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Introduction
In RAN#95-e, Rel-18 NR sidelink evolution has been approved and sidelink on unlicensed spectrum will be studied and specified in order to increase bandwidth for sidelink transmission as described in [1]. In RAN1#110, RAN1 discussed and made some agreements [2].
	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 our view on physical channel design framework for SL-unlicensed.

Discussion
Slot structure
In RAN1, whether to introduce additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission has been discussed in addition to Rel-16/17 NR SL slot-based transmission. If only slot-based transmission is supported for SL-U transmission, such SL device will reduce transmission opportunity due to other RAT like WiFi which can transmit immediately after LBT success. To solve the issue, SL-U should support additional starting symbol(s) within a slot for PSCCH/PSSCH transmission
[bookmark: _Ref115428260]Proposal 1: at least two starting symbol(s) within a slot can be configured for PSCCH/PSSCH transmission.

Enhancements for SL resource allocation mode 2
SL resource reservation
In SL resource allocation mode 2 on licensed band operation, the Tx UE can reserve SL resources to avoid resource collision. Generally, a channel access procedure in unlicensed band could be performed for the collision avoidance. For SL-unlicensed, the SL resource reservation would be beneficial to realise higher reliable SL communication among at least NR devices. Therefore, we should consider introducing resource reservation for SL-unlicensed if allowed considering TU. If the resource reservation is supported for SL-unlicensed, a multi-slot reservation should be supported to enable to consecutively transmit one or more PSCCHs and PSSCHs within the COT.
[bookmark: _Ref102061631]Observation 1: SL resource reservation would be beneficial to realise higher reliable SL communication among at least NR devices for SL resource allocation mode 2.
[bookmark: _Ref102061570]Proposal 2: Introduce multi-slot reservation if SL resource reservation is supported for SL-unlicensed.

Procedure in the case of LBT failure for mode 2
In RAN1#109-e, it was agreed to support UE-to-UE COT sharing for NR-U. Though it is still FFS which SL channels/signals can be transmitted from a COT-shared UE, if PSFCH transmission corresponding to PSSCH within the shared COT is supported and LBT is required for the COT-shared UE before transmitting the PSFCH, a procedure in the case of LBT failure is necessary.
[bookmark: _Ref115355068]Proposal 3: Procedure in the case of LBT failure for mode 2 should be studied for PSFCH transmission.

Supporting interlaced mapping
At RAN1#110 meeting, it was agreed to support both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U for PSCCH and PSSCH in SL-U. Also it was agreed that 1 sub-channel equals K interlace for the interlaced RB-based transmission. On the number of interlace for each sub-channel, K, it was FFS whether K is fixed as 1 or (pre-)configured. We think K should be (pre-)configurable to one or more for finer granularity for resource allocation.
[bookmark: _Ref115426565]Proposal 4: one or multiple interlaces are configured for one sub-channel.
[bookmark: _Hlk111021919]In SL resource allocation mode 2, a Tx UE should be able to flexibly select amount of frequency resource for PSCCH/PSSCH transmission based on both a maximum transmission power limitation and a transport block size to be sent. But for sidelink, PSCCH needs to be monitored by UEs other than Rx UE for SL sensing purpose. Therefore, PSCCH should be allocated to a fixed resource regardless of total number of the frequency resource which is selected by the Tx UE. As in the current PSCCH mapping, it should be allocated to the lowest index of subchannel within resources for PSCCH/PSSCH transmission.
[bookmark: _Ref115355069]Proposal 5: PSCCH should be allocated to the lowest index of subchannel within resources for PSCCH/PSSCH transmission.

In RAN1#109-e, it was discussed that some solutions to meet OCB and PSD requirement for S-SSB transmission in SL-U and agreed to down-select from the following 4 options;
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
For NR-U, SSB can be multiplexed with other DL transmissions including DL signals, e.g. CSI-RS, and DL channels, e.g. PDCCH/PDSCH to meet OCB and PSD requirement for SSB in NR-U. On the other hand, for sidelink transmission, S-SSB multiplexing with other SL channels in frequency domain is not beneficial due to a half-duplex restriction.
Considering a specification effort, new structure of S-SSB should be deprioritized at this stage as long as there is any reason.
Therefore, we should down-select from either option 1 or 3. We don’t see any large difference among them. But if PRB-based interlaced mapping is supported for other SL channels like PSCCH/PSSCH, the same solution might be better to use for S-SSB transmission as well considering specification efforts as long as there are any critical issues. 
[bookmark: _Ref115355071]Proposal 6: Either PRB-based interlaced mapping (option 1) or S-SSB repetition (option 3) should be supported for S-SSB transmission in SL-U.

Conclusion
Proposal 1: at least two starting symbol(s) within a slot can be configured for PSCCH/PSSCH transmission.
Proposal 2: Introduce multi-slot reservation if SL resource reservation is supported for SL-unlicensed.
Proposal 3: Procedure in the case of LBT failure for mode 2 should be studied for PSFCH transmission.
Proposal 4: one or multiple interlaces are configured for one sub-channel.
Proposal 5: PSCCH should be allocated to the lowest index of subchannel within resources for PSCCH/PSSCH transmission.
Proposal 6: Either PRB-based interlaced mapping (option 1) or S-SSB repetition (option 3) should be supported for S-SSB transmission in SL-U.
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