WO 2024/065475 PCT/CN2022/122834

METHOD AND DEVICE FOR PERFORMING SIDELINK

COMMUNICATIONS

This document is directed generally to wireless communications, in particular to 5™
generation wireless communications, and in more particuiar to sidelink communications.

Generally speaking, wireless communications are performed with user terminal devices
and base stations. In addition, the wireless communications are performed on carriers or frequency
bands. Some carriers are licensed carriers, which are carriers licensed by a governmental or other
authoritative entity to a service provider for an exclusive use. On the other hands, other carriers are
unlicensed carriers, which are carriers not licensed by such governmental or other authoritative
entities. Currently, the user terminal devices may be able to communicate directly with each other
{i.e., without use of a base station) on the licensed carriers. However, ways for the user terminal
devices to communicate directly with each other on unlicensed carriers may be desirable.

The present disclosure is directed to methods, systems, and devices related to wireless
communications, and more specifically, to methods, systems, and devices related to sidelink
communications when performing a channel access on the unlicensed carrier {e.g., shared
spectrumy),

The present disclosure relates to a wireless communication method for use in a first
wireless terminal. The method comprises:

determining a sidelink channel access priority for a sidelink transmission in an
unlicensed carrier, and

performing a listen-before-talk (LBT) procedure in the unlicensed carrier for the
sidelink transmission hased on the sidelink channel access priority.

Various embodiments may preferably implement the following features:

Preferably, determining the sidelink chanunel access priority for the sidelink transmission
in the unhicensed carrier comprises: determining the sidelink channel access priority for at least one
of a sidelink media access control (MAC) control element (CE) or a sidelink MAC protocol data
unit (PDUY.

Preferably, the sidelink channel access priority is determined based on an indication,

whetein:
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the firat wireless terminal is in a connected state and the indication is received in a radio
fink control message,

the first wireless terminal is in an idie state and the indication is received in system
information, or

the indication is precoufigured in the first wireless terminal.

Preferably, the indication includes a channel access priority class {CAPC) value of a
MAC CE.

Preferably, the sidelink transmission comprises a sidelink transport block and the
stdelink channel access priority 18 determined as:

a highest priovity CAPC ju response to the transport block including at least one
of sidelink signaling radio bear {SRB), a sidefink broadcast control channel (SBCCH), or a sidelink
MAC CE having the highest priority CAPC;

a lowest priority CAPC 1o response to the transport block including only at least
one sidelink MAC CEs having the lowest priority CAPC,

a lowest priority CAPC of at least one sidelink data radic bearer (BRB) in the
transport block in response to the transport block iucluding only the at least one sidelink DRB; or

a lowest priority CAPC of at least one sidelink DRB and at least one MAC CE in
the transport block i response to the transport block including only the at least one sidelink DRBs
and the at least one sidelink MAC CE which do not have the {ixed highest priority CAPC.

Preferably, the sidelink transmission comprises a sidelink transport block, and the
sidelink channel access priority is determined as:

a highest priority CAPC of at least one logic channel in the MAC PDU, or

a lowest priority CAPC of at least one logic channel in the MAC PDU, or

an associated CAPC value to the priority of the sidelink transport block.

Preferably, the wireless communication method further comprises receiving, from the
wireless network node, CAPC value for each priority value of the sidelink transport block.

Preferably, the wireless communication method further comprises transmitting, from a
MAC entity to a physical laver entity of the first wireless terminal, information asscciated with the
indicated CAPC of the sidelink transport block.

Preferably, the wireless communication method further comprises receiving, from a
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wireless network node, a table indication of a table used for performing the LBT procedure, or

{being) preconfigured with a table indication of a table used for performing the LBT
procedure.

Preferably, the table indication indicates a table for at least one of each logic channel,
each PCS (oS profile, each PCS (oS profile list or each sidelink resource pool.

Preferably, a table used for performing the LBT procedure is preconfigured.

Preferably, the table is a table of CAPC or a table of CAPC for uplink.

The present disclosure relates to a wireless communication method forused in a
wireless network node. The method comprises:

transmitting, to a wireless terminal, 4 table indication of a table used for performing a
histen-before-talk, LBT, procedure.

Various ernbodiments may preferably implement the following features:

Preferably, the table indication indicates a table for at least one of each logic channel,
each PC3 QoS profile, each PCS (oS profile list or each sidelink resource pool.

Preferably, the table is a table of CAPC or a table of CAPC for uplink.

The present disclosure relates to a wireless communication methoed for use in a wireless
terminal. The method comprises:

performing a channel access procedure for a sidelink transmission in an unlicensed
carrier based on an indication of a channel access procedure type,

Yarious embodiments may preferably iroplement the following features:

Preferably, the channel access procedure type indicates at least one of a Type 1 channel
access procedure, a Type 2 channel access procedure or a semi-static channel occupancy channel
access procedure.

Preferably, the wireless communication method further comprises receiving, from a
wireless network node, the indication of the channel access procedure type.

Preferably, the indication is preconfigured in the wireless terminal.

The present disclosure relates to a wireless communication method for use in a wireless
network node. The method comprises:

transmiiting, to a wireless terminal, an indication of a channel access procedure type of
a channel access procedure for a sidelink transmission in an unlicensed carrier.

-
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Various embodiments may preferably implement the following feature:

Preferably, the channel access procedure type indicates at least one of a Type 1 channel
access procedure, a Type 2 channel access procedure or g semi-static channel occupancy channel
access procedure.

The present disclosure relates to a wireless communication method for use ina first
wireless termuinal. The method comprises:

receiving, from a second wireless terminal, a sidelink resource indication used for
performing a sidelink transmission in an unlicensed carrier after a slot with an index n, and

performing the sidelink transmission in the unlicensed carrier after the siot with the
index 1 based on the sidelink resource indication.

Various embodiments may preferably implement the following features:

Preferably, the sidelink resource indication comprises a channel occupancy time sharing
indication received at the slot with the index n and a time offset X, and the sidelink transmission in
the unlicensed carrier is performed no earlier than a slot with an index n+X.

Preferably, the sidelink resource indication comprises a sidelink offset | and a sidelink
duration d for the slot n, and the sidelink transmission in the undicensed carrier 5 performed no
earlier than a slot with an index n+{ 4+ {,wherei = 0,1, ...,d - 1.

Preferably, the wireless comrmunication method further comprises transmitting, to the
second wireless termival, a channel occupancy time request,

wherein the channel occupancy time reguest comprises information associaied with at
least one of!

a traffic periodicity of the sidelink transmission,

a duration of the sidelink transmission,

a number of resource blocks in the sidelink transmission,

a number of sub-bands for the sidelink transmission,

a minimum timing offset indicating an earliest timing of performing the sidelink
{ransmission,

a maximum tuning offset indicating a last timing of performing the sidelink
{ransmission, or

a channel access priority of the sidelink transmission.
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Preferably, the sidelink resource is associated with a priority threshold and a sidelink
grant, and a priority value of data in the sidelink transmission is smaller than or equal to the priority
threshold for the associated sidelink grant.

Preferably, the sidelink resource is associated with a destination id identifier and a
sidelink grant, and a receiver of the sidelink transmission is associated with the associated
destination id wdentifier for the associated sidelink grant.

The present disclosure relates to a wireless comruunication method for use in a second
wireless terminal. The wethod comprises:

transmitting, to a first wireless terminal, a sidelink resource indication used for allowing
the first wireless terminal to perform a sidelink transmission in an unlicensed carrier after a slot
with an index n.

Various ernbodiments may preferably implement the following features:

Preferably, the sidelink resource indication comprises a channel occupancy time sharing
indication received at the slot with the index n and a time offset X, and the sidelink transmission in
the unlicensed carrier is performed no earlier than a slot with an index nt+X.

Preferably, the sidelink resource indication comprises a sidelink offset | and a sidelink
duration d for the slot n, and the sidelink transmission in the unlicensed carrier i3 performed no
carlier than a slot withanindex n+{+ L, wherei =0, 1,....d — 1.

Preferably, the wireless comymunication method further comprises receiving, from the
first wireless terminal, a channel occupancy time request, wherein the channel occupancy time
request comprises information associated with at least one of

a traffic periodicity of the sidelink transmission,

a duration of the sidelink transmission,

a number of resource blocks in the sidelink transmission,

a number of sub-bands for the sidelink transmission,

a minimum timing offset indicating an earliest timing of performing the sidelink
{ransmission,

a maximum timing offset indicating a last timing of performing the sidelink
transmission, of

a channel access priority of the sidelink transmission
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Preferably, the sidelink resource is associated with a priority threshold and a sidelink
grant, and a priotity value of data in the sidelink transmission is smaller than or equal to the priority
threshold for the associated sidelink grant.

Preferably, the sidelink resource is associated with a destination id identifier and a
sidelink grant, and a receiver of the sidelink transmission is associated with the associated
destination id wdentifier for the associated sidelink grant.

The present disclosure relates to a wireless comruunication method for use in a first
wireless terminal. The method comprises:

performing a listen-before-talk (LBT) procedure in an unlicensed carrier for a sidelink
transmission,

determining a result of the LBT procedure;

in response to determining that the result is an LBT success, transmitting, to a second
wireless terminal, a sidelink signal on a channel in the unlicensed carrier, and

in response to determining that the result is an LBT failure, sending, from a physical
laver entity of the first wireless terminal to a medium access control (MAC) fayer entity of the first
user device, an LBT failure indication.

Various embodiments may preferably implement the following features:

Preferably, in response to recetving the LBT failure indication by the MAC layer eutity
from the physical layer entity for the most recent fransmisston resource configured by the sidelink
grant for a physical uplink control channel.

Preferably, the method further comprises: travsmitting, to a wireless network node, a
negative acknowledgement message in the physical uplink control channel.

Preferably, in response to recetving the LBT failure indication by the MAC entity from
the physical layer entity, the wethod further comprises at least one of

triggering a resource re-selection,

removing the at least one resource from a resource pool used by the resource
re-selection,

dropping the at least one resource from at least one selected resource acquired by
the resource re-selection, or

selecting at least one random resource from resources indicated by a physical
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laver entity and replacing the removed or dropped resources by the at least one random resource.

The present disclosure relates to a wireless comyounication method for use in a wircless
termuinal. The method comprises:

deterruining a plurality of physical sidelivk feedback channel, PSFCH, reception
occasions for a physical sidelink shared channel (PSSCH],

performing a hybrid automatic repeat request {HARQ) based sidelink radio link failure,
RLF, detection on the plurality of PSFCH reception occasions, to determine a number assoctated
with consecutive failed receptions ou the plurality of PSFCH reception occasions, aund

performing an operation in response to the number of consecutive failed transmissions
on the plurality of PSFCH reception occasions reaches a threshold.

Various embodiments may preferably implement the following features:

Preferably, performing the HARQ based sidelink radic link failure detection on the
plurality of PSFCH reception occeasions, to determine the number associate with the consecutive
failed transmissions on the plurality of PSFCH reception occasions comprises:

increasing the number by 1, wherein all receptions on the phurality of PRFCH reception
occasions for the PSSCH are absent, and

setting the number to 0, wherein at least one reception on the plurality of PSFCH
reception cceasions for the PSSCH successes.

Preferably, the number of consecutive failed transmissions on the plurality of PSFCH
reception occasions reaches a threshold, and the operation comprises at least one of!

indicating a HARQ-based sidelink RLF detection to a radio resource control layer
entity,

determining that a sidelink RLF 15 detected for a destination wireless terminal of
the PSSCH transmission,

releasing at least one data resource bearer of the destination wireless terminal,

releasing at least one signaling resource bearer of the destination wireless
terminal,

releasing at least one PCS Relay radio fink control, RLC, channel of the
destination wireless terminal,

discarding a new radic sidelink communication related configuration of the
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destination wireless terminal,
vesetting a sidelink specific MAC layer entity of the destination wireless terminal,
or
determining that a PCS radio resource conirol connection is released for the

destination wireless terminal.

The present disclosure relates to a first wireless terminal, comprising:

a processor, configured to:

determine a sidelink channel access priority for a sidefink transmission in an unlicensed
carrier, and

perform a listen-before-talk (LBT) procedure 1o the unlicensed carrier for the sidelink
transmission based on the sidelink channel access priority.

Various ernbodiments may preferably implement the following feature:

Preferably, the processor is further configured to perform any of the aforementioned
wireless communication methods.

The present disclosure relates to 3 wireless network node, comprising:

a communication unit, configured to itransmitting, t0 a wireless terminal, a table
indication of a table used for performing a listen-before-talk {(LBT) procedure.

Various ermnbodiments may preferably unplement the following feature:

Preferably, the wireless network node further comprises a processor configured to
perform any of the aforementioned wireless communication methods.

The present disclosure relates to a wireless terminal, comprising:

a processor, configured to performy a channel access procedure for a sidelink
transmission in an unlicensed carrier based on an indication of a channel access procedure type.

Varicus emmbodiments may preferably implerment the following feature:

Preferably, the processor is further configured to perform any of the aforementioned
wireless communication methods.

The present disclosure relates to a wireless network node, comprising:

a communication unit, configured to transmit, to 3 wireless terminal, an indication of a
channel access procedure type of a channel access procedure for a sidelink transmission in an

unficensed carrier.
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Various embodiments may preferably implement the following feature:

Preferably, the wireless network uvode further comprises a processor contfigured to
perform any of the aforementioned wireless communication methods.

first wireless terminal, comprising:

The present disclosure relates to a communication unit, configured to receive, from a
second wireless terminal, a sidelink resource indication used for performing a sidelink transmission
inn an unlicensed carrier after a slot with an index n, and

a processor, configured to perform the sidelink transmission in the unlicensed carrier
atter the slot with the index n based on the sidelink resource indication.

Various embodiments mway preferably implement the following feature:

Preferably, the processor is further configured to perform any of the aforementioned
wireless communication methods.

The present disclosure relates to a second wireless terminal, corprising:

a communication unit, configured to transmit, to a first wireless terminal, a sidelink
resource indication used for allowing the first wireless terminal to perform a sidelink transmission
in an unlicensed carrier after a slot with an index o,

Various embodiments may preferably implement the following feature:

Preferably, the second wireless termunal further comprises a processor configured to
perform any of the aforementioned wireless communication methods.

The present disclosure relates to a first wireless terminal, comprising:

a processor, configured to:

perform a listen-before-talk (L.BT) procedure in an unlicensed carrier for a sidelink
transmission,

determine a result of the LBT procedure;

in response to determining that the result is an LBT success, transmit, to a second
wireless terminal, a sidelink signal on a channel in the unhicensed carrier, and

in response to determining that the result 1s an LBT failure, send, from a physical layer
entity of the first wireless terminal to a medium access control (MAC) layer entity of the first user
device, an LBT failure indication.

Varicus embodiments may preferably implement the following feature:
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Preferably, the processor is further configured to perform any of the aforementioned
wireless communication methods,

The present disclosure relates to a wireless terminal, comprising:

a processor, configured to:

deterruine a plurality of physical sidelink feedback channel, PSFCH, reception
occasions for a physical sidelink shared chanunel, PSSCH,

perform a hybrid automatic repeat request, HARQ, based sidelink radio link failure,
RLF, detection on the plurality of PSFCH reception occasions, to determine a number associated
with consecutive failed receptions on the plurality of PSFCH reception occasions, and

perform an operation in response io the number of consecutive tailed transmissions on
the plurality of PSFCH reception occasions reaches a threshold.

Various ernbodiments may preferably implement the following feature:

Preferably, the processor is further configured to perform any of the aforementioned
wireless communication methods.

The present disclosure relates to a computer program product comprising a
computer-readable program medium code stored thereupon, the code, when executed by a
processor, causing the processor to irmplement a wireless communication method recited in any one
of foregoing methods.

The exemplary erbodiments disclosed herein are divected to providing features that
will become readily apparent by reference to the following description when taken in conjunction
with the accompany drawings. In accordance with various embodiments, exemplary systems,
methods, devices and computer program products are disclosed herein. B is understood, however,
that these embodiments are presented by way of example and not imitation, and it will be apparent
to those of ordinary skill in the art who read the present disclosure that various modifications {o the
disciosed embodiments can be made while remaining within the scope of the present disclosure.

Thus, the present disclosure is not hmited to the exemplary embodiments and
applications described and illustrated herein. Additionally, the specific order and/or hierarchy of
steps in the methods disclosed herein are merely exemplary approaches. Based upon design
preferences, the specific order or hierarchy of steps of the disclosed methods or processes can be
re-arranged while remaining within the scope of the present disclosure. Thus, those of ordinary
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skill in the art will understand that the methods and techniques disclosed herein present various
steps or acts in a sample order, and the present disclosure is not lmited to the specific order or
hierarchy presented unless expressly stated otherwise.

The above and other aspecis and their implementations are described in greater detail in
the drawings, the descriptions, and the claims,

FiG. | shows a schematic diagram of a wireless communication system according 1o an
embodiment of the present disclosure.

FIG. 2 shows a schematic diagram of a configuration of layer entities for a
communication node according to an embodiment of the present disclosure.

FIG 3 shows a flow chart of method for witeless communication that includes detecting
for hsten-before-talk (LBT) failures according to an embodiment of the present disclosure.

FIGR, 4 10 6 show schematic diagrams of sidelink communication according to
embodiments of the present disclosure.

The present description describes various embodiments of systems, apparatuses, devices,
and methods for wireless communications involving sidelink transmissions, including those in
unlicensed carriers.

FiG. 1 shows a diagram of an example wireless communication system 100 including a
plurality of communication nodes {(or just nodes) that are configured to wirelessly communicate
with each other. In general, the coromunication vodes include at least one user device 102 and at
least one wireless access node 104. The example wireless communication system 1060 in FIG. 1 is

shown as including two user devices 102, including a first user device 102(1} and a second user

;
device 102(2), and one wireless access nodes 104, However, various other examples of the wireless
communication system 100 that include any of varicus combinations of user devices 102 and
wireless access nodes 104, including two or more user devices 102 without any wireless access
nodes 104, only one user device 102 and only one wireless access node 104, only one user device
102 and two or more wireless access nodes 104, two or more user devices 102 and one or more
wireless access nodes 104, or two or more wireless access nodes 104 without any user devices 102,

In general, a user device as described herein, such as the user devices 102, may
include a single electronic device or apparatus, or multiple (2.2, a network of) electronic devices or
apparatuses, capable of communicating wirelessly over a network. A user device may comprise or
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otherwise be referred to as a user terminal, a user terminal device, or a user equipment (UE).
Additionally, a user device may be or include, but not Hmited to, a mobile device {such as a mobile
phone, a smart phone, a smart watch, a tablet, a laptop computer, vehicle or other vessel (human,
motor, or engine-powered, such as an automobile, a plane, a frain, a ship, or a bicycle as
non~-fimiting examples) or a fixed or stationary device, {such as a desktop computer or other
computing device that is not ordinarily moved for long perieds of time, such as appliances, other
relatively heavy devices inchuding Internet of things (loT), or computing devices used in
commercial or indusirial environments, as non-limiting examples). In various embodiments, a user
device 102 may include transceiver circuitry 106 coupled to an antenna 108 fo effect wireless
communication with the wireless access node 104, The transceiver circuitry 106 may also be
coupled to a processor 110, which may also be coupled to a memory 112 or other storage device,
The memory 112 may store therein instructions or code that, when read and executed by the
processor 110, cause the processor 110 to implement various ones of the methods described herein.

Additionally, in general, a wireless access node as described herein, such as the
wireless access node 104, may include a single electronic device or apparatus, or multiple (e.g., a
network of) electronic devices or apparatuses, and may comprise one or more base stations or other
wireless network access points capable of communicating wirelessly over a network with one or
more user devices and/or with one or more other wireless access nodes 104, For example, the
wireless access node 104 way comprise a 4G LTE base station, a 5G NR base station, a 5G
central-unit base station, a 5G distributed-unit base station, a next generation Node B (gNB}, an

enhanced Node B (eNB), or other similar or nexi-generation {e.g., 6(G} base stations, in various

>
embodiments. A wireless access node 104 may include transceiver circuitry 114 coupled to an
antenna 116, which may include an antenna tower 118 in varicus approaches, to effect wireless
communication with the user device 102 or another wireless access node 104, The transceiver
circuitry 114 may also be coupled to one or more processors 120, which may also be coupled to a
memory 122 or other storage device. The memory 122 may store therein instructions or code that,
when read and executed by the processor 120, cause the processor 120 to implewent one of more
of the methods described herein.

In various embodiments, two communication nodes in the wireless system 100,
such as a user device 102 and a wireless access node 104, two user devices 102 without 3 wireless

i
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access node 104, or two wireless access nodes 104 without a user device 102, may be configured to
wirelessly communicate with each other in or over a mobile network and/or a wireless access
network according to one or more standards and/or specifications. In general, the standards and/or
specifications may define the miles or procedures under which the communication nodes can
wirelessly commumnicate, which, in various embodiments, may include those for communicating in
millimeter {mnm)-Wave bands, and/or with multi-antenna schemes and beamforming functions. In
addition or alternatively, the standards and/or specifications are those that define a radio access
technology and/or a cellular technology, such as Fourth Generation (4G) Long Termy Evolution
{LTE), Fifth Generation {SG) New Radio (NR}, or New Radio Unlicensed (NR-U), as non-limiting
examples.

Additionally, in various embodiments, two or more of the communication nodes in the
wireless system 100, may be configured to communicate according to vehicle networking standards
and/or specifications. As used herein, vehicle networking refers to a large-scale system for wireless
communication and information exchange involving a vehicle, pedestrians, roadside equipment and
the Internet in accordance with any of various commwunication protocols and data exchange
standards. Vehicle networking communications may enhance vehicle performance with respect o
driving safety, traffic efficiency, usability or user convenience features, or emtertainment.
Additionally, s any of various embodiments, vehicle networking communication may be
categorized into three types: comununication between vehicles (also called vehicle-to-vehicle
(V2V}, communication between a vehicle and roadside equipment/network infrastructure {called
vehicle-to-infrastructure/vehicle-to-network (VZU/VINYY, and communication between vehicles and
pedestrians {called vehicle-to-pedestrian (V2P)). These types of communications are collectively
referred 1o as vehicle-to-everything (V2X) communication. Communication nodes participating in
V2X communicates may communicate with each other according to any of various V2 X standards
or specifications.

In the wireless system 100, the communication nodes are configured to wirelessly
communicate signals between each other. In general, a communication in the wireless system 100
between two communication nodes can be or include a transmission or a reception, and is generally
both simultaneously, depending on the perspective of a particular node in the communication. For
example, for a given commuupication between a first node and a second node where the first node s

i
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transmitting a signal to the second node and the second node is receiving the signal from the first
node, the first node may be referred to as a source or transmitting node or device, the second node
may be referred to as a destination or receiving node or device, and the communication may be
considered a transmission for the first node and a reception for the second node. Of course, since
communication nodes in a wireless system 100 can both send and receive signals, a single
communication node may be both a transmitting/source node and a receiving/destination node
simultaneously or switch between being a sending node and a receiving node.

Also, particular signals can be characterized or defined as etther an uphink (UL)
signal, a downlink (DL} signal, or a sidelink (8L} signal. An uplink signal 1s a signal transmitted
from a user device 102 to a wireless access node 104, A dowalink signal is a signal transmitted
from a wireless access node 104 to a user device 102, A sidelink signal s a signal transmitted from
a one user device 102 to another user device 102, or a signal transmitted from one wireless access
node 104 to a another wireless access node 104, Also, for sidelink transmissions, a first/source user
device 102 directly transmits a sidelink signal to a second/destination user device 102 without any
forwarding of the sidelink signal to a wireless access node 104

For at least some embodiments involving V2X communication, user devices 102
may perform sidelink transmissions. Such sidelink communications in V2X may be referred to as a
PCS-based  V2ZX  communication or V2X  communication. Additionally, for sidelink
communications v V2X, user device 102 may communicate sidelink signals to each other using 8
PCS interface, where PC5 refers to a reference point where a user device 102 communicates with
another user device 102 over a direct channel.

As V2X technology advances, including in the automation industry, scenarios for
V2X communications are being increasingly diversified and require higher performance. Examples
of advanced V2X services include vehicle platooning, extended sensors, advanced driving
{semi-automated driving and full-automated driving), and remote driving. Example performance
requirements for these advanced V2X services may include: supporting data packets with a size of
50 to 12,000 bytes, a transmission rate of 2 to 50 messages per second, a maximum end-to-end
delay of 3 to 500 milliseconds, a relighility of 90% to 99.999%, a date rate of 0.5 to 1,000
Megabytes per second (Mbps), or a transmission range of 50 to 1,000 meters, as non-limiting
examples.
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In addition, communication nodes using NR radic access operating with shared
spectrum channel access may be configured to operate in different modes, where primary cells
{(PCells), primary secondary cells {(PSCelis) or secondary cells (SCells) can be in the shared
spectrumm, and an SCell may or may not be contigured with uplink transmissions. Further, in both
channel access modes, the wireless access node 104 and the user device 102 may be configured fo
apply or perform listen-before-talk (LBT) procedures before performing a transnussion on a cell
configured with shared spectrum channel access.

FIG. 2 shows a block diagram of a plurality of modules of 2 communication node (2.3,
a user device 102 or a wireless access node 104), including a physical layer (PHY ) entity or
module {also called berein as just PHY layer, PHY wodule, or PHY entity) 202, a medium-access
control {MAC) layer entity or module (also called hereiu as just MAC layer, MAC module, or
MAC entity) 204, a radio-link control {RLC) layer entity or module {(also called herein as just RLC
faver, RLC entity, or RLC module) 206, a package data convergence protocol (PDUP) layer entity
or module (also called herein as just PDCP layer, PDCP entity, or PDCP module) 208, a radio
resource control (RRC) layer entity or module {also called herein as just RRC layer, RRC entity, or
RRC module) 210, and a Nou-Access Stratum (NAS) layer entity or module (also called herein ag
just NAS laver, NAS entity, or NAS module} 212,

In the present disclosure, as used herein unless expressed otherwise, the terms “layer”,
“entity”, and “module”, used alone or in combination with each other, and as used for one or more
components of a communication node, is an electronic device, such as electronic circuit, that
includes hardware or a combination of hardware and software. In various embodiments, a module
or an entity may be considered part of, or a component of, or implemented using one or more of the
components of a communication node of FIG. 1, including a processor 110/120, a memory 1127122,
a transcetver circuit 106/1 14, or the antenna 108/116. For example, the processor 110/120, such as
when executing computer code stored in the memory 112/116, may perforin the functions of a
module or entity. Additionally, in various embodiments, the functions that a module or entity
performs may be defined by one or more standards or protocols, such as SG NR for exarple.

Additionally, the layer entities 202-212 in FIG. 2 may be higher and lower layers
relative to each other, with the PHY layer entity 202 being the lowest layer among the layer entities
202-212; the MAC layer entity 204 bewng a higher layer than the PHY layer entity 202 and lower
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than the other layer entities 206-212; the RLC layer entity 206 being higher than the PHY and
MAC laver entities 202, 204 and lower than the PDCP, RRC, and NAS layer entities 208-212; the
PDCP layer entity 208 being higher than the PHY, MAC, and RRC layer entities 202-206 and
fower than the RRC and NAS layer entities 210, 212; the RRC layer entity 210 being higher than
the PHY, MAC, RRC, and PDICP layer entities 202-208 and lower than the NAS layer entity 212,
and the NAS layer entity 212 being the highest layer entity among the layer entities 202-220 shown
in FIG. 2. In various embodiments, a communication node of the system 100 may include modules
and/or layer entities other than those shown in FIG. 2.

CAPC value:

FIG 3 shows a schematic diagram of a method 300 according to an embodiment of the
present disclosure. The method 300 is for wireless communications that includes sidelink
communications between the first user device 102(1) and the second user device 102(2} on an
unficensed carrier. The embodiments of the method 300 have the first user device 102{1}
functioning as a source or transmitting user device that transmits a sidelink signal to the second
user device 102(2), and the second user device 102(2) functioning as a destination or receiving user
device that receives the sidelink signal from the first user device 102(1).

In the present disclosure, a licensed carrier 15 a carrier, frequency band or spectrum
that is licensed by a government or other authoriiative entity {e.g., the Federal Communications
Cornamission (FCC) in the United States or the European Telecommunications Standards Iostitute
(ETSI) in Europe) to a service provider for exclusive use. An unlicensed carrier, also called a
shared spectrum, is a carrier, frequency band or spectrum that is not licensed by a government or
other authoritative entity.

At block 302, the first user device 1021} may perform a listen-before-talk (LBT)
procedure in an unlicensed carrier for transmission of a sidelink signal In general, when a user
device 102 wants to transmit a signal {e.g., an uplink signal or a sidelink signal) on a channel in a
particular carrier (unlicensed), the user device may perform an LBT procedure in the carrier before
transmitting the sigoal. During an LBT procedure, the user device 102 may listen to or sense the
channel to determine whether the channel is available (free} or busy. In response to, or as a result
of, performing the LBT procedure, the user device 102 may determine whether the LBT procedure
is a success or a failure. The success indicates that the channel is available, and in turn, the user
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device 102 can proceed to transmit the signal. The failure indicates that the channel is busy, and in
turn, the user device 102 determines not to transwit the signal.

In various embodiments, at block 302, the first user device 102(1} may perform the
LBT procedure according to a sidelink channel access priority. Specifically, during the LBT
procedure, an amount of time that the first device 102 has to monitor the channel may depend on a
value of the sidelink channel access priority. Also, in an event that the result of the LBT procedure
is a success, an amount of time rescurces the channel occupies may depend on the value of the
sidelink channel access priority.

In some of these embodiments, the sidelink channel access priority s a sidelink
channel access priority of a sidelink logical channel For example, the first user device 102(1} may
be coufigured with a plurality of logical channels, and each logical channel may have or be mapped
to an asscciated priority value for a sidelink channel access priority. The priority values may be the
same as or different from each other for the different logical channels. Correspondingly, when the
first user device 102(1) determines to transmit data {e.g., data of a MAC protocol data unit (PDU))
as part of the sidelink signal, the first user device 102{1} may determine a logical channel that
corresponds to the data, and in turn, defermine a priority value corresponding to the logical channel.
The first user device 102{(1} may then perform the LBT procedure according to the determined
priority value.

In addition, for at least some embodiments, the data {e.g, of the MAC PDU)} may
correspond to multiple logical channels. Correspondingly, the first user device 102(1) may
determine a plurality of priority values for the multiple logical channels, and then select a value
corresponding to a highest priority value from among the plurality of priority values. In other
embodiments, the first user device 102{1} may determine a plurality of priority values for the
multiple logical channels, and then select a value corresponding to a lowest priority value from
among the plurality of priority values.

fo some embodiments, the sidelink channel access priority s a sidelink chaonel
access priotity of a quality of service (QoS) profile. The Qol profile may identify a set of QoS
parameters corresponding to data to be transmitted, such as a sidelink PC3 Qo8 Identifier (PQI), a
sidelink guaranteed flow bit rate (GFBR), 2 sidelink maximum flow bit rate (MFBR), and/or a
sidelink range. For such embodiments, the first user device 102(1} may identify a QoS profile
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corresponding to data to be transmitted in the sidelink transmission. In turn, the first user device
102(1) may identify a priority value corresponding to the QoS profile. Additionally, for at least
some embodiments, the data (e g, of the MAC PDU) may correspond to multiple PCS QoS profile.
Correspondingly, the first user device 102(1) may determine a plurality of priority values for the
multiple QoS profile, and then select a value corresponding to a highest priority value from among
the plurality of priority values. In other embodiments, the first user device 102(1) may determine a
plurality of priority values for the multiple QoS profile, and then select a value corresponding to a
fowest priority value from among the plurality of priority values. The first user device 102(1) may
then perform the LBT procedure according to the determined priority value,

In addition or alternatively, the first user device 102{(1) may recetve the sidelink
channel access priority for each logical channel or each PCS QoS profile or PCS Qo8 profile hist or
SL IUC (inter-UE coordination information) related MAC CE via a RRC message in response o
the first user device 102(1) being in a RRC connected state; may receive the sidelink channel
access priority for each logical channel or each PCS QoS profile or PC5 QoS profile list or SL IUC
{inter-UE coordination information) related MAC CE via system information in response to the
first user device 102(1) being in RRL idle; and/or may be preconfigured with the sidelink chaouel
access priority for each logical channel or each PC3 GoS profile or PCS (oS profile list or SL UC
{inter~UE coordination information) related MAC CE in response to the UE being out of coverage.

In addition or alternatively, in various embodiments, the first user device 102(1)
may use channel access priority classes (CAPCs) of radic bearers (RBs) and MAC control
elements {CEs) for priority values for LBT procedures. In some embodiments, the CAPCs of RBs
and MAC CHs are either fixed or configurable. For example, the CAPCs may be fixed to the
highest priority for sidelink signaling radio bearers (SR8s} and one or more sidelink MAC CEs;
configured by the network (wireless access node 104) for sidelink data radic bearers (DRB); or
fixed to a lowest priority for other sidelink MAC CEs. When choosing a CAPC of a given DRB,
the wirgless access node 104 may take into account PQIs of all of the QoS flows multiplexed in the
given DRB while considering fairness between different traffic types and transmissions. The
communication nodes in the system 100 may use the CAPC of a standardized PQI that best
matches QoS characteristics of a non-standardized PG for a Qo8 flow corresponding to the

non-standardized POL
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In addition or alternatively, in various embodiments, the first user device 102(1}
may select a CAPC as the priority for the LBT procedure by selecting: the highest priority CAPC
of a sidelink DRE in response to a transport block (TB) of the sidelink signal to be transmitted
including multiple sidelink DRBs; selecting a highest priority CAPC in response fo the transport
block tncluding at least one sidelink SRB, a sidelink broadeast control channel (SBCCH), or a
sidelink MAC CE having the highest priority CAPC; or selecting a lowest priority CAPC in
response to the transport block only including one or more sidelink MAC CEs having the lowest
priority CAPC, or selecting the lowest priority CAPC of a sidelink DRB in response to a transport
block {TB) of the sidelink signal to be transmitted only including sidelink DRBs; or selecting the
lowest priority CAPC of a sidelink DRE in response to a transport block {TB) of the sidelink signal
to be transoitted only wncluding sidelink DRBs and one or more sidelink MAC CEs baving the
lowest prigrity CAPC.

In addition or alternatively, in various embodiments, if a MAC PDU to transmit bas
been obtained, the MAC layer entities 204 of the first user device 102(1) may determines the
CAPC value of the TB for the source and destination pair of the MAC PDU. In an embodiment, the
MAC layer entities 204 may set the CAPC value to the value of the highest priority of the logical
channel{s) (if include} and a MAC CE (if included) in the MAC PDU. In an embodiments, the
MAC layer entities 204 may set the CAPC value to the value of the lowest priority of the logical
channel(s) it no sidelink MAC CE and/or sidelink SRB is included in the MAC PDU. Then the
MAC layer entities 204 indicate the CAPC value to the PHY layer entities 202. The PHY layer
entities 202 may perform the LBT procedure according to the CAPC priority value.

In addition or alternatively, the first user device 102(1) may receive the sidelink channel
access priority for each priority of MAC PDU via an RRC message in response to the first user
device 102(1) being in a RRC connected state, may receive the sidelink channel access priority for
each priority of MAC PDU via system information in response to the first user device 102(1) being
in RRC idle; and/or may be preconfigured with the sidelink channel access priority for each
priority of MAC PDU in response to the UE being out of coverage,

In some embodiments, if the MAC PDU to be transmitted has been obtained, the MAC
layer entities 204 of the first user device 102{1) determines the priority value of the TB for the
source and destination pair of the MAC PDU. In an embodiment, the MAC layer entities 204
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indicate the priority value of the MAC PDU to the PHY layer entities 202, The PHY layer entities
202 determine the CAPC value according to the indicated priority value of the MAC PDU and the
information of sidelink channel access priority for each priority of MAC PDU. The PHY laver
entities 202 may then perform the LBT procedure according to the determined priority value.

In an embodiment, the MAC layer entities 204 determine the priority value of the MAC
PDU, and then determine the CAPC value according to the priority value of the MAC PDU and the
information of sidelink channel access priority for each priority of MAC PDU, then indicate the
determined CAPC value to the PHY layer entities 202. The PHY layer entities 202 may then
perform the LBT procedure according to the indicated priority value.

In an embodiment, a method for wireless communication is disclosed. The method
COMprises:

performing, with a first user device, an LBT procedure in an unlicensed carrier for a
sidelink transmission;

determining, with the first user device, a result of the LBT procedure;

in response to determining that the result is an LBT success, transmitting, with the first
user device, a sidelink signal on a channel in the unlicensed carrier to a second user device; and

in response to determining that the result is an LBT failure, sending, with a physical
faver entity of the first user device, an LBT failure indication to a mediuny access control (MAC)
tayer eutity of the first user device.

in this embodiment, performing the LBT procedure in the unlicensed carrier may
further comprise: acquiring, with the first user device, a sidelink channel access priority for a
stdelink MAC CE or a 8L MAC PDU priority.

In an embodiment, the sidelink signal comprises a sidelink transport block and the
method may further comprises:

selecting, with the first user device, a channel access priority class (CAPC) for the LBT
procedure, wherein the selecting comprises one of

selecting a highest priority CAPC in response to the transport block including at least
one sidelink SRB, a sidelink broadcast contrel channel (SBCCH), or a sidelink MAC CE having
the highest priority CAPC; or

selecting a lowest priority CAPC in response to the transport block only including one
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or more sidelink MAC CEs having the lowest priority CAPC, or
selecting the lowest priosity CAPC of a sidebink DRB in respounse to a transport block
{TB) of the sidehink signal to be transnutted only including sidelink DRBs; or selecting the lowest
priosity CAPC of a sidelink DRB and MAC CEs in response 1o a transport block (TB) of the
stdelink signal 10 be transmitted only including sidelink DBREs and one or more sidelink MAC (Es
not having the highest priority CAPC.
CAPC table
A UE may wransmit the sidelink transmission using Type | channel access procedure
atter first sensing the channel to be idle during the siot durations of a defer duration Ty |, and atier
the counter N 18 zero o step 4. The counter N 18 adjusted by sensing the channel for additional
stot duration{s) according to the steps described below,
1y set N = Ny,p, where Ny 15 a random sumber uniformly distributed between 0O
and =% and go to step 4;
2y if N > € and the UE chooses to decrement the counter, set N = N — 1;
3} sense the channel for an additional slot duration, and if the additional siot duration
iz idle, goto step 4 else, goto step 5,
4y if N = 0, stop; else, poto siep 2.
Sy sense the channel untd etther a busy slot s detected within an additional defer
duration Ty or all the slots of the additional defer duration 7, are detected 1o be idle;
6} if the channel is sensed to be idle during all the slot durations of the additional defer
doration Ty, goiostep 4; else, goiosiep 5,

wherein, the parameter of m,,, CW,. ., and W, are based on a channel access

priovity class p as shown in the following Table I or Table 2.
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Tabie 1: Channel Access Priority Class (CAPC)

Channst
i:;it:j s?’n 5 W 1 EW o, 5 T jca £
Claxs : ,
1 1 3 7 2ms 3.7
2 1 7 5 3ma {7,153
3 3 1& 5% g ortdms {15,31.63}
4 7 18 1823 g ortdms {158.31,83,127,255,511,1823}

For p=3 and p =4 | if the absence of any other technology sharing the channpel
can be guaranteed on a long term basis (e.g. by level of regulation), Ty nppp = 10ms, otherwise,

T cory = 8ms

Tabie 2: Channel Access Priority Class (CAPC) for UL

Channst
Agtegs i i i : i 3 :
o Moo EWLL L L O 1 et
Prigrigy
Class (i
i 3 3 7 % s 3,73
2 2 7 i3 4 s £7,15}
3 3 15 1023 Gras or 10 ms (15,31,03,127 253 31,1023}
4 7 i3 H¥Z3 Sms or {0 ms $15.31,63,127 255,51 §,1023;
NOTEVFor p= 3.4, Tipmeery = Wms 3 the higher  layer parameter
absence(fAnyOther Technology-ri4 o absenceOfdnyCtheriechnologys16 s
provided |, otherwise, Ty corp = 6ms.
NOTE Z) When Taweer = Sns i may be jucreased o Bms by inserting one or
more gaps. The minimum duration of a gap shall be ous. The maximun duration
before including any such gap shall be 6ms,

If Table 1 is used, the UE may share longer duration COTs. I Table 2 15 used, the UE
may use a wider range of CWs to offer more chances to back off if collisions occur, which means
that more channel access opportusities can be acquired. However, the UE needs to determine
which table is used when using Type 1 channel access procedure. For one embodiment, the UE can
acquire the indication information of which table is used for Type 1 channel access procedure from
the network when i ¢ in coverage. For ancther embodiment, the UE can be preconfigured the

wndication information of which table is used for Type 1 channel aecess procedure when i is out of

%}

~
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coverage. For another embodiment, the first user device 102(1) may receive the sidelink channel
access priority and/or indication information of which table ts used for Type 1 channel access
procedure for each logical channel or each PCS (oS profile or PCS QoS profile list via a RRC
message in response to the first user device 102(1) being in a RRC connected state; may receive the
sidelink channel access priority and/or indication mformation of which table is used for Type 1
channel access procedure for each logical channel or each PCS QoS profile or PCS (oS profile list
via system information in response to the first user device 102{1} being in RRC idle; and/or may be
precoufigured with the sidelink channel access priority and/or indication information of which
table is used for Type 1 channel access procedure for each logical channel or each PCS (3oS protile
or PCS QoS profile list in response to the UE being out of coverage.
Channel Access Scheme

In some embodiments, the UE may transmit the sidelink transmission using Type 1
channel access procedure or using 3 semi-static channel occupancy channel access procedure. For
example, the senu-static channel occupancy channel access procedure may he that defined in
T837.213: Technical Specification Group Radico Access Network; Physical layer procedures for
shared spectrum channel access. If different UEs use different channel access procedures, it may be
unfair to each other and the collision probability may also ncrease. In fact, the channel access
procedures based on semi-static channel occupancy are intended for environments where the
absence of other technologies i3 guaranteed. Consider that the UE may transmoit the sidelink
transmission in different sidelink RB sets (contiguous set of resource blocks) or in different
sidelink resource pools or sidelink unlicensed carrier, the network provides UE indication of
whether the semi-static channel occupancy channel access procedure is used. To be specific, the
network provides UE indication of whether the semi-static channel occupancy channel access
procedure is used for each sidelink RB set or sidelink resource pool or sidelink unlicensed carvier.

COT (Channel secupancy time)

For the out of coverage (O0OC) UE, the UE may be pre-configured with indication
of whether the semi-static channel occupancy chanuel access procedure is used. To be specific, the
UE may be pre-configured with indication of whether the semi-static channel occupancy channel
access procedure is used for each sidelink RB set or sidelink resource pool or sidelink unlicensed

carrier. Then the UE can perform channel access procedure based on the configuration.

(3]
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If a UE is indicated to perform Type 2 channel access procedures, the UE uses Type
2 channel access procedures for a sidelink transroission. The UE may transmit the transmission
immediately after sensing the channel to be idle for at least a sensing interval. The sensing interval
maybe 0, 16us, 25us or other value.

When a first UE shares a COT initiated by a second UE, the first UE may transmit a
sidelink transmission that follows a sidelink transmission by the second UE.

In an embodiment, the COT may be shared based on the steps below.

Step 1. The second UE sends 'COT sharing indication” and ‘X in S8CI {sidelink
control information) in slot/subframe 7 to the first UE;

Step2: The first UE may transmit a sidelink transmission in slot/subframe n+ X

o another embodiment, the COT may be shared based on the steps below:

Step 1. The second UE sends 'SL duration and offset’ field indicating an 'SL offset’
{ and an 'SL duration’ d  for slot/subframe n to a first UE;

Step 2. a first UE may use channel access procedures Type 2 for sidelink
transmissions in slot/subframe n+14+1 where i =04, ., d~ 1

o order to avoid wasting resources and hmprove the resource utilization, the first
UE may send a COT request to the second UE before the above step 1. In an embodiment, the COT

request includes at least one of’

=00

{ms20, msb0, msalt0, msz200,

trafficPericdicity

ms300, msd400, msb00G, meoll, ms700, ms800, ms200, msicGlo},

duration

. PN
\’\.L..Stz‘),

RAWEE
)

MaxtimingOffzet

RBNum OR Subbandi

channelfccessPricrity

wherein the above parameters may be defined as:

~ trafficPeriodicity  indicates an  estimated data  arrival  periodicity.  The
trafficPeriodicity may have a value ms20 corresponding to 20 ms, a value corresponds to 50 ms
and so on;

-Duration indicates an estimated data arrival duration;
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-RBNum indicates the maximum number of RBs based on an observed traffic
patiern;

~SubbandNum indicates the maximum number of sub-bands based on an observed
traffic pattern.

~MinttningOffset indicates the minimum estimated timing for a packet arrival.

~MaxtimingQOftset indicates the maximum estimated timing for a packet arrival.

-channelAccessPriority indicates the channel Access Priority of ap estimated data
arrival.

In an embodiment, the COT request may include multiple sets of above parameters.

LCP (Logical Channel Prioritization)

In some embodiments, a first UE may share a COT initiated by a second UE or by
the network (e.g., gNB). For example, the second UE or the gNB may provide a sidelink grant with
a priority value P to the first UE.

When the first UE acquires a sidelink grant, the first UE may perform a sidelink
Legical Channel Prioritization procedure to obtain the MAC PDU 1o transmit. During the sidelink
Logical Channel Prioritization procedure, the UE needs to determine which destination ID
(identifier} shall be selected. The first UE may further determine which logical channels can be
selected for the selected destination ID.

In an embodiment of the sidelink grant being associated with the priority value P
and the UE acquiring the sidelink channel access prionity for each logical channel, the UE may
select the logical channels of which CAPC value is not larger than the value P when performing
sidelink the Logical Channel Prioritization procedure.

In an embodiment of the sidelink grant being associated to a destination 1D, the UE may
only select the destination ID associated to the sidelink grant when performing the sidehink Logical
Channel Prioritization procedure.

Resource Allocation

In some embodiment, for performing the sidelink communications, the UE may use
mode 1 and/or mode 2 resource allocation mechanism to transmit sidelink data. For mode 2
resource allocation mechanism, the transmission rescurce is selected by the UE itself within a

configured resource pool. For the wode 1 resource allocation mechanism, the transmission resource

o
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is scheduled by the network. When the mode 1 resource allocation mechanism is used, the network
may schedunle more than one transmission resource in DU {downlink control information} via a
PDCCH (physical downlink control channel). If the UE does not complete the transmission {e.g.,
does not receive HAR(Q ACK (hybrid automatic repeat request acknowledgement) information
from a peer UE) or considers more re-transmissions are needed, the UE may send a HAR{YQ NACK
to the network for requesting more transmission resourees.

fn an embodiment of the sidelink UE performing the mode 2 resource allocation
mechanism, the sidelink UE can select the resource for transmission in a configured resource pool.
When the UE performing the resource selection in unlicensed band, the UE may perform LBT
procedure before using the selected resource to transmit the sidelink data. If the result of the LBT
procedure indicates a success, the UE can use the selected resource to transmit the sidelink data.
When the result of the LBT procedure indicates a failure (i.e, the selected resource cannot be used
to continue transmitting the data), the UE may re-select another resource immediately and the
original selected resource may be removed or dropped. In an embodiment, a type2 (2a,2b or 2¢)
LBT procedure may be used to decrease the latency for the re-selected resource.

In an embodiment, if an LBT fallure (i.e, the result of the LBT procedure indicating a
failure) is detected on one selected sidelink resource, the UE performs at least one of

i triggering resource re-selection;

2. removing the LBT failure resource(s) from the selected sidelink resource;

. dropping the LBT failure resource(s} from the selected sidelink resource; ot

(98

i

. randomnly selecting a resource from the resources indicated by the physical faver and
replace the removed or dropped resource(s) by the selected resource(s).
In an embediment, the UE is allowed to perform at least one of following types of LBT

procedure for the resource which is used to replace the removed or dropped resource:

Ctypel LBT procedure;

o

Ctype LBT procedure;

o8

type2a LBT procedure;

'S

- tvpeZb LBT procedure; or

(4

typeZe LBT procedure.
FIG.4 shows a schematic diagram of a sidelink communication according to an
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embodiment of the present disclosure. In FIG. 4, the UE1 communication with peer UE (e, UE2)
via sidelink communications (in an unlicensed spectrum}. The UE1 performs a LBT procedure for
the sidelink communication and detects whether there is a LBT failure or LCT success. If detecting
the LBT failure, the UE1 performs an operation including at least one of’

{riggering resource re-selection;

removing the LBT failure resource(s} from the selected sidelink resource;

dropping the LBT fatlure resource(s) from the selected sidelink resource; or

randomly selecting a resource from the resources indicated by the physical laver and
replace the removed or dropped resource(s) by the selected resource(s).

In some embodiments, the Network may schedule wore than one sidelink transmission
resource via the PDCCH and one HARQD feedback resource on PUCCH may also be configured.
When the UE has a sidelink grant and a Uu grant at the same time and the UE cannot perform the
sidelink and Uu communications simultaneously, a prioritization procedure may be need for
prioritizing one of the sidelink transmission and the Un transmission {(1.¢., sidelink data and Un
data} to be transmitted. If the SL transmission is not priositized, the UE may send the NACK 1o the
network for requesting more transmission resources. In an embodiment, the UE ray send the
NACK to the network if the most recent transmission resource {(configured for the sidelink
transmission) is not prioritized.

For example, 3 transmission rescurces are scheduled by the DCI and associated with the
same PUCCH resource and only the third transmission resource is not prioritized, the UE needs to
send the NACK to the network, since the third transmission resource is the most recent resource for
the PUCCH transmission.

In an embodiment of the sidelink communication is performed on the unlicensed band, it
is also possible that the most recent transmission resource cannot be transmitted because the LBT
procedure fails on the most recent transmission resource. Under such conditions, the NACK
information also needs to be transmitted 1o the network for requesting more ransmission resources.

In an embodiment, if at least one of following condition is met, the UE instructs the
physical layer {entities) to signal a NACK on the PUCCH:
1. LBT failure is detected on the most recent transmission resource of the MAC PDIU;

2. LBT on the most recent transmission resource of the MAC PDUJ fails;
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3. LBT fatlure indication is received from lower layers on the most recent transmission
resource of the MAC PDUL

4. The most recent tfransmission resource is not transmitted due to LBT fatlure; or

5. The most recent transmission resource is not transmitted.

FIG. 5 shows a schematic diagram of a sidelink communication according to an
embodiment of the present disclosure. In FIG. 5, the UE1 communicates with peer UE (1e., UE2)
via sidelink communications, e.g., on an unlicensed spectrum. In this embodiment, the UE!D
receives a sidelink grant from network and may perform the sidelink communications by using the
stdelink grant. The UE1 may perform an LBT procedure on (transmission resources configured by)
the sidelink grant, to detect an LBT fathure or LBT success. For each PUCCH resource, if detecting
the LBT failure on the most recent sidelink transmission resources, the UEL reports/iransmits
NACK 1o the network.

Tn some embodiments of the UE performing the sidelink communications, the UE
transmits the data on a PSSCH (physical sidelink shared channel} and receives a HAR(G feedback
on a PSFCH (physical sidelink feedback channel}. Based on the HARQ feedback on PSFCH, each
PSSCH resource 1s associated with one PSFCH resource. The UE therefore can perform the
HARQ-based sidelink RLF (radio link faillure) detection, i.e, detecting the sidelink RLF based on
the HARQ feedback on the PSFCH resource. Specifically, if the number of consecutive PSFCHs
absent reaches the maximum value, the UE considers/determines that the SL RLF 15 detected.

When the unlicensed band is used as the PSFCH resource, it is possible that the LBT
failure is detected on the PSFCH resource. To solve this issue, more than one PSFCH resources
associated to one transmission can be configured for the receiving UE to send the HARQ feedback.
Thus, how UE performs the HARQ-based SL RLF detection should be specitied.

In an embodiment, in response to that the UE is configured with more than one PSFCH
reception occasions associated with one PSSCH transmission:

Step LI all PSFCH receptions are absent on the PSFCH reception occasions for the
PSSCH transruission, increment numConsecutiveDTX (e, an integer variable) by 1, otherwise
re-initialize/set the numConsecutiveDTX to zero.

Step 2:Hf  the numConsecutiveDTX  reaches the maximum value, indicating a
HARQG-based Stdelink RLF detection to an RRC layer entity.
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The above steps 1 and 2 may be realized by:

1> if all PSFCH reception are absent on the PSFCH reception oceasion for the PSSCH

fransmission:
2> ncrement numConsecutiveDTX by 1,
2> if numConsecutiveDXTX reaches the maximuom value;
3> indicate HARQ-based Sidelink RLF detection to RRC.
1> else:

2> re-initighize numConsecutiveDTX to zero.

In an embodiment, for each PSSCH transmission, the UE performs the following steps:
Step 1 If all the HARQ feedback for this PSSCH transmission is absent, increment
numConsecutiveD?TX (ie, an integer varable} by 1, otherwise re-initialize/set the
mimConsecutiveDTX 1o zero.
Step 2.1t the numConsecutiveDTX reaches the maxumum valne, indicating a
HARO-based Sidelink RLF detection to an RRC layer entity.
The steps | and 2 of this embodiment may be irmplemented by
1> I all the HARQ feedback for this PSSCH transmission is absent,
2> inerement rumConsecutiveDTX by 1
2> if numConsecutiveDTX reaches the maximum value:
3> indicate HAR(-based Sidelink RLF detection to RRC,
1> else:
2> re-inittalize numConsecutiveDTX to zero.
in an embodiment of the numConsecutiveDTX reaching the maximum value, the UE
performs at least one of following:
i Indicating HARG-based Sidelink RLF detection to RRC,
2. Considering sidelink radio hink failure to be detected for this destination,
3. Releasing the DRBs of thig destination,
4. Releasing the SRBs of this destination,
5. Releasing the PC5 Relay RLC channels of this destination,
6. Discarding the NR {new radic) sidelink communication related configuration of this
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destination,

7. Resetiing the sidelink specific MAC of this destination, or

8. Considering the PC5-RRC connection is released for the destination.

FIG. 6 shows a schematic diagram of a sidelink communication according to an
embodiment of the present disclosure. In FIG. 6, the UET communication with peer UE (e, UEZ)
via sidelink communications, e.g., on an unlicensed spectrum. In this embodiment, the UE2
transmits feedback on the PSFCH. The UET receives the feedback on the PSFCH and detects
whether sidelink RLF occurs. The UET determines that the sidelink RLF 1s detected if the number
of all PSFCH reception is absent on one or more PSFCH reception occasions associated with the
same SCI reaches the maximum value. Note that, this number may be determined based on the
above embodiments. In addition, the UET may further perform other operations as recited in the
above embodiment.

While various embodiments of the present disclosure have been described above, it should
be understood that they have been presented by way of example only, and not by way of limitation.
Likewise, the varicus diagrams may depict an example architectural or configuration, which are
provided to enable persons of ordinary skill in the art to understand exemplary features and
functions of the present disclosure. Such persons would understand, however, that the present
disclosure is not restricted to the iflustrated example architectures or configurations, but can be
implemented using a variety of alternative architectures and configurations. Additionally, as would
be understood by persons of ordinary skill in the art, one or more features of one embodiment can
be combined with one or more features of ancther embodiment described herein. Thus, the breadih
and scope of the present disclosure should not be hmited by any one of the above-described
exemplary embodiments.

It is also understood that any reference to an element herein using a designation such
as “first," "second,” and so forth does not generally Himit the guantity or order of those elements.
Rather, these designations can be used herein as a conventent means of distinguishing between two
or more elements or instances of an element. Thus, a reference to first and second elements does
not mean that only two elements can be employed, or that the first element must precede the
second element in some manner.

Additionally, a person having ordinary skill in the art would understand that information
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and signals can be represented using any one of a variety of different technologies and techniques.
For example, data, insiructions, commands, information, signals, bits and symbols, for example,
which may be referenced in the above description can be represented by voltages, currents,
electromagnetic waves, magnetic fields or particies, optical fields or pasticles, or any combination
thereof.

A skilied person would further appreciate that any one of the various ilustrative logical
blocks, units, processors, means, circuits, methods and functions described in connection with the
aspects disclosed heretn can be implemented by electronic hardware {e.g., a digital implementation,
an analog implementation, or a combination of the two), firmware, varicus forms of program or
design code incorporating instructions {(which can be referred to herein, for convenience, as
"software” or a "software unit”), or any combination of these technigues.

To clearly illustrate this interchangeability of hardware, firmware and software, various
ithustrative components, blocks, units, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware, firmware or
software, or a combination of these techniques, depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans can implement the described
functionality in various ways for each particular application, but such implementation decisions do
not cause a departure from the scope of the present disclosure. In accordance with various
embodiments, a processor, device, component, circuit, structure, machine, unit, etc can be
configured to perform one or more of the functions described herein. The term “configured to” or
“configured for” as used herein with respect to a specified operation or function refers to a
processor, device, component, circuit, structure, machine, unit, ete. that is physically constructed,
programmed and/or arranged to perform the specified operation or function.

Furthermore, a skilled person would understand that various tllustrative logical blocks,
units, devices, components and circuits described herein can be implemented within or performed
by an integrated circuit {IC) that can include a general-purpose processor, a digital signal processor
(D8P}, an application specific integrated cireutt (ASIC), a field prograromable gate array (FPGA)
or other programmable logic device, or any combination thereof The logical blocks, units, and
circuits can further include antennas and/or transceivers to communicate with various components
within the network or within the device. A general-purpose processor can be a microprocessor, but
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in the alternative, the processor can be any conventional processor, controller, or state machine. A
processor can also be implemented as a combination of computing devices, ¢.g., a combination of a
DSP and a nucroprocessor, a plurality of microprocessors, one Of more NHCTOProcessers in
conjunction with a DSP core, or any other suitable configuration to perform the functions described
herein. If implemented in software, the functions can be stored as one or more instructions or code
on a computer-readable medium. Thus, the steps of a method or algorithm disclosed herein can be
implemented as software stored on a computer-readable medium.

Computer-readable media includes both computer storage media and communication
media including any medium that can be enabled to transfer a computer program or code from one
place to another. A storage media can be any available media that can be accessed by a computer.
By way of example, and not limitation, such computer-readable media can include RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to store desired program code in the form of
instructions or data structures and that can be accessed by a computer.

In this document, the term "unit™ as used herein, refers to software, firmware, hardware,
and any combination of these elements for performing the associated functions described heretn.
Additionally, for purpose of discussion, the various units are described as discrete units; however,
as would be apparent to one of ordinary skiil in the art, two or more uniis may be combined to form
a single unit that performs the associated functions according to embodimuents of the present
disclosure.

Additionally, memory or other storage, as well as communication compounents, may be
emploved in embodiments of the present disclosure. It will be appreciated that, for clarity purposes,
the above description has described embodiments of the present disclosure with reference o
different functional units and processors. However, it will be apparent that any suitable distribution
of functionality between different functional units, processing logic elements or domains may be
used without detracting from the present disclosure. For example, functionality ilustrated to be
performed by separate processing logic elements, or countrollers, may be performed by the same
processing logic element, or controller. Hence, references to specific functional units are only
references to a suitable means for providing the described functionality, rather than indicative of a
strict fogical or physical structure or organization.
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Various modifications to the implementations described in this disclosure will be readily
apparent to those skilled in the art, and the general principles defined herein can be applied to other
implementations without departing from the scope of the claims. Thus, the disclosure is not
intended to be limited to the implementations shown herein, but is to be accorded the widest scope

consistent with the novel features and principles disclosed herein, as recited in the claims below.
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A wireless communication method for use in a first wireless terminal, the method

comprising:

determining a sidelink channel access priority for a sidelink transmission in an
unlicensed carrier, and

performing a listen-before-talk (LBT) procedure in the unlicensed carrier for the

sidelink transmission based on the sidelink channel access priority.

The wireless communication method of claim 1, wherein determining the sidelink
channel access priority for the sidelink transmission in the unlicensed carrier comprises:
determining the sidelink channel access priority for at least one of a sidelink media

access control (MAC) control element (CE) or a sidelink MAC protocol data unit

(PDU).

The wireless communication method of claim 1 or 2, wherein the sidelink channel

access priority is determined based on an indication,

wherein:

the first wireless terminal is in a connected state and the indication is received in a radio
link control message,

the first wireless terminal is in an idle state and the indication is received in system
information, or

the indication is preconfigured in the first wireless terminal.

The wireless communication method of claim 3, wherein the indication includes a

channel access priority class (CAPC) value of a MAC CE.

The wireless communication method of any of claims 1 to 4, wherein the sidelink
transmission comprises a sidelink transport block, and
wherein the sidelink channel access priority is determined as:

a highest priority CAPC in response to the transport block including at least one
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of sidelink signaling radio bear (SRB), a sidelink broadcast control channel
(SBCCH), or a sidelink MAC CE having the highest priority CAPC;

a lowest priority CAPC in response to the transport block including only at least
one sidelink MAC CEs having the lowest priority CAPC,

a lowest priority CAPC of at least one sidelink data radio bearer (DRB) in the
transport block in response to the transport block including only the at least
one sidelink DRB; or

a lowest priority CAPC of at least one sidelink DRB and at least one MAC CE in
the transport block in response to the transport block including only the at
least one sidelink DRBs and the at least one sidelink MAC CE which do not

have the fixed highest priority CAPC.

The wireless communication method of any of claims 1 to 5, wherein the sidelink
transmission comprises a sidelink transport block, and
wherein the sidelink channel access priority is determined as:

a highest priority CAPC of at least one logic channel in the MAC PDU, or

a lowest priority CAPC of at least one logic channel in the MAC PDU, or

an associated CAPC value to the priority of the sidelink transport block.

The wireless communication method of claim 6, further comprising:
receiving, from the wireless network node, CAPC value for each priority value of the

sidelink transport block.

The wireless communication method of 6 or 7, further comprising:
transmitting, from a MAC entity to a physical layer entity of the first wireless terminal,

information associated with the indicated CAPC of the sidelink transport block.

The wireless communication method of any of claims 1 to 8, further comprising:
receiving, from a wireless network node, a table indication of a table used for

performing the LBT procedure, or
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preconfigured with a table indication of a table used for performing the LBT procedure.

The wireless communication method of claim 9, wherein the table indication indicates a
table for at least one of each logic channel, each PC5 QoS profile, each PC5 QoS

profile list or each sidelink resource pool.

The wireless communication method of any of claims 1 to 10, wherein a table used for

performing the LBT procedure is preconfigured.

The wireless communication method of any of claims 9 to 11, wherein the table is a

table of CAPC or a table of CAPC for uplink.

A wireless communication method for used in a wireless network node, the method
comprising:
transmitting, to a wireless terminal, a table indication of a table used for performing a

listen-before-talk, LBT, procedure.

The wireless communication method of claim 13, wherein the table indication indicates
a table for at least one of each logic channel, each PC5 QoS profile, each PC5 QoS

profile list or each sidelink resource pool.

The wireless communication method of claim 13 or 14, wherein the table is a table of

CAPC or a table of CAPC for uplink.

A wireless communication method for use in a wireless terminal, the method
comprising:
performing a channel access procedure for a sidelink transmission in an unlicensed

carrier based on an indication of a channel access procedure type.

The wireless communication method of claim 16, wherein the channel access procedure
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type indicates at least one of a Type 1 channel access procedure, a Type 2 channel

access procedure or a semi-static channel occupancy channel access procedure.

18. The wireless communication of claim 16 or 17, further comprising:

receiving, from a wireless network node, the indication of the channel access procedure

type.

19. The wireless communication of claim 16 or 17, wherein the indication is preconfigured

in the wireless terminal.

20. A wireless communication method for use in a wireless network node, the method
comprising:
transmitting, to a wireless terminal, an indication of a channel access procedure type of

a channel access procedure for a sidelink transmission in an unlicensed carrier.

21. The wireless communication method of claim 20, wherein the channel access procedure
type indicates at least one of a Type 1 channel access procedure, a Type 2 channel

access procedure or a semi-static channel occupancy channel access procedure.

22. A wireless communication method for use in a first wireless terminal, the method
comprising:
receiving, from a second wireless terminal, a sidelink resource indication used for
performing a sidelink transmission in an unlicensed carrier after a slot with an
index n, and
performing the sidelink transmission in the unlicensed carrier after the slot with the

index n based on the sidelink resource indication.

23. The wireless communication method of claim 22, wherein the sidelink resource
indication comprises a channel occupancy time sharing indication received at the slot

with the index n and a time offset X, and
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wherein the sidelink transmission in the unlicensed carrier is performed no earlier than

a slot with an index n+X.

The wireless communication method of claim 22, wherein the sidelink resource
indication comprises a sidelink offset / and a sidelink duration d for the slot n, and
wherein the sidelink transmission in the unlicensed carrier is performed no earlier than

aslot with anindex n+ 1+ i,wherei =0,1,...,d — 1.

The wireless communication method of any of claims 22 to 24, further comprising:
transmitting, to the second wireless terminal, a channel occupancy time request,
wherein the channel occupancy time request comprises information associated with at
least one of:
a traffic periodicity of the sidelink transmission,
a duration of the sidelink transmission,
a number of resource blocks in the sidelink transmission,
a number of sub-bands for the sidelink transmission,
a minimum timing offset indicating an earliest timing of performing the sidelink
transmission,
a maximum timing offset indicating a last timing of performing the sidelink
transmission, or

a channel access priority of the sidelink transmission.

The wireless communication method of any of claims 22 to 25, wherein the sidelink
resource is associated with a priority threshold and a sidelink grant, and
wherein a priority value of data in the sidelink transmission is smaller than or equal to

the priority threshold for the associated sidelink grant.

The wireless communication method of any of claims 22 to 25, wherein the sidelink
resource is associated with a destination identifier and a sidelink grant, and

wherein a receiver of the sidelink transmission is associated with the destination
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identifier for the sidelink grant.

A wireless communication method for use in a second wireless terminal, the method

comprising:

transmitting, to a first wireless terminal, a sidelink resource indication used for
allowing the first wireless terminal to perform a sidelink transmission in an

unlicensed carrier after a slot with an index n.

The wireless communication method of claim 28, wherein the sidelink resource
indication comprises a channel occupancy time sharing indication received at the slot
with the index n and a time offset X, and

wherein the sidelink transmission in the unlicensed carrier is performed no earlier than

a slot with an index n+X.

The wireless communication method of claim 28, wherein the sidelink resource
indication comprises a sidelink offset / and a sidelink duration d for the slot n, and
wherein the sidelink transmission in the unlicensed carrier is performed no earlier than

a slot with an index n+ !+ i,wherei =0,1,...,d — 1.

The wireless communication method of any of claims 28 to 30, further comprising:
receiving, from the first wireless terminal, a channel occupancy time request,
wherein the channel occupancy time request comprises information associated with at
least one of:
a traffic periodicity of the sidelink transmission,
a duration of the sidelink transmission,
a number of resource blocks in the sidelink transmission,
a number of sub-bands for the sidelink transmission,
a minimum timing offset indicating an earliest timing of performing the sidelink
transmission,

a maximum timing offset indicating a last timing of performing the sidelink
39



WO 2024/065475 PCT/CN2022/122834

transmission, or

a channel access priority of the sidelink transmission.

32. The wireless communication method of any of claims 28 to 31, wherein the sidelink
resource is associated with a priority threshold and a sidelink grant,
wherein a priority value of data in the sidelink transmission is smaller than or equal to

the priority threshold for the associated sidelink grant.

33. The wireless communication method of any of claims 28 to 32, wherein the sidelink
resource is associated with a destination identifier and a sidelink grant,
wherein a receiver of the sidelink transmission is associated with the destination

identifier for the sidelink grant.

34. A wireless communication method for use in a first wireless terminal, the method

comprising:

performing a listen-before-talk (LBT) procedure in an unlicensed carrier for a sidelink
transmission,

determining a result of the LBT procedure;

in response to determining that the result is an LBT success, transmitting, to a second
wireless terminal, a sidelink signal on a channel in the unlicensed carrier, and

in response to determining that the result is an LBT failure, sending, from a physical
layer entity of the first wireless terminal to a medium access control (MAC) layer

entity of the first user device, an LBT failure indication.

35. The wireless communication method of claim 34, wherein in response to receiving the
LBT failure indication by the MAC layer entity from the physical layer entity for the
most recent transmission resource configured by the sidelink grant for a physical uplink
control channel,
wherein the method further comprises:

transmitting, to a wireless network node, a negative acknowledgement message in
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the physical uplink control channel.

36. The wireless communication method of claim 34 or 35, wherein in response to
receiving the LBT failure indication by the MAC entity from the physical layer entity,
the method further comprises at least one of:

triggering a resource re-selection,

removing the at least one resource from a resource pool used by the resource
re-selection,

dropping the at least one resource from at least one selected resource acquired by
the resource re-selection, or

selecting at least one random resource from resources indicated by a physical
layer entity and replacing the removed or dropped resources by the at least

one random resource.

37. A wireless communication method for use in a wireless terminal, the method

comprising:

determining a plurality of physical sidelink feedback channel, PSFCH, reception
occasions for a physical sidelink shared channel (PSSCH),

performing a hybrid automatic repeat request (HARQ) based sidelink radio link failure,
RLF, detection on the plurality of PSFCH reception occasions, to determine a
number associated with consecutive failed receptions on the plurality of PSFCH
reception occasions, and

performing an operation in response to the number of consecutive failed transmissions

on the plurality of PSFCH reception occasions reaches a threshold.

38. The wireless communication method of claim 37, wherein performing the HARQ based
sidelink radio link failure detection on the plurality of PSFCH reception occasions, to
determine the number associate with the consecutive failed transmissions on the
plurality of PSFCH reception occasions comprises:

increasing the number by 1, wherein all receptions on the plurality of PSFCH reception
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occasions for the PSSCH are absent, and
setting the number to O, wherein at least one reception on the plurality of PSFCH

reception occasions for the PSSCH successes.

39. The wireless communication of claim 37 or 38, wherein the number of consecutive
failed transmissions on the plurality of PSFCH reception occasions reaches a threshold,
and
wherein the operation comprises at least one of:

indicating a HARQ-based sidelink RLF detection to a radio resource control layer
entity,

determining that a sidelink RLF is detected for a destination wireless terminal of
the PSSCH transmission,

releasing at least one data resource bearer of the destination wireless terminal,

releasing at least one signaling resource bearer of the destination wireless
terminal,

releasing at least one PCS5 Relay radio link control, RLC, channel of the
destination wireless terminal,

discarding a new radio sidelink communication related configuration of the
destination wireless terminal,

resetting a sidelink specific MAC layer entity of the destination wireless terminal,
or

determining that a PC5 radio resource control connection is released for the

destination wireless terminal.

40. A first wireless terminal, comprising:
a processor, configured to:
determine a sidelink channel access priority for a sidelink transmission in an
unlicensed carrier, and
perform a listen-before-talk (LBT) procedure in the unlicensed carrier for the

sidelink transmission based on the sidelink channel access priority.
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The first wireless terminal of claim 40, wherein the processor is further configured to

perform a wireless communication method of any one of claims 2 to 12.

A wireless network node, comprising:
a communication unit, configured to transmitting, to a wireless terminal, a table

indication of a table used for performing a listen-before-talk, LBT, procedure.

The wireless network node of claim 42, further comprising a processor configured to

perform the wireless communication method of claim 14 or 15.

A wireless terminal, comprising:
a processor, configured to perform a channel access procedure for a sidelink
transmission in an unlicensed carrier based on an indication of a channel access

procedure type.

The wireless terminal of claim 44, wherein the processor is further configured to

perform the wireless communication method of any of claims 17 to 19.

A wireless network node, comprising:
a communication unit, configured to transmit, to a wireless terminal, an indication of a
channel access procedure type of a channel access procedure for a sidelink

transmission in an unlicensed carrier.

The wireless network node of claim 46, further comprising a processor configured to

perform the wireless communication method of claim 21.

A first wireless terminal, comprising:
a communication unit, configured to receive, from a second wireless terminal, a

sidelink resource indication used for performing a sidelink transmission in an
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unlicensed carrier after a slot with an index n, and
a processor, configured to perform the sidelink transmission in the unlicensed carrier

after the slot with the index n based on the sidelink resource indication.

49. The first wireless terminal of claim 48, wherein the processor is further configured to

perform the wireless communication method of any of claims 23 to 27.

50. A second wireless terminal, comprising:
a communication unit, configured to transmit, to a first wireless terminal, a sidelink
resource indication used for allowing the first wireless terminal to perform a

sidelink transmission in an unlicensed carrier after a slot with an index n.

51. The second wireless terminal of claim 50, further comprising a processor configured to

perform the wireless communication method of any of claims 29 to 33.

52.  Afirst wireless terminal, comprising:
a processor, configured to:

perform a listen-before-talk (LBT) procedure in an unlicensed carrier for a
sidelink transmission,

determine a result of the LBT procedure;

in response to determining that the result is an LBT success, transmit, to a second
wireless terminal, a sidelink signal on a channel in the unlicensed carrier, and

in response to determining that the result is an LBT failure, send, from a physical
layer entity of the first wireless terminal to a medium access control (MAC)

layer entity of the first user device, an LBT failure indication.

53. The first wireless terminal of claim 52, wherein the processor is further configured to

perform the wireless communication method of claim 35 or 36.

54. A wireless terminal, comprising:
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a processor, configured to:

determine a plurality of physical sidelink feedback channel, PSFCH, reception
occasions for a physical sidelink shared channel, PSSCH,

perform a hybrid automatic repeat request, HARQ, based sidelink radio link
failure, RLF, detection on the plurality of PSFCH reception occasions, to
determine a number associated with consecutive failed receptions on the
plurality of PSFCH reception occasions, and

perform an operation in response to the number of consecutive failed

transmissions on the plurality of PSFCH reception occasions reaches a

threshold.

55. The wireless terminal of claim 54, wherein the processor is further configured to

perform the wireless communication method of claim 38 or 39.
56. A computer program product comprising a computer-readable program medium code

stored thereupon, the code, when executed by a processor, causing the processor to

implement a wireless communication method recited in any one of claims 1 to 39.
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