGI 	 E-UTRAN Cell Global Identifier 

ECM 	 EPS Connection Management 

EGPRS 	Enhanced General Packet Radio Service 

EIRP 	 Equivalent Isotropically Radiated Power 

eNB 	 Evolved Node B 

EMBB 	 Enhanced Mobile Broadband 

EMF 	 Electromagnetic Fields 

EMM 	 EPS Mobility Management (Protocol) 

EPC 	 Evolved Packet Core 

EPS 	 Evolved Packet Subsystem 

ETSI 	 European Telecommunications Standards Institute 

ETWS 	 Earthquake Tsunami Warning System 

EVM 	 Error Vector Magnitude 

FCC 	 Federal Communications Commission 

FDD 	 Frequency Division Duplex 

FDMA 	 Frequency Division Multiple Access 

FFT 	 Fast Fourier Transform 

FPGA 	 Field-Programmable Gate Array 

FPS 	 Frames Per Second 

FRA 	 Future Radio Access 
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GB 	 Guard band 

GERAN 	GSM Edge Radio Access Network 

GFTE 	 Group Function Technology 

GLDB 	 Geolocation Database 

GNSS 	 Global Navigation Satellite Systems 

GPRS 	 General Packet Radio Service 

GPS 	 Global Positioning System 

GSM 	 Global System for Mobile communications (Groupe Speciale Mobile) 

GW 	 Gateway 

HARQ 	 Hybrid ARQ 

HO 	 Handover 

HW 	 Hardware 

12D 	 Infrastructure-To-Device 

ID 	 Identity 

IE 	 Information Element 

IFFT 	 Inverse Fast Fourier Transform 

IID 	 Independent Identically Distributed 

IM 	 Interference Measurement 

IMR 	 Interference Measurement Resource 

IMSI 	 International Mobile Subscriber Identify 

IMT 	 International Mobile Telecommunications 

IMT2020 	International Mobile Telecommunications 2020 

IOT 	 Internet of Things 

IP 	 Internet Protocol 

IR 	 Incremental Redundancy 
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IRAT 	 Inter RAT 

ISD 	 Inter Site Distance 

ITU 	 International Telecommunication Union 

IUA 	 Instant Uplink Access 

KPI 	 Key Performance Indicator 

L1 	 Layer 1 

L2 	 Layer 2 

L3 	 Layer 3 

LAA 	 License Assisted Access 

LAT 	 Listen-after-talk 

LBT 	 Listen-before-talk 

LCID 	 Logical Channel ID 

LDPC 	 Low Density Parity Check 

LO 	 Local Oscillator 

LOS 	 Line of sight 

LSA 	 License Shared Access 

LTE 	 Long Term Evolution 

MAC 	 Medium Access Control 

MBB 	 Mobile Broadband 

MBMS 	 Multimedia Broadcast Multicast Services 

MBSFN 	Multicast-broadcast single-frequency network 

MCS 	 Modulation and Coding Scheme 

Mobile and Wireless Communications Enablers for the 2020 Information 

METIS 	 Society 

MIB 	 Master Information Block 
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MIMO 	 Multiple Input Multiple Output 

MME 	 Mobility Management Entity 

MMSE 	 Minimum Mean Square Error 

MMW 	 Millimeter Wave 

MPD 	 Multi-Point Diversity 

MRS 	 Mobility and Access Reference Signal 

MRT 	 Maximum Ratio Transmission 

MTC 	 Machine Type Communication 

MU 	 Multi User 

NA 	 Not Applicable 

NACK 	 Negative Acknowledgement 

NAK 	 Negative Acknowledgement 

NAS 	 Non-Access Stratum 

NB 	 Narrow Band 

NDI 	 New Data Indicator 

NFV 	 Network Function Virtualization 

NGMN 	 Next Generation Mobile Networks 

NLOS 	 Non-Line-of-Sight 

NNTS 	 Notify-Not-To-Send 

NTS 	 Notify-To-Send 

NR 	 New Radio 

NW 	 Network 

The term NX is not an abbreviation, and is to be interpreted as a construct 
NX 

that denotes the "Next" generation, as well as a multiplier of capabilities 

OAM 	 Operation-and-Maintenance 
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OCC 	 Orthogonal Cover Code 

OFDM 	 Orthogonal Frequency Division Multiplex 

00S 	 Out Of Synch 

OPEX 	 Operational Expenditures 

OSS 	 Operation and Support System 

OTT 	 Over The Top 

PA 	 Power Amplifier 

PACH 	 Physical Anchor Channel 

PAPR 	 Peak to Average Power Ratio 

PBCH 	 Physical Broadcast Channel 

PCCH 	 Paging Control Channel 

PDCCH 	Physical Downlink Control Channel 

PDCH 	 Physical Data Channel 

PDCP 	 Packet Data Convergence Protocol 

PDSCH 	Physical Downlink Shared Channel 

PDU 	 Packet Data Unit 

PHR 	 Power Head-room Reporting 

PHY 	 Physical (layer) 

PICH 	 Paging Indicator Channel 

PIT 	 Positioning Information Table 

PLMN 	 Public Land Mobile Network 

PLNC 	 Physical-Layer Network Coding 

PMCH 	 Paging Message Channel 

PME 	 Positioning Management Entity 

PMI 	 Precoder Matrix Indicator 
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PPF 	 Packet Processing Function 

PRACH 	Physical Random Access Channel 

PRS 	 Positioning Reference Signal 

PS 	 Public Safety 

PSD 	 Power Spectral Density 

PSM 	 Power Saving Mode 

PSS 	 Primary Synchronization Sequence 

PUCCH 	Physical Uplink Control Channel 

PUSCH 	Physical Uplink Shared Channel 

PWS 	 Public Warning System 

QAM 	 Quadrature Amplitude Modulation 

QMF 	 Quantize-Map-and Forward 

QPSK 	 Quadrature Phase Shift Keying 

RA 	 Random Access 

RACH 	 Random Access Channel 

RAN 	 Radio Access Network 

RAR 	 Random Access Response 

RAS 	 Re-configurable Antenna Systems 

RAT 	 Radio Access Technology 

RB 	 Resource Block 

RBS 	 Radio Base Station 

RCF 	 Radio Controller Function 

RF 	 Radio Frequency 

RLC 	 Radio Link Control (Protocol) 

RLF 	 Radio Link Failure 

431 



WO 2017/196249 	 PCT/SE2017/050491 

RLP 	 Radio Link Problem 

RN 	 Radio Network 

RNTI 	 Radio Network Temporary Identifier 

RRC 	 Radio Resource Control (Protocol) 

RRM 	 Radio Resource Management 

RRS 	 Reciprocity Reference Signal 

RS 	 Reference Signal 

RSI 	 Reception Status Indicator 

RSRP 	 Reference Signal Received Power 

RTS 	 Request-To-Send 

RTT 	 Round Trip Time 

RU 	 Radio Unit 

RX 	 Receive 

S1 	 Interface between RAN and CN in LTE 

S1AP 	 S1 Application Protocol (signaling protocol) 

S2 	 Interface used for Wi-Fi integration in EPC 

SA 	 System Architecture 

SAN 	 Serving Access Node 

SAR 	 Specific Absorption Rate 

SC 	 Spatially-Coupled 

SDN 	 Software Defined Networking 

SeNB 	 Secondary eNB 

SDU 	 Service Data Unit 

SFN 	 Single Frequency Network 

SG 	 Scheduling Grant 

432 



WO 2017/196249 	 PCT/SE2017/050491 

SI 	 System Information 

SIB 	 System Information Block 

SIM 	 Subscriber Identity Module 

SINR 	 Signal to Interference and Noise Ratio 

SIR 	 Signal to Interference Ratio 

SLNR 	 Signal to Leakage and Noise Ratio 

SLSS 	 Side-Link Sync Signal 

SN 	 Source Node 

SNR 	 Signal to Noise Ratio 

SON 	 Self-Organizing Network 

SR 	 Scheduling Request 

SRB 	 Signaling Radio Bearer 

SRS 	 Sounding Reference Signal 

SRU 	 Sounding Resource Unit 

SS 	 Signature Sequence 

SSB 	 SSI Block 

SSI 	 Signature Sequence Index 

SSS 	 Secondary Synchronization Sequence 

SU 	 Single-User 

SW 	 Software 

SVD 	 Singular Value Decomposition 

SWEA 	 An Ericsson Standardization Program 

TA 	 Timing Advance 

TA 	 Tracking Area 

TAU 	 Tracking Area Update 
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TB 	 Transport Block 

TBD 	 To Be Defined 

TCO 	 Temperature Controlled Oscillator 

TCP 	 Transmission Control Protocol 

TDD 	 Time Division Duplex 

TDOA 	 Time Difference Of Arrival (positioning method) 

TEA 	 The Ericsson Architecture? 

TM 	 Transmission Mode 

TMSI 	 Temporary Mobile Subscriber Identity 

TRA 	 Tracking RAN Area 

TRAC 	 Tracking RAN Area Code 

TRAS 	 Tracking RAN Area Signal 

TRASI 	 Tracking RAN Area Signal Index 

TRASS 	Tracking RAN Area Signal Synchronization 

TSS 	 Time and Frequency Synchronization Signal 

TTI 	 Transmission Time Interval 

TV 	 Television 

TX 	 Transmit 

UCI 	 Uplink Control Information 

UE 	 User Equipment 

UE2UE 	UE to UE communication 

UEID 	 UE Identity 

UI 	 User Interface 

UL 	 Uplink 

ULA 	 Uniform Linear Array 
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UP 	 User Plane 

URA 	 UTRAN Registration Area 

URL 	 Uniform Resource Locator? 

US 	 United States (of America) 

USIM 	 Universal Subscriber Identity Module 

USS 	 Uplink Synchronization Signal 

UTRA 	 UMTS Terrestrial Radio Access (3G) 

UTRAN 	UMTS Terrestrial Radio Access Network (3G RAN) 

V2V 	 Vehicle to Vehicle 

V2X 	 Vehicle to Anything 

VB 	 Virtual Beam 

WCDMA 	Wideband Code Division Multiple Access (3G) 

WINNER 	Wireless world INitiative NEw Radio (EU project) 

WRC 	 World Radio Conference (ITU) 

X2 	 Interface between eNBs in LTE 

X2AP 	 X2 Application Protocol (signaling protocol over X2) 

XO 	 Crystal Oscillator 

ZF 	 Zero Forcing 
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CLAIMS

1. A method, in a wireless device, for operating in a wireless communications network, the

method comprising:

operating in a dormant mode, wherein operating in the dormant mode comprises

intermittently activating receiver circuitry to scan for synchronization signals

and/or system information signals; and

while scanning for synchronization signals and/or system information signals:

performing a measurement on each of a plurality of resources from a

predetermined set of resources or demodulating and decoding

information from each of a plurality of resources from a predetermined

set of resources, where the resources in the predetermined set of

resources are each defined by one or more of a beam, a timing, and a

frequency;

evaluating the measurement or the demodulated and decoded information for

each of the plurality of resources against a predetermined criterion;

discontinuing the performing and evaluating of measurements or discontinuing

the demodulating and decoding and evaluation of information, in

response to determining that the predetermined criterion is met for one

of the resources, such that one or more resources in the predetermined

set of resources are not measured or demodulated and decoded; and

deactivating the activated receiver circuitry, further in response to determining

that the predetermined criterion is met for one of the resources;

wherein the method further comprises:

receiving, in a first downlink subframe, a first Orthogonal Frequency-Division
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Multiplexing (OFDM) transmission formatted according to a first numerology;

and

receiving, in a second downlink subframe, a second OFDM transmission formatted

according to a second numerology, the second numerology differing from the

first numerology.

2. The method of claim 1, wherein the method comprises operating in the dormant mode for

one or more first intervals and operating in a connected mode for one or more second

intervals, and wherein said operating in the dormant mode further comprises:

monitoring signals carrying tracking area identifiers;

comparing tracking area identifiers received during said monitoring with a tracking

area identifier list; and

notifying the wireless communication network in response to determining that a

received tracking area identifier is not on said list but otherwise refraining

from notifying the wireless communication network in response to receiving

changing tracking area identifiers.

3. The method of claims 1 or 2, wherein the method further comprises:

receiving a downlink signal comprising an uplink access configuration index;

using the uplink access configuration index to identify an uplink access configuration

from among a predetermined plurality of uplink access configurations;

and transmitting to the wireless communications network according to the identified

uplink access configuration.



438

4. The method of one of the preceding claims, wherein the first numerology has a first

subcarrier spacing and the second numerology has a second subcarrier spacing, the first

subcarrier spacing differing from the second subcarrier spacing.

5. The method of one of the preceding claims, wherein the method further comprises:

receiving and processing first Layer 2 data on a first physical data channel, wherein

the receiving and processing of the first Layer 2 data comprises the use of soft

HARQ combining; and

receiving and processing second Layer 2 data on a second physical data channel,

wherein the receiving and processing of the second Layer 2 data comprises no

soft HARQ combining.

6. The method of one of the preceding claims, wherein said first and second downlink

subframes are received on the same carrier frequency.

7. The method of one of the preceding claims, wherein subframes of said first and second

numerologies comprise first and second predetermined numbers of OFDM symbols,

respectively.

8. The method of one of the preceding claims, wherein at least one of said first and second

numerologies comprises subframes having a length of 250 microseconds or less.
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9. The method of one of the preceding claims, wherein the wireless device is a user

equipment (UE).

10. A wireless device, comprising radio-frequency circuitry and a processing circuit

operatively connected to the radio-frequency circuitry and configured to:

operate in a dormant mode, wherein operating in the dormant mode comprises

intermittently activating receiver circuitry to scan for synchronization signals

and/or system information signals; and

while scanning for synchronization signals and/or system information signals:

perform a measurement on each of a plurality of resources from a predetermined set

of resources or demodulate and decode information from each of a plurality of

resources from a predetermined set of resources, where the resources in the

predetermined set of resources are each defined by one or more of a beam, a

timing, and a frequency;

evaluate the measurement or the demodulated and decoded information for each of

the plurality of resources against a predetermined criterion;

discontinue the performing and evaluating of measurements or discontinuing the

demodulating and decoding and evaluation of information, in response to

determining that the predetermined criterion is met for one of the resources,

such that one or more resources in the predetermined set of resources are not

measured or demodulated and decoded; and

deactivate the activated receiver circuitry, further in response to determining that the

predetermined criterion is met for one of the resources;

wherein the processing circuit is further configured to use the radio-frequency circuit to:

receive, in a first downlink subframe, a first Orthogonal Frequency-Division



440

Multiplexing (OFDM) transmission formatted according to a first numerology;

and

receive, in a second downlink subframe, a second OFDM transmission formatted

according to a second numerology, the second numerology differing from the

first numerology.

11. The wireless device of claim 10, wherein the processing circuit is configured to operate

in the dormant mode for one or more first intervals and to operate in a connected mode for

one or more second intervals, and wherein said operating in the dormant mode further

comprises:

monitoring signals carrying tracking area identifiers;

comparing tracking area identifiers received during said monitoring with a tracking

area identifier list; and

notifying the wireless communication network in response to determining that a

received tracking area identifier is not on said list but otherwise refraining

from notifying the wireless communication network in response to receiving

changing tracking area identifiers.

12. The wireless device of claims 10 or 11 wherein the processing circuit is further

configured to:

receive a downlink signal comprising an uplink access configuration index;

use the uplink access configuration index to identify an uplink access configuration

from among a predetermined plurality of uplink access configurations; and

transmit to the wireless communications network according to the identified uplink

access configuration.
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13. The wireless device of one of claims 10-12, wherein the first numerology has a first

subcarrier spacing and the second numerology has a second subcarrier spacing, the first

subcarrier spacing differing from the second subcarrier spacing.

14. The wireless device of one of claims 10-13, wherein the processing circuit is further

configured to:

receive and process first Layer 2 data on a first physical data channel, wherein the

receiving and processing of the first Layer 2 data comprises the use of soft

HARQ combining; and

receive and process second Layer 2 data on a second physical data channel, wherein

the receiving and processing of the second Layer 2 data comprises no soft

HARQ combining.

15. The wireless device of one of claims 10-14, wherein said first and second downlink

subframes are received on the same carrier frequency.

16. The wireless device of one of claims 10-15, wherein subframes of said first and second

numerologies comprise first and second predetermined numbers of OFDM symbols,

respectively.
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17. The wireless device of one of claims 10-16, wherein at least one of said first and second

numerologies comprises subframes having a length of 250 microseconds or less.

18. The wireless device of one of claims 10-17, wherein the wireless device is a user

equipment (UE).


