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METHOD AND APPARATUS FOR MULTIPLE SIDELINK TRANSMISSION
OPPORTUNITIES IN ONE SLOT

TECHNICAL FIELD

[0001] Embodiments of the present disclosure generally relate to wireless
communication technology, and more particularly to sidelink transmissions on an

unlicensed spectrum.

BACKGROUND

[0002] In a wireless communication system, a user equipment (UE), e.g., mobile
device, may communicate with another UE via a data path supported by an operator's
network, e.g., a cellular or a Wi-Fi network infrastructure. The data path supported

by the operator's network may include a base station (BS) and multiple gateways.

[0003] In the case that the UEs are relatively close to each other, a radio link or a
sidelink can be established between both UEs to provide Device-to-Device (D2D)
communication and without going through a direct link to the BS. The term
"sidelink" or "SL" may refer to a direct radio link established for communicating
among devices, e.g., UEs, as opposed to communicating via the cellular infrastructure
(uplink and downlink) as discussed above. In this case, the "sidelink" is also
referred to as a D2D or sidelink communication link. The sidelink communication
link may be used in any suitable telecommunication network in accordance with
various standards, where the telecommunication network may configure a resource

pool to be used by the UEs during such sidelink communication.

[0004] D2D communication has evolved into vehicle-to-everything (V2X)
communication in the Long Term Evolution (LTE) sidelink standard. The V2X
communication technology encompasses communication involving vehicles as
message sources or destinations. In a new radio (NR) communication system, a
transmitting (Tx) UE may send a sidelink transmission to a specific receiving (Rx)

UE in a unicast mode, to a group of Rx UEs in a groupcast mode, or to Rx UEs within
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arange in a broadcast mode.

[0005] A UE may operate in both a licensed spectrum and an unlicensed spectrum.
For a transmission on an unlicensed spectrum, in order to achieve fair coexistence
between wireless systems, a channel access procedure (e.g., a listen-before-talk (LBT)
procedure) may be required before transmission on the unlicensed spectrum. In the
LBT procedure, a UE may perform energy detection on a certain channel. If the
detected energy is lower than a predefined threshold, the channel is deemed as empty
and available for transmission, and then the LBT procedure is successful. Only
when the LBT procedure is successful can the UE start transmission on the channel
and occupy the channel a certain channel occupancy time (COT), which is less than a
maximum channel occupancy time (MCOT). Otherwise, the UE cannot start the
transmission and may continue to perform another LBT procedure until a successful
LBT procedure. Sidelink transmission may also be performed on an unlicensed

spectrum.

[0006] There is a need for handling sidelink transmissions on an unlicensed
spectrum. For example, solutions that can improve the utilization of radio resources
with relatively simple implementation so as to enhance the sidelink transmission on

the unlicensed spectrum are desired.

SUMMARY

[0007] Some embodiments of the present disclosure provide a method. The
method may include: determining a set of candidate starting positions for sidelink
transmission; and performing a first channel access procedure for a first candidate

starting position of the set of candidate starting positions in a first slot.

[0008] Some embodiments of the present disclosure provide an apparatus.
According to some embodiments of the present disclosure, the apparatus may include:
at least one non-transitory computer-readable medium having stored thereon
computer-executable instructions; at least one receiving circuitry; at least one
transmitting circuitry; and at least one processor coupled to the at least one

non-transitory computer-readable medium, the at least one receiving circuitry and the
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at least one transmitting circuitry, wherein the at least one non-transitory
computer-readable medium and the computer executable instructions may be
configured to, with the at least one processor, to cause the apparatus to perform a

method according to some embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to describe the manner in which the advantages and features of the
disclosure can be obtained, a description of the disclosure is rendered by reference to
specific embodiments thereof, which are illustrated in the appended drawings.
These drawings depict only exemplary embodiments of the disclosure and are not

therefore to be considered limiting of its scope.

[0010] FIG. 1 illustrates a schematic diagram of a wireless communication system in

accordance with some embodiments of the present disclosure;

[0011] FIG. 2 illustrates an exemplary symbol group configuration in accordance

with some embodiments of the present disclosure;

[0012] FIG. 3 illustrates an exemplary symbol group configuration in accordance

with some embodiments of the present disclosure;

[0013] FIG. 4 illustrates an exemplary symbol group configuration in accordance

with some embodiments of the present disclosure;

[0014] FIG. 5 illustrates an exemplary symbol group configuration in accordance

with some embodiments of the present disclosure;

[0015] FIG. 6 illustrates an exemplary sidelink transmission in accordance with

some embodiments of the present disclosure;

[0016] FIG. 7 illustrates an exemplary sidelink transmission in accordance with

some embodiments of the present disclosure;

[0017] FIG. 8 illustrates an exemplary sidelink transmission in accordance with
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some embodiments of the present disclosure;

[0018] FIG. 9 illustrates an exemplary sidelink transmission in accordance with

some embodiments of the present disclosure;

[0019] FIG. 10 illustrates an exemplary UE-initiated COT in accordance with some

embodiments of the present disclosure;

[0020] FIG. 11 illustrates a flow chart of an exemplary procedure of wireless

communications in accordance with some embodiments of the present disclosure; and

[0021] FIG. 12 illustrates a block diagram of an exemplary apparatus in accordance

with some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0022] The detailed description of the appended drawings is intended as a
description of the preferred embodiments of the present disclosure and is not intended
to represent the only form in which the present disclosure may be practiced. It
should be understood that the same or equivalent functions may be accomplished by
different embodiments that are intended to be encompassed within the spirit and scope

of the present disclosure.

[0023] Reference will now be made in detail to some embodiments of the present
disclosure, examples of which are illustrated in the accompanying drawings. To
facilitate understanding, embodiments are provided under specific network
architecture and new service scenarios, such as the 3rd generation partnership project
(3GPP) 5G (NR), 3GPP long-term evolution (LTE) Release 8, and so on. It is
contemplated that along with the developments of network architectures and new
service scenarios, all embodiments in the present disclosure are also applicable to
similar technical problems; and moreover, the terminologies recited in the present
disclosure may change, which should not affect the principles of the present

disclosure.

[0024] FIG. 1 illustrates a schematic diagram of a wireless communication system
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100 in accordance with some embodiments of the present disclosure.

[0025] As shown in FIG. 1, a wireless communication system 100 may include a
base station (e.g., BS 120) and some UEs 110 (e.g., UE 110a, UE 110b, and UE 110c).
Although a specific number of UEs 110 and one BS 120 are depicted in FIG. 1, it is
contemplated that wireless communication system 100 may also include more BSs

and more or fewer UEs in and outside of the coverage of the BSs.

[0026] The UEs and the BS may support communication based on, for example, 3G,
long-term evolution (LTE), LTE-advanced (LTE-A), new radio (NR), or other suitable
protocol(s). In some embodiments of the present disclosure, the BS 102 may be
referred to as an access point, an access terminal, a base, a base unit, a macro cell, a
Node-B, an evolved Node B (eNB), a gNB, a Home Node-B, a relay node, or a device,
or described using other terminology used in the art. The UE 110a, UE 110b, or UE
110c may include, for example, but is not limited to, a computing device, a wearable
device, a mobile device, an IoT device, a vehicle, etc. Persons skilled in the art
should understand that as technology develops and advances, the terminologies
described in the present disclosure may change, but should not affect or limit the

principles and spirit of the present disclosure.

[0027] The BS 120 may define one or more cells, and each cell may have a coverage
area 130. In the exemplary wireless communication system 100, some UEs (e.g.,
UE 110a and UE 110b) are within the coverage of the BS 120, which may not be a
specific base station 120 shown in FIG. 1 and can be any one of the base stations 120
in a wireless communication system, and some UEs (e.g., UE 110c) are outside of the
coverage of the BS 120. For example, in the case that the wireless communication
system includes two base stations 120 with UE 110a being within the coverage of any
one of the two base stations 120 means that UE 110a is within the coverage of a base
station 120 (i.e., in-coverage) in the wireless communication system; and UE 110a
being outside of the coverage of both base stations 120 means that UE 110a is outside
the coverage of a base station 120 (i.e., out-of-coverage) in the wireless

communication system.

[0028] Still referring to FIG. 1, the UE 110a and UE 110b may communicate with
the BS 120 via, for example, a Uu link (denoted by dotted arrow in FIG. 1). The UE
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110a, UE 110b, and UE 110c may communicate with each other via a sidelink
(denoted by solid arrow in FIG. 1), and may form a UE group. There may be two
resource allocation modes for sidelink transmission. One of the two resource
allocation modes is based on the scheduling of a base station, and may be referred to
as mode 1; and the other is based on the autonomous selection of the UE, and may be

referred to as mode 2.

[0029] In both mode 1 and mode 2, the sidelink transmission may involve a physical
sidelink control channel (PSCCH) and an associated physical sidelink shared channel
(PSSCH), which is scheduled by the sidelink control information (SCI) carried on the
PSCCH. The SCI and associated PSSCH may be transmitted from a transmitting
UE (hereinafter referred to as "Tx UE") to a receiving UE (hereinafter referred to as
"Rx UE") in a unicast manner, to a group of Rx UEs in a groupcast manner, or to Rx
UEs within a range in a broadcast manner. For example, referring to FIG. 1, UE
110a (acting as a Tx UE) may transmit data to UE 110b or UE 110c (acting as an Rx
UE).

[0030] In mode 1, resources may be assigned by a base station via dynamic
scheduling or configured grant(s). In mode 2, a UE may need to perform resource
sensing by monitoring and decoding all SCI transmitted in an SCI resource pool to
obtain resource reservation information. By doing so, the UE may identify candidate
resources that are available for communication. The UE may then, for example,

randomly select required resources from the identified candidate resources.

[0031] BSs (e.g., BS 120 in FIG. 1) and UEs (e.g., UE 110a, UE 110b, and UE 110c
in FIG. 1) may operate in both a licensed spectrum and an unlicensed spectrum. For
example, the unlicensed spectrum may be at around 6GHz or 60GHz of a carrier
frequency. For a transmission on an unlicensed spectrum, in order to achieve fair
coexistence between wireless systems (e.g., NR system access on unlicensed
spectrum (NR-U) systems and other wireless systems such as Wi-Fi systems), a
channel access procedure, also known as a listen-before-talk (LBT) test or LBT

procedure, may be performed before communicating on the unlicensed spectrum.

[0032] The channel access procedure may be performed based on sensing (or energy

detection) that evaluates the availability of a channel for performing transmissions.
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The basic unit for sensing is a sensing slot. In some examples, the sensing slot may
have the duration of T, =9us. When a BS or UE senses a channel during a sensing
slot duration T, and determines that the detected energy for at least a certain period
of time (e.g., $us) within the sensing slot duration is less than an energy detection
threshold (¥yy.ex), the sensing slot duration 7,; may be considered as idle and so the
channel may be deemed as empty or clear or available in the sensing slot. Otherwise,
the sensing slot duration T,; may be considered as busy, and so the channel may be

deemed as occupied or non-available in the sensing slot.

[0033] In NR-U systems, when a BS or UE intends to initiate a channel occupancy
time (COT) for DL or UL transmission, a Type 1 DL or UL channel access procedure,
also known as "LBT Category 4 procedure" or "LBT Cat. 4 procedure,” may be
performed. In response to a successful Type 1 DL or UL channel access procedure,
the BS or UE can start a transmission on the channel and occupy the channel up to a
maximum channel occupancy time (MCOT). Otherwise, the BS or UE cannot start
the transmission and may continue to perform another LBT procedure until a
successful LBT procedure. The duration of a MCOT may be dependent on a
corresponding channel access priority class (CAPC) value and the existence of other
technologies (e.g., WiFi) sharing the same unlicensed spectrum with the NR-U
systems. The more detailed Type 1 channel access procedure is specified in 3GPP

standard specification TS 37.213.

[0034] A channel occupancy (CO) refers to a transmission(s) on a channel(s) by a
BS or UE after performing a corresponding channel access procedure(s). A channel
occupancy time (COT) may refer to the total time for which a specific BS or UE and
any other BS(s) or UE(s) sharing the channel occupancy perform transmission(s) on
the channel after the specific BS or UE performs a corresponding channel access
procedure. A channel occupancy time can be shared for transmission between a BS

and a UE(s) or between UEs.

[0035] When an unlicensed spectrum is used for sidelink transmissions, for the
purpose of fair coexistence, the channel access procedure is still required before any
sidelink transmission. Due to the unpredictability of a channel access procedure, a

UE cannot determine when the channel is available for sidelink transmissions, which
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may be problematic. For example, assuming that a UE prepares a PSCCH and an
associated PSSCH (hereinafter referred to as “PSCCH/PSSCH”) from symbol 0,
when the UE performs a successful channel access procedure and obtains a channel
from symbol 7 of a certain slot (e.g., slot n), the UE may have to wait or transmit
some reservation signal and start transmitting the prepared PSCCH/PSSCH from
symbol O of the next slot (e.g., slot n+1). In this scenario, one half of a slot (e.g.,

symbol 7 to symbol 13 of slot n) is wasted.

[0036] In another scenario, when a UE is assigned a slot within a COT initiated by a
BS or another UE, for example, the assigned resource is started from symbol O of a
certain slot (e.g., slot n), the UE may prepare a PSCCH and an associated PSSCH
from symbol 0. However, when the UE fails to perform a successful channel access
procedure before symbol O of slot n, the UE cannot transmit the prepared
PSCCH/PSSCH in the slot. The UE thus loses the transmission opportunity and has

to wait for the next resource assignment.

[0037] To improve the utilization of radio resources and increase transmission
opportunities, in some embodiments of the present disclosure, before performing a
channel access procedure, a UE may prepare a plurality of PSCCHs/PSSCHs
corresponding to a plurality of candidate starting positions in a slot. For example,
the UE may prepare a first PSCCH/PSSCH started from symbol 0, a second
PSCCH/PSSCH started from symbol 4 and a third PSCCH/PSSCH started from
symbol 8. According to the results of the channel access procedure, the UE may
select one of the plurality of prepared PSCCHs/PSSCHs. For example, the UE may
select a specific PSCCH/PSSCH from the plurality of prepared PSCCHs/PSSCHs
which is prepared with a starting position aligned with the current candidate starting
position with successful channel access procedure; or the UE may select the specific
PSCCH/PSSCH which is prepared with a starting position nearest to the next
candidate starting position. The UE may then transmit the selected PSCCH/PSSCH
started from the current candidate starting position or the next nearest candidate

starting position.

[0038] In the following text, enhanced solutions that can reduce the implementation

complexity while providing a plurality of transmission opportunities for a sidelink
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transmission(s) on an unlicensed spectrum are provided. More details on the
embodiments of the present disclosure will be illustrated in the following text in

combination with the appended drawings.

[0039] In some embodiments of the present disclosure, for a sidelink transmission(s)
over an unlicensed spectrum, all symbols in a slot available for transmitting a PSSCH
may be divided into one or more symbol groups for PSSCH transmission. The
number of symbol groups may be dependent on the total number of symbols available
for transmitting the PSSCH in a slot. Each symbol group of the one or more symbol

groups may include the same or different numbers of symbols.

[0040] In some embodiments, the first symbol (e.g., symbol 0) of the slot may be
used for automatic gain control (AGC) tuning. A PSCCH scheduling the PSSCH
may be placed at the beginning of a sidelink transmission following the first symbol
for AGC tuning. In the case that a PSCCH and the associated PSSCH are
multiplexed based on pure time division multiplexing (TDM), the PSCCH is not
included in any of the symbol groups since the symbols for transmitting the PSCCH
are not available for transmitting the PSSCH. In the case that a PSCCH and the
associated PSSCH are multiplexed based on TDM and frequency division
multiplexing (FDM), the symbols for transmitting the PSCCH are included in a

symbol group (e.g., the first symbol group of the one or more symbol groups).

[0041] In some embodiments of the present disclosure, the structure of the symbol
groups in a slot may be configured by radio resource control (RRC) signaling. For
example, the number of the symbol groups in a slot, the number of symbols in each
symbol group, or both may be configured by RRC signaling. In some embodiments
of the present disclosure, the structure of the symbol groups in a slot may be
predefined, for example, in standards. In some embodiments of the present
disclosure, a set of candidate starting positions for a sidelink transmission(s) in a slot
may be determined based on the structure of the symbol groups. In some examples,
the number of candidate starting positions in a slot may be equal to the number of
symbol groups in a slot. Details regarding how to determine the set of candidate

starting positions based on the symbol groups will be described in the following text.

[0042] In some embodiments of the present disclosure, the structure of the symbol
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groups in a slot may be determined based on a set of candidate starting positions.
The set of candidate starting positions may be configured by RRC signaling or
predefined, for example, in standards. In some examples, the number of candidate
starting positions in a slot may be equal to the number of symbol groups in a slot.
Details regarding how to determine the symbol groups based on the set of candidate

starting positions will be described in the following text.

[0043] The following are some principles for determining the symbols available for
transmitting a PSSCH. As mentioned above, since the first symbol (e.g., symbol 0)
in a slot may be used for AGC tuning, the first symbol may not be counted in the
symbols available for transmitting a PSSCH. When the last symbol (e.g., symbol 13)
in a slot is left blank for a gap, the last symbol is not counted in the symbols available
for transmitting the PSSCH. When the PSCCH and PSSCH are pure time division
multiplexed in a slot, that is, there is no overlapping between the PSCCH and PSSCH
in the frequency domain, when partitioning the symbol groups, the symbols for the
PSCCH transmission are not counted in the symbols available for transmitting the

PSSCH.

[0044] Demodulation reference signal (DMRS) may be required for decoding a
PSSCH. In some embodiments of the present disclosure, each symbol group in a
slot may include at least one DMRS symbol. In some embodiments of the present
disclosure, at least one of the symbol groups in a slot may not include any DMRS
symbol. For example, the first symbol group of the one or more symbol groups in a
slot includes a DMRS symbol and the remaining symbol groups of the one or more
symbol groups do not include any DMRS symbol. In some other examples, both the
first symbol group and the third symbol group include a DMRS symbol and the

remaining symbol groups do not include any DMRS symbol.

[0045] FIG 2 illustrates an exemplary symbol group configuration 200 in
accordance with some embodiments of the present disclosure. Details described in
all of the foregoing embodiments of the present disclosure are applicable for the

embodiments shown in FIG. 2.

[0046] In FIG. 2, a PSCCH and the associated PSSCH are multiplexed in a slot (e.g.,
slot n) based on TDM and FDM. Slot n may include 14 symbols (e.g., symbols 0-13,

10
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marked as O to 13 along the time (t) axis in FIG. 2). It is contemplated that a slot
may include more or fewer symbols according to the communication standards

employed.

[0047] Referring to FIG. 2, the first symbol (e.g., symbol 0) in slot n may be used for
AGC tuning, and the last symbol (e.g., symbol 13) in slot n is available for
transmitting a PSSCH. Therefore, there are 13 symbols available for a PSSCH
transmission, which may be divided into one or more symbol groups for the PSSCH
transmission. In the exemplary symbol group configuration 200, all the symbols
available for the PSSCH transmission are divided into 4 symbol groups (SGs),
including SGO, SG1, SG2, and SG3. It should be appreciated by persons skilled in
the art that the symbols available for a PSSCH transmission can be divided into more
or fewer symbol groups. For example, the symbols available for a PSSCH

transmission in a slot may be divided into 2 or 3 symbol groups.

[0048] In some examples, SGO may include symbols 1-4, SG1 may include symbols
5-7, SG2 may include symbols 8-10, and SG3 may include symbols 11-13. It should
be appreciated by persons skilled in the art that a symbol group for a PSSCH
transmission can include more or fewer symbols. For example, the number of

symbols in each group can be 1, 2, 3,4, 5, 6, or 7.

[0049] FIG 3 illustrates an exemplary symbol group configuration 300 in
accordance with some embodiments of the present disclosure. Details described in
all of the foregoing embodiments of the present disclosure are applicable for the

embodiments shown in FIG. 3.

[0050] In FIG. 3, a PSCCH and the associated PSSCH are multiplexed in a slot (e.g.,
slot n) based on TDM and FDM. Slot n may include 14 symbols (e.g., symbols 0-13,
marked as O to 13 along the time (t) axis in FIG. 3). It is contemplated that a slot
may include more or fewer symbols according to the communication standards

employed.

[0051] Referring to FIG. 3, the first symbol (e.g., symbol 0) in slot n may be used for
AGC tuning. The last symbol (e.g., symbol 13) in slot n is left blank as a gap, and

therefore is not available for transmitting a PSSCH. As a result, there are 12

11
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symbols available for a PSSCH transmission, which may be divided into one or more
symbol groups for the PSSCH transmission. In the exemplary symbol group
configuration 300, all the symbols available for the PSSCH transmission are divided
into 4 symbol groups (SGs), including SGO, SG1, SG2, and SG3. It should be
appreciated by persons skilled in the art that the symbols available for the PSSCH
transmission can be divided into more or fewer symbol groups. For example, the
symbols available for the PSSCH transmission in a slot may be divided into 2 or 3

symbol groups.

[0052] In some examples, each of the 4 symbol groups may have the same number
of symbols. That is, SGO may include symbols 1-3, SG1 may include symbols 4-6,
SG2 may include symbols 7-9, and SG3 may include symbols 10-12. It should be
appreciated by persons skilled in the art that each symbol group in a slot may be
different numbers of symbols, and a symbol group for the PSSCH transmission can
include more or fewer symbols. For example, the number of symbols in each group

canbe 1,2,3,4,5,6,0r7.

[0053] FIG. 4 illustrates an exemplary symbol group configuration 400 in
accordance with some embodiments of the present disclosure. Details described in
all of the foregoing embodiments of the present disclosure are applicable for the

embodiments shown in FIG. 4.

[0054] In FIG. 4, a PSCCH and the associated PSSCH are multiplexed in a slot (e.g.,
slot n) based on pure TDM. Slot n may include 14 symbols (e.g., symbols 0-13,
marked as O to 13 along the time (t) axis in FIG. 4). It is contemplated that a slot
may include more or fewer symbols according to the communication standards

employed.

[0055] Referring to FIG. 4, the first symbol (e.g., symbol 0) in slot n may be used for
AGC tuning, the PSCCH occupies 2 symbols (e.g., symbols 1 and 2) in slot n, and the
last symbol (e.g., symbol 13) in slot n is available for transmitting the PSSCH.
Therefore, there are 11 symbols available for a PSSCH transmission, which may be
divided into one or more symbol groups for the PSSCH transmission. In the
exemplary symbol group configuration 400, all the symbols available for the PSSCH
transmission are divided into 3 symbol groups (SGs), including SGO, SG1, and SG2.

12
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It should be appreciated by persons skilled in the art that the symbols available for a
PSSCH transmission can be divided into more or fewer symbol groups. For example,
the symbols available for the PSSCH transmission in a slot may be divided into 2 or 4

symbol groups.

[0056] In some examples, SGO may include symbols 3-6, SG1 may include symbols
7-10, and SG2 may include symbols 11-13. It should be appreciated by persons
skilled in the art that a symbol group for a PSSCH transmission can include more or
fewer symbols. For example, the number of symbols in each group can be 1, 2, 3, 4,

5,6,0r7.

[0057] FIG 5 illustrates an exemplary symbol group configuration 500 in
accordance with some embodiments of the present disclosure. Details described in
all of the foregoing embodiments of the present disclosure are applicable for the

embodiments shown in FIG. 5.

[0058] In FIG. 5, a PSCCH and the associated PSSCH are multiplexed in a slot (e.g.,
slot n) based on TDM. Slot n may include 14 symbols (e.g., symbols 0-13, marked
as 0 to 13 along the time (t) axis in FIG. 5). It is contemplated that a slot may

include more or fewer symbols according to the communication standards employed.

[0059] Referring to FIG. 5, the first symbol (e.g., symbol 0) in slot n may be used for
AGC tuning, and the PSCCH occupies 2 symbols (e.g., symbols 1 and 2) in slot n.
The last symbol (e.g., symbol 13) in slot n is left blank as a gap, and thus is not
available for transmitting a PSSCH. Therefore, there are 10 symbols available for a
PSSCH transmission, which may be divided into one or more symbol groups for the
PSSCH transmission. In the exemplary symbol group configuration 500, all the
symbols available for the PSSCH transmission are divided into 3 symbol groups
(SGs), including SGO, SG1, and SG2. It should be appreciated by persons skilled in
the art that the symbols available for a PSSCH transmission can be divided into more
or fewer symbol groups. For example, the symbols available for the PSSCH

transmission in a slot may be divided into 2 or 4 symbol groups.

[0060] In some examples, SGO may include symbols 3-6, SG1 may include symbols
7-9, and SG2 may include symbols 10-12. It should be appreciated by persons
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skilled in the art that a symbol group for a PSSCH transmission can include more or
fewer symbols. For example, the number of symbols in each group can be 1, 2, 3, 4,

5,6,0r7.

[0061] It should be understood that the symbol group configurations as shown above
are only for illustrative purposes, and should not be construed as limits to the
embodiments of the present disclosure. For example, although in FIGS. 2-5, the
DMRS is transmitted in certain symbols in a slot, it is contemplated that the DMRS
may be transmitted in more or fewer symbols in a slot. Although the PSCCH is
transmitted in symbols 1-3 in FIGS. 2 and 3, and occupies 2 symbols (e.g., symbols 1
and 2) in FIGS. 4 and 5, the PSCCH may be transmitted in or occupy more or fewer

symbols in a slot.

[0062] In order to provide a plurality of transmission opportunities for a sidelink
transmission in a slot, a set of candidate starting positions for the sidelink
transmission in the slot may be configured by RRC signaling, predefined, or
implicitly determined based on the structure of the symbol groups. In a slot, a
channel access procedure (e.g., LBT procedure) may be performed before the first
candidate starting position of the set of candidate starting positions. When the
channel access procedure succeeds, the sidelink transmission may start from the first
candidate starting position in the slot. When the channel access procedure fails,
another channel access procedure may be performed before the next (e.g., the second)
candidate starting position of the set of candidate starting positions, until a channel
access procedure succeeds at one of the set of candidate starting positions. If
channel access procedures for all the candidate starting positions in the slot fail, the
channel access procedure may be performed in the next slot in a similar manner. For
example, a channel access procedure may be performed before the first candidate

starting position of the next slot.

[0063] In some embodiments of the present disclosure, the set of candidate starting
positions may be {0, 3, 6, 9}, which includes candidate starting positions at symbols 0,
3,6, and 9. In some embodiments of the present disclosure, the set of candidate
starting positions may be {0, 4, 7} or {0, 3, 7} or {0, 7}. It is contemplated that the

set of candidate starting positions may include other possible symbol indices. As a
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principle, both the Tx UE and Rx UE should maintain the same set of candidate
starting positions such that the Rx UE would know the possible starting position for
receiving a sidelink transmission. For example, the same set of candidate starting
positions may be configured by RRC signaling or predefined. In another example,
the Tx UE and Rx UE may follow the same rule to determine a set of candidate
starting positions based on the same structure of symbol groups, which is configured

for both the Tx UE and Rx UE by RRC signaling or predefinition.

[0064] From the perspective of a Tx UE, a single PSCCH/PSSCH may be prepared
for a slot before performing a channel access procedure. The PSCCH/PSSCH may
be transmitted at a position based on the outcome of the channel access procedure.
For example, the UE may transmit the prepared PSCCH/PSSCH from a candidate
starting position with a successful channel access procedure to the last available
symbol in the slot (e.g., symbol 12 if symbol 13 is left blank as shown in FIGS. 3 and
5, or symbol 13 if symbol 13 is available for sidelink transmission). Based on the
outcome of the channel access procedure, the prepared symbols for PSCCH/PSSCH
are transmitted from the left to the right (i.e., from the lowest symbol index to a
higher symbol index) on the available symbols in the slot. The prepared symbol(s)

after the last available symbol, if any, is punctured.

[0065] For example, assuming that N symbols including the first symbol for AGC
tuning are prepared for a PSCCH/PSSCH in a slot, when a channel access procedure
for a candidate starting position (e.g., symbol x) succeeds, it can be determined that
there are (14-x-y) symbols available for the PSCCH/PSSCH transmission, wherein 14
is the number of symbols in a slot, y=1 when the last symbol (symbol 13) in the slot is
left as a gap, and y=0 when the last symbol in the slot is available for transmission.
In this case, the first (14-x-y) symbols of the N prepared symbols can be transmitted
on the practical symbols from symbol x to symbol 13-y and the last (N-144x+y)

symbols of the N prepared symbols are punctured.

[0066] To put it another way, when the number of symbols prepared for a
PSCCH/PSSCH 1is larger than the number of symbols practically available for
transmission in a slot, for example, when the PSCCH/PSSCH is prepared with 14

symbols and practical transmission is not started from symbol O, the prepared
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PSCCH/PSSCH is punctured from the right to the left (i.e., from the highest symbol
index to a lower symbol index). In this way, the PSCCH which is placed at the

beginning of each sidelink transmission can be transmitted instead of being punctured.

[0067] FIG. 6 illustrates an exemplary sidelink transmission 600 in accordance with
some embodiments of the present disclosure. Details described in all of the
foregoing embodiments of the present disclosure are applicable for the embodiments

shown in FIG. 6.

[0068] In some embodiments of the present disclosure, the structure of the symbol
groups in a slot may be configured or predefined as the one described with respect to
FIG. 2. Specifically, referring to FIG. 6, the first symbol group SGO may include
symbols 1-4, the second symbol group SG1 may include symbols 5-7, the third
symbol group SG2 may include symbols 8-10, and the fourth symbol group SG3 may
include symbols 11-13.

[0069] The candidate starting positions may be determined based on the structure of
the symbol groups. For example, the number of the candidate starting positions may
be equal to the number of symbol groups in a slot. Based on the above symbol
group structure, a UE may determine that the set of candidate starting positions is {0,
3,6,9}. Thatis, the first candidate starting position (symbol 0) is determined based
on the assumption that all symbol groups can be transmitted, the second candidate
starting position (symbol 3) is determined based on the assumption that symbol
groups SGO-SG2 can be transmitted, the third candidate starting position (symbol 6)
is determined based on the assumption that symbol groups SGO and SG1 can be
transmitted, and the fourth candidate starting position (symbol 9) is determined based

on the assumption that symbol group SGO can be transmitted.

[0070] Referring to FIG. 6, including the first symbol for AGC tuning, a UE may
prepare a single PSCCH/PSSCH with 14 symbols without the last gap symbol. In
the case that a channel access procedure for the first candidate starting position
(symbol 0) of slot n succeeds, all 14 prepared symbols are transmitted from symbol 0
to symbol 13 on the practical symbols of the slot, as shown at 610 in FIG. 6.
Otherwise, in the case that the channel access procedure for symbol O fails, the UE

may perform a channel access procedure for the second candidate starting position
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(symbol 3) of slot n.

[0071] In the case that the channel access procedure for symbol 3 succeeds, since
there are a total of 11 symbols (from symbol 3 to symbol 13) available in the slot, the
first 11 symbols of the 14 prepared symbols are transmitted from symbol 3 to symbol
13 on the practical symbols of the slot, as shown at 620 in FIG. 6. Otherwise, in the
case that the channel access procedure for symbol 3 fails, the UE may perform a

channel access procedure for the third candidate starting position (symbol 6) of slot n.

[0072] In the case that the channel access procedure for symbol 6 succeeds, since
there are a total of 8 symbols (from symbol 6 to symbol 13) available in the slot, the
first 8 symbols of the 14 prepared symbols are transmitted from symbol 6 to symbol
13 on the practical symbols of the slot, as shown at 630 in FIG. 6. In the case that
the channel access procedure for symbol 6 fails, the UE may perform a channel access

procedure for the fourth candidate starting position (symbol 9) of slot n.

[0073] In the case that the channel access procedure for symbol 9 succeeds, since
there are a total of 5 symbols (from symbol 9 to symbol 13) available in the slot, the
first 5 symbols of the 14 prepared symbols are transmitted from symbol 9 to symbol
13 on the practical symbols of the slot, as shown at 640 in FIG. 6. In the case that
the channel access procedure for symbol 9 fails, the UE may perform a channel access
procedure for the first candidate starting position (symbol 0) in the next slot (slot

n+1).

[0074] FIG. 7 illustrates an exemplary sidelink transmission 700 in accordance with
some embodiments of the present disclosure. Details described in all of the
foregoing embodiments of the present disclosure are applicable for the embodiments

shown in FIG. 7.

[0075] In some embodiments of the present disclosure, the structure of the symbol
groups in a slot may be configured or predefined as the one described with respect to
FIG. 3. Specifically, referring to FIG. 7, the first symbol group SGO may include
symbols 1-3, the second symbol group SG1 may include symbols 4-6, the third
symbol group SG2 may include symbols 7-9, and the fourth symbol group SG3 may
include symbols 10-12.
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[0076] The candidate starting positions may be determined based on the structure of
the symbol groups. For example, the number of the candidate starting positions may
be equal to the number of symbol groups in a slot. Based on the above symbol
group structure, a UE may determine what the set of candidate starting positions is,
e.g., a set of candidate starting positions may be {0, 3, 6, 9}. That is, the first
candidate starting position (symbol 0) is determined based on the assumption that all
symbol groups can be transmitted, the second candidate starting position (symbol 3) is
determined based on the assumption that symbol groups SGO-SG2 can be transmitted,
the third candidate starting position (symbol 6) is determined based on the assumption
that symbol groups SGO and SG1 can be transmitted, and the fourth candidate starting
position (symbol 9) is determined based on the assumption that symbol group SGO

can be transmitted.

[0077] Referring to FIG. 7, including the first symbol for AGC tuning, a UE may
prepare a single PSCCH/PSSCH with 13 symbols with the last gap symbol (symbol
13). In the case that a channel access procedure for the first candidate starting
position (symbol 0) of slot n succeeds, all 13 prepared symbols are transmitted from
symbol O to symbol 12 on the practical symbols of the slot, as shown at 710 in FIG. 7.
Otherwise, in the case that the channel access procedure for symbol O fails, the UE
may perform a channel access procedure for the second candidate starting position

(symbol 3) of slot n.

[0078] In the case that the channel access procedure for symbol 3 succeeds, since
there are a total of 10 symbols (from symbol 3 to symbol 12) available in the slot, the
first 10 symbols of the 13 prepared symbols are transmitted from symbol 3 to symbol
12 on the practical symbols of the slot, as shown at 720 in FIG. 7. Otherwise, in the
case that the channel access procedure for symbol 3 fails, the UE may perform a

channel access procedure for the third candidate starting position (symbol 6) of slot n.

[0079] In the case that the channel access procedure for symbol 6 succeeds, since
there are a total of 7 symbols (from symbol 6 to symbol 12) available in the slot, the
first 7 symbols of the 13 prepared symbols are transmitted from symbol 6 to symbol
12 on the practical symbols of the slot, as shown at 730 in FIG. 7. In the case that

the channel access procedure for symbol 6 fails, the UE may perform a channel access
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procedure for the fourth candidate starting position (symbol 9) of slot n.

[0080] In the case that the channel access procedure for symbol 9 succeeds, since
there are a total of 4 symbols (from symbol 9 to symbol 12) available in the slot, the
first 4 symbols of the 13 prepared symbols are transmitted from symbol 9 to symbol
12 on the practical symbols of the slot, as shown at 740 in FIG. 7. In the case that
the channel access procedure for symbol 9 fails, the UE may perform a channel access
procedure for the first candidate starting position (symbol 0) in the next slot (slot

n+1).

[0081] FIG. 8 illustrates an exemplary sidelink transmission 800 in accordance with
some embodiments of the present disclosure. Details described in all of the
foregoing embodiments of the present disclosure are applicable for the embodiments

shown in FIG. 8.

[0082] In some embodiments of the present disclosure, the structure of the symbol
groups in a slot may be configured or predefined as the one described with respect to
FIG. 4. Specifically, referring to FIG. 8, the first symbol group SGO may include
symbols 3-6, the second symbol group SG1 may include symbols 7-10, and the third
symbol group SG2 may include symbols 11-13.

[0083] The candidate starting positions may be determined based on the structure of
the symbol groups. For example, the number of the candidate starting positions may
be equal to the number of symbol groups in a slot. Based on the above symbol
group structure, a UE may determine that the set of candidate starting positions is {0,
3,7}. That is, the first candidate starting position (symbol 0) is determined based on
the assumption that all symbol groups can be transmitted, the second candidate
starting position (symbol 3) is determined based on the assumption that symbol
groups SGO and SG1 can be transmitted, and the third candidate starting position
(symbol 7) is determined based on the assumption that symbol group SGO can be

transmitted.

[0084] Referring to FIG. 8, including the first symbol for AGC tuning, a UE may
prepare a single PSCCH/PSSCH with 14 symbols without the last gap symbol. In

the case that a channel access procedure for the first candidate starting position
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(symbol 0) of slot n succeeds, all 14 prepared symbols are transmitted from symbol 0
to symbol 13 on practical symbols of the slot, as shown at 810 in FIG. 8. Otherwise,
in the case that the channel access procedure for symbol 0 fails, the UE may perform
a channel access procedure for the second candidate starting position (symbol 3) of

slot n.

[0085] In the case that the channel access procedure for symbol 3 succeeds, since
there are a total of 11 symbols (from symbol 3 to symbol 13) available in the slot, the
first 11 symbols of the 14 prepared symbols are transmitted from symbol 3 to symbol
13 on the practical symbols of the slot, as shown at 820 in FIG. 8. Otherwise, in the
case that the channel access procedure for symbol 3 fails, the UE may perform a

channel access procedure for the third candidate starting position (symbol 7) of slot n.

[0086] In the case that the channel access procedure for symbol 7 succeeds, since
there are a total of 7 symbols (from symbol 7 to symbol 13) available in the slot, the
first 7 symbols of the 14 prepared symbols are transmitted from symbol 7 to symbol
13 on the practical symbols of the slot, as shown at 830 in FIG. 8. In the case that
the channel access procedure for symbol 7 fails, the UE may perform a channel access
procedure for the first candidate starting position (symbol 0) in the next slot (slot

n+1).

[0087] FIG. 9 illustrates an exemplary sidelink transmission 900 in accordance with
some embodiments of the present disclosure. Details described in all of the
foregoing embodiments of the present disclosure are applicable for the embodiments

shown in FIG. 9.

[0088] In some embodiments of the present disclosure, the structure of the symbol
groups in a slot may be configured or predefined as the one described with respect to
FIG. 5. Specifically, referring to FIG. 9, the first symbol group SGO may include
symbols 3-6, the second symbol group SG1 may include symbols 7-9, and the third
symbol group SG2 may include symbols 10-12.

[0089] The candidate starting positions may be determined based on the structure of
the symbol groups. For example, the number of the candidate starting positions may

be equal to the number of symbol groups in a slot. Based on the above symbol
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group structure, a UE may determine that the set of candidate starting positions is {0,
3,6}. That is, the first candidate starting position (symbol 0) is determined based on
the assumption that all symbol groups can be transmitted, the second candidate
starting position (symbol 3) is determined based on the assumption that symbol
groups SGO and SG1 can be transmitted, and the third candidate starting position
(symbol 6) is determined based on the assumption that symbol group SGO can be

transmitted.

[0090] Referring to FIG. 9, including the first symbol for AGC tuning, a UE may
prepare a single PSCCH/PSSCH with 13 symbols with the last gap symbol (symbol
13). In the case that a channel access procedure for the first candidate starting
position (symbol 0) of slot n succeeds, all 13 prepared symbols are transmitted from
symbol O to symbol 12 on the practical symbols of the slot, as shown at 910 in FIG. 9.
Otherwise, in the case that the channel access procedure for symbol O fails, the UE
may perform a channel access procedure for the second candidate starting position

(symbol 3) of slot n.

[0091] In the case that the channel access procedure for symbol 3 succeeds, since
there are a total of 10 symbols (from symbol 3 to symbol 12) available in the slot, the
first 10 symbols of the 13 prepared symbols are transmitted from symbol 3 to symbol
12 on the practical symbols of the slot, as shown at 920 in FIG. 9. Otherwise, in the
case that the channel access procedure for symbol 3 fails, the UE may perform a

channel access procedure for the third candidate starting position (symbol 6) of slot n.

[0092] In the case that the channel access procedure for symbol 6 succeeds, since
there are a total of 7 symbols (from symbol 6 to symbol 12) available in the slot, the
first 7 symbols of the 13 prepared symbols are transmitted from symbol 6 to symbol
12 on the practical symbols of the slot, as shown at 930 in FIG. 9. In the case that
the channel access procedure for symbol 6 fails, the UE may perform a channel access
procedure for the first candidate starting position (symbol 0) in the next slot (slot

n+1).

[0093] Although the above embodiments described that a set of candidate starting
positions may be determined based on the configured or predefined symbol group

structure, it is contemplated that the set of candidate starting positions may also be
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configured by RRC signaling or predefined, for example, in standards. In other
words, either the set of candidate starting positions or the symbol group structure may

be configured by RRC signaling or predefined.

[0094] In some embodiments of the present disclosure, the structure of the symbol
groups may be determined based on a configured or predefined set of candidate
starting positions (e.g., Co, Cy, ..., Cp). For example, a UE may determine that the
number of symbol groups in a slot is equal to the number of the candidate starting
positions. Then, the UE may further determine the number of symbols (e.g., Ny,

N, ..., Ny) in these symbol groups.

[0095] For example, considering that the first symbol (e.g., symbol 0) in a slot may
be used for AGC tuning, the UE may determine that the first symbol group (SGO)
includes Ny symbols, wherein Ny = (14-y-k-p)-Cy,,, 14 is the number of symbols in a
slot, y=1 when the last symbol (symbol 13) in the slot is left as a gap and y=0 when
the last symbol in the slot is available for transmission, k is the number of symbols for
AGC tuning and may be equal to 1, p is the number of symbols only for a PSCCH
transmission (e.g., symbols 1 and 2 in FIGS. 4 and 5), and C,, is the last candidate

starting position.

[0096] The UE may determine that the second symbol group (SG1) includes N
symbols, wherein N; = (14-y-k-p)-Cy-1-No, 14 is the number of symbols in a slot, y=1
when the last symbol (symbol 13) in the slot is left as a gap and y=0 when the last
symbol in the slot is available for transmission, k is the number of symbols for AGC
tuning and may be equal to 1, p is the number of symbols only for a PSCCH

transmission, and Cp,. is the second to the last candidate starting position.

[0097] Similarly, the UE may determine that the last symbol group (SGm) includes
Ny, symbols, wherein N, = (14-y-k-p)-Co-(No+N14...Np1), 14 is the number of
symbols in a slot, y=1 when the last symbol (symbol 13) in the slot is left as a gap and
y=0 when the last symbol in the slot is available for transmission, k is the number of
symbols for AGC tuning and may be equal to 1, p is the number of symbols only for a

PSCCH transmission, and Cy is the first candidate starting position.

[0098] For example, assuming that a set of candidate starting positions may be
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configured or predefined as {0, 3, 6, 9}, a UE may determine that the number of
symbol groups in a slot is 4. Assuming that there is no gap symbol and the PSCCH
and the associated PSSCH are multiplexed based on both TDM and FDM (e.g., p=0),
the UE may further determine that the first symbol group (SGO) includes 4 symbols.
Since the first symbol (e.g., symbol 0) is used for AGC tuning, the UE may further
determine that the first symbol group includes symbols 1-4. The UE may determine
that the second symbol group includes 3 symbols, i.e., symbols 5-7. The UE may
determine that the third symbol group includes 3 symbols, i.e., symbols 8-10. The
UE may determine that the fourth symbol group includes 3 symbols, i.e., symbols

11-13.

[0099] In another example, assuming that a set of candidate starting positions may
be configured or predefined as {0, 3, 7}, a UE may determine that the number of
symbol groups in a slot is 3. Assuming that there is no gap symbol and the PSCCH
and the associated PSSCH are multiplexed based on TDM (e.g., p=2), the UE may
further determine that the first symbol group (SGO) includes 4 symbols. Since the
first symbol (e.g., symbol 0) is used for AGC tuning and the second and third symbols
(e.g., symbols 1 and 2) are used for PSCCH transmission only, the UE may further
determine that the first symbol group includes symbols 3-6. The UE may determine
that the second symbol group includes 4 symbols, i.e., symbols 7-10. The UE may
determine that the third symbol group includes 3 symbols, i.e., symbols 11-13.

[00100] Within each symbol group in a slot, for a transport block (TB) to be carried

in the slot, several manners may be adopted for PSSCH rate matching in the slot.

[00101] For example, in some embodiments of the present disclosure, an integer
number of code blocks (CBs) of a TB may be included with rate matching
independently performed in each symbol group. In this case, each and every CB
does not traverse a symbol group. Symbol group-based retransmission may thus be
required. In the case that a physical sidelink feedback channel (PSFCH) is disabled,
a UE (e.g., Tx UE) may retransmit the CBs included in the punctured symbol group(s).
In the case that the PSFCH is enabled, the number of HARQ-ACK feedback bits for
the slot is equal to the number of symbol groups and each of the HARQ-ACK

feedback bits corresponds to a respective one of the symbol groups. In response to
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the reception of symbol group-based HARQ-ACK feedback, the UE may retransmit
the CBs included in the symbol group(s) which is associated with a negative

acknowledgement (NACK), as indicated by another UE (e.g., Rx UE).

[00102] In some other embodiments of the present disclosure, an integer number of
code block groups (CBGs) of a TB may be included with rate matching independently
performed in each symbol group. In this case, each and every CBG does not
traverse a symbol group. CBG-based retransmission may thus be required. In the
case that the PSFCH is disabled, a UE (e.g., Tx UE) may retransmit the CBGs
included in the punctured symbol group(s). In the case that the PSFCH is enabled,
the number of HARQ-ACK feedback bits for the slot is equal to the number of CBGs
per TB and each of the HARQ-ACK feedback bits corresponds to a respective one of
the CBGs. In response to reception of CBG-based HARQ-ACK feedback, the UE
may retransmit the CBG(s) which is associated with a NACK, as indicated by another
UE (e.g., Rx UE).

[00103] In yet other embodiments of the present disclosure, multiple redundancy
versions (RVs) of a TB may be carried on the one or more symbol groups. That is,
each symbol group may be used to transmit a respective RV of the TB. For example,
when there are four symbol groups (e.g., SGO, SG1, SG2 and SG3) in a slot, the four
symbol groups can be used to transmit RVO, RV2, RV3 and RV1 of the TB,
respectively. RVO is a repetition of the TB with the most systematic bits. When
there are three symbol groups in a slot, e.g., SGO, SG1, and SG2, the three symbol
groups can be used to transmit RV0, RV2, and RV3 of the TB, respectively. In these
embodiments, since multiple RVs of a TB are transmitted, reliability is relatively high.
Even if the PSFCH is disabled, the possibility of the retransmission of the whole TB
is very low. When the PSFCH is enabled, a single HARQ-ACK feedback bit

corresponding to the TB is required.

[00104] In some embodiments of the present disclosure, to further reduce the
implementation complexity of a UE and the overhead of CBG-based or symbol
group-based HARQ-ACK feedback, only the sidelink transmission in the initial slot is
divided into one or more symbol groups as described above and is fed back with

CBG-based or symbol group-based HARQ-ACK feedback bits. This is because the
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channel access procedure for the initial slot (e.g., slot j) is unpredictable and is not
required for the remaining slot(s) (e.g., slot j+1) within the COT. That is, after a
successful channel access procedure in an initial slot, a UE (e.g., Tx UE) may occupy
the channel a certain COT. Sidelink transmission in the remaining slot(s) (e.g., slot
j+1) of a Tx UE-initiated COT is always transmitted from the first symbol (e.g.,
symbol 0) of a slot. In this scenario, there may be no need to apply the symbol
group mechanism to the remaining slot(s). Meanwhile, only TB-based HARQ-ACK
feedback may be applied for the remaining slot(s). In this way, the implementation

complexity of a UE and the feedback overhead can be greatly improved.

[00105] FIG. 10 illustrates an exemplary UE-initiated COT 1000 in accordance with
some embodiments of the present disclosure. Details described in all of the
foregoing embodiments of the present disclosure are applicable for the embodiments

shown in FIG. 10.

[00106] A UE (e.g., Tx UE) may initiate the COT 1000 for transmitting data after
successfully performing a channel access procedure. The COT 500 may start at slot
n and end at slot n+3. As shown in FIG. 10, the initial slot (slot n) is not fully
included in the COT 1000. The last slot (slot n+3) is also not fully included in the
COT 1000. In some other embodiments of the present disclosure, the initial slot and

the last slot may be fully included in the COT 1000.

[00107] The UE may transmit sidelink transmission 1010 and sidelink transmission
1020 within the COT 1000. Each of the sidelink transmission 501 and sidelink
transmission 502 may include a corresponding PSCCH and the associated PSSCH.
The sidelink transmission 1010 in the initial slot (slot n) is divided into one or more
symbol groups as described above, and the sidelink transmission 1020 is transmitted
on a slot basis (e.g., starting from symbol O of the corresponding slots). Moreover,
in the case that CBG-based or symbol group-based HARQ-ACK feedback is adopted,
the sidelink transmission 1010 is fed back with one or more HARQ-ACK feedback
bits corresponding to the CBGs or symbol groups. The sidelink transmission 1020 is
fed back per TB (i.e., TB-based HARQ-ACK feedback).

[00108] FIG. 11 illustrates a flow chart of an exemplary procedure 1100 of wireless

communications in accordance with some embodiments of the present disclosure.
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Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 11. The procedure may be performed

by a UE, for example, UE 110a, UE 110b, or UE 110c in FIG. 1.

[00109] Referring to FIG. 11, in operation 1111, a UE may determine a set of
candidate starting positions for sidelink transmission (e.g., {0, 3, 6, 9}). In some
examples, the set of candidate starting positions may be configured by radio resource
control (RRC) signaling or predefined. In some other examples, the set of candidate
starting positions may be determined based on one or more symbol groups. In some
embodiments, the number of candidate starting positions in the set of candidate
starting positions may be equal to the number of symbol groups of the one or more

symbol groups.

[00110] In operation 1113, the UE may perform a channel access procedure based on
the set of candidate starting positions. For example, the UE may perform a channel
access procedure (hereinafter, “the first channel access procedure”) for one candidate
starting position (hereinafter, “the first candidate starting position”) of the set of
candidate starting positions in a slot (hereinafter, “the first slot”). The first candidate
starting position may be the one with the lowest symbol index such as symbol 0. In
response to channel access procedures for all candidate starting positions (e.g.,
symbols 0, 3, 6, and 9) of the set of candidate starting positions in the first slot being
failed, another channel access procedure is performed for the first candidate starting

position in another slot following the first slot.

[00111] In some embodiments of the present disclosure, the UE may generate a
PSCCH (hereinafter, “the first PSCCH”) and a PSSCH (hereinafter, “the PSSCH”),
wherein the first PSSCH is scheduled by the first PSCCH for transmitting a transport
block (TB). In response to the first channel access procedure being successful, the
UE may transmit the first PSCCH and the first PSSCH from the first candidate

starting position in the first slot.

[00112] In some embodiments of the present disclosure, the first slot may be divided
into one or more symbol groups, for example, as described above with respect to
FIGS. 2-10. In some examples, the one or more symbol groups may be configured

by RRC signaling or predefined. In some other examples, the one or more symbol
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groups may be determined based on the set of candidate starting positions. In some
embodiments, the number of candidate starting positions in the set of candidate
starting positions may be equal to the number of symbol groups of the one or more

symbol groups.

[00113] In some embodiments of the present disclosure, each symbol group of the
one or more symbol groups may include an integer number of CBs of the TB. In
other words, each and every CB does not traverse a symbol group. In this scenario,
the UE may receive respective HARQ-ACK feedback corresponding to each of the
one or more symbol groups. In response to the HARQ-ACK feedback for a symbol
group of the first PSSCH being a NACK, the UE may transmit (or retransmit) the
symbol group of the first PSSCH.

[00114] In some embodiments of the present disclosure, each symbol group may
include an integer number of CBGs of the TB. In other words, each and every CBG
does not traverse a symbol group. In this scenario, the UE may receive respective
HARQ-ACK feedback corresponding to each of the CBGs. In response to the
HARQ-ACK feedback for a CBG being a NACK, the UE may transmit (or retransmit)
the CBG.

[00115] In some embodiments of the present disclosure, each symbol group may
include a RV of the TB. In this scenario, the UE may transmit one or more RVs of
the TB on the one or more symbol groups. In response to the HARQ-ACK feedback
for the TB being a NACK, the UE may transmit (or retransmit) the TB.

[00116] In some embodiments of the present disclosure, the first PSSCH may be
transmitted on available symbols in the first slot. When the number of symbols of
the first PSSCH is greater than the number of the available symbols in the first slot,
the first PSSCH may be punctured to align with the number of the available symbols
in the first slot. In some examples, the last one or more symbols of the first PSSCH
may be punctured. In some examples, the last one or more symbol groups of the

first PSSCH may be punctured.

[00117] In some embodiments of the present disclosure, in response to the first

PSSCH being transmitted in the first slot, the UE may further transmit another
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PSSCH (hereinafter, “the second PSSCH”) in another slot following the first slot.
The UE may receive symbol group-based HARQ-ACK feedback or CBG-based
HARQ-ACK feedback for the first PSSCH and receive TB-based HARQ-ACK
feedback for the second PSSCH.

[00118] It should be appreciated by persons skilled in the art that the sequence of the
operations in exemplary procedure 1100 may be changed and some of the operations
in exemplary procedure 1100 may be eliminated or modified, without departing from

the spirit and scope of the disclosure.

[00119] FIG. 12 illustrates a block diagram of an exemplary apparatus 1200 in

accordance with some embodiments of the present disclosure.

[00120] As shown in FIG. 12, the apparatus 1200 may include at least one
non-transitory computer-readable medium 1201, at least one receiving circuitry 1202,
at least one transmitting circuitry 1204, and at least one processor 1206 coupled to the
non-transitory computer-readable medium 1201, the receiving circuitry 1202 and the
transmitting circuitry 1204. The apparatus 1200 may be a base station side apparatus

(e.g., a BS) or a communication device (e.g., a UE).

[00121] Although in this figure, elements such as the at least one processor 1206,
transmitting circuitry 1204, and receiving circuitry 1202 are described in the singular,
the plural is contemplated unless a limitation to the singular is explicitly stated. In
some embodiments of the present application, the receiving circuitry 1202 and the
transmitting circuitry 1204 are combined into a single device, such as a transceiver.
In certain embodiments of the present application, the apparatus 1200 may further

include an input device, a memory, and/or other components.

[00122] In some embodiments of the present disclosure, the non-transitory
computer-readable medium 1201 may have stored thereon computer-executable
instructions to cause a processor to implement the method with respect to the UEs as
described above. For example, the computer-executable instructions, when executed,
cause the processor 1206 interacting with receiving circuitry 1202 and transmitting
circuitry 1204, so as to perform the operations with respect to the UEs described in

FIGS. 1-10.
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[00123] In some embodiments of the present disclosure, the non-transitory
computer-readable medium 1201 may have stored thereon computer-executable
instructions to cause a processor to implement the method with respect to the BSs as
described above. For example, the computer-executable instructions, when executed,
cause the processor 1206 interacting with receiving circuitry 1202 and transmitting
circuitry 1204, so as to perform the operations with respect to the BSs described in
FIGS. 1-9. In some examples, the BS may transmit a RRC message to a UE to
configure at least one of a structure of symbol groups and a set of candidate starting

positions.

[00124] Those having ordinary skill in the art would understand that the operations or
steps of a method described in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk,
a removable disk, a CD-ROM, or any other form of storage medium known in the art.
Additionally, in some aspects, the operations or steps of a method may reside as one
or any combination or set of codes and/or instructions on a non-transitory
computer-readable medium, which may be incorporated into a computer program

product.

[00125] While this disclosure has been described with specific embodiments thereof,
it is evident that many alternatives, modifications, and variations may be apparent to
those skilled in the art. For example, various components of the embodiments may
be interchanged, added, or substituted in other embodiments. Also, all of the
elements of each figure are not necessary for the operation of the disclosed
embodiments. For example, one of ordinary skill in the art of the disclosed
embodiments would be enabled to make and use the teachings of the disclosure by
simply employing the elements of the independent -claims. Accordingly,
embodiments of the disclosure as set forth herein are intended to be illustrative, not
limiting. Various changes may be made without departing from the spirit and scope

of the disclosure.

[00126] In this document, the terms "includes", "including", or any other variation
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thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that includes a list of elements which does not include only those
elements but may include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element proceeded by "a", "an", or the
like does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that includes the element.  Also,
the term "another" is defined as at least a second or more. The term "having" and
the like, as used herein, are defined as "including.” The wording of "the first" and

"the second” is only used to clearly illustrate the embodiments of the present

application, but not used to limit the substance of the present application.
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WHAT IS CLAIMED:

1. A method for wireless communication, comprising:

determining a set of candidate starting positions for sidelink transmission; and
performing a first channel access procedure for a first candidate starting

position of the set of candidate starting positions in a first slot.

2. The method of claim 1, further comprising:

generating a first physical sidelink control channel (PSCCH) and a first
physical sidelink shared channel (PSSCH), wherein the first PSSCH is scheduled by
the first PSCCH for transmitting a transport block (TB); and

transmitting the first PSCCH and the first PSSCH from the first candidate
starting position in the first slot in response to the first channel access procedure being

successful.

3. The method of claim 2, wherein the first PSSCH is divided into one or more

symbol groups.

4. The method of claim 3, wherein the one or more symbol groups is configured
by radio resource control (RRC) signaling, is predefined, or is determined based on

the set of candidate starting positions.

5. The method of claim 3, wherein each symbol group includes an integer

number of code blocks (CBs) of the TB.

6. The method of claim 5, further comprising:

receiving respective hybrid automatic repeat request acknowledgement

(HARQ-ACK) feedback corresponding to each of the one or more symbol groups.

31



WO 2022/036703 PCT/CN2020/110559

7. The method of claim 6, further comprising:

transmitting a symbol group of the first PSSCH in response to the
HARQ-ACK feedback for the symbol group being a negative acknowledgement
(NACK).

8. The method of claim 3, wherein each symbol group includes an integer

number of code block groups (CBGs) of the TB.

9. The method of claim 8, further comprising:

receiving respective hybrid automatic repeat request acknowledgement

(HARQ-ACK) feedback corresponding to each of the CBGs.

10. The method of claim 9, further comprising:

transmitting a CBG in response to the HARQ-ACK feedback for the CBG

being a negative acknowledgement (NACK).

11. The method of claim 3, wherein each symbol group includes a redundancy

version (RV) of the TB.

12. The method of claim 11, further comprising:

transmitting a plurality of RVs of the TB on the one or more symbol groups.

13. The method of claim 1, wherein the set of candidate starting positions is

configured by radio resource control (RRC) signaling or is predefined.

14. The method of claim 1, wherein the set of candidate starting positions is
determined based on one or more symbol groups, and the one or more symbol groups

is configured by radio resource control (RRC) signaling or is predefined.
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15. The method of claim 13 or 14, wherein the number of candidate starting
positions in the set of candidate starting positions is equal to the number of symbol

groups of the one or more symbol groups.

16. The method of claim 2, wherein the first PSSCH is transmitted on available

symbols in the first slot.

17. The method of claim 16, wherein the first PSSCH is punctured when the
number of symbols of the first PSSCH is greater than the number of the available

symbols in the first slot.

18. The method of claim 17, wherein the last one or more symbols of the first

PSSCH are punctured.

19. The method of claim 17, wherein the last one or more symbol groups of the

first PSSCH are punctured.

20. The method of claim 2, further comprising:

transmitting a second PSSCH in a second slot following the first slot in

response to the first PSSCH being transmitted in the first slot.

21. The method of claim 20, further comprising:

receiving  symbol  group-based hybrid automatic repeat request
acknowledgement (HARQ-ACK) feedback or code block groups (CBG) based
HARQ-ACK feedback for the first PSSCH; and

receiving TB-based HARQ-ACK feedback for the second PSSCH.

22. The method of claim 1, further comprising:
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in response to channel access procedures for all candidate starting positions of
the set of candidate starting positions in the first slot being failed, performing a
second channel access procedure for the first candidate starting position in a second

slot following the first slot.

23. An apparatus, comprising:

at least one non-transitory computer-readable medium having stored thereon
computer-executable instructions;

at least one receiving circuitry;

at least one transmitting circuitry; and

at least one processor coupled to the at least one non-transitory
computer-readable medium, the at least one receiving circuitry and the at least one
transmitting circuitry,

wherein the computer-executable instructions cause the at least one processor

to implement the method of any of Claims 1-22.

34



PCT/CN2020/110559

1/12

WO 2022/036703

100

\\\‘§\

N

110c

=
o
—

—

FIG. 1



WO 2022/036703

200 \

slot v

2/12

\ 4

L.

t

01234567 8 910111213

FIG. 2

PCT/CN2020/110559
AGC
-
PSCCH
[
3 PSSCH
o DMRS
5




WO 2022/036703 3/12 PCT/CN2020/110559

< slot n >

il

hd

0123456 7 8 910111213
fL

t

L ]

oded

T

FIG. 3

AGC

PSCCH

PSSCH

DMRS



WO 2022/036703 4/12 PCT/CN2020/110559

Z

01234567 8 910111213 [

¢ L
I e

t

FIG. 4

AGC

PSCCH

PSSCH

DMRS



WO 2022/036703 5/12 PCT/CN2020/110559

< slot v > -
AGC
7]
PSCCH
]
PSSCH
0123456 7 8 910111213
DMRS

L.

t

FIG. 5



WO 2022/036703 6/12 PCT/CN2020/110559

600 \ < slot n »
€—SGO—r€ESG1PESG2r€SG3»
AGC
7 PSCCH
]
610 ]
\ 1 PSSCH
g DMRS

620

0123 6 1011121

630

01234567 8,91011121

640

0123456 78910111213

FIG. 6



WO 2022/036703 7712 PCT/CN2020/110559

700 \ < slot n: »
€CSGOPESG 1 PESG2 P4 SG3»
AGC

% PSCCH

]

710 ]
\ 1 PSSCH
§ DMRS

720

0123

730

0123456 7 8910111213

740

0123456 78910111213

FIG. 7



WO 2022/036703 8/12 PCT/CN2020/110559

800 \ < slot n >
€<—S GO—r«—SG1—r€SG2»
AGC
7 PSCCH
]
810 -]
\ 1 PSSCH
2 3
% DMRS

820

012345 7 8 9101112

830

0123456 78910111213

FIG. 8



WO 2022/036703 9/12 PCT/CN2020/110559

900 \ < slot n >
€—SGO—r€SG1>ESG2»
AGC

7 PSCCH

]

910 o]
\ 1 PSSCH

2 3

% DMRS

920

0123456

930

0123456 78910111213

FIG. 9



WO 2022/036703 10/12 PCT/CN2020/110559

IOON

< UE-initiated COT

@—slot n——»€«——slot n+1—>j€¢——slot n+2—»€«——slot n+3

/f ‘\\ /f//'

1010 1020

FIG. 10



WO 2022/036703 11/12 PCT/CN2020/110559

1100\

determining a set of candidate
starting positions for sidelink

.. — 1111
fransmission
performing a channel access
— 1113
procedure

FIG. 11



WO 2022/036703 12/12 PCT/CN2020/110559

1206 '\ 1200
\
PROCESSOR
N A A
1
1 1 1
1 1 1
v v v
NON-TRANSITORY
COMPUTER-READ RECEIVING TRANSMITTING
ABLE MEMORY CIRCUITRY CIRCUITRY
\ |
\ \\ U
1201 1202 1204

FIG. 12



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2020/110559

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 72/04(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H04W:HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WOTXT;EPTXT;USTXT;3GPP;CNABS;CNTXT;CNKI:starting position,side link, d2d, direct link,v2v, v2x, candidate,
access, success, multi+, listen before talk, 1bt, symbol, PSCCH,PSSCH, unlicensed

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 109151833 A (HUAWEI TECHNOLOGIES CO., LTD.) 04 January 2019 (2019-01-04) 1-23
description paragraphs [0138]-[0227]

A CN 110447287 A (ERICSSON TELEFON AB L M) 12 November 2019 (2019-11-12) 1-23
the whole document

A US 10028151 B2 (CISCO TECH INC.) 17 July 2018 (2018-07-17) 1-23
the whole document

A US 10009892 B2 (ERICSSON TELEFON AB L M) 26 June 2018 (2018-06-26) 1-23
the whole document

A HUAWEI, HISILICON. "Discussion on usage of mini-slot in unlicensed band below 6GHz" 1-23
3GPP TSG RAN WG NR AdHoc Meeting R1-1700420, 20 January 2017 (2017-01-20),

the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
25 April 2021 10 May 2021
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LIU Jia
100088
China
Facsimile No. (86-10)62019451 Telephone No. 86- (010) -62089378

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2020/110559
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 109151833 A 04 January 2019 uUsS 2020120720 Al 16 April 2020
BR 112019026687 A2 23 June 2020
WO 2018228529 Al 20 December 2018
EP 3637821 A4 17 June 2020
CN 109151833 B 21 July 2020
EP 3637821 Al 15 April 2020
IN 202047000687 A 17 January 2020
CN 110447287 A 12 November 2019 EP 3603261 Al 05 February 2020
EP 3603262 Al 05 February 2020
us 2020127798 Al 23 April 2020
RU 2733418 C1 01 October 2020
CN 110431902 A 08 November 2019
BR 112019017971 A2 19 May 2020
WO 2018173005 Al 27 September 2018
WO 2018173004 Al 27 September 2018
us 2019387543 Al 19 December 2019
IN 201917023521 A 27 September 2019
uUs 10028151 B2 17 July 2018 uUsS 2018288625 Al 04 October 2018
us 2017041805 Al 09 February 2017
us 10375582 B2 06 August 2019
uUs 10009892 B2 26 June 2018 DK 3272173 T3 31 August 2020
EP 3745805 Al 02 December 2020
uUs 2016278078 Al 22 September 2016
WO 2016146210 Al 22 September 2016
EP 3272173 Al 24 January 2018
PL 3272173 T3 25 January 2021
EP 3272173 Bl 22 July 2020
IN 201747036223 A 10 November 2017

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - wo-search-report
	Page 49 - wo-search-report

