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1 Introduction
From the RAN1#109-e meeting to RAN1#112bis-e meeting, the followings were agreed on physical channel design framework for SL-U [1]-[6].
	Agreement at RAN1#109-e
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 

Agreement at RAN1#110
For PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission

Agreement at RAN1#110bis-e
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets
Agreement at RAN1#110bis-e
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details
Agreement at RAN1#110bis-e
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission
Agreement at RAN1#110bis-e
At least R16/R17 NR SL S-SSB slots are excluded from SL resource pool.
· Note: whether or not additional candidate S-SSB occasions are excluded from resource pool will be discussed after the details of additional candidate S-SSB occasions are clearer
[bookmark: _Hlk117151683]Agreement at RAN1#110bis-e
At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 

Agreement at RAN1#111
Regarding the number and location(s) of additional candidate S-SSB occasions, RAN1 further study the followings:
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured.
· FFS details, e.g., value of K, details on gap length, etc.
· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured.
· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period.
· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number.

Agreement at RAN1#112
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· The location of 1st starting symbol can be (pre)configured from {#0,#1,#2,#3,#4,#5,#6} per BWP
· By default (if no (pre)configuration), the location of the 1st starting symbol is symbol#0
· The location of 2nd starting symbol is (pre-)configured from {#3,#4,#5,#6,#7} per BWP
· It shall be configured such that within a slot, the number of symbols used for PSCCH/PSSCH transmission from 2nd starting symbol is not smaller than 6
· It shall be configured such that within a slot, the 2nd starting symbol is later than the 1st starting symbol
· PSCCH/PSSCH transmission starting from 1st or 2nd starting symbol shall have the same ending symbol within a slot
· Note: assume symbol index in a slot starts from #0
Agreement at RAN1#112
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
Agreement at RAN1#112
To address PSFCH transmission dropping due to LBT failure:
· [bookmark: _Hlk131793031]Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Down-select one or support both of the followings
· Option 1: Such PSFCH occasion(s) are (pre-)configured
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated
· FFS applicable scenarios, e.g., considering the applicability of COT sharing, MCSt, etc. 
· FFS other details 
Agreement at RAN1#112
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, down-select one of the followings during RAN1#112:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: how to deal with the remaining PRBs, e.g. for meeting OCB requirements
Working assumption at RAN1#112
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· At least for COT initiation, TBS is determined based on a reference number of symbols as follows:
· Option 4: The reference number of symbols is determined by (pre-)configuration
· FFS: value range
· FFS: whether a different reference number of symbols is needed for transmission in a shared COT
Agreement at RAN1#112
RAN1 further study the followings:
· Whether/how to maintain a COT when the COT contains multiple RB sets and includes S-SSB slot(s), e.g., whether to transmit S-SSB repetitions in more than one RB set, etc.
Agreement at RAN1#112
RAN1 further study the followings:
· Whether any updates on power control are necessary considering PSD limit in unlicensed spectrum regulation. 

Agreement at RAN1#112bis-e
Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:
· RAN1 down-select one of followings in RAN1#113:
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· K3 is (pre-)configured, FFS value range
· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB
· FFS: whether any impact on meeting OCB requirement
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· Alt 3-2b: each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· K2=2
· K4 is (pre-)configured, FFS value range
· FFS: how to meet PSD limitation
· FFS: whether to introduce any restrictions on the locations of K4 dedicated PRB(s) and/or K2 common PRBs, e.g., whether/how they are on the same interlace 
· R16 NR SL PSSCH-PSFCH mapping is reused as baseline, FFS details
· Note: companies are encouraged to give more details and analyze the specification impact
· E.g., whether PSSCH transmissions on non-overlapped resources are mapped to non-orthogonal PSFCH resources, i.e., whether PSFCH collision may happen and whether/how to address it, etc.
· E.g., whether introducing more than 6 CS pairs is needed
· E.g., for group cast option 2, what’s the maximum group size that can be supported
· E.g., how to support “more than 1 PSFCH occasion(s) per PSCCH/PSSCH”
· FFS: regardless of which Alt above is selected, whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR
· FFS: whether IBE issue exists and whether/how to address it
· E.g., whether to introduce guardband PRB/RE between common PRB and dedicated PRB
Agreement at RAN1#112bis-e
For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, down-select one or more of the followings in RAN1#113:
· Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
· Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
· Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
· FFS details, e.g., conditions to apply the above Option(s)
· FFS impacts on definition of candidate resource, and resource selection
Working assumption at RAN1#112bis-e
Additional candidate S-SSB occasions are excluded from resource pool
Agreement at RAN1#112bis-e
When the SL-BWP contains multiple RB sets, study the followings:
· When UE attempts to transmit S-SSB in a S-SSB occasion (e.g., R16/17 S-SSB occasion, R18 additional candidate S-SSB occasion)
· Alt 1: UE may transmit S-SSB repetition in more than one RB set 
· FFS details, e.g., location of such S-SSB repetition(s) (e.g., (pre-)configured and/or pre-defined), whether/how to address potential power reduction and/or potential fluctuation of PSBCH-RSRP
· FFS: the relationship with UE’s COT
· FFS: the scenario that UE may or may not transmit S-SSB repetition in more than one RB set
· Note: whether UE can transmit S-SSBs over non-contiguous RB sets is subject to RAN4’s reply, details can be found in RAN1’s LS to RAN4 in R1-2304218
Agreement at RAN1#112bis-e
For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, Alt6 is supported:
· Alt 6: Support both Option 3-1(revised) and Option B, and enable one of them by (pre-)configuration
Note: the Options are as below
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set, e.g. whether 1 or 2 interlaces will be used for S-SSB
· Option 3-1(revised): Transmit legacy S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), whether/how to reduce PAPR.
· FFS gap of 0
· Option A: Legacy S-SSB
· Continue studying how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.
· Option B: Legacy S-SSB
· RAN1 does not pursue further study on how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.
Note: Option A and B are applicable in region with no OCB requirement, or with OCB exemption.
Conclusion at RAN1#112bis-e
Regarding additional candidate S-SSB occasions, in the same S-SSB period, UE can attempt to transmit on additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).


In this contribution, we discuss a PHY channel design for NR sidelink on unlicensed spectrum and provide our views.

Discussion on channel access for NR sidelink on unlicensed spectrum
[bookmark: _Hlk135063104]PRBs within intra-cell guard band of two adjacent RB sets
[bookmark: _Hlk118756121][bookmark: _Hlk131792391]And it was agreed that PRBs within intra-cell guard band of two adjacent RB sets are used in the same way as Rel-16 NR-U. The receiver UE cannot know whether or not channel access procedures by the transmitter UE to transmit PSCCH/PSSCH is successful. From the perspective of the UE receiving the PSCCH, it would be difficult to know in which RB set the transmitter UE transmits the PSCCH or whether the transmission is performed in one or more RB sets after the transmitter UE performs channel access successfully. In order to reduce blind detection for determining the number of RB sets in which the PSCCH is transmitted from the standpoint of the UE receiving the PSCCH, to limit the transmission of the PSCCH to at least one RB set except intra-cell guard band PRBs was agreed at the RAN1#110bis-e meeting. However, it was not concluded yet whether or not such PRBs within intra-cell guard band of two adjacent RB sets are used for PSFCH/S-SSB transmission. If the RB-based interlaced transmission for PSFCH/S-SSB transmission is not introduced for SL-U and repetition for PSFCH/S-SSB over multiple RB sets is introduced, it would not be necessary to discuss on this. For S-SSB transmission, it was agreed at RAN1#112b-e meeting not to use interlaced RB transmission but to transmit legacy S-SSB N times by repetition in frequency domain. Therefore, regarding the transmission of S-SSB within the RB set to satisfy OCB and PSD, it may be desirable not to use PRBs within intra-cell guard band of two adjacent RB sets. And with respect to whether to use PRBs within intra-cell guard band of two adjacent RB sets for the PSFCH transmission, if it is allowed to transmit PSFCH(s) on multiple RB sets, similar to PSCCH/PSCCH transmission, such PRBs can be used for PSFCH transmission only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSFCH transmission.
· Proposal 1: Regarding whether or not to use PRBs within intra-cell guard band of two adjacent RB sets for S-SSB and/or PSFCH transmission, 
· If it is allowed to transmit S-SSB repetition within the RB set to satisfy with OCB and PSD and on multiple RB sets, it may be desirable not to use PRBs within intra-cell guard band of two adjacent RB sets.
· If it is allowed to transmit PSFCH(s) on multiple RB sets, such PRBs can be used for PSFCH transmission(s) only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSFCH transmission(s).

Contiguous RB-based PSCCH/PSSCH transmission in SL-U
At the RAN1#112bis-e meeting, it was discussed whether or not to use sub-channel(s) which include intra-cell guardband PRBs for contiguous RB-based PSCCH/PSSCH transmission in SL-U. It was agreed to down-select one or more of the followings in RAN1#113. 
· Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission.
· Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
· Option 3: Such sub-channel(s) cannot be used for PSCCH transmission and can be used for PSSCH transmission.
The receiver UE cannot know whether or not channel access procedures by the transmitter UE to transmit PSCCH/PSSCH is successful. From the perspective of the UE receiving the PSCCH, it would be difficult to know in which RB set the transmitter UE transmits the PSCCH or whether the transmission is performed in one or more RB sets after the transmitter UE performs channel access successfully. Although sub-channels include intra-cell guardband PRBs for contiguous RB-based PSCCH/PSSCH transmission in SL-U, on the perspective of the UE receiving the PSCCH, if the intra-cell guard band PRBs are set not to be used for PSCCH transmission without ambiguity in configuring the reception resources of the PSCCH, the corresponding sub-channel is used for the PSCCH as well as for the PSCCH which would be beneficial in terms of resource efficiency. Therefore, we support Option 2 that such sub-channel(s) can be used for PSCCH/PSSCH transmission.
· Proposal 2: We support Option 2 that such sub-channel(s) can be used for PSCCH/PSSCH transmission.

PSFCH structure and transmission
Different from PSCCH/PSSCH which can be allocated on one or more contiguous sub-channels, each PSFCH associated with PSSCH is occupied with 1 PRB using PUCCH format 0. To meet OCB requirement, it may be desirable to allocate the PSFCH in the form of an RB-based interlaced transmission. In Rel-16 NR-U, enhanced PUCCH format 0 can be considered as a starting point for RB-based interlaced PSFCH transmission. Unlike the method in NR-U in which PUCCH resources are dynamically indicated by scheduling DCI, in NR sidelink, a set of continuous PRBs for PSFCH occasions is used for PSFCH transmission. This is to simplify the sidelink HARQ-ACK feedback procedure by allowing all sidelink UEs to have a common understanding of HARQ-ACK feedback, and to improve the reliability of SL HARQ-ACK feedback by avoiding interference from non-HARQ feedback SL transmission to HARQ feedback SL transmission. Therefore, PUCCH format 0 is considered as a starting point for RB-based interlace PSFCH transmission, but it should be further studied and investigated how to indicate PSFCH resource for HARQ-ACK corresponding PSSCH for NR sidelink unlicensed operation.
· Proposal 3: PUCCH format 0 using RB-based interlace for PSFCH transmission should be supported, but it should be further discussed and investigated how to indicate PSFCH resource for HARQ-ACK corresponding PSSCH for SL-U.
· Proposal 4: To meet OCB and PSD requirement for PSFCH transmission, each PSFCH transmission occupies an interlace similar to PUCCH in NR-U. Different PRBs within an interlace should be applied to allocate rotating CS shift for the PAPR/CM reduction.
When having one RB based interlaced structure and one interlace has the same index between different RB sets, PSFCH transmission can be transmitted to multiple RB sets. If the NR-U downlink-based multiple channel access method is considered as the transmission of S-SSB and transmission of PSFCH in the previous meeting, when channel access is successful in at least one RB set, the design method of the RB-based interlaced PSFCH should be considered so that a PRB to which at least one PSFCH is allocated exists in multiple RB sets in order to allow transmission of the PSFCH.
· Proposal 5: The method of the RB based interlaced PSFCH should be considered so that a PRB to which at least one PSFCH is allocated exists in multiple RB sets in order to allow transmission of the PSFCH when channel access is successful in at least one RB set from the perspective of the channel access by a given UE.

PSFCH transmission due to LBT failure
Different from the sidelink HARQ-ACK on PSFCH in Rel-16, PSFCH in sidelink unlicensed might not be transmitted due to LBT failure. However, in Rel-16 NR-U, HARQ-ACK retransmission was specified which makes possible to retransmit HARQ-ACK along with other HARQ-ACK later. Therefore, it should be further investigated how to support sidelink HARQ-ACK retransmission via PSFCH. In the previous RAN1#112 meeting, two options were listed below to address PSFCH transmission dropping due to LBT failure. 
· Option 1: Such PSFCH occasion(s) are (pre-)configured.
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated.
For Option 1 with (pre-)configured PSFCH occasions, the UE transmitting the PSSCH/PSCCH would attempt decoding of the PSFCH in the (pre-)configured resource on all of (pre-)configured PSFCH occasions without knowing the success of the LBT for PSFCH transmission and it would result on increasing the complexity of the UE receiving PSFCH. If the UE which has transmitted the PSSCH/PSCCH does not successfully receive the PSFCH from the UE that needs to transmit the PSFCH, it can be more efficient on resource utilization to indicate the UE that needs to transmit the PSFCH to perform transmission in the (pre-)configured resources through dynamic signaling and it would be able to reduce the UE’s complexity for receiving PSFCH. Therefore, we support option 2 that such PSFCH occasion(s) are (pre-)configured and dynamically indicated.
· Proposal 6: Considering LBT failure for PSFCH transmission, it should be adopted that PSFCH resource is dynamically indicated based (pre-)configured occasion which is Option-2 at the RAN1#112 meeting.

Additional candidate S-SSB occasions
From RAN1#111 to RAN1#112bis-e, it was discussed regarding number and location(s) of additional candidate S-SSB occasions, Tx UE behaviors, whether or not additional candidate S-SSB occasions is belonging to RP, whether OCB exemption is applicable or not to SSB transmission and SSB structure in frequency domain to be satisfied with OCB requirement. The followings were agreed. 
	Agreement at RAN1#111
Regarding the number and location(s) of additional candidate S-SSB occasions, RAN1 further study the followings:
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured.
· FFS details, e.g., value of K, details on gap length, etc.
· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured.
· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period.
· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number.

Working assumption at RAN1#112bis-e
Additional candidate S-SSB occasions are excluded from resource pool
Conclusion at RAN1#112bis-e
Regarding additional candidate S-SSB occasions, in the same S-SSB period, UE can attempt to transmit on additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).


When S-SSB transmission cannot be performed due to LBT failure on both Rel-16/Rel-17 SSB occasions and additional candidate S-SSB occasions corresponding to the number of (pre-)configured S-SSBs from the point of view of the S-SSB Tx UE, S-SSB transmission can be attempted by performing channel access on subsequent additional candidate S-SSB occasion(s). 
Regarding the number and location(s) of additional candidate S-SSB occasions, in order to reduce UE’s complexity due to SSB reception performed by UEs at every slot, a discovery burst transmission window is configured to the UE in NR-U and the UE attempts SSB reception within the discovery burst transmission window. Similarly, it may be desirable to configure the S-SSB transmission window in the SL-U to the UE. And, by (pre-)configuring candidate S-SSB occasions and the number of S-SSBs to be transmitted within the S-SSB transmission window, the Rx UE can assume that S-SSB transmission is transmitted at the corresponding candidate S-SSB occasions according to the number of (pre-)configured S-SSBs and the Rx UE attempts reception of the S-SSB. 
· Proposal 7: We support option-5 that the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number.

Conclusion
In this contribution, we have discussed a PHY channel design for NR sidelink on unlicensed spectrum. As a conclusion, we summarize our view as follows:
· Proposal 1: Regarding whether or not to use PRBs within intra-cell guard band of two adjacent RB sets for S-SSB and/or PSFCH transmission, 
· If it is allowed to transmit S-SSB repetition within the RB set to satisfy with OCB and PSD and on multiple RB sets, it may be desirable not to use PRBs within intra-cell guard band of two adjacent RB sets.
· If it is allowed to transmit PSFCH(s) on multiple RB sets, such PRBs can be used for PSFCH transmission(s) only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSFCH transmission(s).
· Proposal 2: We support Option 2 that such sub-channel(s) can be used for PSCCH/PSSCH transmission.
· Proposal 3: PUCCH format 0 using RB-based interlace for PSFCH transmission should be supported, but it should be further discussed and investigated how to indicate PSFCH resource for HARQ-ACK corresponding PSSCH for SL-U.
· Proposal 4: To meet OCB and PSD requirement for PSFCH transmission, each PSFCH transmission occupies an interlace similar to PUCCH in NR-U. Different PRBs within an interlace should be applied to allocate rotating CS shift for the PAPR/CM reduction.
· Proposal 5: The method of the RB based interlaced PSFCH should be considered so that a PRB to which at least one PSFCH is allocated exists in multiple RB sets in order to allow transmission of the PSFCH when channel access is successful in at least one RB set from the perspective of the channel access by a given UE.
· Proposal 6: Considering LBT failure for PSFCH transmission, it should be adopted that PSFCH resource is dynamically indicated based (pre-)configured occasion which is Option-2 at the RAN1#112 meeting.
· Proposal 7: We support option-5 that the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number.
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