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Background
[bookmark: _Hlk57107786]The WI on NR sidelink evolution [1] includes an objective to study and specify support for sidelink operation in the unlicensed bands with focus on the FR1 unlicensed bands, n46 and n96/n102. The agreements related to SL-U physical channel design at the 3GPP TSG RAN WG1 #110 meeting are listed below [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
· [bookmark: _Hlk115359647]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
[bookmark: _Hlk115368334]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
[bookmark: _Hlk115360555]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 present our views on open and unaddressed issues on this topic.

Channel Design
PSSCH, PSCCH, PSFCH
We first consider interlace design for SL-U PSSCH and PSCCH. Legacy frequency-domain resource allocation for PSSCH is in terms of sub-channels comprising contiguous PRBs; the sub-channel assignment for sidelink transmission is determined using the "Frequency resource assignment" field in the associated SCI. The lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH is transmitted. The maximum number of Rel-16 sub-channels configurable per resource pool is 27, while each sub-channel is configured to comprise 10, 12, 15, 20, 25, 50, 75, or 100 PRBs. On the other hand, in NR-U/SL-U there are either 10 or 5 interlaces with 15 kHz and 30 kHz SCS, respectively, and one interlace includes 10/11 PRBs per 20 MHz. 

The current agreement is that 1 sub-channel equals K interlaces, where it remains to decide if K is one or greater than one. If K is fixed to one, then one sub-channel spans 10/11 PRBs, which covers the minimum PSCCH allocation from Rel-16. Coding rate issues are not anticipated with K = 1 since a UE PSSCH can be assigned multiple sub-channels (equivalent to interlaces) from two to ten (all 106 or 51 PRBs). Next, one sub-channel need not be restricted to one RB set since NR-U interlaces can span adjacent RB sets during wideband transmission. A remaining FFS point for interlace-based transmission from RAN1#109-e is whether/how to address IBE (In Band Emission) impact, this requires inputs from RAN4.

Proposal 1: For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission, K is fixed to one. 
· Support Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool.

Next, we consider PSFCH resource allocation if LBT is performed for PSFCH transmission. Our first preference is for PSFCH to always be transmitted without LBT, especially in COT-sharing situations. In the event that LBT is needed, RAN1 should first design the simpler case of preconfigured resources for PSFCH – the design objective should be fast HARQ feedback in response to a PSSCH transmission. Introducing a second option for dynamically-indicated PSFCH resource is an unnecessary optimization given the scale of the overall WI.

Proposal 2: If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, support only Alt 1: PSFCH resources are (pre-)configured.
Slot Structure
It has been agreed that at least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported and FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission. Supporting additional starting symbols is essential to bring parity between SL-U and NR-U in terms of channel access agility. While NR-U can exploit multiple non-slot durations to initiate a COT, as a compromise SL-U can be restricted to two or three starting points for simplicity.
Proposal 3: There are two starting symbols within a slot for the PSCCH/PSSCH transmission
· 1st starting symbol index is 0, and 2nd starting symbol index is (pre-)configured
· When a UE starts transmission from either the 1st or 2nd starting symbol, the transmission occupies all the remaining symbols available for PSSCH in that slot.
S-SSB
The support of additional candidate S-SSB occasions was agreed in RAN1 #110 if LBT is performed for S-SSB. The legacy S-SSB is 13 symbols in duration for normal CP and 12 symbols for ECP. Within a S-SSB period of 16 frames, 1, 2, 4, 8, 16, 32, or 64 S-SSB transmissions can currently be indicated to the UE. Thus, there is ample white space within a S-SSB period to introduce additional S-SSB occasions. We suggest allowing the transmission of a S-SSB that was blocked due to LBT failure to occur in the following slot, i.e., two transmission attempts per S-SSB and up to a maximum of 128 S-SSB candidate locations within a S-SSB period. At the same time, further analysis of shorter 4-symbol S-SSBs should continue.

Proposal 4: For additional S-SSB candidate positions under LBT, allow the transmission of a legacy-length S-SSB that was blocked due to LBT failure to occur in the following slot, i.e., two transmission attempts per S-SSB and up to a maximum of 128 S-SSB candidate locations within a S-SSB period.


Next, we examine frequency-domain allocation. Legacy S-SSB spans 132 subcarriers, which equates to 1.98 MHz and 3.96 MHz for 15 kHz and 30 kHz SCS, respectively. From RAN1#109-e we have: 
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· 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

Option 2 is a high-priority approach that is similar to the DRS multiplexing rules defined for NR-U. Option 1 is not preferred due to the need for link-level performance analysis, and there is no precedent for interlaced SSB in NR-U. Options 3 and 4 were also considered for NR-U but ultimately not supported with a tacit understanding that the temporary OBW relaxation allowance and multiplexing by scheduling are sufficient.

Proposal 5: To meet OCB and PSD requirement for S-SSB transmission, support only Option 2: S-SSB multiplexing with other SL transmissions in the same slot.

Summary of Proposals
This contribution puts forth the following proposals for SL-U physical channel design.
Proposal 1: For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission, K is fixed to one. 
· Support Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool.
Proposal 2: If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, support only Alt 1: PSFCH resources are (pre-)configured.
Proposal 3: There are two starting symbols within a slot for the PSCCH/PSSCH transmission
· 1st starting symbol index is 0, and 2nd starting symbol index is (pre-)configured
· When a UE starts transmission from either the 1st or 2nd starting symbol, the transmission occupies all the remaining symbols available for PSSCH in that slot.

Proposal 4: For additional S-SSB candidate positions under LBT, allow the transmission of a legacy-length S-SSB that was blocked due to LBT failure to occur in the following slot, i.e., two transmission attempts per S-SSB and up to a maximum of 128 S-SSB candidate locations within a S-SSB period.
Proposal 5: To meet OCB and PSD requirement for S-SSB transmission, support only Option 2: S-SSB multiplexing with other SL transmissions in the same slot.
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