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SS5B MULTIPLEXING AND RMSI MONITORING IN NR-U

CROSS-REFERENCE TO RELATED APPLICATIONS

[8661] This application claims the benefit of U1.8. Provisional Patent Application No. 62/628,071,
entitled, “SSB MULTIPLEXING AND RMSI MONITORING IN NR-U,” filed on Febmary
& 2018; and U.S. Non-Provisional Patent Application 16/268,278, entitled, “S&B
MULTIPLEXING AND RMSI MONITORING IN NR-U,” filed on February 5, 2019, the
disclosure of both are hereby incerporated by reference in their entirety as if fully set forth
below and for all applicable purposes. |

BACKGROUND

Field

[0002] Aspects of the present disclosure relate generally to wireless communication systems, and more
particularly, to synchronization signal block (SSB) multiplexing and remaining material system
information (RMSI) monitoring in new radio unlicensed (NR-U) networks.
Background

[8003] Wireless communication networks are widely deployed to provide various conumnunication
services such as voice, video, packet data, messaging, broadeast, and the like. These wircless
networks may be multiple-access networks capable of supporting multiple users by sharing the
available network resources. Such networks, which are usually multiple access networks,
support communications for multiple users by sharing the available network resources. One
example of such a network is the Universal Terrestrial Radic Access Network (UTRAN). The
UTRAN is the radio access network (RAN) defined as a part of the Universal Mobile
Telecommunications System (UMTS), a third generation (3G) mobile phone technology
supported by the 3rd Generation Partnership Project (3GPP). Examples of multiple-access
network formats include Code Division Multiple Access (CDMA) networks, Time Division
Multiple Access (TDMA) networks, Freguency Division Multiple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA (SC-FDMA) networks.

{0004} A wireless communication network may include a number of base stations or nods Bs that can
support connrunication for a pumber of user equipments (UEs). A UE may communicaie with
a base station via downlink and uplink. The downlink (or forward link) refers to the
communication link from the base station to the UE, and the uplink {or reverse link) refers to
the communication link from the UE to the base station.

{8005} A base station may fransmit data and control information on the downlink to a UE and/or may

receive data and control information on the uplink from the UE. On the downlink, a
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transmission from the base station may encounter interference due to transmissions from
neighbor base stations or from other wireless radio frequency (RF) transmitters. On the uplink,
a transmission from the UE may encounter interference from uplink transmissions of other UEs
communicating with the neighbor base stations or from other wireless RF transinitters. This
interference may degrade performance on both the downlink and uplink.

[0086] As the demand for mobile broadband access continues to increase, the possibilities of
interference and congested networks grows with more UEs accessing the long-range wireless
communication networks and more short-range wireless systems being deployed in
communities. Research and development continue to advance wireless technologies not only
to meet the growing demand for mobile broadband access, but to advance and epnhance the user

experience with mobile communications.

SUMMARY

[6687] In one aspect of the disclosure, a method of wireless communication, includes receiving, by a
UE, a synchronization signal block (SSB) configuration for a discovery signal deiection
window having a plurality of communication slots, wherein based on the 88B configuration,
UE identifies random access resowrce and the time and frequency locations to monitor
remaining minimum system information (RMSI) configured for each 8S8B, receiving, by the
UE, an SSB transmission indicator, mapping, by the UE, the SSB configuration using the SSB
transmission indicator to determine one or more SSB for rate matching in one or more slots of
the plurality of communication slots, and rate matching, by the UE, data transmission around
each of the one or more SSBs in the one or more slots.

[0008] In an additional aspect of the disclosure, a method of wireless communication includes
receiving, by a UE, a 8SB configaration for a discovery signal detection window having a
plurality of communication slots, monitoring, by the UE, for a control resource set (CORESET)
based on a beginning of transmissions within the discovery signal detection window, and
decoding, by the UE, the CORESET for system information.

[0669] In an additional aspect of the disclosure, an apparatus configured for wireless communication
includes means for receiving, by a UE, an SSB configuration for a discovery signal detection
window having a phurality of communication slots, wherein based on the S8B configuration,
UE identifies random access resource and the time and frequency locations to monitor RMS]
configured for each SSB, means for receiving, by the UE, an S3B transmission indicator, means
for mapping, by the UE, the S5B configuration using the S8B transmission indicator to

determine one or more SSB for rate maiching in one or more slots of the plurality of
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communication slots, and means for rate matching, by the UE, data transmission around each
of the one or more S8Bs in the one or more slots,

[6010] In an additional aspect of the disclosure, an apparatus configured for wireless communication
includes means for receiving, by a UE, a SSB configuration for a discovery signal detection
window having a plurality of communication slots, means for monitoring, by the UE, for a
CORESET based on a beginning of iransmissions within the discovery signal detection
window, and means for decoding, by the UE, the CORESET for system information.

[6811] In an additional aspect of the disclosure, a non-transitory computer-readable medium having
program code recorded thereon. The program code further includes code to receive, by a UE,
an SSB configuration for a discovery signal detection window having a plurality of
communication slots, wherein based on the SSB configuration, UE identifies random access
vesource and the time and frequency locations to monitor RMSI configured for each S8B, code
to receive, by the UE, an SSB transmission indicator, code to map, by the UE, the 58B
configuration using the SSB transmission indicator to determine one or more 8SB for rate
matching in onc or more slots of the plurality of communication slots, and code to rate match,
by the UFE, data transmnission around each of the one or more $88s in the one or more slots.

[6612] In an additional aspect of the disclosure, a non-transitory computer-readable medinm having
program code recorded thereon. The program code further includes code to receive, by a UE,
a SSP configuration for a discovery signal detection window having a plurality of
communication siots, code to monitor, by the UE, for a CORESET based on a beginning of
transimissions within the discovery signal detection window, and code to decode, by the UE,
the CORESET for system information.

[8813] In an additional aspect of the disclosure, an apparatus configured for wireless communication
is disclosed. The apparatus includes at least one processor, and a memory coupled to the
processor. The processor is configured to receive, by a UE, an 88B configuration for a
discovery signal detection window having a plurality of communication slots, wherein based
on the S8B configuration, UE identifies random access resource and the time and frequency
locations to monitor RMSI configured for each SS8B, o receive, by the UK, an SSB
transmission indicator, to map, by the UE, the SSB configuration using the SSB transmission
indicator to determine one or more SSB for rate matching in one or more slots of the plurality
of communication slots, and to rate match, by the UE, data transmission around each of the one
or more S8Bs in the one or more slots.

[0014] In an additional aspect of the disclosure, an apparatus configured for wireless communication

is disclosed. The apparatus includes at least one processor, and a memory coupled to the
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processor. The processor is configured to receive, by a UE, a S8B configuration for a discovery
signal detection window having a plurality of communication slots, to menitor, by the UE, for
a CORESET based on a beginning of transmissions within the discovery signal detection
window, and to decode, by the UE, the CORESET for system information.

[6615] The foregoing has outlined rather broadly the features and technical advantages of examples
according to the disclosure in arder that the detailed description that follows may be better
understood. Additional features and advantages will be described hereinafter. The conception
and specific examples disclosed may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of the present disclosure. Such equivalent
constructions do not depart from the scope of the appended claims. Characteristics of the
concepts disclosed herein, both their organization and method of operation, together with
associated advantages will be better understood from the following description when
considered in connection with the accompanying figures. Each of the figures is provided for
the purpose of illustzation and description, and not as a definition of the limits of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[6016] A further understanding of the nature and advantages of the present disclosure may be realized
by reference to the following drawings. In the appended figures, similar components or
features may have the same reference label. Further, various components of the same type may
be distinguished by following the reference label by a dash and a second label that distingunishes
among the similar components. If just the first reference label is used in the specification, the
description is applicable to any one of the similar components having the same first reference
iabel irrespective of the second reference label.

{0017] FIG. 1 is a block diagram illustrating details of a wircless communication systerm.

[0018] FIG. 2 is a block diagram ilhustrating a design of a base station and a UE configured according
to one aspect of the present disclosure.

[6619] FIC. 3 is a block diagram illustrating a wireless communication system including base stations
that use directional wircless beams.

[0028] FIG. 4 is a block diagram illustrating example blocks executed to implement one aspect of the
present disclosure.

[0921] FIG. 5 is a block diagram illustrating a base station and a UE configured according to one
aspect of the present disclosure,

{6622} FIG. 6 is a block diagram illustrating a base station and a UE configured according to one

aspect of the present disclosure.
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[60623] FIG. 7 is a block diagram illustrating a base station and a UE configured according to one
aspect of the present disclosure.

[0024] FIG. 8 is a block diagram illustrating a base station and a UE configured according to one
aspect of the present disclosure.

[B625] FIG. 9 is a block diagram illustrating example blocks executed to implement one aspect of the
present disclosure,

[60626} FIG. 10 is a block diagram illustrating a base station and a UE configured according to one
aspect of the present disclosure.

{8027} FIG. 11 is a block diagram illustrating a base station and a UE configured according to one
aspect of the present disclosure.

[B028] FIG. 12 is a block diagram iifustrating a base station and a UE configured according to one
aspect of the present disclosnre.

[6029] FIG. 13 is a block diagram illustrating a base station and g UE configured according to one

aspect of the present disclosure.

DETAILED DESCRIPTION

[8030] The detailed description set forth below, in conmection with the appended drawings, is intended
as a description of various configurations and is not intended to limit the scope of the
disclosure. Rather, the detailed description includes specific detsils for the purpose of
providing a thorough understanding of the inventive subject matter. It will be apparent to those
skilled in the art that these specific details are not required in every case and that, in some
instances, well-known structures and components are shown in block diagram form for clarity
of presentation.

[0831] This disclosure relates generally to providing or participating in authorized shared access
between two or more wireless communications systems, also referred to as wireless
communications networks. In varicus embodiments, the techniques and apparatus may be used
for wireless communication networks such as code division muliiple access (CDMA)
networks, ime division multiple access (TDPMA) networks, frequency division multiple access
(FDMA) networks, orthogonal FDMA {OFDMA)} networks, single-carrier FDMA (SC-
FDMA) networks, LTE networks, GSM networks, 5% Generation (3G) or new radio (NR)
networks, as well as other commumications networks, As described herein, the terms
“networks” and “systems” may be used interchangeably.

[0832] An OFDMA network may implement a radio technology such as evolved UTRA (E-UTRA),
IEEE 202.11, IEEE 802.16, IREE 802.20, flash-OFDM and the like. UTRA, E-UTRA, and
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Global System for Mobile Communications (GSM) are part of universal mobile
telecommunication systers {UMTS). In particular, long term evolution (LTE) is a release of
UMTS that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are described in
documents provided from an organization named “3rd Generation Partnership Project” (3GPP),
and cdma2000 is described in documents from an organization named “3rd Generation
Partnership Project 2 (3GPP2). These various radio technologies and standards are known or
are being developed. For example, the 3rd Generation Partnership Project (3GPF) is a
collaboration between groups of telecommunications associations that aims to define a globally
applicable third generation (3G) mobile phone specification. 3GPP long term evelution (L1E)
is a 3GPP project which was aimed at improving the universal mobile telecommunications
systern (UMTS) mobile phope standard. The 3GPP may define specifications for the next
generation of mobile networks, mobile systems, and mobile devices. The present disclosure is
concemed with the evolution of wireless technologies from LTE, 4G, SG, NR, and beyond with
shared access to wircless spectrum between networks using a collection of new and different
radio access technologies or radio air interfaces.

[6033] In particular, 5G networks contemplate diverse deployments, diverse spectrum, and diverse
services and devices that may be implemented using an OFDM-based unified, air interface. In
order to achieve these goals, further enhancements to LTE and LTE-A are considered in
addition to development of the new radio technology for 5G NR networks. The 5G NR will
be capable of scaling to provide coverage (1) to a massive Internet of things (IoTs) with an
ultra-high density {e.g., ~1M nedes/kmn’), ultra-low complexity (e.g., ~10s of bits/sec), nitra-
low energy (e.g., ~10+ years of battery life), and deep coverage with the capability to reach
chailenging locations; (2) including mission-critical control with strong security to safeguard
sensitive personal, financial, or classified information, ultra-high reliability {e.g., ~99.9999%
reliability), nltra-low latency (e.g., ~ 1 ms), and users with wide ranges of mobility or lack
thereof; and (3) with enhanced mobile broadband including extreme high capacity {e.g,, ~ 10
Thps/km?), extreme data rates (e.g., multi-Gbps rate, 100+ Mbps user experienced rates), and
deep awazeness with advanced discovery and optimizations.

[8034] The 5G NR may be implemented to use optimized OFDM-based waveforms with scalable

St

numerology and transmission time interval (TTI); having a common, flexible framework to
efficiently multiplex services and features with a dynamic, low-latency time division duplex
(ITDD)y/frequency division duplex (FDD) design; and with advanced wireless technologies,
such as massive nultiple input, multiple output (MIMO), robust millimeter wave (mmWave

transmiissions, advanced channel coding, and device-centric mobility. Scalability of the
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numerology in SG NR, with scaling of subcarrier spacing, may efficiently address operating
diverse services across diverse spectrum and diverse deployments. For example, in various
putdoor and macro coverage deployments of less than 3GHz FDD/TDE implementations,
subcartier spacing may occur with 15 ¥Hz, for example over 1, 5, 10, 20 MHz, and the like
bandwidth. For other various outdoor and small cell coverage deployments of TDD greater
than 3 GHz, subcarrier spacing may occur with 30 k¥Hz over 80/100 MHz bandwidth. For other
various indeor wideband implementations, using a TDD over the unlicensed poriion of the 5
GHz band, the subcarrier spacing may oceur with 60 kHz over a 160 MHz bandwidth. Finally,
for various deployments transmitting with mmWave components at a TDD of 28 GHz,
subcarrier spacing may occur with 120 kHz over a S00MHz bandwidth.

[6035] The scalable numerology of the 5G NR. facilitates scalable TTI for diverse latency and quality
of service (QoS) reguirements. For example, shorter TTI may be used for low latency and high
reliability, while longer TT! may be used for higher spectral efficiency. The efficient
multiplexing of long and short TTIs to allow transmissions to start on symbol boundaries. 5G
NR also contemplates a self-contained integrated subframe design with uplink/downlink
scheduling information, data, and acknowledgement in the same subframe. The self-contained
integrated subframe supports communications in unlicensed or contention-based shared
spectram, adaptive uplink/downlink that may be flexibly configured on a per-cell basis 1o
dynamically switch between uplink and downlink to meet the current traffic needs.

[0036] Varions other aspects and features of the disclosure are further described below. It should be
apparent that the teachings herein may be embodied in a wide variety of forms and that any
specific siructure, function, or both being disclosed herein is merely representative and not
limiting. Based on the teachings herein one of an ordinary level of skill in the art should
appreciate that an aspect disclosed herein may be implemented independently of any other
aspects and that two or more of these aspects may be combined in various ways. For example,
an apparatus may be implemented or a method may be practiced using any number of the
aspects set forth herein. In addition, such an apparatus may be implemented or such a method
may be practiced using other structure, functionality, or structure and functionality in addition
to or other than one or more of the aspects set forth herein. For example, a method may be
implemented as part of a system, device, apparatus, and/or as instructions stored on & computer
readable wedinm for execution on a processor or computer. Furthermore, an aspect may
comprise at least one element of a claim.

[6037] FIG. 1 is a block diagram iHlustrating 5G network 100 including various base stations and UEs

configured according to aspects of the present disclosure. The 5G network 100 includes a
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nurnber of base stations 105 and other network entities. A base station may be a station that
communicates with the UEs and may also be referred 1o as an evolved node B (eNB), a next
generation eNB (gNB), an access point, and the like. Fach base station 105 may provide
communication coverage for a particular geographic area. In 3GPP, the term “cell” can refer
to this particular geographic coverage area of a base station and/or a base station subsystem
serving the coverage area, depending on the context in which the term is used.

[6038] A base station may provide communication covesage for a macro cell or a small cell, such asa
pico cell or a femito cell, and/or other types of cell. A macro cell generally covers a relatively
large geographic area (e.g., several kilometers in radius) and may allow unrestricted access by
UEs with service subscriptions with the network provider. A small cell, such as a pico cell,
would generally cover a relatively smalier geographic area and may allow unrestricted access
by UEs with service subscriptions with the network provider. A small cell, such as a femto
cell, would also generally cover a relatively small geographic area {e.g., a home) and, in
addition to unrestricted access, may also provide restricted access by UEs having an association
with the femto cell {c.g., UEs in a closed subscriber group (CSG), UEs for users in the home,
and the Hke). A base station for a macro cell may be referved to as a macro base station. A
base station for a small cell may be referred to as a small cell base station, a pico base station,
a femto base station or a home base station. In the example shown in FIG. 1, the base stations
1054 and 105e are regular macro base stations, while base stations 105a-105¢ are macro base
stations enabled with one of 3 dimension (3D}, full dimension (FI3), or massive MIMO. Base
stations 105a-105¢ take advantage of their higher dimension MIMO capabilities to exploit 3D
beamforming in both elevation and azimuth beamforming to increase coverage and capacity.
Base station 105f is a small cell base station which may be a home node or pertable access
point. A base station may support one or multiple {e.g., two, three, four, and the like) cells.

16639] The 5G network 100 may support synchronous or asynchronous operation. For synchronous
operation, the base stations may have similar frame timing, and transmissions from different
base stations may be approximately aligned in time. Tor asynchronous operation, the base
stations may have different frame timing, and transmissions from different base stations may
not be aligned in time.

[0048] The UBs 115 are dispersed throughout the wireless network 100, and each UE may be
stationary or mobile. A UE may also be referred to as a terminal, a mobile station, a subscriber
unit, & station, or the Hke. A UE may be a cellular phone, a personal digital assistant (PDA), a
wireless modem, a wireless commumication device, a handheld device, a tablet computer, a

laptop computer, a cordless phone, a wireless local loop (WLL) station, or the like. In one
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aspect, a UR may be a device that includes a Universal Integrated Circuit Card (UICC). In
another aspect, a UE may be a device that does not include a UICC. In some aspects, UEs that
do not include UICCs may also be referred to as internet of everything (IoE) devices. UEs
115a-115d are examples of mobile smart phone-type devices accessing 5G network 100 A UE
may also be a machine specifically configured for connected communication, including
machine type communication (MTC), enhavced MTC (eMTC), narrowband IoT (NB-loT) and
the like. UEs 115e-115k are examples of various machines configured for communication that
access 5G network 100. A UE may be able to communicate with any type of the base stations,
whether macro base station, small cell, or the like. In FIG. 1, a lightning bolt (e.g.,
communication links) indicates wireless transmissions between a UE and a serving base
station, which is a base station designated to serve the UE on the downlink and/or uplink, or
desired transmission between base stations, and backhaul transmissions between base stations.

[8041] In operation at 5G network 100, base stations 105a-105¢ serve UEs 115a and 115b using 3D
beamforming and coordinated spatial techniques, such as coordinated multipoint (CoMP) or
mulfi-connectivity. Macro base station 105d performs backhaul communications with base
stations 105a-103¢, as well as small cell, base station 105f Macro base station 105d also
transmits multicast services which are subscribed to and received by UEs 115¢ and 1154, Such
multicast services may include mobile televigion or stream video, or may include other services
for providing community information, such as weather emergencies or alerts, such as Amber
alerts or gray alerts.

[8042] 5G network 100 also support mission critical communications with ultra-reliable and redundant
Tinks for mission critical devices, such UE 115¢, which is a drone. Redundant communication
links with UE 115e include from macro base stations 105d and 103e, as well as small cell base
station 105 Other machine type devices, such as UE 1151 {thermometer), UE 115g (smart
meter), and UE 115h (wearable device) may comumunicate through 5G network 100 either
directly with base stations, such as small cell base station 103f, and macro base station 105e,
or in multi-hop configurations by communicating with another user device which relays its
information to the network, such as UE 115f communicating temperature measurcment
information to the smart meter, UE 115g, which is then reported to the network through small
cell base station 105f. 3G network 100 may alse provide additional network efficiency through
dynamic, low-latency TDD/FDD communications, such as in a vehicle-to-vehicle (V2V) mesh
network between UBs 1151-115k communicating with macro base station 1035e,

16043] FIG. 2 shows a block diagram of a design of a base station 105 and a UE 115, which may be

one of the base station and one of the UBs in FIG. 1. At the base station 105, a transmit
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processor 220 may receive data from a data source 212 and control information from a
controller/processor 240. The conirol information may be for the PBCH, PCFICH, PHICH,
PDCCH, EPDCCH, MPDCCH ete. The data may be for the PDSCH, ete. The transmit
processor 220 may process (e.g., encode and symbol map) the data and control information to
obtain data symbels and control symbols, respectively. The transmit processor 220 may also
generate reference symbols, e.g., for the PSS, 888, and cell-specific reference signal. A
transmit {TX) multiple-input multiple-output (MIMO) processor 230 may perform spatial
processing (e.g., precoding) on the data symbols, the control symbols, and/or the reference
symbols, if applicable, and may provide output symbol streams to the modulators (MODs;)
232a through 232t. Each modulator 232 may process a respective output symbol stream (e.g.,
for OFDM, etc.) to obtain an output sample streant. Each modulator 232 may farther process
{e.g., convert to analog, amplify, filter, and upconvert) the output sample stream to obtain g
downlink signal. Downlink signals from modulators 232a through 232t may be transmitted via
the antennas 234a through 2341, respectively.

{0044] Atthe UE 115, the antennas 252a through 252r may receive the downlink signals from the base
station 105 and may provide received signals to the demodulators (BEMODs) 254a through
254r, respectively. Each demodulator 254 may condition (e.g., filter, amplify, downconvert,
and digitize) a respective received signal to obtain input samptles. Fach demodulator 254 may
further process the input samples (e.g., for OFDM, etc.} to obtain received symbols. A MIMO
detector 256 may obtain received symbols from all the demodulators 254a through 254r,
perform MIMO detection on the received symbols if applicable, and provide detected symbols.
A receive processor 258 may process (¢.g., demodulate, deinterleave, and decode) the detected
symbols, provide decoded data for the UE 115 to a data sink 260, and provide decoded control
information to a controller/processor 280.

{8045} On the uplink, at the UE 115, a transmit processor 264 may receive and process data (e.g., for
the PUSCH) from a data source 262 and control information {(e.g., for the PUCCH) from the
controller/processor 280. The ransmit processor 264 may also generate reference symbols for
a reference signal. The symbols from the transmit processor 264 may be precoded by a TX
MIMO processor 266 if applicable, further processed by the modulators 254a through 254r
(e.z., for SC-FDM, etc.), and transmitted to the base station 105. At the base station 105, the
uplink signals from the UE 115 may be received by the antennas 234, processed by the
demedulators 232, detected by a MIMO detector 236 if applicable, and further processed by a

receive processor 238 to obtain decoded data and coutrol information sent by the UE 115, The
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processer 238 may provide the decoded data to a data sink 239 and the decoded control
information to the controller/processor 240,

[6646] The controllers/processors 240 and 280 may direct the operation at the base station 105 and the
UE 115, respectively. The controller/processor 240 and/or other processors and modules at the
base station 105 may perform or direct the execution of various processes for the techniques
described berein. The controllers/processor 280 and/or other processors and modules at the
UE 115 may also perform or direct the execution of the functional blecks illustrated in FiGs. 4
and 9, and/or other processes for the technigues described herein. The memories 242 and 282
may store data and program codes for the base station 105 and the UE 115, respectively. A
scheduler 244 may schedule UEs for data tfransmission on the downlink and/or uplink.

[0047] Wireless communications systems operated by different network operating entities {e.g.
network operators) may share spectrum, In some instances, a network operating entity may be
configured to use an entirety of a designated shared spectrum for at least a period of time before
another network operating entity uses the entirety of the designated shared spectrum for a
different period of time. Thus, in order to allow network operating entities use of the full
designated shared spectrum, and in order to mitigate interfering communications between the
different network operaling entities, certain resources (e.g., time) may be partitioned and
allocated to the different network operating entities for certain types of comimunication.

[0848] For example, a network operating entity may be allocated certain time resources reserved for
exclusive communication by the network operating entity using the entirety of the shared
spectrum. The network operating entity may also be allocated other time resources where the
eutity is given priority over other network operating entities to comumunicate using the shared
spectrum. These time resources, prioritized for use by the network operating entity, may be
utilized by other network operating entities on an opportunistic basis if the prioritized network
operating entity does not utilize the resources. Additional time resources may be allocated for
any network operator to use on an opportunistic basis.

[0049] Access to the shared spectrum and the arbitration of time resources among different network
operating entities may be centrally controlled by a separate entity, autonomously determined
by a predefined arbitration scheme, or dynamically determined based on interactions between
wireless nodes of the network operators.

[0059] In some cases, UE 115 and base station 105 may operate in a shared radio frequency spectrum
band, which may include licensed or unlicensed {e.g., contention-based) frequency spectrum.
In an unlicensed frequency portion of the shared radio frequency spectrum band, UEs 115 or

base stations 105 may traditionally perform a medium-sensing procedure to contend for access
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to the frequency spectrum. For example, UE 115 or base station 105 may perform a listen
before talk (LBT) procedure such as a clear channel assessment (CCA) prior to communicating
in order to determine whether the shared channel is available. A CCA may include an energy
detection procedure to determine whether there are any other active transmissions. For
example, a device may infer that a change in a received signal strength indicator (RSSI) of a
power meter indicates that a channel is occupied. Specifically, signal power that is
concentrated in a certain bandwidth and exceeds a predetermined noise floor may indicate
another wireless transmitter. A CCA also may include detection of specific sequences that
indicate use of the channel. For cxample, another device may transmit a specific preamble
prior to transmitting a daia sequence. In some cases, an LBT procedure may include a wircless
nede adjusting i3 own backoff window based on the amount of energy detecied on a channel
and/or the acknowledge/negative-acknowledge (ACK/NACK) feedback for its own
transmitted packets as a proxy for collisions.

{0851] Use of a medium-sensing procedure to contend for access 1o an unlicensed shared spectrum
may result in communication inefficiencies. This may be particularly evident when multiple
network operating entities {¢.g., network operators) are atterapting to access a shared resource.
In 5¢ network 100, base stations 105 and UEs 115 may be operated by the same or different
network operating entities. In some examples, an individual base station 105 or UE 115 may
be operated by more than one network operating entity. In other examples, each base station
105 and UE 115 may be operated by a single network operating entity. Requiring each base
station 105 and UE 115 of different network operating entities to contend for shared resources
may result in increased signaling overhead and communication latency.

[8052] FIG. 3 illustrates an example of a timing diagram 300 for coordinated resource partitioning.
The timing diagram 300 includes a superframe 305, which may represent a fixed duration of
time {e.g., 20 ms). Superframe 305 may be repeated for a given communication session and
may be used by a wireless system such as 5G network 100 described with reference to FIG. L.
The superframe 305 may be divided into intervals such as an acquisition interval (A-INT) 310
and an arbitration interval 315. As described in more detail below, the A-INT 310 and
arbitration interval 315 may be subdivided into sub-intervals, designated for certain resource
types, and allocated to different network operating entities to facilitate coordinated
communications between the different network operating entities. For example, the arbitration
interval 315 may be divided into a plurality of sub-intervals 320, Also, the superframe 305
may be further divided into a plurality of subframes 325 with a fixed duration {(e.g., | ms).

While timing diagram 300 illustrates three different network operating entities (e.g., Operator
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A, Operator B, Operator C), the number of network operating entities using the superframe 305
for coordinated communications may be greater than or fewer than the number illustrated in
timing diagram 300.

[6053] The A-INT 310 may be a dedicated interval of the superframe 305 that is reserved for exclusive
communications by the network operating entities. In some examples, each network operating
entity may be allocated certain resources within the A-INT 310 for exclusive communications.
For example, resources 330-a may be reserved for exclusive communications by Operator A,
such as through base station 105a, resources 330-b may be reserved for exclusive
comumunications by Operator B, such as through base station 105b, and resources 330-c may
be reserved for exclusive conumunications by Operator C, such as through base station 1035c¢.
Since the resources 330-a are reserved for exclusive communications by Operator A, neither
Operator B nor Operator C can communicate during resources 330-a, even if Operator A
chooses not to conununicate during those resources. That is, access to exclusive resources 18
limited to the designated network operator. Similar restrictions apply to resources 330-b for
Operator B and resources 330-¢ for Operator C. The wireless nodes of Operator A (e.g, UEs
115 or base stations 105) may communicate any information desired during their exclusive
resources 330-a, such as control information or data.

[6654] When communicating over an exclusive resource, a network operating entity does not need to
perform any medium sensing procedures (e.g., listen-before-talk (LBT) or clear channel
assessment (CCA)) because the network operating entity knows that the resources are reserved.
Because only the designated network operating entity may communicate over exclusive
resources, there may be a reduced likelihood of interfering communications as compared to
relying on medium sensing techniques alone {e.g., no hidden node problem) In some
examples, the A-INT 310 is used to transmit contro} information, such as synchronization
signals {e.g., SYNC signals), system information (e.g., system information blocks (SIBs}},
paging information (e.g., physical broadcast channel (PBCH) messages), or random aceess
information (e.g., random access chamnel (RACH) signals). In some cxamples, all of the
wireless nodes associated with a network operating entity may transmit at the same time during
their exclusive resources.

{0055} In some examples, resources may be classified as prioritized for certain network operating
entities. Resources that are assigned with priority for a certain network operating entity may
be referred to as a guaranteed interval (G-INT) for that network operating entity. The interval
of resources used by the network operating entity during the G-INT may be referred to as a

prioritized sub-interval. For example, resources 335-a may be prioritized for use by Operator
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A and may therefore be referred to as a G-INT for Operator A (e.g., G-INT-OpA). Similarly,
resources 335-b may be prioritized for Operator B, resowrces 335.¢c may be prioritized for
Operator C, resources 335-d may be prioritized for Operator A, resources 335-¢ may be
privritized for Operator B, and resources 335-f may be prioritized for operator C.

[6056] The various G-INT resources illustrated in FIG. 3 appear to be staggered to illustrate their
association with their respective network operating entities, but these resources may all be on
the same frequency bandwidth. Thus, if viewed along a time-frequency grid, the G-INT
resources may appear as a contiguous lne within the superframe 305. This partitioning of data
may be an example of time division multiplexing (TDM). Also, when resources appear in the
sarpe sub-interval (e.g., resources 340-a and resources 335-b), these resources represent the
same time resources with respect to the superframe 305 (e.g., the resources oceupy the same
sub-interval 320), but the resources arc separately designated to illustrate that the same time
resources can be classified differently for different operators.

[B0S7] When resources are assigned with priority for a certain network operating entity (e.g., 8 G-
INT), that network operating entity may communicate using those resources without having 0
wait or perform any rmedium sensing procedures (e.g., LBT or CCA). For example, the wireless
nodes of Operator A are free to communicate any data or control information during resources
335-a without interference from the wireless nodes of Operator B or Operator C.

[6058] A network operating entity may additionaily signal to another operator that it intends to use a
particular G-INT. For example, referring to resources 335-a, Operator A may signal to
Operator B and Operator C that it intends io use resources 333-a. Such signaling may be
referred 1o as an activity indication. Moreover, since Operator A has priorily over resources
335-a, Operator A may be considered as a higher priority operator than both Operator B and
Operator C. However, as discussed above, Operator A does not have to send signaling to the
other network operating entities to ensure interference-free transmaission during resources 335-
a because the resources 335-a are assigned with priority to Operator A

[0059] Similarly, a network operating entity may signal to another network operating entity that it
intends not to use a particular G-INT. This signaling may also be referred o as an activity
indication. For example, referring to resources 335-b, Operator B may signal to Operator 4
and Operator C that it intends not to use the resources 335-b for communication, even though
the resources are assigned with priority to Operator B. With reference to resources 333-b,
Operator B may be considered a higher priority network operating entity than Operator A and
Operator C. In such cases, Operators A and C may attempt to use resources of sub-interval

320 on an opportunistic basis. Thus, from the perspective of Operator A, the sub-interval 320
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that contains resources 33 5-b may be considered an opportunistic interval {(O-INT) for Operator
A (e.g., O-INT-OpA). For illustrative purposes, resources 340-a may represent the O-INT for

Operator A. Also, from the perspective of Operator C, the same sub-interval 320 may represent

340-b all represent the same time resources (e.g., a particular sub-interval 320), but are
identified separately to signify that the same resources may be considered as a G-INT for some
network operating entities and vet as an O-INT for others.

[6066] To utilize resources on an opportunistic basis, Operator A and Operator C may perform
medium-sensing procedures to cheek for communications on a particular channel before
transmitting data. For example, if Operator B decides not to use resources 335-b {e.g., G-INT-
OpB), then Operator A may use those same resources (e.g., represented by resources 340-a) by
first checking the channel for interference (e.g., LBT) and then transmitiing data if the channel
was determined to be clear. Similarly, if Operator C wanted to access resources on an
opportunistic basis during sub-interval 320 (e.g., use an O-INT represented by resources 340~
b) in response to an indication that Operator B was not going to use its G-INT, Operator C may
perform a medium sensing procedure and access the resources if available. In some cases, two
operators (e.g., Operator A and Operator C) may attempt to access the same resources, in which
case the operators may employ contention-based procedures to avoid interfering
communications. The operators may also have sub-priorities assigned to them designed to
determine which operator may gain access to resources if more than operator is attempting
access simultancousty.

[6861] In some examples, a network operating entity may intend not to use a particular G-INT assigned
to it, but may not send out an activity indication that conveys the intent not to use the resources.
In such cases, for a particular sub-interval 320, lower priority operating entities may be
configured to monitor the channel to determine whether a higher priority operating entity is
using the resources. If a lower priority operating entity determines through LBT or similar
method that a higher priority operating entity is not going to use its G-INT resources, then the
lower priority operating entities may attempt to access the resources on an opportunistic basts
as described above,

[0062] In some examples, access to a G-INT or O-INT may be preceded by a reservation signal (e.g,,
request-to~send (RTS)clear-to-send (CTS)), and the contention window (CW) may be
randomly chosen between one and the total number of operating entities.

[0863] In some examples, an operating entity may employ or be compatible with coordinated

multipoint (CoMP) communications. For example an operating entity may employ CoMP and
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dynarnic time division duplex (TDD) in a G-INT and opportunistic CoMP in an O-INT a3
needed.

[0064] In the example illustrated in FIG. 3, each sub-interval 320 includes a G-INT for one of Operator
A, B, or C. However, in some cases, one or more sub-intervals 320 may include resources that
are neither reserved for exclusive use nor reserved for prioritized use (e.g., unassigned
resources). Such unassigned resources may be considered an O-INT for any network operating
entity, and may be accessed on an opportunistic basis as described above,

[8065] In some examples, each subframe 325 may contain 14 symbols (e.g., 250-us for 60 kHz tone
spacing). These subframes 325 may be standalone, self-contained Interval-Cs (ITCs) or the
subframes 325 may be a part of a long [TC. An ITC may be a self-contained transmission
starting with a downlink transmission and ending with a uplink transmission. In some
embodiments, an ITC may contain one or more subframes 325 operating contiguously upon
medium oceupation. In some cases, there may be a maximum of eight network operators inan
A-INT 310 (e.g., with duration of 2 ms) assuming a 250-ys transmission opportunity.

[8066] Although three operators are illustrated in FIG. 3, it should be understood that fewer or more
network operating entities may be configured to operale in a coordinated manner as described
above. In some cases, the location of the G-INT, O-INT, or A-INT within superframe 305 for
each operator is determined autonomously based on the number of network operating entities
active in a system. For example, if there is only one network operating entity, each sub-interval
320 may be occupied by a G-INT for that single network operating entity, or the sub-intervals
320 may alternate between G-INTs for that network operating entity and O-INT's to allow other
network operating entities to enter. 1f there are two network operating entities, the sub-intervals
320 may alternate between G-INTs for the first network operating entity and G-INTs for the
second network operating entity. If there are three network operating entities, the G-INT and
O-INTs for each network operating entity may be designed as illustrated in FIG. 3. I there are
four network operating entities, the first four sub-intervals 320 may include consecutive G-
INTs for the four network operating entities and the remaining two sub-intervals 320 may
contain O-INTs. Similarly, if there are five network operating entities, the first five sub-
intervals 320 may contain consecutive G-INTs for the five network operating entities and the
remaining sub-interval 320 may contain an O-INT. If there are six network operating entities,
all six sub-intervals 320 may inclade consecutive G-INTs for each network operating entity. It
should be understood that these examples are for illustrative purposes only and that other

autonomously determined interval allocations may be used.
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[8867] It should be understood that the coordination framework deseribed with reference to FIG. 3 is
for iltustration purposes only. For example, the duration of superframe 305 may be more or
less than 20 ms. Also, the number, duration, and location of sub-intervals 320 and subframes
325 may differ from the configuration illustrated. Also, the types of resource designations
{e.g.. exclusive, prioritized, unassigned) may differ or include more or less sub-designations.

[8068] New radioc (NR) supports multiple synchronization signal block (S5B} transmission (up to Ly
within a single burst set or transmission epportunity. For example, with a carrier frequency
range of up to 3 GHz, the maximum number of SSB transmissions may be four (L = 4).
Additionally, with a carrier frequency range from 3 GHz to 6 GHz, the maximum number of
SSB transmission may be eight (£ = 8). Moreover, with a carrier frequency range from 6 GHz
1o 52.6 GHz, the maximum number of S5B fransmission may be cight (L =64). A given base
station may not actually transmit the maximum number of SSB transmissions available with
the burst set or transmission opportunity. The base station may communicated an indication
of the number of actually transmitted SSBs in downlink control signaling, such as the
remaining material system information (RMST) message, for both sub-6 GHz and above-6 GHz
carrier frequency cases.

{#069] For sub-6 GHz cases, a full bitmap (e.g., 8 bits) may be used to indicate the actual 55SB
transmissions. Above-6 (GHz cases may, instead, use a compression method identifying a
group-bitmap (8 bits) in addition to a bitmap in group signal (8 bits). The group bitmap would
be defined as identifying a certain number of consecutive SSBs, while the bitmap in group
signal can indicate which SSB is actually transmitted within the group, where gach group may
have the same pattern of SSB transmission, and the group bitmap can indicate which group is
actually fransmitted. Alternatively, a UE-specific radio resource control (RRC) signal with a
full bitmap may be used for indicating the actually transmitted 88Bs for both sub-6 GHz and
above-0 GHz cases.

{06760] The base station reserves indicated resources for the actually transmitted SSBs.  Any data
chanuels present may be rate matched around the actually trapsmitted S8Bs. With the rate
matching operation, for UE-specific PDSCH and UB-specific control resource set
(CORESET), if the UE has received no bitmap through RRC signalling, the UE may assume
SSB transmission according to the signalling in RMSI. However, if the UB has received a
bitmap through RRC signalling, the UE assumes SSB transmission according to the bitmap in
the RRC-based signalling. For PDSCH carrying RMSI and the corresponding PDCCH

CORESET, the UE may assume that no SSB is transmitted in the allocated resources.
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[8071] In shared or unlicensed spectrum deployments, the base station may first perform a listen before
talk (LBT) operation before SSB. Depending on the LBT outcome, the base station may or
may not be able to begin transmission of the SSB immediately from slot 0 of the discovery
reference signal (DRS) measurement timing configuration (DMTC) window. The DMTCisa
periodically occurring time window during which the UE expects to receive the DRS in
unlicensed operations. In such a case, where the base station may not be able to begin 5SB
transmission at slot 0, it is currently unclear how the base station may signal the S5B bitmap
to indicate the actually transmitted SSBs for rate matching, as the base station cannot reliably
determing when it can transmit SSBs. Various aspects of the present disclosure reflect how to
multiplex SSBs with other channels considering the impact of LBT procedures in anlicensed
specirusm.

[6072] FIG. 4 is a block diagram illustrating example blocks executed to implement one aspect of the
present disclosure. The exampie blocks will alse be described with respect to UE 115 as
illustrated in FIG. 13. FIG. 13 is @ block diagram illustrating UE 115 configured according to
one aspect of the present disclosure. UE 115 includes the structure, hardware, and components
as illustrated for UE 115 of FIG. 2. For example, UE 115 includes controiler/processor 280,
which operates to execute logic or computer instructions stored in memory 282, as well as
conirolling the components of UE 115 that provide the features and functionality of UE 115.
UR 115, under control of controller/processor 280, transmite and receives signals via wireless
radios 1300a-r and antennas 252a-r. Wireless radios 1300a-r includes various components and
hardware, as illustrated in FIG. 2 for UE 115, including modulator/demodulators 254a-r,
MIMO detector 256, receive processor 258, transmit processor 264, and TX MIMO processor
266.

[6673] At block 400, a UE receives an SSB configuration for a discovery signal detection window

oadn

having a plurality of communication slots, where based on the SSB configuration, UE identifies
rendom access resource and the time and frequency locations to monitor RMSI. For example,
UE 115 may receive the SSB configuration from the serving base station via antennas 252a-r
and wireless radios 1300a-r, and store the configuration information in memory 282 at S3B
configuration 1301. The SSB configuration may include various different elements depending
on the example implementation. For example, the SSB configuration may include an 5SB
bitmap that identifies which of the scheduled $8B are actually transmitied. The SSB bitmap
may be transmitted with the RMSI or may be included in RRC signaling. Additional example
implementations may include the SSB configuration as an identification of the downlink

resources for each potential SSB location within the burst set or transmission opportunity.
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[0074] At block 401, the UE receives an SSB transmission indicator. UE 115 may receive the S58
fransmission indicator via antennas 252a-r and wireless radios 1300a-r and store the
information in memory 282 at SSB transmission indicator 1302. The SSB transmission
indicator may either directly indicate S8B transmissions or may provide information to be used
by the UE to determine SSB transmissions. For example, the S5B transmission indicator may
identify the beginning of transmissions within the DTMC, when the base station has
suceessfully completed the LBT procedure. In additional example implementations, the 858
transmission indicator may provide the beginning of the DTMC window. In still further
example implementations, the SSB transmission indicator may indicate that there will be a
cyclical extension of the SSB to accommodate the schedule of actual transmissions considering
the LBT procedure. Additional example implementations may provide identification of a
subset of downlink resources that are involved in the actual transmission of 88B. The SSB
transmission indicator may be communicated via a preamble, a common control channel (e.g.,
CPDCCH), a downlink grant, or the like.

[0875] At block 402, the UE maps the SSB configuration using the SSB transmiission indicator to
determine one or more SSB for rate matching in one or more slots of the plurality of
communication slots. Under control of controller/processor 280, UE 115 executes SSB
mapping logic 1303, stored in memory 282, to map SSB configuration 1301 using SS5B
transmissions indicator 1302. The execution environment of SSB mapping logic 1303 allows
UFE 115 1o use SSB transmission indicator 1302 and 83B configuration 1301, in memory 282,
to determine the actually transmitted SSB. For example, when the schedule of SSB
transrnission index will float with the success of the LBT, using the identifier indicating the
beginning of fransmissions within the IDTMC, the UE can map the beginning of transmission
onto the SSB bitmap to determine which slots include the actual SSB transmissions. Similarly,
if the scheduled SSR transmission index does not float with the LBT success, the UE can still
map actual SSB transmissions to the bitmap using the beginning of transmissions. However,
without a floating schedule, the bitmap used by the UE will be cyclically extended. In
additional implementations, with identification of resource for all potential SSB locations, the
UE may determine the actual $SB transmission using the indication of resources used for S5B
transmissions,

[6076] At block 403, the UE rate matches data transmissions around each of the one or more 8SBs in
the one or more slots, During the burst set or transrission opporfunity, data may be
multiplexed onto the same slots as the actual SSB transmissions. However, the data is rate

matched around the actual SSB transmissions. For example, UE 115, under control of
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controller/processor 280, exccutes rate matching logic 282, stored in memory 282, The
execation enviromment of rate matching logic 1304 allows UE 115 to differentiate the
transmission of data from the SSB transmissions within the same slot.

{B077] FIG. 5 is a block diagram illustrating a base station 1052 and UE 1153 configured according to
one aspect of the present disclosure. In a first optional aspect, the scheduled SSB transmissions
may float with the LBT result. Base station 105a indicates an 8SB bitmap via either RMSI or
UE-specific RRC signaling. Note the SSB bitmap does not necessarily correspond to the
actually transmitted SSBs. Instead, UE obtains the actually transmitted S8Bs by taking into
the indicated SSB bitmap (via either RMSI or UE-gpecific RRC signaling) together with the
SSB transmission indicator. Twe S8R may be transmitted in cach slot of a DMTC, such as
DMTC window 502. As base station 105a detects a successful LBT, it will transmit an SSB
transtaission indicator, such as a preamble or common control signal (e.g, CPDCCH) at
5007501, to indicate the start of transmissions in DMTC window 502.

[8078] Base station 1052 transmiis an SSB bitrap of 11111100, This SSB bitmap indicates that base
station 105a will transmit the first 6 SSBs. In transmission stream 50, base station 152 passes
the LBT prior to slot 0. Accordingly, at 500, base station 105a transmits a preamble or
CPDCCH indicating the beginning of transmissions in the DMTC window. Base station 105a
then transmits the $SB according to the SSB bitmap {c.g., SS8B0-358B1 in slot 0, 38B2-5583
in slot 1, and 9SB4-SSRS in stot 2). UE 115a maps the signaled 888 bitmap together with the
preambie or CPDCCH to determine the actually transmitted 8SBs for rate maiching.

[0079] In transmission stream 51, base station 105a passes the LBT prior to siot 1. In the illustrated
example, the SSB indication floats with the LBT resulis. As such, SSB transmission follows
the SSB bitmap shifted to the beginning of slot 1. For example, SSBO and SSB1 are still
transmitted in the slot 1 and SSB4 and SSB5 will transmit on slot 3, causing rate matching
around 8SBs to occur n slot 3.

[008€] It should be noted that in the illustrated aspect, the SSB transmission indication of 500/501
would pgenerally have deep penctration to reach all ncighboring UEs with all beamforming
directions. Alternatively, the downlink grant can indicate the start timing of transmission in
DMTC 502 for UE 115a to map the signaled SSB bitmap for rate matching,.

[#081] FIG. 6 is a block diagram illustrating a base station 1054 and UE 115a configured according to
one aspect of the present disclosure. In a next eptional aspect, the scheduled S88B transmission
may wrap-around or cyclically extend based on the LBT result, Base station 105a may indicate
the $SB bitmap in either RMS1 or UE-specific RRC signaling. In the iltustrated example, base

station 103a transmits an SSB bitmap of 11111100, As base station 105a detects a successful
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LBT, it may also transmit an SSB transmission indication {e.g., a preamble or comimon control
signal) at 600/601 to indicate the start of transmissions in the DMTC window. Upon detection
of a successful LBT, the SSB bitmap can be cyclically extended depending on SSB
transmission indication 600/601 to cover a full cycle of L beams. UE 115a may extend the
SSB bitmap together with the SSB transmission indication at 600/601, into the actually
transmitted SSBs for rate matching.

[0082] In transmission stream 60, base station 105a detects a successful LBT prior to slot . 85B
transmission indicator 600 identifies the beginning of transmission within the DTMC window.
Base station 105a may follow the S8B bitmap for transmitting SSB beginning at slot 0. In
transmission stream 61, base station 105z detects a successful LBT prior to slot I. However,
UE 115a does not shift the SSB bitmap to slot 1, but instead cyclically extends the 8SB bitmap
(e.g., bitmap 11111100 is cyclically extended to become 11110011, Transmissions of 858
oceur according to the cyelically extended SSB bitmap, in which SS8B2 and 55B3 are
transmitted in slot 1, S5B4 and SSB3 transmitied in slot 2, no 888 transmissions in slot 3, and
SSBO and SSB1 are transmitted in slot 4. UE 115a will accordingly rate match data
transmissions in slots 1, 2, and 4, around SSBO-SSBS.

18083} It should be noted that, similarly to the first optional aspect, the SSB transmission indication
(e.g., preamble/CPDCCH) may bave deep penetration to reach all neighboring Uks with ail
beamforming directions.

[8084] Alternatively, the downlink grant communicated from base station 105a can indicate the start
timing of transmissions within the DTMC window or may indicate the SSB cyclic extension is
activated or deactived for each SSB or SSB group for raie matching. For example, the grant
can indicate SSB1 is not cyclically extended (SSB1 will only show up on the NR S5BI
location) or SSBO is cyclically extended once (SSBO does not show up on the NR SSB0
location but shows up on the extended place with one extension) so that UE 115a obtains the
actual SSB location.

[6085] FIG. 7 is a block diagram illustrating a base station 105a end UE 115a configured according to
one aspect of the present disclosure. In a next optional aspect, UE 115a may receive the S5B
configuration that includes identification of the downlink resource sets which span the S5B
locations within the entire DMTC window 702, The number of potential SSB locations within
DMTC window 702 may exceed the maximum number, L, depending on the length of DM1C
window 702. For example, with a 240K Hz SSB subcarrier spacing (SCS), base station 1052

can accommodate up to 64 SSBs within 2.5ms. If the length of DMTC window 702 can be up
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to 10ms, 64*4 potential SSB locations can be found within DMTC window 702, even though
base station 105a would only transmit up to L such S5Bs.

[6686] Within the RMSI or through RRC signaling (not shown), UE 115a receives the S5B
configuration, which identifies this location (set of resources) of each possible SSB
transmission over DMTC window 702. In transmission siream 70, wherein base station 105a
detects a successful LBT prior to slot 0, SSB transmission indication signals 700, 703-706 (e.g.,
preamble, FDNCCH, ete.) indicates whether the data transmissions (e.g., PDSCH) in slot U
should rate match aronnd the configured resource sets or not. Thus, the 85B transmission
indication signals 700, 703-706 identify to UE 115a whether the actually transmitied SSB are
within the potential 8SB location resources identified in the SSB configuration. UE 113ais,
therefore, able to map the SSB configuration information to the actually-transmiited SSB
locations using the SSB transmission indication signals 700, 703-706 that identify whether the
potential resources for S8R should be rate matched around in the slot. In this case, the SSB
indication can be transmitted in a downlink graunt (e.g., PDCCH).

[6087] Iu transmission stream 71, base station 105a detects a successful LBT prior to slot 1. As
illustrated, base station 105a may elect to transmi{ the first two scheduled S8B transmission in
slot 4, because the channel was not yet secured in slot 0. SSB transmission indication siganals
701, 707-709 identify to UE 115a which of the possible 8SB location resources identified in
the SSB configuration will need to be rate matched and which will not. With the shift in
transmission of the first two scheduled SSB to slot 4, $8B transmission indication signal 709
will indicate to UE 115a to rate match around the identified SSB transmission locations.

{0688] When the number of bits in $5§B transmission indication 700 {e.g., PDCCH) for resource set
rate matching is smaller than the potential number of SSBs within the assignment, multiple
S&Bs can be grouped together. For example, if SSB transmission indication 700 has a 2-bit
indication for a resource sef rate matching while the data assignment includes four S8Bs, two
of the four S8Bs can be grouped together for a single bit indication.

[0889] As noted above, in unlicensed/shared spectrum, a base station may not be able to check out or

[Shwed

secure the medium before the scheduled start of the DMTC window and, thus, may not be able
to transmit some scheduled SSBs due to the timing of the LBT cutcome. This is especially
true when the base station indicates a subset of SSBs as the actually transmitted SSBs. The
base station may choose to indicate all potential, Z, SSBs as the actually transmitted S5Bs to
increase the SSB transmission probability. However, this implies that the base station would
need to allocate the corresponding PRACH resources for all L 85Bs, which would result n

substantial increase in system overhead.
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[6690] The base station may indicate the actually transmitted SSB via an $SB biimap, for example,
11110000, In this example, a 30KHz SCS is used for 888 numerology with up to eight S5Bs
that can be transmitted by the base station within the DTMC window. In general, the base
station would perform an extended CCA (ECCA) with a high priority class contention window
(CW) and would be allowed to begin transmissions up to 2ms afier detecting LBT success. If
LBT success ocours too late to fransmit in slot 0, the base station obtains the wedium for
transmission on slot 1, but misses the transmission locations for SSB0 and SSB1, according to
the SSB bitmap. As a result, the base station would only transmit SSB2 and SSB3 instead of
transmitting all four scheduled SSBs. Various additional aspects of the present disclosure are
directed to opportunistic SSB transmission in NR-U.

[6091] FIG. 8 is a block diagram illustrating a base station 105a and UE 115a configured according to
one aspect of the present disclosure. Base station 105 configures and signals a given number,
X, of 85Rs to be actually transmitted via the SSB bitmap. As above, the S8B bitmap may be
communicated within the RMSI, RRC signaling, or the like. Base station 105 configures these
indicated SSBs with corresponding RMSI and PRACH resources within DMTC window 802.
In addition, base station 105a may elect to transmit more S8Bs beyond the X S5Bs indicated
in the SSB bitmap. These additional SSBs are considered opportunistic and may not be
cormmitted in every DMTC window.

[6692] In transmission stream 80, base station 103a detects LBT success prior 1o slot 1, therchy
missing iransmission opportunities in slot 0. The actual DMTC transmission 801, therefore,
begins at slot 1. Base station 105a may transmit an SSB bitmap of 11110000 and configure
SSRO-88R3 with RMBI and PRACH resources. However, only SSB2 and 5SB3 are
transmitted by base station 105a in slot 1. According to the illustrated aspect, base station 1052
may transmit additional, opportunistic SSB that are not scheduled and identified in the S8B
bitmap. A control signals, such as in PBCH, can indicate to UE 115a that these additional,
unscheduled 8SBs are “opportunistic,” so there is no RMSI or no associated PRACH resources
associated with them. Thus, UE 115a may detect SSB4-SSB7 in slots 2-3 In operation, there
are no RMSI or PRACH resources for UE 1152 in SSB4-8SB7. However, the detection of
these opportunistic SSB allows UE 1135a to determine that the actual scheduled SSBs are
transmitted at the same frequency. Then, UE 115a which found the S8B, will remain in the
same channel to keep searching. The opportunistic SSB4-3SB7 also provide the cell 1D and
timing information, which facilitate UE 115a to search the scheduled S8Bs with their

associated RMSI and PRACH. For its following searches, UE 115a may then use the obtained
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cell ID and system timing information for better S8B detection. Thus, base station 103°s
transmission of opportunistic SSBs result in better and faster initial acquisition.

16093} It should be noted that there is no need to use the reserved bit in PBCH for such opportunistic
SSB signaling. The reserved codepoint in the raster offset or the RMSI CORESET
configuration can serve this purpose.

16094] After a UE acquires the SSB, the UE would read the RMSI to obtain the system information.
In NR, the RMS] scheduling instance may be tied to the SSB index/location in order io
mimimize UE scarch complexity. Three patierns are generally supported for the RMSI
configuration: (1) S8B8, CORESET, and PDSCH transmitted in time division multiplex (TDM)
fashion; (2) CORESET transmitted in TDM with a frequency divisional multiplex (FDM) of
SSE and PDSCH; and (3) FDM of 8SB, CORESET, and PDSCH, with CORESET and PDSCH
TDM in the same frequency bandwidth. Based on the detected SSB index and RMSI
configuration, the UE obtains the RMSI monitoring location.

[0095] It should be noted that in LTE, 5IB1 is transmitted on subframe 5/25/45/635 to minirmize UE
search complexity, while in MulteFire operations, SIB1 can be scheduled by the base station
on any subframe in the DMTC window. In MulteFire, the UE would, therefore, keep
monitoring SIB1 for every subframe within the DMTC window.

[0096] In the shared or unlicensed spectrum, as noted, the base station may perform LBT for S8B
transmission. Depending on the LBT outcome, the base station may or may not be able to
begin transmission of SSB as scheduled from slot 0 on the DMTC window, Typically, a UE
would detect a particular SSB in one DMTC window and looks for corresponding RMS] timing
configurations in the subsequent burst set(s) or transmission opportunities. However, because
of the unpredictability of LBT results, a particular SSB may not be transmitted at the same time
location from one DMTC window to another. Therefore, an issue may arise as to how the UE
identifies the time instances in order to monitor RMSI in NR-U. Various aspects of the present
disclosure are directed to monitoring for RMSI in consideration of the impact of LBT results,

[8097] FIG. 9 is a block diagram illustrating example blocks executed to implement one aspect of the
present disclosure. The example blocks will also be described with respect to UE 115 as
illustrated in FIG. 13. At block 900, a UE receives an SSB configuration for a discovery signal
detection window having a plurality of communication slots. For example UE 115 receives
the SSB configuration from the serving base station via antennas 252a-1 and wireless radios
1300a-x, and then stores the information in memory 282 at SSB configuration 1301, The 58B

configuration provides UE 115 the scheduled for actually transmitted SSBs within the DMTC
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window. UE 115 will know where to search for associated control signaling and for rate
matching, as discussed above.

[6898] At block 901, the UE monitors for a CORESET based on a beginning of transmissions within
the discovery signal detection window. Because of the unpredictability of LBT results, the
serving base station may not always be able to begin transmissions at slot 0 of the DMTC
window. UE 115, under control of controller/processor 280 executes SSB mapping logic 1303,
stored in memory 282. The execution environment of SSB mapping logic 1303 implements
various optional aspects that determine how SSB transmissions are performed by the serving
base station. According to various oplional aspects, UE 115 will monitor for the CORESET
according to different measures. For example, in a first option, SSB transmission floats with
the LBT results. Thus, the base station will start transmissions on the first available slot of the
DMTC window with SSBO. In a next optional aspect, UE 115 would not first need to detect
the beginning transmissions of the DMTC window, and, instead, UE 115 would search for
every potential CORESET corresponding to all possible 88B transmissions within the DMTC
window. In a next optional aspect, UL 115 also wenld not first need to detect the beginning
transmissions of the DMTC window, and, instead, search a few potential SSB locations based
on & cyclical extension of the SSB bitmap. With the cyclical extension, UE 115 would follow
the bitmap as it is extended by the LBT results.

[8099] At block 902, the UE decodes the CORESET for system information. Once detected, the UE
decodes the CORESET for system information. UE 115, under control of controller/processor
280, exeoutes cadee 1305, stored in memory 282 to decode the RMSI CORESET. The
execution environment of codec 1305 allows the decoding of the RMSI CORESET signals to
determine the system inforroation communicated from the serving base station.

[06160) FIG. 10 is a block diagram illustrating a base station 1052 and a UE 113a configured
according to one aspect of the present disclosure. In this optional aspect, base station 105a
begins transmissions in DMTC window 1004 with SSB0 after LBT access (floating SSB
transmission). The RMSI CORESET to SSB index mapping here may follow NR
configuration but floats with LBT outcome. UE 115a would detect the SSB transmission
indicator 1002 (e.g., preamble, CPDCCH) to obtain the identification of the start of
transmission in DMTC window 1004.t0 identify the RMSI scheduling timing location.

{60101} Tt should be noted that the SSB transmission indicator 1002 {e.g., preamble, CPDCCH)
would be beneficial to have deep penetration to reach all neighboring UEs with each

beamforming direction
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{00162} In transmission stream 1000, operations are generally normal when base station 105a
detects a successful LBT prior to slot § of DMTC window 1004, Each SSB transmission may
likely be in the expected location identified in the 8SB bitmap or other SSB configuration
signals. UE 115a would detect SSB1 at 1106 with the RMSI CORESET.

[80103] In transmission strearn 1001, base station 105a detects the successful LBT prior to slot
1 of DMTC window 1004. By floating S5B transmission with the success of LBT, UE 113a
determines the beginning of transmissions in DMTC window 1004 by receiving S5B
transmission indication 1003 (e.g,. preamble, CPDCCH). Knowing the beginning of
transmissions within DMTC window 1004 and that S8B transmissions float in the tllustrated
aspect, UE 115a uses the SSB configuration (¢.g., 3SB bitmap) to detect the RMSI CORESET
at SSB1 at 1005, UR 11352 may decode the CORESET to determine the system information
for base station 105a.

[66104] FIG. 11 is a block diagram illustrating base station 105a and UE 115a configured
according to one aspect of the present disclosure. In this optional aspect, UE 115a does not
rely on detection of the start of transmissions within DMTC window 1101, In transmission
stream 1100, base station 105a detects a successful LBT procedure prior to slot 1 of DMTC
window 1101, Without relying on the beginning of transmissions in DMTC window 1101, UE
115a searches for every potential CORESET 1102 comresponding to all possible 88Bs within
DMTC window 1101, RMSI CORESET 1102 for each SSB follows NR configuration.
Because the SSB transmissions float with the LBT outcome, and UE 115a does not rely on the
start of transmissions within DMTC window 1101, UE 115a is not aware of the actual time
location for each SSB from one DMTC to another. Thercfore, UE 115a searches for all possible
CORFESETs 1102 associated with all S8Bs within DMTC window 1101 and subsequent DMTC
windows. In such optional aspect, the search complexity is increased significantly compared
to NR, as UE 115a searches for every potential CORESET 1102 comesponding to all S8Bs
within DMTC window 1101, but UE 113a does not need to rely on the timing information for
CORESET 1102 of DMTC window 1101 to locate subsequent CORESET in subsequent
DMTC windows.

{60105] FIG. 12 is a block diagram illustrating base station 1052 and UE 115a configured
according to one aspect of the present disclosure. In this optional aspect, 88B transmissions
may be cyclically extended according to the LBT outcome. Base station 1035a transmits and
SSB configuration that identifies a fixed order of scheduled SSB transmigsions irrespective of
LBT outcome. The SSB configuration may include an 88B bitmap, resources reserved for S5B

transinissions, and the lke. In transmission stream 1200, base station 105a detects a successful
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LBT prior to slot 1 of DMTC window 1201. In this scenatio, with no transimissions available
for slot 0, the fixed order of SSB transmissions may be cyclically extended into subseguent
extension slots within DMTC window 1201 when base station 105z is not able to access
medium at the beginning of DMTC window 1201, The RMSICORESET for each SSB follows
NR configuration and is repeated on the potential cyclically extended CORESET SSEB locations
1203. UE 115a would, therefore, search in locations 1203 either scheduled or through cyclic
extension where the CORESET SSB would be expected for transmission. UE 1153 does not
rely on the start of transmission detection in DMTC window 1201,

{60106} It shiould be noted that in the illustrated aspect, the complexity is increased only a few
times compared to NR depending on the number of 88B cyclic extensions in Sms. For
example, with 240Khz SCS 8SB, only 1 cyclic extension may be used. Thus, the RMS!
CORESET search complexity would only be doubled in such exaraple.

80187} Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and technigues. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by voltages, currents, electromagnetic
waves, magnetic ficlds or particles, optical fields or particles, or any combination thereol.

[866108] The functional blocks and modules in FIGs. 4 and 9 may comprise processors,
electronics devices, hardware devices, electronics components, logical circuits, memories,
software codes, firmware codes, etc., or any combination thereof.

[66109] Those of skill would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the disclosure herein may
be implemented as electronic hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall system,
Skilled artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a depariure
from the scope of the present disclosure. Skilled artisans will also readily recognize that the
order or combination of components, methods, or interactions that are described herein are
merely examples and that the components, methods, or interactions of the various aspects of
the present disclosure may be combined or performed in ways other than those illustrated and

described herein.
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180119] The various illustrative logical blocks, modules, and cireuits described in connection
with the disclosure herein may be implemented or performed with a general-purpose processor,
a digital signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general-purpose processor may be a microprocesser, but in
the alternative, the processor may be any conventional processor, controller, microcontrolier,
or state machine. A processor may also be implemented as a combination of computing
devices, ¢.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
oF more microprocessors in conjunction with a DSP core, or any other such configuration.

00111} The steps of a method or algorithm described in connection with the disclosure herein
may be embodied directly in hardware, in a software modnle executed by a processor, orina
combination of the two. A software module may reside in RAM memory, flash memory, ROM
memory, EPROM wemory, EEPROM memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the art. An exemplary storage medium
is coupled to the processor such that the processor can read information from, and write
information to, the storage mediumn. In the alternative, the storage medium may be integral to
the processor. The processor and the storage medinm may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage medium may reside
as discrete components in a user terminal,

jei112} In one or more exemplary designs, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in sofiware, the
functions may be stored on or transmitted over a5 one or more instructions or code on a
compuier-readable medinm. Computer-readable media includes both computer storage media
and copununication media including any medium that facilitates transfer of a computer
program from one place to another, Computer-readable storage media may be any available
media that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other mediurn that can be used to carry or store desired program code
means in the form of instructions or data structores and that can be accessed by a general-
purpose or special-purpose computer, of a general-purpose or special-purpose processor. Also,
a connection may be properly termed a computer-readable medium. For example, if the

sofiware is transmitted from a website, server, or other remote source using a coaxial cable,
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fiber optic cable, twisted pair, or digital subscriber line (DSL), then the coaxial cable, fiber
optic cable, twisted pair, or DSL, are included in the definition of medium. Disk and disc, as
used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and blu-ray disc where disks usually reproduce data magnetically, while discs
teproduce data optically with lasers. Combinations of the above should also be included within
the scope of computer-readable media,

[80113] As used herein, including in the claims, the term “and/or,” when used 1o a list of two or
more iterms, means that any one of the listed items can be employed by itself, or any
combination of two or more of the listed items can be employed. For example, if a composition
is described as containing components A, B, and/or C, the composition can contain A alone; B
alone; C alone; A and B in combination; A and C in combination; B and C in combination; or
A, B, and C in combination. Also, as used herein, including in the claims, “or” as used in a list
of items prefaced by “at least one of” indicates a disjunctive list such that, for example, a list
of “at leastone of A, B, or C" means AorBor Cor ABor ACor BCor ABC (ie, Aand B
and C) or any of these in any combination thereof,

[60114] The previcus description of the disclosure is provided to enable any person skilled in
the art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined hercin may be applied 1o
other variations without departing from the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the examples and designs described herein but is to

be accorded the widest scope consistent with the principles and novel features disclosed herein,
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