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SYSTEM AND METHOD FOR MOBILITY MANAGEMENT IN WIRELESS
NETWORKS

TECHNICAL FIELD

[0001] The present disclosure relates generally to systems wherein terrestrial
radio access networks and non-terrestrial radio access networks are integrated and,

in particular embodiments, to mobility management in such integrated systems.
BACKGROUND

[0002] As discussed herein, a reference to terrestrial radio access networks is a
reference to the familiar cellular telephone and data networks. In contrast, a
reference to non-terrestrial radio access networks is a reference to networks, or
segments of networks, using an airborne vehicle or a spaceborne vehicle for signal

transmission and reception.

[0003] Examples of spaceborne vehicles used for non-terrestrial radio access
networks include: Low Earth Orbiting (LEO) satellites; Medium Earth Orbiting (MEO)
satellites; Geostationary Earth Orbiting (GEOQ) satellites; and Highly Elliptical Orbiting
(HEO) satellites. Examples of airborne vehicles used for non-terrestrial radio access
networks include High Altitude Platforms (HAPs) such as Unmanned Aircraft
Systems (UAS) including Lighter than Air (LTA) UAS and Heavier than Air (HTA)
UAS. These platforms typically operate at altitudes between 8 km and 50 km and are

considered to be quasi-stationary.

[0004] Terrestrial networks (TNs) are known to employ airborne transmit and
receive points (TRPs). Airborne TRPs are typically deployed at around 100 m aboard
drone-type vehicles. Airborne TRPs may be considered part of a TN or non-
terrestrial network (NTN) depending on whether the airborne TRP connects to a
terrestrial core network using a wireless backhaul directly through the TN or
indirectly through the NTN.

[0005] There is a desire for improved methods for user devices to connect to TNs

and NTNs, in particular for handover events between a TN and an NTN.
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SUMMARY

[00086] Aspects of the present application relate to integrating terrestrial networks
with non-terrestrial networks and establishing mechanisms for managing mobility of
user devices as the devices travel from a service area defined by a connection with a
terrestrial network to a service area defined by a connection with a non-terrestrial
network or vice versa. Aspects of the present application relate to establishing a
format for an exchange of communication between user devices and TRPs so that

the mobility of the user device may be appropriately managed.

[0007] In aspects of the present application, user devices can be transferred from
one network to another network in an apparently seamless manner, wherein the user

experience appears interruption-free.

[0008] When subsystem mability is controlled by a base station in one network,
as in aspects of the present application, the base station in the one network controls
to which other base station, in another network, the user device is potentially handed
over. Accordingly, the user device need not waste time and/or processing power

detecting radio links and measuring the strength of the detected radio links.

[0009] Aspects of the present application approach mobility management in
integrated terrestrial networks (TNs) and non-terrestrial (NTNs) networks by
providing a framework wherein a base station (NTN or TN) can facilitate transferring
a user device that is in the RRC_CONNECTED state from NTN to TN or TN to NTN,
while reducing handover delays. From the perspective of the user device, beam
sweeping efforts in beam-based communications are also reduced, because the
user device does not have to detect synchronization signal blocks from TN base
stations. Indeed, in one example case, the user device can rely on information
received from the NTN base station to directly beamform preamble transmissions in

the direction of the TN base station.

[0010] The user device may also be shown to experience smooth cross-

subsystem mobility when in RRC_IDLE/INACTIVE state and being transferred from
the terrestrial subsystem to the non-terrestrial subsystem or from the non-terrestrial
subsystem to the terrestrial subsystem. Because, in the first instance, the terrestrial

subsystem base station communicates with the non-terrestrial subsystem base
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stations to which the user device may, potentially, be switched, the user device need
not waste time or processing power detecting and measuring radio links from base

stations in subsystems that are not of interest.

[0011] According to an aspect of the present disclosure, there is provided a
method of managing a user equipment mobility in a radio access network. The
method includes communicating, from a first device, a message to a second device,
wherein one of the first device and the second device is a non-terrestrial device and
the other of the first device and the second device is a terrestrial device and
providing, to the user equipment, configuration parameters related to access, by the

user equipment, to the second device.

[0012] According to another aspect of the present disclosure, there is provided a
first device. The device includes a memory storing instructions, a receiver, a
transmitter and a processor. The processor is configured, by executing the
instructions, to use the transmitter to transmit a message to a second device,
wherein one of the first device and the second device is a non-terrestrial device and
the other of the first device and the second device is a terrestrial device, and use the
transmitter to provide, to the user equipment, configuration parameters related to

access, by the user equipment, to the second device.

[0013] According to a further aspect of the present disclosure, there is provided a
method for a user equipment in a radio access network. The method includes
receiving, from a first device, a notification, the notification activating, at the user
equipment, a cell reselection or initial cell selection procedure, detecting, during the
cell reselection or initial cell selection procedure, a cell-defining synchronization
signal block from a second device, wherein one of the first device and the second
device is a non-terrestrial device and the other of the first device and the second
device is a terrestrial device, and receiving, from the second device, a system

information message.

[0014] According to another aspect of the present disclosure, there is provided a
user equipment in a radio access network. The user equipment includes a memory
storing instructions and a processor. The processor is configured, by executing the

instructions, to receive, from a first device, a notification, the notification activating, at
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the user equipment, a cell reselection or initial cell selection procedure, detect,
during the cell reselection or initial cell selection procedure, a cell-defining
synchronization signal block from a second device, wherein one of the first device
and the second device is a non-terrestrial device and the other of the first device and
the second device is a terrestrial device, and receive, from the second device, a

system information message.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the present embodiments, and the
advantages thereof, reference is now made, by way of example, to the following

descriptions taken in conjunction with the accompanying drawings, in which:

[0018] FIG. 1 is a schematic diagram of a communication system in which
embodiments of the disclosure may occur, the communication system includes an

example user equipment and an example base station;

[0017] FIG. 2 illustrates, as a block diagram, the example user equipment of FIG.

1, according to aspects of the present disclosure;

[0018] FIG. 3 illustrates, as a block diagram, the example base station of FIG. 1,

according to aspects of the present disclosure;,

[0019] FIG. 4 illustrates an environment with a terrestrial network base station
defining terrestrial network coverage and multiple non-terrestrial network base
stations defining non-terrestrial network coverage, with the example user equipment
of FIG. 2 moving out of terrestrial network coverage and into non-terrestrial network

coverage, according to aspects of the present disclosure;

[0020] FIG. 5 illustrates, in a signal flow diagram, communication exchange
between the example user equipment, the terrestrial network base station and the
multiple non-terrestrial network base stations of FIG. 4 with the pre-condition that the
user equipment is in the RRC_IDLE state or the RRC_INACTIVE state, according to

aspects of the present disclosure;

[0021] FIG. 6 illustrates, in a signal flow diagram, communication exchange

between the example user equipment, the terrestrial network base station and the
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multiple non-terrestrial network base stations of FIG. 4 with the pre-condition that the
user equipment is in the RRC_CONNECTED state, according to aspects of the

present disclosure;

[0022] FIG. 7 illustrates an example of a mobility resource configuration provided

by higher-layer signaling, according to aspects of the present disclosure;

[0023] FIG. 8 illustrates an environment with a terrestrial network base station
defining terrestrial network coverage and a non-terrestrial network base station
defining non-terrestrial network coverage, with the example user equipment of FIG. 2
moving out of non-terrestrial network coverage and into terrestrial network coverage,

according to aspects of the present disclosure;

[0024] FIG. 9 illustrates, in a signal flow diagram, communication exchange
between the example user equipment, the terrestrial network base station and the
multiple non-terrestrial network base stations of FIG. 8 with the pre-condition that the
user equipment is in the RRC_IDLE state or the RRC_INACTIVE state, according to

aspects of the present disclosure;

[0025] FIG. 10 illustrates, in a signal flow diagram, communication exchange
between the example user equipment, the terrestrial network base station and the
non-terrestrial network base station of FIG. 8 with the pre-condition that the user
equipment is in the RRC_CONNECTED state, according to aspects of the present

disclosure;

[0028] FIG. 11 illustrates an environment with a terrestrial network base station
defining terrestrial network coverage and a non-terrestrial network base station
defining non-terrestrial network coverage, with the example user equipment of FIG. 2
present in the non-terrestrial network coverage and present in the terrestrial network

coverage, according to aspects of the present disclosure; and

[0027] FIG. 12 illustrates, in a signal flow diagram, communication exchange
between the example user equipment, the terrestrial network base station and the
non-terrestrial network base station of FIG. 11, according to aspects of the present

disclosure.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0028] For illustrative purposes, specific example embodiments will now be

explained in greater detail in conjunction with the figures.

[0029] The embodiments set forth herein represent information sufficient to
practice the claimed subject matter and illustrate ways of practicing such subject
matter. Upon reading the following description in light of the accompanying figures,
those of skill in the art will understand the concepts of the claimed subject matter and
will recognize applications of these concepts not particularly addressed herein. It
should be understood that these concepts and applications fall within the scope of

the disclosure and the accompanying claims.

[0030] Moreover, it will be appreciated that any module, component, or device
disclosed herein that executes instructions may include, or otherwise have access
to, a non-transitory computer/processor readable storage medium or media for
storage of information, such as computer/processor readable instructions, data
structures, program modules and/or other data. A non-exhaustive list of examples of
non-transitory computer/processor readable storage media includes magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
optical disks such as compact disc read-only memory (CD-ROM), digital video discs
or digital versatile discs (i.e., DVDs), Blu-ray Disc™, or other optical storage, volatile
and non-volatile, removable and non-removable media implemented in any method
or technology, random-access memory (RAM), read-only memory (ROM), electrically
erasable programmable read-only memory (EEPROM), flash memory or other
memory technology. Any such non-transitory computer/processor storage media
may be part of a device or accessible or connectable thereto. Computer/processor
readable/executable instructions to implement an application or module described
herein may be stored or otherwise held by such non-transitory computer/processor

readable storage media.

[0031] FIG. 1 illustrates, in a schematic diagram, an example communication
system 100. In general, the communication system 100 enables multiple wireless or
wired elements to communicate data and other content. The purpose of the

communication system 100 may be to provide content (voice, data, video, text) via
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broadcast, narrowcast, user device to user device, efc. The communication system

100 may operate efficiently by sharing resources, such as bandwidth.

[0032] In this example, the communication system 100 includes a first user
equipment (UE) 110A, a second UE 110B and a third UE 110C (individually or
collectively 110), an integrated terrestrial and non-terrestrial radio access network
(RAN) 120, a core network 130, a public switched telephone network (PSTN) 140,
the Internet 150 and other networks 160. The integrated RAN 120 includes a
terrestrial subsystem 120A and a non-terrestrial subsystem 120B. Although certain
numbers of these components or elements are shown in FIG. 1, any reasonable
number of these components or elements may be included in the communication

system 100.

[0033] The UEs 110 are configured to operate, communicate, or both, in the
communication system 100. For example, the UEs 110 are configured to transmit,
receive, or both via wireless communication channels. Each UE 110 represents any
suitable end user device for wireless operation and may include such devices (or
may be referred to) as a wireless transmit/receive unit (WTRU), a mobile station, a
mobile subscriber unit, a cellular telephone, a station (STA), a machine-type
communication device (MTC), an Internet of Things (loT) device, a personal digital
assistant (PDA), a smartphone, a laptop, a computer, a touchpad, a wireless sensor

or a consumer electronics device.

[0034] In FIG. 1, the terrestrial subsystem 120A includes a terrestrial base station
170A and the non-terrestrial subsystem 120B includes a non-terrestrial base station
170B (the base stations may be referenced individually or collectively by reference
numeral 170). The base station 170 may also be called an anchor or a transmit point
(TP). Each base station 170 is configured to wirelessly interface with one or more of
the UEs 110 to enable access to any other base station 170, the core network 130,
the PSTN 140, the internet 150 and/or the other networks 160. For example, the
base stations 170 may include (or be) one or more of several well-known devices,
such as a base transceiver station (BTS), a Node-B (NodeB), an evolved NodeB
(eNodeB, “eNB”), a Home eNodeB, a gNodeB (“gNB”), a transmission and receive
point (TRP), a site controller, an access point (AP) or a wireless router. Any UE 110

may alternatively or additionally be configured to interface, access or communicate
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with any other base station 170, the internet 150, the core network 130, the PSTN

140, the other networks 160 or any combination of the preceding.

[0035] The UEs 110 and the base stations 170 are examples of communication
equipment that can be configured to implement some or all of the functionality and/or
embodiments described herein. In the embodiment shown in FIG. 1, the terrestrial
base station 170A forms part of the terrestrial subsystem 120A, which may include
other base stations (not shown), base station controller(s) (BSC, not shown), radio
network controller(s) (RNC, not shown), relay nodes (not shown), elements (not
shown) and/or devices (not shown). Any base station 170 may be a single element,
as shown, or multiple elements, distributed in the corresponding subsystem, or
otherwise. Also, the non-terrestrial base station 170B forms part of the non-terrestrial
subsystem 120B, which may include other base stations, elements and/or devices.
Each base station 170 transmits and/or receives wireless signals within a particular
geographic region or area, sometimes referred to as a “cell’ or “coverage area.” A
cell may be further divided into cell sectors and a base station 170 may, for example,
employ multiple transceivers to provide service to multiple sectors. In some
embodiments, there may be established pico or femto cells where the radio access
technology supports such. In some embodiments, multiple transceivers could be
used for each cell, for example using multiple-input multiple-output (MIMO)
technology. The number of subsystems shown is exemplary only. Any number of
subsystems may be contemplated when devising the integrated RAN 120 and the

communication system 100, in general.

[0036] The terrestrial BS 170A communicates with one or more of the UEs 110
over one or more terrestrial air interfaces 190 using wireless communication links,
e.g., radio frequency (RF) wireless communication links, microwave wireless
communication links, infrared (IR) wireless communication links, visible light (VL)
communications links, efc. The non-terrestrial BS 170B communicates with one or
more of the UEs 110 over one or more non-terrestrial air interfaces 195 using
wireless communication links. The air interfaces 190/195 may utilize any suitable
radio access technology. For example, the communication system 100 may
implement one or more orthagonal or non-orthogonal channel access methods, such

as code division multiple access (CDMA), time division multiple access (TDMA),
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frequency division multiple access (FDMA), space division multiple access (SDMA),
orthogonal FDMA (OFDMA) or single-carrier FDMA (SC-FDMA) in the air interfaces
190/195.

[0037] A base station 170 may implement Universal Mobile Telecommunication
System (UMTS) Terrestrial Radio Access (UTRA) to establish the air interface 190
using wideband CDMA (WCDMA). In doing so, the base station 170 may implement
protocols such as High Speed Packet Access (HSPA), Evolved HPSA (HSPA+)
optionally including High Speed Downlink Packet Access (HSDPA), High Speed
Packet Uplink Access (HSUPA) or both. Alternatively, a base station 170 may
establish the air interface 190 with Evolved UTMS Terrestrial Radio Access (E-
UTRA) using 4G Long-Term Evolution (LTE), LTE-A, LTE-B and/or 5G New Radio
(NR). It is contemplated that the communication system 100 may use multiple
channel access functionality, including such schemes as described above. Other
radio technologies for implementing air interfaces include IEEE 802.11, 802.15,
802.16, CDMA2000, CDMA2000 1X, CDMA2000 EV-DO, 1S-2000, IS-95, 1S-856,
GSM, EDGE and GERAN. Of course, other multiple access schemes and wireless

protocols may be utilized.

[0038] The subsystems of the integrated RAN 120 are in communication with the
core network 130 to provide the UEs 110 with various services such as voice
communication services, data communication services and other communication
services. The subsystems and/or the core network 130 may be in direct or indirect
communication with one or more other subsystems (not shown), which may or may
not be directly served by the core network 130 and may or may not employ the same
radio access technology as the terrestrial subsystem 120A, the non-terrestrial
subsystem 120B or both. The core network 130 may also serve as a gateway access
between (i) the subsystems or the UEs 110 or both, and (ii) other networks (such as
the PSTN 140, the Internet 150 and the other networks 160).

[0039] The UEs 110 may communicate with one another over one or more
sidelink (SL) air interfaces 180 using wireless communication links, e.g., radio
frequency (RF) wireless communication links, microwave wireless communication
links, infrared (IR) wireless communication links, visible light (VL) communications

links, efc. The SL air interfaces 180 may utilize any suitable radio access technology



10

15

20

25

30

WO 2022/226853 PCT/CN2021/090779

and may be substantially similar to the air interfaces 190 over which the UEs 110
communicate with one or more of the base stations 170 or they may be substantially
different. For example, the communication system 100 may implement one or more
channel access methods, such as CDMA, TDMA, FDMA, SDMA, OFDMA or SC-
FDMA in the SL air interfaces 180. In some embodiments, the SL air interfaces 180

may be, at least in part, implemented over unlicensed spectrum.

[0040] Some or all of the UEs 110 may include functionality for communicating
with different wireless networks over different wireless links using different wireless
technologies and/or protocols. Instead of wireless communication (or in addition
thereto), the UEs 110 may communicate via wired communication channels to a
service provider or a switch (not shown) and to the Internet 150. The PSTN 140 may
include circuit switched telephone networks for providing plain old telephone service
(POTS). The Internet 150 may include a network of computers and subnets
(intranets) or both and incorporate protocols, such as internet protocol (IP),
transmission control protocol (TCP) and user datagram protocol (UDP). The UEs
110 may be multimode devices capable of operation according to multiple radio
access technologies and incorporate multiple transceivers necessary to support

multiple radio access technologies.

[0041] FIGs. 2 and 3 illustrate example devices that may implement the methods
and teachings according to this disclosure. In particular, FIG. 2 illustrates an
example UE 110 and FIG. 3 illustrates an example base station 170. These
components could be used in the communication system 100 of FIG. 1 or in any

other suitable system.

[0042] As shown in FIG. 2, the UE 110 includes at least one UE processing unit
200. The UE processing unit 200 implements various processing operations of the
UE 110. For example, the UE processing unit 200 could perform signal coding, data
processing, power control, input/output processing, or any other functionality
enabling the UE 110 to operate in the communication system 100. The UE
processing unit 200 may also be configured to implement some or all of the
functionality and/or embodiments described in more detail above. Each UE
processing unit 200 includes any suitable processing or computing device configured

to perform one or more operations. Each UE processing unit 200 could, for example,
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include a microprocessor, microcontroller, digital signal processor, field

programmable gate array, or application specific integrated circuit.

[0043] The UE 110 also includes at least one transceiver 202. The transceiver
202 is configured to modulate data or other content for transmission by at least one
antenna or Network Interface Controller (NIC) 204. The transceiver 202 is also
configured to demodulate data or other content received by the at least one antenna
204. Each transceiver 202 includes any suitable structure for generating signals for
wireless or wired transmission and/or processing signals received wirelessly or by
wire. Each antenna 204 includes any suitable structure for transmitting and/or
receiving wireless or wired signals. One or multiple transceivers 202 could be used
in the UE 110. One or multiple antennas 204 could be used in the ED 110. Although
shown as a single functional unit, a transceiver 202 could also be implemented using

at least one transmitter and at least one separate receiver.

[0044] The UE 110 further includes one or more input/output devices 206 or
interfaces (such as a wired interface to the Internet 150). The input/output devices
206 permit interaction with a user or other devices in the network. Each input/output
device 206 includes any suitable structure for providing information to or receiving
information from a user, such as a speaker, microphone, keypad, keyboard, display,

or touch screen, including network interface communications.

[0045] In addition, the UE 110 includes at least one UE memory 208. The UE
memory 208 stores instructions and data used, generated, or collected by the ED
110. For example, the UE memory 208 could store software instructions or modules
configured to implement some or all of the functionality and/or embodiments
described above and that are executed by the UE processing unit(s) 200. Each UE
memory 208 includes any suitable volatile and/or non-volatile storage and retrieval
device(s). Any suitable type of memory may be used, such as random access
memory (RAM), read only memory (ROM), hard disk, optical disc, subscriber identity

module (SIM) card, memory stick, secure digital (SD) memory card, and the like.

[0048] As shown in FIG. 3, the base station 170 includes at least one BS
processing unit 350, at least one transmitter 352, at least one receiver 354, one or

more antennas 356, at least one memory 358, and one or more input/output devices
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or interfaces 366. A transceiver, not shown, may be used instead of the transmitter
352 and receiver 354. The BS processing unit 350 implements various processing
operations of the base station 170, such as signal coding, data processing, power
control, input/output processing, or any other functionality. The BS processing unit
350 can also be configured to implement some or all of the functionality and/or
embodiments described in more detail above. Each BS processing unit 350 includes
any suitable processing or computing device configured to perform one or more
operations. Each BS processing unit 350 could, for example, include a
microprocessor, microcontroller, digital signal processor, field programmable gate

array, or application specific integrated circuit.

[0047] Each transmitter 352 includes any suitable structure for generating signals
for wireless or wired transmission to one or more UEs or other devices. Each
receiver 354 includes any suitable structure for processing signals received
wirelessly or by wire from one or more UEs or other devices. Although shown as
separate components, at least one transmitter 352 and at least one receiver 354
could be combined into a transceiver. Each antenna 356 includes any suitable
structure for transmitting and/or receiving wireless or wired signals. Although a
common antenna 356 is shown here as being coupled to both the transmitter 352
and the receiver 354, one or more antennas 356 could be coupled to the
transmitter(s) 352, and one or more separate antennas 356 could be coupled to the
receiver(s) 354. Each memory 358 includes any suitable volatile and/or non-volatile
storage and retrieval device(s) such as those described above in connection to the
UE 110. The memory 358 stores instructions and data used, generated, or collected
by the base station 170. For example, the memory 358 could store software
instructions or modules configured to implement some or all of the functionality
and/or embodiments described above and that are executed by the BS processing
unit(s) 350.

[0048] Each input/output device 366 permits interaction with a user or other
devices in the network. Each input/output device 366 includes any suitable structure
for providing information to or receiving/providing information from a user, including

network interface communications.
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[0049] It is known that when terrestrial networks (TNs) are integrated with non-
terrestrial networks (NTNs) the result can be that the coverage available to a mobile
device is extended beyond the coverage available using only a terrestrial (cellular)
network. Furthermore, service quality to the mobile device may be enhanced through
the use of an integrated TN and NTN system. It is envisioned that an integrated TN
and NTN system will use a TN to offer a primary service and use an NTN to provide
a secondary service. Airborne TRPs may allow for a regional service boost on-
demand. It may be considered that joint operation of a TN and a NTN in an
integrated system comprising TN components and NTN components will enable a

three-dimensional wireless communication system.

[0050] In a given integrated TN and NTN system, there exist many use case
scenarios that call for so-called “multi-connectivity” between the TN and the NTN. A
big-event scenario may call for on-demand ad hoc facilities in underserved areas. An
urban and sub-urban scenario may be defined by TN coverage that overlaps with
NTN coverage. A public transportation scenario may be defined by passengers on
board a vehicle (e.g., a high-speed train, a regular train, a bus, a river boat) who may

benefit from NTN connectivity in conjunction with TN connectivity.

[0051] The roles and benefits of satellites in 5G (fifth generation) mobile
(terrestrial) networks have been studied by the 3rd Generation Partnership Project
(3GPP). 5G New Radio (NR) is a radio access technology (RAT) developed by the
3GPP for 5G mobile networks. The studies by the 3GPP has led to specific
requirements to support satellite access being captured in a technical specification,
TS22.261 — “Service requirements for next generation new services and markets;
Stage 1.” The technical specification recognizes the added value that satellite

coverage brings, as part of the mix of access technologies for 5G.

[0052] The 3GPP has also released study and work items dedicated to NTNs.
These study and work items investigate and specify solutions enabling 5G NR to
support non-terrestrial networks. Notably, in these study and work items, terrestrial
and non-terrestrial networks are considered separately. That is, TN systems and
NTN systems are deployed independently and a given user equipment (UE) is either

connected to a TN system or connected to a NTN system, but not connected to both.
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[0053] In contrast, aspects of the present application consider an integrated TN
and NTN system, where TN subsystems and NTN subsystems are parts of an
overall wireless network system and a given UE, registered to the overall wireless
network system, can establish a connection to one subsystem or to both

subsystems.

[0054] In the context of an overall wireless network system, aspects of the
present application address jointly operating a cross-subsystem handover for
different use case scenarios. Various factors are considered, including UE mobility,

UE location, UE trajectory, UE connection state and power saving.

[0055] In 5G NR, a UE 110 may operate in one of the following three radio
resource control (RRC) states: an RRC_IDLE state; an RRC_CONNECTED state;
and an RRC_INACTIVE state. In other documentation, these states may be
referenced as “modes”, for example, “RRC_IDLE mode.” When the UE 110 is in the
RRC_CONNECTED state, the UE 110 may be considered to have been connected
to a BS 170 as a result of a connection establishment procedure. When the UE 110
has transitioned to the RRC_IDLE state, say, by way of a release procedure, the UE
110 is not connected to the BS 170, but the BS 170 knows that the UE 110 is
present in the network. By switching to the RRC_INACTIVE state, for example, by
way of a release with suspend procedure, the UE 110 helps save network resources
and UE power (thereby lengthening, for example, perceived UE battery life). The
RRC_INACTIVE state is known to be useful, for example, in those instances when
the UE 110 is not communicating with the BS 170. When the UE 110 is in the
RRC_INACTIVE state, the BS 170 and the UE 110 both store at least some
configuration information to, thereby, allow the UE 110 to reconnect to the BS 170,
by way of a resume procedure, more rapidly than the UE 110 would be able to
reconnect, by way of the connection establishment procedure, in the case wherein
the UE 110 is in the RRC_IDLE state. The storage of at least some configuration
information when the UE 110 is in the RRC_INACTIVE state is one aspect that
distinguishes the RRC_INACTIVE state from the RRC_IDLE state.

[0056] Current mobility management procedures in cellular networks are based
on measurements, made at mobile devices, of reference signals sent by serving and

non-serving base stations. Furthermore, a mobility reporting framework is premised
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around cell-based events. An example of such a cell-based event is an event
wherein a measured strength of a first reference signal from a first base station
becomes greater than a measured strength of a second reference signal from a
second base station. Such cell-based events are typically based on reference signal
received power (RSRP) measurements, with the premise that one of the features of
a link between a base station and a mobile device is that only one end of the link is

mobile.

[0057] In 5G NR, a given UE 110 is expected to perform measurements on
synchronization signal blocks (SSBs) and/or Physical Broadcast Channel (PBCH)
blocks from serving and non-serving base stations 170 at all times. The given UE
110 can, optionally, be configured to perform measurements on a channel state
information reference signal (CSI-RS). The performance of these measurements
may be shown to result in a behavior where the UE 110 always has to detect and
measure signals such as blocks transmitted by non-serving/neighbor base stations
170. Detecting and measuring such blocks may be considered both time-consuming
and power-consuming. Current mobility solutions have been configured to address a
problem known as the “ping-pong effect” wherein a UE 110 at the border of two cells

can bounce between being served by the base stations 170 that define the two cells.

[0058] In overview, aspects of the present application relate to mobility
management of UEs 110 across multiple subsystems of wireless network devices,
such as base-stations, drones, balloons, planes and satellites. In particular, aspects
of the present application address the maintenance of user experiences across the
subsystems. In the context of the present application and as illustrated in FIG. 1,
“subsystem” refers to a part of a single, integrated terrestrial and non-terrestrial RAN.
Although the term subsystem is used in the present application, other terms can be

used equally, such as tier, layer, efc.

[0059] Aspects of the present application relate to a UE 110 switching between a
connection to a BS 170 in one subsystem to a connection to a BS 170 in another
subsystem, in a single, integrated terrestrial and non-terrestrial RAN. Furthermore,
there may be multiple BSs 170 in multiple subsystems in the single, integrated
terrestrial and non-terrestrial RAN. The switch of the connection may take into
consideration the mobility of the UE 110, the location of the UE 110, the trajectory of
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the UE 110, the connection state of the UE 110 and power saving at the UE 110.
These considerations allow the UE 110 in the RRC_CONNECTED state to be
handed over from one subsystem to another subsystem or allow the UE 110 in the
RRC_IDLE state or the RRC_INACTIVE state to switch from association with one
subsystem to association with another subsystem. In both cases, efforts are taken to
reduce physical layer control/data transmission interruption. In this way, the user

experience may be maintained interruption-free and power saving may be realized.

[0060] According to aspects of the present application, the NTN BS 170B may
communicate directly with the TN BS 170A to enable a handover for a UE 110 in the
RRC_CONNECTED state from a connection with the NTN BS 170B to a connection
with the TN BS 170A. Similarly, the NTN BS 170B may communicate directly with
the TN BS 170A to enable a transition of a UE 110 in the RRC_IDLE state or the
RRC_INACTIVE state from an association with the NTN BS 170B to an association
with the TN BS 170A. In addition, in the context wherein the UE 110 is maintaining
more than one connection to different subsystems or BSs 170 of different
subsystems, the UE 110 may maintain only one active connection at a time, the term
“switch” may relate to changing the active connection from one connection to

another connection among the multiple connections.

[0061] In LTE and NR, it is known for direct communication related to UE
handover to take place between base stations over a so-called Xn interface.
However, no such direct communication has yet been defined in current 3GPP NTN
studies and work items. Indeed, there has yet been no definition of an Xn interface,
or other wireless backhaul link, for direct communication between the TN BS 170A
and the NTN BS 170B.

[0062] According to aspects of the present application, a direct communication
link 199 (see FIG. 1) may be established between the NTN BS 170B and the TN BS
170A, thereby enabling joint operation of the TN subsystem 120A and the NTN
subsystem 120B.

[0063] The direct communication link 199 between the NTN BS 170B and the TN
BS 170A may be shown to be more efficient than any of the communication links 190
between the NTN BS 170B and the UE 110. Accordingly, aspects of the present
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application relate to use of the direct communication link 199 between the NTN BS
170B and the TN BS 170A to share configuration parameters useful for controlling a
handover, or for controlling a switch, of a UE 110 between BSs 170. Example
configuration parameters useful for a handover, from an existing connection with a
BS 170 to a new connection with a distinct BS 170, include: beam direction;
preamble assignment; common configuration parameters for the new connection;
and UE-specific configuration parameters for the new connection. Such sharing of
configuration parameters may be shown to lead to improved overall spectral

efficiency and reduced power use for the two BSs 170 and the UE 110.

[0064] Further aspects of the present application relate to the manner that
configuration parameters may be signaled to the UE 110 and the nature of the
configuration parameters. When the UE 110 is in RRC_INACTIVE mode or
RRC_IDLE mode, the manner in which the configuration parameters may be
signaled to the UE 110 may include so-called “common signaling.” That is, the
information is broadcast to all UEs 110 in range of the signaling. When the UE 110 is
in the RRC_CONNECTED mode, the manner in which the configuration parameters
may be signaled to the UE 110 may include so-called “dedicated signaling,” that is,

UE-specific signaling.

[0065] The configuration parameters may include timing advance (TA)
information, Doppler shift, BS 170 position information and satellite ephemeris
information. Satellites are known to transmit information about their location (current
and predicted), timing and “health.” This information is known as ephemeris data.
Notably, such ephemeris data is not provided in relation to a conventional handover
procedure in LTE or 5G NR. Indeed, ephemeris data is irrelevant in terrestrial

networks, because the position of each BS 170 is fixed.

[00686] Further aspects of the present application relate to activation and
deactivation of measurements relative to the other subsystem, for power saving
purposes. For example, the UE 110 may perform mobility measurements with
respect to only NTN base stations 170, may perform mobility measurements with
respect to only TN base stations 170 or may perform mobility measurements with

respect to both NTN base stations 170 and TN base stations 170.
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[0067] A UE 110 with limited processing capability cannot be expected to
monitor, all at once, radio links on, e.g., a cellular network, a wireless network based
on drones, a wireless network based on planes and a wireless network based on
satellites. It should be well understood that such extensive monitoring would cause
the UE 110 to drain its battery.

[0068] According to aspects of the present application, a given BS 170 can
instruct the UE 110 to detect and measure only certain physical layer links by
activating and deactivating mobility measurements on given mobility reference

signals related to one of the subsystems.

[0069] The UE 110 may select, during a beam-based cell search in an initial
access procedure, a serving airborne NTN BS 170 based on downlink (DL) RSRP

measurements of a received Random Access Response (RAR) message.

[0070] An access point (e.g., the TN BS 170A) belonging to a second subsystem
may receive feedback from one or multiple access points (e.g., the NTN BS 170B)
belonging to a first subsystem. The feedback may relate to the quality of received
uplink (UL) signals (e.g., preambles). The access point belonging to the second
subsystem may select, on the basis of the received feedback, a serving node for the

second subsystem and inform the UE 110 of the selection.

[0071] Still further aspects of the present application relate to the UE 110
sending multiple random access request (RAR) messages to several BSs 170. The
UE 110 may be capable of handling, either directly or while employing help from a
BS 170, a situation wherein multiple random access response messages are
received. This is not the case in either LTE or 5G NR, wherein a certain BS 170 is
targeted with random access attempts. The motivation for the multiple random
access request messages is that a BS 170 having an optimum downlink towards the
UE 110 may not necessarily be the best BS 170 to receive the random access

response message, especially when beam-based access is used.

[0072] Consider NR multi-TRP handover from a source BS to a target BS. Here,
the term “NR multi-TRP handover” is assumed to refer to beam-based NR handover.
It is known that an NR multi-TRP handover involves a beam sweeping operation at

the UE. That is, the UE restricts attempts to receive signals from the target BS to a
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narrow angular section centered around an angular direction and then repeats the
attempt in a wide variety of angular directions. In contrast, aspects of the present
application promote using, at the UE 110, the information provided during the
configuration. Of particular use to the UE 110 is the information about the position
and trajectory/satellite ephemeris for a BS 170. Using such information, the UE 110
can directly steer preamble transmissions towards, that is, can direct a beam
towards, a specific BS 170 without incurring the delay associated with the beam

sweeping operation known in NR.

[0073] In some embodiments, a range of angular directions may be in the form of
a set of quantized angular directions. The angular range may correspond to a certain
region of space. In some embodiments, the angular range might only carry
information in an absolute way about the upper bound and the lower bound of the
angular directions to be used by the UE. Individual quantized angular directions
within the indicated angular range may be determined by the UE, e.g., by uniformly
distributing quantized angular directions in the angular range. As another example, a
set of quantized angular directions may be explicitly indicated to the UE with the
complete set of quantized angular directions corresponding to individual angular
directions in an absolute way. This may represent a more complete representation of
the region of space that the UE is indicated about because the lower bound of the
angular direction, the upper bound of the angular direction, and the resolution of

each angular direction is explicitly provided.

[0074] In some embodiments, beams refer to spatial filters. Spatial filters are
signal processing techniques applied by devices such as a UE, a T-TRP, or an NT-
TRP for the purpose of directional communication, e.g., so that the UE or the T-TRP
or NT-TRP can transmit or receive physical layer signals or channels in a certain
region of space. In some embodiments, directional communication refers to
communication where beamforming is used by devices such as a UE, a T-TRP, or
an NT-TRP. In wireless communications, such spatial filtering is used to, e.g., focus
energy in a certain region of space. One example of spatial filtering in wireless
communications is called digital precoding, where different physical layer signals
carrying data streams are transmitted using multiple antennas and the different

antennas use different digital phase shifts such that when the physical layer signals
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are transmitted over the air using the multiple antennas, the signal waves add up
constructively in a certain region of space, e.g., where the UE is located. Another
example of spatial filtering is analog beamforming where different physical layer
signals are transmitted using multiple antennas and the different antennas use
different analog phase shifts such that when the physical layer signals are
transmitted over the air using the multiple antennas, the signal waves add up
constructively in a certain region of space, e.g., where the UE is located. Another
example of spatial filtering is hybrid beamforming, which uses a combination of both
digital and analog beamforming to perform signal processing such that signal waves

add up constructively in a certain region of space.

[0075] In NR, beam sweeping is carried out during initial access. The beam
sweeping is based on a predefined codebook of angular directions that cover an
entire angular space and are used by the BS to sequentially transmit SSBs. In a
process called “beam determination,” the UE 110 may select a “best” direction.
Alternatively, beam determination may involve the UE 110 being informed, by the
source BS, of a “best” direction. After beam determination, the UE 110 waits for the
target BS to schedule a random access channel (RACH) transmission opportunity

towards the best direction.

[0076] Notably, beam determination can be helped by the source BS in the case
of contention-free handover, that is, the UE 110 does not have to determine the best
beam towards the target BS by relying on SSB detection. This is because of an
implicit association between SSBs and RACH opportunities. This process may
require an additional complete directional sweep by the target BS, thus further
increasing the time taken to complete the handover. Notably, LTE does not support

beam-based initial access or beam-based handover.

[0077] It may be shown that network resilience, power saving and lower latency
can be achieved through aggregating a secondary connection with a primary
connection. Both the primary connection and the secondary connection can be
activated simultaneously or one of the connections can be semi-

statically/dynamically activated/deactivated.
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[0078] Aspects of the present application relate to exploiting the direct
communication link 199 between the NTN BS 170B and the TN BS 170A (see FIG.
1) to, thereby, enable a UE 110 to efficiently switch from a connection with the TN
BS 170A to a connection with the NTN BS 170B or vice versa under different
scenarios. The procedures embodying aspects of the present application stand in

contrast to conventional solutions for inter/intra-RAN handover procedures.

[0079] FIG. 4 illustrates a scenario in which the TN BS 170A has a TN service
area 400A (also known as a “cell’). FIG. 4 illustrates that a first non-terrestrial BS
170B-1 has afirst NTN service area 400B-1, a second non-terrestrial BS 170B-2 has
a second NTN service area 400B-2 and a third non-terrestrial BS 170B-3 has a third
NTN service area 400B-3. An example UE 110 is illustrated in FIG. 4 as moving from
the TN service area 400A to the first NTN service area 400B-1.

[0080] In 5G NR, a UE 110 may operate in one of the following three radio
resource control (RRC) states: an RRC_IDLE state; an RRC_CONNECTED state;
and an RRC_INACTIVE state. In other documentation, these states may be
referenced as “modes”, for example, “RRC_IDLE mode.” When the UE 110 is in the
RRC_CONNECTED state, the UE 110 may be considered to have been connected
to a BS 170 as a result of a connection establishment procedure. When the UE 110
has transitioned to the RRC_IDLE state, say, by way of a release procedure, the UE
110 is not connected to the BS 170, but the BS 170 knows that the UE 110 is
present in the network. By switching to the RRC_INACTIVE state, for example, by
way of a release with suspend procedure, the UE 110 helps save network resources
and UE power (thereby lengthening, for example, perceived battery life). The
RRC_INACTIVE state is known to be useful, for example, in those instances when
the UE is not communicating with the BS 170. When the UE is in the
RRC_INACTIVE state, the BS 170 and the UE both store at least some configuration
information to, thereby, allow the UE 110 to reconnect to the BS 170, by way of a
resume procedure, more rapidly than the UE 110 would be able to reconnect, by way
of the connection establishment procedure, in the case wherein the UE 110 is in the
RRC_IDLE state. The storage of at least some configuration information when the
UE 110 is in the RRC_INACTIVE state is one aspect that distinguishes the
RRC_INACTIVE state from the RRC_IDLE state.
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[0081] When the UE 110 in FIG. 4 is in the RRC_IDLE state or the
RRC_INACTIVE state, the UE 110 may receive common configuration signaling
from the TN BS 170A. For example, the common configuration signaling may be
received, by the UE 110, using higher layer signaling, such as RRC signaling. In
view of FIG. 4, the TN BS 170A may be understood to maintain a direct
communications link 402-1 to the first NTN BS 170B-1, a direct communications link
402-2 to the second NTN BS 170B-2 and a direct communications link 402-3 to the
third NTN BS 170B-3. Accordingly, in the network illustrated in FIG. 4, the TN BS
170A may broadcast common configuration signaling containing information specific
to the three NTN base stations 170B.

[0082] Example configuration parameters included, by the TN BS 170A in the
broadcast common configuration signaling, may include: common timing advance
(TA) information; Doppler shift information; common RACH configuration information;
NTN BS 170B position information; NTN BS 170B trajectory information; NTN BS

170B satellite ephemeris information; and DL timing synchronization information.

[0083] FIG. 5 illustrates, in a signal flow diagram, communication exchange
between the UE 110, the TN BS 170A and the three NTN base stations 170B of FIG.
4 with the pre-condition that the UE 110 is in the RRC_IDLE state or the
RRC_INACTIVE state.

[0084] Initially, the TN BS 170A transmits (step 502) to one or more NTN base
stations 170B, a SwitchRequest message indicating that the UE 110 is going to
switch to the NTN subsystem. The TN BS 170A then receives (step 504), from the

one or more NTN base stations 170B, a SwitchRequestAcknowledge message.

[0085] Subsequently, the TN BS 170A broadcasts (step 506) common
configuration signaling carrying details for the three NTN base stations 170B. The
UE 110 receives (step 508) the common configuration signaling and may store the
information contained therein in the UE memory 208. The UE 110 may then select
(step 510) a RACH preamble, that is, a preamble for transmission over a physical
random access channel (a “PRACH”). The UE 110 may then transmit (step 512) the
preamble to each of the three NTN base stations 170B. In particular, when

transmitting (step 512) a beam carrying the preamble in the direction of a particular
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one of the NTN base stations 170B, the UE 110 may use a rough TA adjustment and
a Doppler compensation based on the common TA information and Doppler shift
information specific to the particular one of the NTN base stations 170B included in
the common configuration signaling specific to the particular one of the NTN base
stations 170B. Notably, the number of NTN base stations 170B to which the UE 110

transmits (step 512) the preamble is optional.

[0086] In response to the transmission (step 512) of the preamble over the
PRACH, the UE 110 may receive (step 514) an RAR message from each of the NTN
base stations 170B to which the preamble was transmitted. Each RAR message is
expected to contain fine-tuned timing advance information and Doppler shift
corrections corresponding to the NTN base stations 170B from which the RAR

message is received.

[0087] The UE 110 then selects (step 516) one of the NTN base stations 170B
from which an RAR message has been received. The selecting (step 516) may be
based on comparing a DL RSRP measurement of the RAR-carrying signal from each
of the NTN base stations 170B from which an RAR message has been received.
Upon selecting (step 516) a particular NTN BS 170B, the UE 110 transmits (step
518), on a physical uplink shared channel (PUSCH), a UE identifier (ID) to the
particular NTN BS 170B. The UE ID may, for one example, be implemented as a
Cell Radio Network Temporary Identifier (C-RNTI). The UE identifier may, for
another example, be implemented as a core network ID. When transmitting (step
518) the UE ID on the PUSCH, the UE 110 may use resources specified in the
corresponding RAR message. Additionally, when transmitting (step 518) the UE ID
on the PUSCH, the UE 110 may adjust the TA according to the fine tuning

information in the corresponding RAR message.

[0088] The selected NTN BS 170B that receives the UE ID may respond with a
contention resolution message. The selected NTN BS 170B may base aspects of the

contention resolution message on the received UE ID.

[0089] In the case wherein the UE 110 has indicated the UE ID as a C-RNTI, the
selected NTN BS 170B may transmit the contention resolution message using a

physical downlink control channel (PDCCH) while specifying the C-RNTI.
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[0090] In the case wherein the UE 110 has not indicated the UE ID as a C-RNTI,
perhaps because the UE 110 does not have a valid C-RNTI, the selected NTN BS
170B may transmit the contention resolution message using a physical downlink
control channel (PDCCH) while specifying a temporary C-RNTI (i.e., a “TC-RNTI").
Indeed, a TC-RNTI may have been proposed to the UE 110, by the selected NTN
BS 170B, in the RAR message. The selected NTN BS 170B may transmit the
contention resolution message over a physical downlink shared channel (PDSCH)
associated with the PDCCH.

[0091] The UE 110 receives (step 520) the contention resolution message and
extracts an indication of a UE ID. The UE 110 then compares the extracted UE ID to
the UE ID transmitted in step 518. Upon determining that the extracted UE ID from
the contention resolution message received in step 520 matches the UE ID
transmitted in step 518, the UE may declare the contention resolution successful and

transmit (step 522) an acknowledgement to the selected NTN BS 170B.

[0092] Use of the signal flow illustrated in FIG. 5 may be shown to result in
smooth subsystem mobility for UEs 110 in the RRC_IDLE state or the
RRC_INACTIVE state. Such UEs 110 can be transferred, in this way, from one
subsystem to another subsystem in an apparently seamless manner, wherein the
user experience appears interruption-free. Subsequent to the transfer, the UE 110
may remain in the RRC_IDLE state or the RRC_INACTIVE state. Alternatively, the
UE 110 may perform a well-known initial access procedure to transition to the
RRC_CONNECTED state.

[0093] Conveniently, the subsystem mobility is controlled by the TN BS 170A.
The TN BS 170A determines which NTN BS 170B the UE 110 is potentially handed
over to. Accordingly, the UE 110 need not waste time and/or processing power
detecting radio links and measuring the detected radio links from subsystems on
which the UE 110 has not been activated or configured to detect NTN radio links and

SSBs, or carry out measurements with respect to NTN reference signals.

[0094] Foregoing aspects of the present application approach mobility
management in integrated TN and NTN networks by providing a framework wherein
the TN BS 170A can facilitate transferring a UE 110 that is in the RRC_IDLE state or
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the RRC_INACTIVE state from TN to NTN, while reducing switching delays. Beam
sweeping efforts in beam-based communications are also reduced, because the UE
110 does not have to detect SSBs from all of the NTN BSs 170B in the NTN
subsystem. Indeed, the UE 110 can rely on information broadcast by the TN BS
170A to directly beamform preamble transmissions (step 512) in the direction of a
certain subset of NTN BSs 170B.

[0095] In contrast to steps (see FIG. 5) taken when the UE 110 is in the
RRC_IDLE state or the RRC_INACTIVE state, FIG. 6 illustrates, in a signal flow
diagram, communication exchange between the UE 110, the TN BS 170A and the
three NTN base stations 170B of FIG. 4 with the pre-condition that the UE 110 is in
the RRC_CONNECTED state.

[0096] Because the UE 110 is in the RRC_CONNECTED state with respect to
the TN BS 170A, it may be assumed that the UE 110 has performed an initial access
procedure. As part of the initial access procedure, it is expected that the UE 110
received initial configuration parameters from the TN BS 170A regarding mobility
measurements. The UE 110 can use the initial configuration parameters when

detecting and measuring mobility reference signals from other TN BSs 170A.

[0097] The initial configuration parameters can be provided, by the TN BS 170A,
to the UE 110 using, e.g., higher-layer signaling. The signaling may be in the form of
resource sets and resources provided for each subsystem. That is, resource sets
and resources may be provided for the TN subsystem 120A and resource sets and

resources may be provided for the NTN subsystem 120B.

[0098] Each configuration of resources to be used for mobility measurements
can carry information such as resource identity, timeffrequency location,
measurement periodicity, sequence generation, efc. Subsystem information, e.g.,
subsystem type (terrestrial, non-terrestrial) and subsystem identity, can be provided
per resource or per resource set. Alternatively, resources and resource sets can be
configured specifically per subsystem. An example 700 of a mobility resource

configuration provided by higher-layer signaling is given in FIG. 7.
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[0099] FIG. 6 illustrates, in a signal flow diagram, communication exchange
between the UE 110, the TN BS 170A and the three NTN base stations 170B of FIG.
4 with the pre-condition that the UE 110 is in the RRC_CONNECTED state.

[0100] Initially, the TN BS 170A transmits (step 602), to one or more NTN base
stations 170B, a SwitchRequest message indicating that the UE 110 is going to
switch to the NTN subsystem. The TN BS 170A then receives (step 604), from the

one or more NTN base stations 170B, a SwitchRequestAcknowledge message.

[0101] Subsequently, the TN BS 170A transmits (step 606), to the UE 110,
device-specific RRC signaling, such as an RRCReconfiguration message. The
device-specific RRC signaling may include configuration parameters, such as a fine
TA adjustment indication, a Doppler shift indication, a dedicated RACH configuration
Information Element (IE), a trajectory or some satellite ephemeris for the NTN BSs
170B and a New C-RNTI. The UE 110 receives (step 608) the device-specific RRC

signaling and may store the information contained therein in the UE memory 208.

[0102] The UE 110 may then transmit (step 610) a preamble to each of the three
NTN base stations 170B. In particular, when transmitting (step 610) a beam carrying
the preamble in the direction of a particular one of the NTN base stations 170B, the
UE 110 may use the fine TA adjustment indication and the Doppler shift indication
specific to the particular one of the NTN base stations 170B that was included in the
device-specific RRC signaling. In contrast to the case illustrated in FIG. 5,
corresponding to the UE 110 being in in the RRC_IDLE state or the RRC_INACTIVE
state, rather than the UE 110 selecting (step 510) a preamble, the UE 110 receives
the preamble, from the TN BS 170A, in the device-specific RRC signaling received in
step 608. In common with the case illustrated in FIG. 5, the number of NTN base

stations 170B to which the UE 110 transmits (step 610) the preamble is optional.

[0103] The UE 110 may calculate a distinct Radio Network Temporary Identifier
(“UE_RA_RNTI") based on the time of transmitting (step 610) each preamble.
Additionally, each NTN BS 170B calculates a distinct Radio Network Temporary
Identifier (‘gNB_RA_RNT/”) based on the time of receiving the preamble over the
PRACH.
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[0104] In response to receiving the preamble transmission (step 610), each of
the NTN base stations 170B optionally transmits a feedback signal to the TN BS
170A. The TN BS 170A subsequently receives (step 612) the feedback signal from
each of the NTN base stations 170B that has transmitted a feedback signal. The
feedback signal includes an indication of a measurement of signal quality for the
preamble received, from the UE 110, by each NTN BS 170B.

[01085] The TN BS 170A then selects (step 614) one of the NTN base stations
170B. The selecting (step 614) may be based on comparing the measurement of
preamble signal quality received, in the feedback signal, from each of the NTN base
stations 170B for which a feedback signal has been received. Upon selecting (step
614) a particular NTN BS 170B, the TN BS 170A transmits (step 616) an indication,
to the particular NTN BS 170B, where the indication specifies that the particular NTN
BS 170B has been selected.

[0108] Responsive to receiving the indication, the particular NTN BS 170B
transmits an RAR message to the UE 110. Upon receiving (step 618) the RAR
message, the UE 110 decodes the RAR message using an RA_RNTI value. The UE
110 may determine the RA_RNTI value by determining a difference between the UE
value and the BS value, i.e., RA_RNTI = UE_RA_RNTI - gNB_RA_RNTI. The UE
110 may then transmit (step 620) an acknowledgement to the selected NTN BS
170B. The acknowledgement may take the form of a RRCReconfigurationComplete

message.

[0107] Use of the signal flow illustrated in FIG. 6 may be shown to result in
smooth subsystem mobility for UEs 110 in the RRC_CONNECTED state. Such UEs
110 can be transferred, in this way, from one subsystem to another subsystem in an

apparently seamless manner, wherein the user experience appears interruption-free.

[0108] Conveniently, the subsystem mobility is controlled by the TN BS 170A.
The TN BS 170A controls to which NTN BS 170B the UE 110 is potentially handed
over. Accordingly, the UE 110 need not waste time and/or processing power

detecting radio links and measuring the detected radio links from subsystems.

[0109] Foregoing aspects of the present application approach mobility

management in integrated TN and NTN networks by providing a framework wherein
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the TN BS 170A can facilitate transferring a UE 110 that is in the
RRC_CONNECTED state from TN to NTN, while reducing handover delays. Beam
sweeping efforts in beam-based communications are also reduced, because the UE
110 does not have to detect SSBs from NTN BSs 170B. Indeed, the UE 110 can rely
on information broadcast by the TN BS 170A to directly beamform preamble

transmissions (step 610) in the direction of a certain subset of NTN BSs 170B.

[0110] FIG. 8 illustrates a scenario in which the TN BS 170A has a TN service
area 800A. FIG. 8 illustrates that a NTN BS 170B has a NTN service area 800B. An
example UE 110 is illustrated in FIG. 8 as moving from the NTN service area 800B
to the TN service area 800A.

[0111] FIG. 9 illustrates, in a signal flow diagram, communication exchange
between the UE 110, the TN BS 170A and the NTN BS 170B of FIG. 8 with the pre-
condition that the UE 110 is in the RRC_IDLE state or the RRC_INACTIVE state.

[0112] In the cases wherein the UE 110 is in the RRC_IDLE state or in the
RRC_INACTIVE state, the NTN BS 170B transmits (step 902), to the UE 110, a
notification 804. The notification 804 is designed to inform the UE 110 that the UE
110 is about to enter the TN service area 800A of the TN BS 170A. The notification
804 may be transmitted (step 902) in the form of a paging message. The receipt of
the notification 804 (in the paging message) may be preceded by receipt of a
PDCCH (not shown) scrambled with a common paging identifier. The common
paging identifier may, for example, take the form of a paging radio network
temporary identifier (P-RNTI). The PDCCH may provide scheduling information for a
PDSCH carrying the notification 804 (in the paging message).

[0113] Upon receiving (step 904) the notification 804, the UE 110 may respond to
the notification 804 by activating a cell reselection or initial cell selection procedure.
Such a cell reselection or initial cell selection procedure may include performing
measurements on signals received from various TN BSs 170 that define candidate

TN cells (TN service areas).

[0114] Recall that, in LTE, the frequency domain position of a Primary
Synchronization Signal (PSS) and a Secondary Synchronization Signal (SSS) is

fixed around carrier center frequency. In 5G NR, based on the frequency band, a set
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of possible frequency locations for SSBs are defined and this set is called a
synchronization raster. The UE 110 may limit a search for SSBs to the plurality of

frequencies in this raster.

[0115] The UE 110 may receive (step 906) a TN cell-defining SSB (CD-SSB) 806
associated with the TN service area 800A that includes the TN BS 170A. The
frequency on which the CD-SSB 806 is received by the UE 110 is understood to be
among a plurality of frequencies in a TN synchronization raster maintained by the UE
110. The UE 110 may determine that the CD-SSB 806 has a RSRP that is larger, by
a predefined threshold, than the RSRP of a current NTN CD-SSB (not shown)
received from the NTN BS 170B.

[0116] Furthermore, the UE may receive (step 910), from the TN BS 170A, a
system information message 810. The system information message 810 may be
implemented as a TN system information block (SIB1). Notably, the TN BS 170A
broadcasts the SIB or SIB1 810 to all UEs 110 in the TN service area 800A. The
received TN SIB1 810 includes cell access related information and, in particular,
Public Land Mobile Network (PLMN) information. PLMN information is known to
include a tracking area code parameter, a RAN area code parameter and a Cell
Identity parameter. The tracking area code parameter indicates a specific tracking
area code to which the cell indicated by cell identity parameter belongs. The RAN
area code parameter is used to identify a RAN area within the scope of a Tracking

Area. The cell identity parameter is used to identify a cell within a PLMN.

[0117] The receipt of the TN SIB1 810 may be preceded by receipt of a PDCCH
scrambled with a common system information identifier. The PDCCH may provide
scheduling information for a PDSCH carrying the TN SIB1 810. The common system
information identifier may be a system information radio network temporary identifier
(SI-RNTI).

[0118] Because, in the context of FIG. 9, the UE 110 is in the RRC_IDLE state or
in the RRC_INACTIVE state, the interaction may end, temporarily, with the receiving
(step 910) of the TN SIB1 810. The UE 110 may, in future, transition into the
RRC_CONNECTED state by negotiating a connection with the TN BS 120A using a

well-known connection establishment procedure.

29



10

15

20

25

WO 2022/226853 PCT/CN2021/090779

[0119] FIG. 10 illustrates, in a signal flow diagram, communication exchange
between the UE 110, the TN BS 170A and the NTN base station 170B of FIG. 8 with
the pre-condition that the UE 110 is in the RRC_CONNECTED state.

[0120] In the cases wherein the UE 110 is in the RRC_CONNECTED state, the
NTN BS 170B transmits (step 1002) a configuration message the UE 110. The
configuration message may indicate intra-frequency measurements and inter-
frequency measurements for the UE 110 to perform with respect to TN mobility.
Upon receiving (step 1004) the configuration message, the UE 110 may be caused

to perform mobility measurements of SSBs and CSI-RSs.

[0121] To save power at the UE 110, the NTN BS 170B may delay activating the
performance of mobility measurements at the UE 110 until the UE 110 moves
relatively close to the edge of the NTN coverage area 800B. The configuration
message may include an assignment of a dedicated preambile (i.e., a preamble for
transmission over a dedicated PRACH) to the UE 110. Accordingly, the UE 110 may
transmit (step 1006) the dedicated preambile to initiate a contention-free handoff in a
manner similar to the procedure described in conjunction with the signal flow

diagram illustrated in FIG. 6.

[0122] Responsive to receiving the preamble, the TN BS 170A transmits an RAR
message to the UE 110. Upon receiving (step 1010) the RAR message, the UE 110
decodes the RAR message. The UE 110 may then transmit (step 1012) an
acknowledgement to the TN BS 170A.

[0123] Use of the signal flow illustrated in FIG. 10 may be shown to result in
smooth subsystem mobility for UEs 110 in the RRC_CONNECTED state. Such UEs
110 can be transferred, in this way, from one subsystem to another subsystem in an

apparently seamless manner, wherein the user experience appears interruption-free.

[0124] Conveniently, the subsystem mobility is controlled by the NTN BS 170B.
The NTN BS 170B controls to which TN BS 170A the UE 110 is potentially handed
over. Accordingly, the UE 110 need not waste time and/or processing power

detecting radio links and measuring the detected radio links from subsystems.
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[0125] Foregoing aspects of the present application approach mobility
management in integrated TN and NTN networks by providing a framework wherein
the NTN BS 170B can facilitate transferring a UE 110 that is in the
RRC_CONNECTED state from NTN to TN, while reducing handover delays. Beam
sweeping efforts in beam-based communications are also reduced, because the UE
110 does not have to detect SSBs from TN BSs 170A. Indeed, the UE 110 can rely
on information received (step 1004) from the NTN BS 170B to directly beamform
preamble transmissions (step 1006) in the direction of the TN BS 170A.

[01286] FIG. 11 illustrates a scenario in which the TN BS 170A has a TN service
area 1100A. FIG. 11 illustrates that a NTN BS 170B has a NTN service area 1100B.
An example UE 110 is illustrated in FIG. 8 as present in the NTN service area 800B

and in the TN service area 800A.

[0127] Because the UE 110 is present in the NTN service area 800B and in the
TN service area 800A, various functions, such as cell search functions and initial
access functions may be shared between the TN and the NTN. Even when the TN
service area 1100A and the NTN service area 1100B do not overlap (not shown),
some functions can be shared. For example, the UE 110 only needs to perform initial
access and registration in one connection. Additionally, some measurements

information can be shared between connections.

[0128] FIG. 12 illustrates, in a signal flow diagram, communication exchange
between the UE 110, the TN BS 170A and the three NTN base stations 170B of FIG.
11. In the scenario illustrated in FIG. 11, the UE 110 may be considered to already
maintain some connection to the terrestrial subsystem 120A and to the non-
terrestrial subsystem 120B. However, the connection state of the UE 110 with
respect to each subsystem is undefined. Indeed, there is incentive, here, to define a

new RRC connection state for use in future integrated networks.

[0129] The UE 110 can activate an existing connection to the NTN BS 170B on
the basis of a command received from the TN BS 170A. The TN BS 170A may
transmit (step 1202) an activation command to the UE 110. In one example, the
activation command may be received (step 1204) in the form of RRC signaling

specific to the UE 110. In other examples, the activation command may be received
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(step 1204) in the form of a MAC CE command in a PDSCH or via downlink control
information (DCI) in a PDCCH. Upon receiving (step 1204) the activation command,
the UE 110 may communicate (step 1206) with the NTN BS 170B over an activated
connection. The activation command provides the benefit of speeding up the UE 110
obtaining access to the non-terrestrial subsystem 120B and saves power at the UE
110.

[0130] The UE 110 can be dynamically switched between maintaining an active
connection with the TN BS 170A and maintaining an active connection with the NTN
BS 170B depending on RSRP measurements. In aspects of the present application,
maintaining an active connection to the TN BS 170A may be prioritized by the UE
110. This prioritization may be accomplished by imposing a RSRP threshold bias to
favor the UE 110 connection with the TN BS 170A. The UE 110 may be switched
from the TN BS 170A to the NTN BS 170B by the TN BS 170A according to some

criteria, such as load balancing, power saving, efc.

[0131] Use of the signal flow illustrated in FIG. 12 may be shown to result in
smooth subsystem mobility for UEs 110 in the RRC_IDLE state, the RRC_INACTIVE
state or the RRC_CONNECTED state. Such UEs 110 can be transferred, in this
way, from one subsystem to another subsystem in an apparently seamless manner,

wherein the user experience appears interruption-free.

[0132] Conveniently, the subsystem mobility is controlled by the NTN BS 170B.
The NTN BS 170B controls to which TN BS 170A the UE 110 is potentially handed
over. Accordingly, the UE 110 need not waste time and/or processing power

detecting radio links from subsystems and measuring the detected radio links.

[0133] It should be appreciated that one or more steps of the embodiment
methods provided herein may be performed by corresponding units or modules. For
example, data may be transmitted by a transmitting unit or a transmitting module.
Data may be received by a receiving unit or a receiving module. Data may be
processed by a processing unit or a processing module. The respective
units/modules may be hardware, software, or a combination thereof. For instance,
one or more of the units/modules may be an integrated circuit, such as field

programmable gate arrays (FPGAs) or application-specific integrated circuits
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(ASICs). It will be appreciated that where the modules are software, they may be
retrieved by a processor, in whole or part as needed, individually or together for
processing, in single or multiple instances as required, and that the modules

themselves may include instructions for further deployment and instantiation.

[0134] Although a combination of features is shown in the illustrated
embodiments, not all of them need to be combined to realize the benefits of various
embodiments of this disclosure. In other words, a system or method designed
according to an embodiment of this disclosure will not necessarily include all of the
features shown in any one of the Figures or all of the portions schematically shown
in the Figures. Moreover, selected features of one example embodiment may be

combined with selected features of other example embodiments.

[0135] Although this disclosure has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense.
Various modifications and combinations of the illustrative embodiments, as well as
other embodiments of the disclosure, will be apparent to persons skilled in the art
upon reference to the description. It is therefore intended that the appended claims

encompass any such modifications or embodiments.
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WHAT IS CLAIMED IS:

1. A method of managing a user equipment mobility in a radio access network, the

method comprising:

communicating, from a first device, a message to a second device, wherein
one of the first device and the second device is a non-terrestrial device and

the other of the first device and the second device is a terrestrial device; and

providing, to the user equipment, configuration parameters related to

access, by the user equipment, to the second device.

2. The method of claim 1, further comprising receiving an acknowledgement of the
message.

3. The method of any of claims 1 to 2, wherein the providing comprises

broadcasting common configuration signaling.

4. The method of claim 3, wherein the user equipment is in RRC_IDLE state or
RRC_INACTIVE state.

5. The method of claim 4, wherein the configuration parameters comprise common

timing advance information.

6. The method of any of claims 4 to 5, wherein the configuration parameters

comprise Doppler shift information.

7. The method of any of claims 4 to 6, wherein the configuration parameters

comprise random access channel configuration information.

8. The method of any of claims 4 to 7, wherein the configuration parameters

comprise position information for the second device.

9. The method of any of claims 4 to 8, wherein the configuration parameters

comprise satellite ephemeris information.

10. The method of any of claims 4 to 9, wherein the configuration parameters

comprise satellite trajectory information.
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11. The method of any of claims 1 to 10, wherein the providing comprises

transmitting radio resource control signaling that is specific to the user equipment.

12. The method of claim 11, wherein the user equipment is in RRC_CONNECTED

state.

13. The method of claim 12, wherein the configuration parameters comprise fine

timing advance information.

14. The method of any of claims 12 to 13, wherein the configuration parameters

comprise Doppler shift information.

15. The method of any of claims 12 to 14, wherein the configuration parameters

comprise random access channel configuration information.

16. The method of any of claims 12 to 15, wherein the configuration parameters

comprise preamble information specific to the user equipment.

17. The method of any of claims 12 to 16, wherein the configuration parameters

comprise satellite ephemeris information.

18. The method of any of claims 12 to 17, wherein the configuration parameters

comprise satellite trajectory information.

19. The method of any of claims 12 to 18, further comprising providing, to the user

equipment, a Cell Radio Network Temporary Identifier.

20. The method of any of claims 1 to 19, further comprising receiving, from the
second device, feedback based on a signal received, at the second device, from the

user equipment.

21. The method of claim 20, further comprising receiving, from a further device,

feedback based on a signal received, at the further device, from the user equipment.

22. The method of claim 21, further comprising selecting, from among the second
device and the further device, and based on the received feedback, a selected

device.
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23. The method of claim 22, further comprising transmitting, to the selected device,

an indication specifying that the selected device has been selected.
24. A first device in a radio access network, the device comprising:
a memory storing instructions;
a receiver;
a transmitter; and

a processor configured, by executing the instructions, to perform the method

of any of claims 1 to 23.

25. A method for a user equipment in a radio access network, the method

comprising:

receiving, from a first device, a notification, the notification activating, at the

user equipment, a cell reselection or initial cell selection procedure;

detecting, during the cell reselection or initial cell selection procedure, a cell-
defining synchronization signal block from a second device, wherein one of
the first device and the second device is a non-terrestrial device and the

other of the first device and the second device is a terrestrial device; and
receiving, from the second device, a system information message.

26. The method of claim 25, wherein the receiving the system information message
comprises receiving a physical downlink control channel scrambled with a common
system information identifier scheduling a physical downlink shared channel carrying

a system information block.

27. The method of claim 26, wherein the common system information identifier is

system information radio network temporary identifier.

28. The method of any of claims 25 to 27, wherein the receiving the notification

comprises receiving a paging message.
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29. The method of claim 28, wherein receiving the paging message comprises
receiving a physical downlink control channel scrambled with a common paging

identifier scheduling a physical downlink shared channel carrying the notification.

30. The method of claim 29, wherein the common paging identifier comprises a

paging radio network temporary identifier.

31. The method of any of claims 25 to 30, wherein the system information block

includes information about tracking.

32. The method of any of claims 25 to 31, wherein the system information block

includes information about radio access network areas.

33. The method of any of claims 25 to 32, further comprising, responsive to receiving
the notification, activating measurements on a candidate cell defined by the second

device.

34. The method of any of claims 25 to 33, wherein the first device comprises an

airborne device.

35. The method of any of claims 25 to 34, wherein the first device comprises a

spaceborne device.

36. The method of any of claims 25 to 35, further comprising receiving an

assignment of a dedicated preamble.

37. The method of claim 36, further comprising initiating a contention-free random

access procedure to the second device using the dedicated preamble.

38. The method of claim 37, wherein the notification includes an indication of a beam

direction for transmitting the dedicated preamble to the second device.

39. The method of any of claims 37 to 38, wherein the notification includes an
indication of common configuration parameters for initiating the contention-based

random access procedure to the second device.
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40. The method of any of claims 37 to 39, wherein the notification includes an
indication of user-equipment-specific configuration parameters for initiating a random

access procedure to the second device.
41. A user equipment in a radio access network, the user equipment comprising:
a memory storing instructions;

a processor configured, by executing the instructions, to perform the method

of any of claims 25 to 40.
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