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(54) RESOURCE ALLOCATION FOR SIDELINK ON UNLICENSED SPECTRUM

(57) A method can include determining a resource
allocation framework for sidelink communication, allocat-
ing resources in a resource grid for PSCCH, PSSCH, or
PSFCH based on the framework, and transmitting at
least one sub-channel index and at least one RB set index
to indicate resource allocation information of PSCCH,
PSSCH, or PSFCH over an SL-U spectrum, wherein the
resource allocation framework comprising at least one
SL-U CC including an SL-U BWP including X indexed

RBs, the SL-U BWP being divided into Y indexed RPs
and at least one inter-RP GB when Y being an integer
greater than 1, each RP being divided into N indexed RB
sets and at least one intra-cell GB when N being an in-
teger greater than 1, K indexed interlaces configured to
map the RBs cyclically per BWP, and sub-channels con-
figured to map the interlaces per RB set and cyclically
across different RB set per RP.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to wireless com-
munication systems, and more particularly, to methods
for resource allocation of sidelink (SL) operated on unli-
censed spectrum.

BACKGROUND

[0002] The background description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent the work is described in this background section,
as well as aspects of the description that may not other-
wise qualify as prior art at the time of filing, are neither
expressly nor impliedly admitted as prior art against the
present disclosure.
[0003] Sidelink operated on unlicensed/shared spec-
trum (SL-U) is one of the most promising directions for
SL evolution. However, considering the resource alloca-
tion frameworks in legacy NR unlicensed (NR-U) and SL
are different, the design of resource allocation framework
for SL-U will be a critical issue, and thus should be ad-
dressed as a fundamental premise to ensure that SL can
be operated on unlicensed/shared spectrum.

SUMMARY

[0004] Aspects of the disclosure provide a method. The
method can include determining a resource allocation
framework for sidelink communication, allocating re-
sources in a resource grid for a physical sidelink control
channel (PSCCH), a physical sidelink shared channel
(PSSCH), or a physical sidelink frequency channel (PS-
FCH) based on the resource allocation framework, and
transmitting a sub-channel index and a resource block
(RB) set index to indicate resource allocation information
of the PSCCH, the PSSCH, or the PSFCH over a sidelink
unlicensed (SL-U) spectrum, wherein the resource allo-
cation framework comprises at least one SL-U compo-
nent carrier (CC), the at least one SL-U CC including an
SL-U bandwidth part (BWP) that includes X RBs indexed
from 0 to X-1, the SL-U BWP being divided into Y re-
source pools (RPs) indexed from 0 to Y-1 and at least
one inter-RP guard band (GB) in response to Y being an
integer greater than 1, the at least one inter-RP GB being
located between two adjacent RPs, the RBs of each RP
being divided into N RB sets indexed from 0 to N-1 and
at least one intra-cell GB in response to N being an integer
greater than 1, the at least one intra-cell GB being located
between two adjacent RB sets, K interlaces indexed from
0 to K-1 in the SL-U BWP, the X RBs being cyclically
mapped to the K interlaces, the interlaces being config-
ured per SL-U BWP, and L sub-channels indexed from
0 to L-1 in the RB set, the K interlace being mapped to
the L sub-channels in the RB set and L sub-channels

cyclically indexed across different RB sets within the re-
source pool, the sub-channels being configured per RB
set.
[0005] In an embodiment, each sub-channel is config-
ured to include resources of at least one interlace ac-
cording to a subcarrier spacing (SCS) in response to the
SL transmission being an interlace resource block (IRB)
based transmission. In an embodiment, each sub-chan-
nel is configured to include resources of a set of contig-
uous RBs in response to the SL transmission being a
contiguous resource block (CRB) transmission. In an em-
bodiment, the sub-channel index is indicated in a bitmap.
In an embodiment, the sub-channel index is indicated in
a start and length indicator value (SLIV).
[0006] In an embodiment, the method can further in-
clude allocating, for the PSCCH, resources of one of the
sub-channels within a lowest RB set of the corresponding
PSSCH. In an embodiment, the method can further in-
clude allocating, for the PSCCH, resources of one of the
sub-channels within every RB sets of the corresponding
PSSCH. In an embodiment, the method can further in-
clude allocating, for the PSSCH, resources of one or mul-
tiple of the sub-channels within one or multiple RB sets
within the resource pool. In an embodiment, the method
can further include in response to K = 1, allocating, for
the PSFCH, resources of at least one interlace being
mapped to at least one sub-channel within one RB set
by (pre-)configuration. In an embodiment, the method
can further include in response to the at least one intra-
cell GB and the two adjacent RB sets belonging to a same
RP, allocating, for the PSSCH, resources within the at
least one intra-cell GB. In an embodiment, the method
can further include receiving information of the resource
allocation framework for sidelink communication via a
system information block (SIB), a radio resource control
(RRC), a MAC control element (MAC-CE), or a sidelink
control information (SCI). In an embodiment, the number
of RBs of a first interlace within one RB set is (pre-)con-
figured to be different from the number of RBs of a second
interlace within the same RB set or between different RB
sets.
[0007] Aspects of the disclosure provide an apparatus
comprising circuitry. The circuitry is configured to deter-
mine a resource allocation framework for sidelink com-
munication, allocate resources in a resource grid for a
PSCCH, a PSSCH, or a PSFCH based on the resource
allocation framework, and transmit a sub-channel index
and a RB set index to indicate resource allocation infor-
mation of the PSCCH, the PSSCH, or the PSFCH over
a SL-U spectrum, wherein the resource allocation frame-
work comprises at least one SL-U CC, the at least one
SL-U CC including an SL-U BWP that includes X RBs
indexed from 0 to X-1, the SL-U BWP being divided into
Y RPs indexed from 0 to Y-1 and at least one inter-RP
GB in response to Y being an integer greater than 1, the
at least one inter-RP GB being located between two ad-
jacent RPs, the RBs of each RP being divided into N RB
sets indexed from 0 to N-1 and at least one intra-cell GB
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in response to N being an integer greater than 1, the at
least one intra-cell GB being located between two adja-
cent RB sets, K interlaces indexed from 0 to K-1 in the
SL-U BWP, the X RBs being cyclically mapped to the K
interlaces, the interlaces being configured per SL-U
BWP, and L sub-channels indexed from 0 to L-1 in the
RB set, the K interlace being mapped to the L sub-chan-
nels in the RB set and L sub-channels cyclically indexed
across different RB sets within the resource pool, the
sub-channels being configured per RB set.
[0008] Aspects of the disclosure provide a non-transi-
tory computer-readable medium storing instructions. The
instructions, when executed by a processor, cause the
processor to perform the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various embodiments of this disclosure that are
proposed as examples will be described in detail with
reference to the following figures, wherein like numerals
reference like elements, and wherein:

Fig. 1 shows a sidelink-unlicensed (SL-U) frequency
grid 100 based on an interlace structure;
Fig. 2 shows a channel structure 200 for a listen-
before-talk (LBT) transmission;
Fig. 3 shows a process 300 of wireless communica-
tion through the SL-U spectrum according to an em-
bodiment of the present disclosure; and
Fig. 4 shows an exemplary apparatus 400 according
to embodiments of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations and is not intended to
represent the only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
In some instances, well-known structures and compo-
nents are shown in block diagram form in order to avoid
obscuring such concepts.
[0011] Several aspects of telecommunication systems
will now be presented with reference to various apparatus
and methods. These apparatus and methods will be de-
scribed in the following detailed description and illustrat-
ed in the accompanying drawings by various blocks,
components, circuits, processes, algorithms, etc. (collec-
tively referred to as "elements"). These elements may be
implemented using electronic hardware, computer soft-
ware, or any combination thereof. Whether such ele-
ments are implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system.

[0012] This invention is motivated by, but not limited
to, a scenario where the sidelink is transmitted on unli-
censed/shared spectrum. Considering the legacy 5G
New Radio Unlicensed (NR-U) and Sidelink (SL) have
individual resource allocation frameworks, for Sidelink
Unlicensed (SL-U) transmission scenario, one funda-
mental premise would be the design of the resource al-
location framework and method. Therefore, in this dis-
closure, resource allocation methods for SL-U are pro-
posed.
[0013] In this disclosure, SL-U UE can access a single
channel on which transmission(s) are performed. Alter-
natively, the wideband operation can also be supported,
which means that SL-U UE can access multiple channels
on which transmission(s) are performed. Both contigu-
ous resource block (CRB) based and interlace resource
block (IRB) based transmission can be supported for SL-
U UE. One sub-channel with new definitions for CRB-
based and IRB-based transmissions can be used as the
resource allocation granularity of frequency domain via
pre-configuration, an indication of System Information
Block (SIB), Radio Resource Control (RRC), MAC Con-
trol Element (MAC-CE), or Sidelink Control Information
(SCI).
[0014] For CRB-based transmission, one sub-channel
can be defined as N contiguous RBs within one RB set.
One sub-channel can also be defined as N contiguous
RBs within one listen-before-talk (LBT) channel or band-
width. The value of N can be pre-configured or indicated
by SIB, RRC, or MAC-CE. For example, N can be defined
as a value chosen from the set or a sub-set of
{1,2,3,···,109,110} under different configurations, such as
the numerology, the occupied channel bandwidth (OCB)
requirement, the multiplexing mode, the channel occu-
pied time (COT) information, the scheduling information,
the configuration of the RBs within the intra-cell guard
band if a wideband operation is supported, etc. The
number of RBs for different sub-channels can be pre-
configured to be the same between the sub-channels or
be different between the sub-channels.
[0015] For IRB-based transmission, one sub-channel
can be defined as K interlaces within one RB set. One
sub-channel can also be defined as K interlaces within
one LBT channel or bandwidth. The K interlaces can be
contiguous, and can also be non-contiguous. The value
of K can be pre-configured or indicated by SIB, RRC, or
MAC-CE. K can be defined as a value chosen from the
set or a sub-set of {1,2,3,···,9,10} under different config-
urations, such as numerology. For example, the value K
can be configured according to the subcarrier spacing
(SCS). A 15 kHz SCS can have a K value of 1 or 2. A 30
kHz SCS can have a K value of 1. The number of RBs
within different interlaces and/or sub-channels can be
pre-configured to be the same between the sub-channels
or be different between the sub-channels. The relation
between sub-channel and interlace and/or RB can be
indicated through a bitmap and/or a start and length in-
dicator value (SLIV).
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[0016] Alternatively, if channel access procedures for
transmissions on multiple LBT channels are supported,
the sub-channel can be defined within one RB set or LBT
channel, or LBT bandwidth as described above, or across
multiple RB sets, LBT channels/bandwidths for both
CRB-based and IRB-based transmission. For the case
that the sub-channel is defined across multiple RB
sets/(LBT) channels/LBT bandwidths, any additional in-
formation about the RB sets/(LBT) channels/LBT band-
widths on how the sub-channel is defined should also be
pre-configured or indicated. For wideband operation, an
intra-cell guard band between two consecutive RB
sets/(LBT) channels/LBT bandwidths can be (pre-)con-
figured, and the RBs within the intra-cell guard band can
be configured to belong to a resource pool. In this case,
the sub-channel can also be pre-configured to include
the RBs within the intra-cell guard band.
[0017] Fig. 1 shows an SL-U frequency grid 100 based
on the interlace structure according to the embodiments
of the present disclosure. A SL-U component carrier (CC)
101 can have a bandwidth of 80 MHz, for example. Each
SL-U CC 101 includes at least one SL-U bandwidth part
(BWP) 102 that can be used for data transmission and
reception. The SL-U BWP 102 can be used to allow dy-
namic adjustment of the bandwidth allocation based on
network conditions and service requirements. The SL-U
BWP 102 can include multiple resource pools (RPs) 103
and inter-RP guard bands (inter-RP GBs) 104. For ex-
ample, as shown in Fig. 1, the SL-U BWP 102 includes
two RPs 103A and 103B. SL-U BWP 102 also includes
an inter-RP GB 104. Each RP 103 can include multiple
RB sets 105 and intra-cell GBs 106. For example, as
shown in Fig. 1, the RP 103A can include three RB sets
(i.e., RB set 105A, 105B, 105C) and two intra-cell GBs
(i.e., intra-cell GB 106A and 106B). For another example,
the RP 103B can include just one RB set (i.e., RB 105D).
Each RB set 105 can include 50 RBs 107 in an example.
The intra-cell GBs 106 can have different numbers of
RBs 107 in each intra-cell GBs 106. For example, as
shown in Fig. 1, intra-cell 106A and intra-cell 106C each
have 6 RBs while intra-cell 106B only has 5 RBs.
[0018] The RBs 107 are indexed per SL-U BWP. For
example, as shown in Fig. 1, RBs 107 have indexes from
0 to 216 for the SL-U BWP 102. In other words, RB set
105A can include RBs with indexes 0-49, RB set 105B
can include RBs with indexes 56-105, RB set 105C can
include RBs with indexes 111-160, and RB set 105D can
include RBs with index 167-216. Intra-cell 106A can in-
clude RBs with indexes 50-55, intra-cell 106B can include
RBs with indexes 106-110, and intra-cell 106C can in-
clude RBs with indexes 161-166.
[0019] Interlaces 108 are also configured per SL-U
BWP. Each interlace 108 can be configured to map the
RBs 107 within the SL-U BWP 102 in a cyclical manner.
For example, as shown in Fig. 1, a total of 5 interlaces
108 with indexes 0-4 are used in the SL-U BWP 102 to
map RBs. The interlace 108 with index 0 is corresponding
to RBs with indexes{0, 5, 10, ..., 215}. The interlace 108

with index 1 is corresponding to RBs with indexes{1, 6,
11, ..., 216}. The interlace 108 with index 2 is correspond-
ing to RBs with indexes{2, 7, 12, ..., 212}. The interlace
108 with index 3 is corresponding to RBs with indexes{3,
8, 13, ..., 213}. The interlace 108 with index 4 is corre-
sponding to RBs with indexes{4, 9, 14, ..., 214}.
[0020] Sub-channels 109 are configured per RB set
and per RP. Each sub-channel 109 can be configured to
include one interlace 108. Each sub-channel 109 can
also be configured to include multiple interlaces 108. The
sub-channel can be indexed from 0 per RP. The sub-
channel 109 with index k is mapped to one or multiple
(e.g., K) interlaces starting from interlace 108 with index
k*K. For example, the sub-channel 109 with index 0 can
be mapped to interlace 108 with index 0 and the sub-
channel 109 with index 1 can be mapped to interlace 108
with index 1. As shown in Fig. 1, RB set 105A includes
5 sub-channels 109 with indexes from 0-4. The sub-chan-
nel 109 with index 0 can be used to map the RBs 107 in
interlace 108 with index 0. For another example, the sub-
channel 109 with index 0 can be used to map the RBs
107 in interlace 108 with index 0 and interlace 108 with
index 1. Since the sub-channel is also configured per RP,
the sub-channel index will start from 0 in each RP. The
mapping configuration is however consistent across
RPs. For example, as shown in Fig. 1, RP 103B has sub-
channel 109 with index 0 at the beginning and interlace
108 with index 2 at the beginning, the mapping configu-
ration is the same as in RP 103A, as sub-channel 109
with index 0 maps with interlace 108 with index 0, and
so on.
[0021] Fig. 2 shows a channel structure 200 for LBT
transmission according to the embodiments of the
present disclosure. A channel access procedure can be
operated on the channel structure 200 for LBT as shown
in Fig. 2. A channel bandwidth 201 can include multiple
transmission bandwidths 202. The transmission band-
widths 202 can include multiple RB sets 203 (e.g., 203A
and 203B) and intra-cell guard bands (e.g., intra-cell
guard band 204). The transmission bandwidths 202 can
be used for SL-U transmission. The RB sets 203 can be
used to transmit control information and data. The intra-
cell guard bands 204 can be used to separate two RB
sets to avoid interference. As shown in Fig. 2, the channel
bandwidth 201 is 40 MHz wide and includes total of 206
RBs 205 (i.e., RB0-RB105). The channel bandwidth 201
is divided into two LBT bandwidths 207 each 20 MHz
wide. The LBT bandwidths 207 can be used to avoid
interference between multiple UEs sharing the same SL-
U spectrum. The transmission bandwidth 201 is further
divided into two RB sets 203 (i.e., 203A and 203B) and
one intra-cell guard band 204. Each RB set 203 includes
50 RBs. The intra-cell guard band 204 includes 6 RBs.
The RBs are also mapped cyclically by total of 5 inter-
laces 208 with index 0-4. The index number of the inter-
lace can be used to indicate the occupation of the control
data and information between UEs in a SL-U transmis-
sion. Before the SL-U UE can transmit traffic on the chan-
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nel bandwidth 201, it performs multiple channel access
procedures utilizing the LBT mechanism on the channel
bandwidth 201. If the multiple channel access proce-
dures are successful, the SL-U UE can start the CRB-
based transmission or IRB-based transmission as con-
figured.
[0022] For CRB-based transmission, one sub-channel
can be defined as N consecutive RBs within one RB set.
The value of N can be configured to include or not include
the number of RBs within the intra-cell GB. In some em-
bodiments, one RP can include an intra-cell GB and two
adjacent RB sets of the intra-cell GB. For example, if the
RBs within the intra-cell GB belong to the RP, the value
of N can be configured from the set of {1,2,···,55,56}.
Otherwise, if the RBs within the intra-cell GB do not be-
long to the RP, the value of N can be configured from
{1,2,···,49,50}.
[0023] For IRB-based transmission, one sub-channel
can be defined as K interlaces within one RB set. For
example, as shown in Fig. 2, the value of K can be con-
figured from {1,2,···,4,5}. According to the transmission
bandwidth configuration, if the interlaces (RBs) within the
intra-cell guard band belong to the resource pool, the
sub-channel can occupy the interlaces and RBs within
the intra-cell guard band. Otherwise, the sub-channel
cannot occupy the interlaces or RBs within the intra-cell
guard band.
[0024] In some embodiments of the present disclo-
sure, the channel access and transmission performed by
a UE in the SL-U spectrum can be operated on single or
multiple LBT channels. The resources allocated for a
Physical Sidelink Control Channel (PSCCH) can be con-
figured to occupy the starting/leading/lowest sub-chan-
nel within the starting/leading/lowest RB set of the cor-
responding PSSCH. For example, refer to Fig. 1, in the
case of the corresponding PSSCH of a PSCCH occupy-
ing RBs within the RP 103A, the PSCCH can be config-
ured to occupy RBs within the sub-channel 109 with the
index 0 within the RB set 105A, since the RB set 105A
is the starting/leading/lowest RB set of the RP 103A and
the sub-channel 109 with the index 0 is the starting/lead-
ing/lowest sub-channel of the RB set 105A. The resourc-
es allocated for the PSCCH can also be configured to
occupy one sub-channel within every RB set. This can
be used to avoid failure in communication between two
UEs when the two UEs only have higher RB sets over-
lapping. The resource allocation configuration for the
PSCCH can be pre-configured, or indicated via SIB,
RRC, or MAC-CE.
[0025] The resources allocated for a Physical Sidelink
Shared Channel (PSSCH) can be configured to occupy
one sub-channel in any RB set. The resources allocated
for PSSCH can also be configured to occupy multiple
sub-channels across multiple RB sets. In some embod-
iments, PSSCH can be configured to occupy the RBs
within an intra-cell GB if the intra-cell GB has two adjacent
RB sets and are all belongs to one RP. For example,
refer to Fig. 1, the intra-cell GB 106A and the intra-cell

GB 106B are within RP 103A along with the RB set 105A
and 105B. The PSSCH can then occupy the 11 RBs 107
within the intra-cell GB 106A and 106B.
[0026] The Resources allocated for Physical Sidelink
Feedback Channel (PSFCH) can be configured to occu-
py one sub-channel within one RB set. The Resources
allocated for PSFCH can also be configured to occupy
multiple sub-channels within one RB set. The resource
allocation configuration for PSFCH can be pre-config-
ured or indicated via SIB, RRC, or SCI under the IRB-
based transmission or the CRB-based transmission with
the consideration of the OCB requirements. The resource
allocation configuration for PSFCH can also be dynam-
ically indicated during transmission to overcome PSFCH
transmission dropping in the case of LBT failure. The
OCB requirements and power spectral density (PSD) re-
quirements for PSFCH transmission can be achieved
with IRB-based transmission for 15 kHz and 30 kHz SCS.
[0027] In some embodiments of the present disclo-
sure, a UE can report or transmit the resource allocation
configuration, such as the occupation of PSCCH,
PSSCH, and PSFCH via SCI. SCI in Sidelink can include
a first-stage SCI and a second-stage SCI, the first-stage
stage SCI can be used to convey resource allocation
information of the sub-channel index and the RB set in-
dex. The resource can be indicated through the bitmap
and/or SLIV configuration. For example, in the case that
the sub-channel is defined within one RB set, the SCI
can be configured to include a sub-channel indicator/in-
dex and an RB set indicator/index. The SCI can also be
configured to just include a sub-channel indicator/index
or just an RB set indicator/index. The sub-channel indi-
cator/index can be configured to include the information
of the allocated sub-channels, such as the number of
allocated sub-channels, the indexes of the allocated sub-
channels, and the length of one allocated sub-channel if
the transmission is CRB-based.
[0028] The RB set indicator/index can be configured
to include the information of the allocated RB sets, such
as the start position of the first allocated RB set, the in-
dexes of the allocated RB sets, the length of the allocated
RB sets, and the number of the allocated RB sets. For
another example, in the case that the sub-channel is de-
fined across multiple RB sets, the SCI can be configured
to include the sub-channel indicator/index, for example,
the number of allocated sub-channels, the indexes of the
allocated sub-channels, and/or the length of one allocat-
ed sub-channel if the transmission is CRB-based. The
resource allocation indicator/index can be multiplexed
with the existing resource allocation filed in legacy SCI.
In some embodiments, the resource being indicated
through SLIV configuration can be detailed further in the
frequency resource indication value (FRIV) in the fre-
quency domain and detailed further in the time resource
indication value (TRIV) in the time domain.
[0029] In some embodiments of the present disclo-
sure, a COT initiator can be configured to occupy (a sub-
set of) (multiple) RB set(s) in the leading/beginning po-
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sition of the COT information. The COT information can
be used by the COT initiator or shared by the COT initiator
with other SL-U UEs in Time Division Multiplexing (TDM)
or Frequency Division Multiplexing (FDM) modes as pre-
configured. In the case that an OCB requirement need
be satisfied, if TDM mode is adopted, IRB-based trans-
mission can be configured as a default way and CRB can
only be used if it can satisfy the OCB requirements. If
FDM mode is adopted, both IRB-based and CRB-based
transmission can be used as pre-configured. In the case
that the OCB requirements do not need to be satisfied,
both IRB-based and CRB-based transmission can be
used for both TDM and FDM modes as pre-configured.
[0030] After a successful LBT, the COT initiator can
share the COT with the other UEs. The COT sharing UEs
can be (pre-)configured to transmit packets with or with-
out PSCCH. For the PSCCH transmitted from each COT
sharing UE, the COT initiator can be configured to mon-
itor the PSCCH at (multiple) (pre-)configured start-
ing/leading sub-channel(s) and/or (multiple) (pre-)config-
ured fixed sub-channel(s) within (multiple) (pre-)config-
ured starting/leading RB set(s) and/or (multiple)
(pre-)configured fixed RB set(s) within the corresponding
allocated resource for each COT sharing UE.
[0031] Fig. 3 shows a process 300 of wireless commu-
nication through the SL-U spectrum according to an em-
bodiment of the present disclosure. The process 300 can
start from step S301 and proceed to step S310.
[0032] At step S310, A first UE determines a resource
allocation framework that is used for SL-U transmission.
For example, the resource allocation framework can in-
clude at least one SL-U component carrier (CC) which
includes an SL-U bandwidth part (BWP) that includes
multiple resource blocks (RBs) for the transmission of
control information and data. The RBs within the SL-U
BWP can be divided into multiple resource pools (RPs)
and multiple inter-RP guard bands (GPs). Each RP can
further divide the RBs into RB sets and intra-cell GBs,
where the RB sets are indexed. The resource allocation
framework can further include a interlace structure that
include indexed interlaces which are configured to map
the RBs cyclically within the SL-U BWP. The resource
allocation framework can further include a sub-channel
structure per RB set that include indexed sub-channels
which are configured to map the RBs within an RB set.
[0033] At step S320, the first UE occupies a PSCCH,
a PSSCH, or a PSFCH on to an RB according to the
resource allocation framework. For example, the first UE
can occupy a PSCCH in the starting/leading/lowest sub-
channel within the starting/leading/lowest RB set of a cor-
responding PSSCH. For example, the first UE can occu-
py a PSCCH in one sub-channel within every RB set. For
example, the first UE can occupy a PSSCH in one sub-
channel in any RB set. For example, the first UE can
occupy a PSSCH in multiple sub-channels across multi-
ple RB sets. For example, the first UE can occupy a
PSSCH in the RBs within an intra-cell GB if the intra-cell
GB has two adjacent RB sets and are all belongs to one

RP. For example, the first UE can occupy a PSFCH in
one sub-channel within one RB set. For example, the
first UE can occupy a PSFCH in multiple sub-channels
within one RB set.
[0034] At step S330, the first UE transmits a sub-chan-
nel index and an RB set index to indicate an occupation
of a PSCCH, a PSSCH, or a PSFCH over a SL-U spec-
trum to a second UE. For example, the first UE can trans-
mit a sub-channel index and an RB set index to indicate
the occupation of a PSCCH. For example, the first UE
can transmit a sub-channel index and an RB set index
to indicate the occupation of a PSSCH. For example, the
first UE can transmit a sub-channel index and an RB set
index to indicate the occupation of a PSFCH. The process
300 can proceed to S399 and terminate at S399.
[0035] Fig. 4 shows an exemplary apparatus 400 ac-
cording to embodiments of the disclosure. The apparatus
400 can be configured to perform various functions in
accordance with one or more embodiments or examples
described herein. Thus, the apparatus 400 can provide
means for implementation of mechanisms, techniques,
processes, functions, components, systems described
herein. For example, the apparatus 400 can be used to
implement functions of UEs or BSs in various embodi-
ments and examples described herein. The apparatus
400 can include a general purpose processor or specially
designed circuits to implement various functions, com-
ponents, or processes described herein in various em-
bodiments. The apparatus 400 can include processing
circuitry 410, a memory 420, and a radio frequency (RF)
module 430.
[0036] In various examples, the processing circuitry
410 can include circuitry configured to perform the func-
tions and processes described herein in combination with
software or without software. In various examples, the
processing circuitry 410 can be a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), digitally enhanced circuits, or com-
parable device or a combination thereof.
[0037] In some other examples, the processing circuit-
ry 410 can be a central processing unit (CPU) configured
to execute program instructions to perform various func-
tions and processes described herein. Accordingly, the
memory 420 can be configured to store program instruc-
tions. The processing circuitry 410, when executing the
program instructions, can perform the functions and proc-
esses. The memory 420 can further store other programs
or data, such as operating systems, application pro-
grams, and the like. The memory 420 can include non-
transitory storage media, such as a read only memory
(ROM), a random access memory (RAM), a flash mem-
ory, a solid state memory, a hard disk drive, an optical
disk drive, and the like.
[0038] In an embodiment, the RF module 430 receives
a processed data signal from the processing circuitry 410
and converts the data signal to beamforming wireless
signals that are then transmitted via antenna arrays 440,
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or vice versa. The RF module 430 can include a digital
to analog converter (DAC), an analog to digital converter
(ADC), a frequency up converter, a frequency down con-
verter, filters and amplifiers for reception and transmis-
sion operations. The RF module 430 can include multi-
antenna circuitry for beamforming operations. For exam-
ple, the multi-antenna circuitry can include an uplink spa-
tial filter circuit, and a downlink spatial filter circuit for
shifting analog signal phases or scaling analog signal
amplitudes. The antenna arrays 440 can include one or
more antenna arrays.
[0039] The apparatus 400 can optionally include other
components, such as input and output devices, additional
or signal processing circuitry, and the like. Accordingly,
the apparatus 400 may be capable of performing other
additional functions, such as executing application pro-
grams, and processing alternative communication pro-
tocols.
[0040] The processes and functions described herein
can be implemented as a computer program which, when
executed by one or more processors, can cause the one
or more processors to perform the respective processes
and functions. The computer program may be stored or
distributed on a suitable medium, such as an optical stor-
age medium or a solid-state medium supplied together
with, or as part of, other hardware. The computer program
may also be distributed in other forms, such as via the
Internet or other wired or wireless telecommunication
systems. For example, the computer program can be ob-
tained and loaded into an apparatus, including obtaining
the computer program through physical medium or dis-
tributed system, including, for example, from a server
connected to the Internet.
[0041] The computer program may be accessible from
a computer-readable medium providing program instruc-
tions for use by or in connection with a computer or any
instruction execution system. The computer readable
medium may include any apparatus that stores, commu-
nicates, propagates, or transports the computer program
for use by or in connection with an instruction execution
system, apparatus, or device. The computer-readable
medium can be magnetic, optical, electronic, electro-
magnetic, infrared, or semiconductor system (or appa-
ratus or device) or a propagation medium. The computer-
readable medium may include a computer-readable non-
transitory storage medium such as a semiconductor or
solid state memory, magnetic tape, a removable compu-
ter diskette, a random access memory (RAM), a read-
only memory (ROM), a magnetic disk and an optical disk,
and the like. The computer-readable non-transitory stor-
age medium can include all types of computer readable
medium, including magnetic storage medium, optical
storage medium, flash medium, and solid state storage
medium.
[0042] While aspects of the present disclosure have
been described in conjunction with the specific embodi-
ments thereof that are proposed as examples, alterna-
tives, modifications, and variations to the examples may

be made. Accordingly, embodiments as set forth herein
are intended to be illustrative and not limiting. There are
changes that may be made without departing from the
scope of the claims set forth below.

Claims

1. A method (300), comprising:

determining (S310) a resource allocation frame-
work for sidelink communication;
allocating (S320) resources in a resource grid
for a physical sidelink control channel, PSCCH,
a physical sidelink shared channel, PSSCH, or
a physical sidelink frequency channel, PSFCH,
based on the resource allocation framework;
and
transmitting (S330) at least one sub-channel in-
dex and at least one resource block, RB, set
index to indicate resource allocation information
of the PSCCH, the PSSCH, or the PSFCH over
a sidelink unlicensed, SL-U, spectrum, wherein
the resource allocation framework comprises:

at least one SL-U component carrier, CC,
the at least one SL-U CC including an SL-
U bandwidth part, BWP, that includes X RBs
indexed from 0 to X-1, the SL-U BWP being
divided into Y resource pools, RPs, indexed
from 0 to Y-1 and at least one inter-RP guard
band, GB, in response to Y being an integer
greater than 1, the at least one inter-RP GB
being located between two adjacent RPs,
the RBs of each RP being divided into N RB
sets indexed from 0 to N-1 and at least one
intra-cell GB in response to N being an in-
teger greater than 1, the at least one intra-
cell GB being located between two adjacent
RB sets;
K interlaces indexed from 0 to K-1 in the SL-
U BWP, the X RBs being cyclically mapped
to the K interlaces, the interlaces being con-
figured per SL-U BWP; and
L sub-channels indexed from 0 to L-1 in the
RB set, the K interlace being mapped to the
L sub-channels in the RB set and L sub-
channels cyclically indexed across different
RB sets within the resource pool, the sub-
channels being configured per RB set.

2. The method (300) of claim 1, wherein each sub-
channel is configured to include resources of at least
one interlace according to a subcarrier spacing,
SCS, in response to the SL transmission being an
interlace resource block, IRB, based transmission.

3. The method (300) of claim 1, wherein each sub-
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channel is configured to include resources of a set
of contiguous RBs in response to the SL transmis-
sion being a contiguous resource block, CRB, trans-
mission.

4. The method (300) of claim 1, wherein the at least
one sub-channel index is indicated in a bitmap.

5. The method (300) of claim 1, wherein the at least
one sub-channel index is indicated in a start and
length indicator value, SLIV.

6. The method (300) of claim 1, wherein the at least
one RB set index is indicated in a start and length
indicator value, SLIV.

7. The method (300) of claim 1, further comprising:
allocating, for the PSCCH, resources of a lowest sub-
channel within a lowest RB set of the corresponding
PSSCH.

8. The method (300) of claim 1, further comprising:
allocating, for the PSCCH, resources of a lowest sub-
channel within every RB sets of the corresponding
PSSCH.

9. The method (300) of claim 1, further comprising:
allocating, for the PSSCH, resources of one or mul-
tiple of the sub-channels within one or multiple RB
sets within the resource pool.

10. The method (300) of claim 1, further comprising:
in response to K = 1, allocating, for the PSFCH, re-
sources of at least one interlace being mapped to at
least one sub-channel within at least one RB set by
(pre-)configuration.

11. The method (300) of claim 1, further comprising:
in response to the at least one intra-cell GB and the
two adjacent RB sets belonging to a same RP and
the two adjacent RB sets are used for PSSCH trans-
mission, allocating, for the PSSCH, resources within
the at least one intra-cell GB.

12. The method (300) of claim 1, wherein the determin-
ing comprises:
receiving information of the resource allocation
framework for sidelink communication via a system
information block, SIB, a radio resource control,
RRC, a MAC control element, MAC-CE, or a sidelink
control information, SCI.

13. The method (300) of claim 1, wherein the number of
RBs of a first interlace within one RB set is (pre-)con-
figured to be same or different from the number of
RBs of a second interlace within the same RB set or
between different RB sets.

14. An apparatus (400), comprising circuitry (410) con-
figured to:

determine a resource allocation framework for
sidelink communication;
allocate resources in a resource grid for a phys-
ical sidelink control channel, PSCCH, a physical
sidelink shared channel (PSSCH), or a physical
sidelink frequency channel, PSFCH, based on
the resource allocation framework; and
transmit at least one sub-channel index and at
least one resource block, RB, set index to indi-
cate resource allocation information of the
PSCCH, the PSSCH, or the PSFCH over a side-
link unlicensed, SL-U, spectrum, wherein the re-
source allocation framework comprises:

at least one SL-U component carrier, CC,
the at least one SL-U CC including an SL-
U bandwidth part, BWP, that includes X RBs
indexed from 0 to X-1, the SL-U BWP being
divided into Y resource pools, RPs, indexed
from 0 to Y-1 and at least one inter-RP guard
band, GB, in response to Y being an integer
greater than 1, the at least one inter-RP GB
being located between two adjacent RPs,
the RBs of each RP being divided into N RB
sets indexed from 0 to N-1 and at least one
intra-cell GB in response to N being an in-
teger greater than 1, the at least one intra-
cell GB being located between two adjacent
RB sets;
K interlaces indexed from 0 to K-1 in the SL-
U BWP, the X RBs being cyclically mapped
to the K interlaces, the interlaces being con-
figured per SL-U BWP; and
L sub-channels indexed from 0 to L-1 in the
RB set, the K interlace being mapped to the
L sub-channels in the RB set and L sub-
channels cyclically indexed across different
RB sets within the resource pool, the sub-
channels being configured per RB set.

15. The apparatus (400) of claim 14, wherein each sub-
channel is configured to include resources of at least
one interlace according to a subcarrier spacing,
SCS, in response to the SL transmission being an
interlace resource block, IRB, based transmission.
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