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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-bis, RAN1 discussed and made some agreements [2].
	Agreement
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

Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH

Agreement
To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:
· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH
· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported
FFS: how to handle 60 kHz SCS (if needed, not limited to option 1 or option 3)

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, down-select one of the followings
· Option A: Support that the used interlace index(s) in different RB sets are always the same
· Option B: Support that the used interlace index(s) in different RB sets can be different
· FFS details

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· Down-select one of the followings
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Option 2: Support explicitly indicating at least the used sub-channel index(s)
· At least RB set index(s) is not explicitly indicated
· FFS details

Agreement
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
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 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 least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 

Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Alt 2: PSFCH resources are dynamically indicated
· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE
· Alt 4: drop PSFCH transmission
· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB
· Combination of above alternatives are not precluded 
· FFS details of above alternatives

Agreement
Regarding additional candidate S-SSB occasions:
· Their number and time domain locations are (pre-)configured or pre-defined



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
At RAN1#110-bis, it was agreed as working assumption to support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
[bookmark: _Hlk118636662]For a position of the 2nd starting symbol, we think it should be (pre-)configured. But since Rel-16 SL supports more than or equal to 7 symbols PSSCH, the position within a slot could be restricted to one of symbols between 1st and 7th symbol considering a specification impact.
[bookmark: _Ref118639149]Proposal 1: a position of the 2nd starting symbol is (pre-)configured.
[bookmark: _Ref118732802]Proposal 2: a position of the 2nd starting symbol is restricted to one of symbols between 1st and 7th symbol.


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 3: 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 4: Procedure in the case of LBT failure for mode 2 should be studied for PSFCH transmission.
At RAN1#110-bis, some companies have proposed to support more than 1 PSFCH occasion per PSCCH/PSSCH transmission. But such design would result in decreasing the PSFCH capacity. Considering a resource efficiency for PSFCH, we propose to support a dynamic indication of the PSFCH resource through a COT sharing information in SCI.
[bookmark: _Ref118639155]Proposal 5: PSFCH resources are dynamically indicated by COT initiating UE.


Supporting interlaced mapping
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 have thoughted to down-select from either option 1 or 3. At RAN1#110-bis, it was agreed to support either option 1 or 3 and down-select between them. Comparing them, we don’t see any large difference. But since it was agreed that PRB-based interlaced mapping is supported for 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. Therefore we slightly support PRB-based interlaced mapping (option 1) for S-SSB transmission in SL-U.
[bookmark: _Ref115355071]Proposal 6: PRB-based interlaced mapping (option 1) is supported for S-SSB transmission in SL-U.


Conclusion
Proposal 1: a position of the 2nd starting symbol is (pre-)configured. 
Proposal 2: a position of the 2nd starting symbol is restricted to one of symbols between 1st and 7th symbol.
Proposal 3: Introduce multi-slot reservation if SL resource reservation is supported for SL-unlicensed.
Proposal 4: Procedure in the case of LBT failure for mode 2 should be studied for PSFCH transmission.
Proposal 5: PSFCH resources are dynamically indicated by COT initiating UE. 
Proposal 6: PRB-based interlaced mapping (option 1) is supported for S-SSB transmission in SL-U.
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