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Introduction
In the Rel-18 WID for NR sidelink evolution [1], an objective to study and specify support of sidelink on unlicensed spectrum is as follows:

	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.



In RAN1 #110 [2], the following agreements were made: 

	Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool

Agreement
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.

Agreement
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior

Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives

Agreement
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives

Agreement
For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS

Agreement
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


In this contribution, we discuss physical channel design frame for supporting of sidelink on unlicensed spectrum.

Discussion
S-SSB
For the S-SSB (specified in Rel-16), the slot including the S-SSB which is transmitted in SL is excluded from the SL resource pool. If the S-SSB is also excluded from the resource pool in SL-U, the resource efficiency can be reduced since the LBT procedure from before a certain point in the S-SSB transmission slot is meaningless. In this case, the number of candidates for the S-SSB increases in SL-U structure, and resource efficiency for data transmission also decreases. Therefore, S-SSB multiplexing with other SL transmission in the same slot can be supported. Alternatively, the frequency repetition such as interlace transmission can be considered to meet the OCB and PSD requirement for S-SSB transmission. Or the OCB and PSD requirement can be mitigated for S-SSB transmission.
PSCCH/PSSCH
The LBT procedures in SL-U can be performed at any time within the SL slot. For example, the LBT procedures can take place at the beginning of the slot, at the middle of the slot, or at the end of the slot. If the Rel-16 SL structure is reused for SL-U, the LBT procedures should succeed at the beginning (i.e., AGC symbol) of the slot for PSCCH and PSSCH transmission. However, in case of LBT procedure failure, the latency until the next slot should be necessary for the PSCCH and PSSCH transmission. To reduce this latency, the starting symbol for PSCCH and PSSCH transmission can be flexible within a slot. In this case, PSCCH/PSSCH DMRS position associated with the symbol duration of PSCCH/PSSCH should also be considered. Alternatively, the mini-slot structure can be used to support additional starting symbol. 
PSFCH
For PSFCH and SL-HARQ in SL-U, a method for preventing frequent transmission of SL-HARQ due to failure of the LBT procedure is required. In the Rel-16 PSFCH structure, as the LBT operation for PSFCH transmission fails, the time delay can be occurred up to 4 slots. Thus, the starting symbol for PSFCH transmission can be flexible within a slot. Alternatively, the shorten PSFCH period can be indicated by SCI in SL-U. For the frequency domain, to meet the OCB and PSD requirement, the interlace transmission is supported for PSFCH transmission in RAN1 #110. For this interlace transmission, the PRB set for the candidate PSFCH resource can be determined by the starting sub-channel used for the corresponding PSSCH. 

Proposal 1: S-SSB multiplexing with other SL transmissions in the same slot can be considered to meet OCB and PSD requirement for S-SSB transmission.
Proposal 2: For PSCCH/PSSCH/PSFCH in SL-U, the additional starting symbol(s) within a slot for the PSCCH/PSSCH/PSFCH transmission can be supported to reduce the latency caused by LBT failure.
Proposal 3: For PSFCH transmission in SL-U, the PSFCH resources can be indicated by SCI.

Conclusion
In this contribution, the following conclusions were made:
Proposal 1: S-SSB multiplexing with other SL transmissions in the same slot can be considered to meet OCB and PSD requirement for S-SSB transmission.
Proposal 2: For PSCCH/PSSCH/PSFCH in SL-U, the additional starting symbol(s) within a slot for the PSCCH/PSSCH/PSFCH transmission can be supported to reduce the latency caused by LBT failure.
Proposal 3: For PSFCH transmission in SL-U, the PSFCH resources can be indicated by SCI.
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