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Introduction
In RAN#95e meeting, Rel-18 work item on support of [1] has the following objectives to study and specify support of sidelink on unlicensed spectrum. 
	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.


In this contribution, we share some views on modifications of physical channel design for adapting sidelink communication on unlicensed spectrum.
[bookmark: OLE_LINK1]Discussions
Physical layer structure
Sub-channel/PSCCH/PSSCH
As one of the fundamental concepts in NR SL since Rel-16, the concept of “sub-channel” was agreed to be kept for SL-U in RAN1#110 meeting as following.
	Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· [bookmark: _Hlk115342995]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



Regarding how to define the size of 1 sub-channel, two alternatives, i.e., fixed size or configurable size, had been discussed in last RAN1 meeting. In our view, firstly sub-channel size in NR SL is (pre-)configurable and the same spirit can be followed for defining the sub-channel size in SL-U. Secondly, in the frequency domain, PSCCH in NR SL has a configurable RB size per resource pool and can be (pre-)configured as 10, 12, 15, 20, or 25. Meanwhile, the PSCCH size needs to be contained in 1 sub-channel. For SL-U, if the sub-channel size is of 1 fixed interlace which consists of only 10 or 11 RBs within an RB set, the potential impact on the PSCCH size and PSCCH mapping to sub-channel would be severe. Lastly, 1 sub-channel with configurable K interlace(s) can be treated as the superset of 1 sub-channel with 1 fixed interlace. Therefore, for 1 sub-channel, the configurable size is more suitable and flexible than the fixed size. 
Regarding whether sub-channel is confined in 1 RB set or can span multiple RB sets, considering one sub-channel is agreed as the frequency domain resource allocation granularity for PSSCH transmission and the LBT is performed on RB set level, the sub-channel confined in 1 RB set is preferred. It should be noted that 1 sub-channel with 2 interlaces within 1 RB set is able to have more transmission opportunities than 1 sub-channel with 1 interlaces spanning two RB sets. 
Proposal 1: For sub-channel in SL-U:
· 1 sub-channel equals to K interlace(s) where K is (pre-)configurable per resource pool. 
· FFS whether there is one or multiple sub-channel sizes in a resource pool.
· 1 sub-channel is confined in one RB Set.
The following was agreed in RAN1#110 meeting,
	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


Regarding frequency domain resource allocation, the existing frequency domain resource assignment indication in SCI should be kept. To that end, sub-channels should be indexed within a resource pool for interlace-based resource pool configuration, as well as for contiguous-RB-based resource pool configuration. The indexing should be done by first increasing the interlace number within an RB Set, and then increasing the RB Set number. Following a similar principle in NR-U, if two consecutive sub-channels respectively in two RB Sets are allocated, the RBs in an intra-cell guard band between the two RB sets should also be allocated.
Proposal 2: Sub-channels in a resource pool are indexed by first increasing the interlace number in an RB set, and then increasing the RB Set number.
Proposal 3: If two consecutive sub-channels respectively in two RB Sets are allocated to a PSSCH, the RBs in an intra-cell guard band, if any, between the two RB Sets, are also allocated to the PSSCH.
One FFS in above agreement is whether to enhance the R16 NR SL TRIV/FRIV if new feature is introduced in SL-U. As known, it was agreed in AI 9.4.1.1 in the same RAN1 meeting that multi-consecutive slots transmission is supported for Mode 1 and Mode 2 resource allocation in SL-U. 
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details


The existing time resource assignment in Rel-16 can support 2 or 3 consecutive or non-consecutive slots transmission. Considering COT durations per channel access priority class, up to 3 consecutive slots seems restrictive and is not suitable to adapt to the initiated COT duration.
Proposal 4: Enhance on R16 NR time resource assignment to support more than 3 slot consecutive transmission.
Time/frequency allocation for S-SSB
The following was agreed in RAN1#109-e meeting and RAN1#110 meeting:
	Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· 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
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure
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



In our view, the physical-layer structure of S-SSB as specified in Rel-16 should be reused for SL-U as much as possible, e.g. including the sequences of S-PSS and S-SSS, the physical-layer sidelink synchronization identities, the resource mapping within an S-SSB for S-PSS, S-SSS, PSBCH, and DM-RS, and the time-domain locations of S-SSB.
Before discussing which option is supported for S-SSB transmission to meet the OCB and PSD requirement, we should first discuss and conclude whether temporary exemption of OCB requirement for S-SSB transmission is feasible or not. According to ETSI EN 301.893, short transmissions during a COT can be allowed to temporarily not to comply with the OCB requirement. In order to transmit the S-SSB, the UE might perform a LBT to initiate a COT. In our view, during the initiating COT, the S-SSB transmission can be considered as a short and temporary transmission and the temporary exemption of OCB requirement can be applicable for the S-SSB transmission. 
One concern regarding the temporary exemption of OCB requirement as discussed in last RAN1 meeting is that S-SSB transmission with 11 RBs under 15kHz SCS occupies 1.98MHz channel bandwidth, which cannot meet the minimum of 2 MHz requirement. In our view, one straightforward way to solve the concern is that S-SSB can use a higher SCS than 15kHz if the SL BWP is under 15kHz. The S-SSB with higher SCS can lead to not only a shorter transmission during a COT but also a much larger bandwidth in the frequency domain to meet the minimum of 2 MHz requirement and provide a better coverage if considering the PSD requirement.
Proposal 5: Temporary exemption of OCB requirement for S-SSB transmission is supported.
· A higher SCS than 15kHz is supported to meet the minimum of 2 MHz requirement if SL BWP is configured with 15 kHz SCS.
On the other hand, if RAN1 cannot reach consensus on supporting temporary exemption of OCB requirement for S-SSB transmission, to select a solution to meet OCB and PSD requirements, we think the following design principles should be followed:
· Principle 1: An S-SSB transmission should be completely accommodated by one RB Set. Otherwise transmission of S-SSBs would only be possible in wideband operation, and the probability of dropping an S-SSB transmission due to LBT failure would be significantly increased.
· Principle 2: The time/frequency resources for S-SSBs should be configured within a SL BWP rather than within a resource pool. Otherwise UE behaviours for transmission/reception of S-SSBs would be quite uncertain, e.g. it may depend on which resource pool is selected for data transmission.
· Principle 3: Detection of S-SSBs should not be more complex than that in Rel-16. For example, the time/frequency locations of all candidate S-SSBs should be fully determined prior to detection of S-SSBs.
· Principle 4: A unified solution is used for all supported SCSs and all supported carrier bandwidths, regardless of the number of RB Sets configured in a SL BWP.
With Option 1, the 1-slot/11-RB structure of S-SSB since Rel-16 can only be directly reused for some of the channel bandwidth and SCS combinations (e.g. 40 MHz with 15 kHz SCS where some interlaces have 11 RBs in one RB Set), and not for others (e.g. 40 MHz with 30 kHz SCS where all interlaces have 10 RBs in one RB Set); and another problem of Option 1 is that the definition of interlace has to be extended to cover 60 kHz SCS, increasing the specification workload. Option 2 is applicable only when a UE has scheduled other SL transmissions in a same slot, which is not always possible. And Option 4 requires re-design of the S-SSB structure including S-PSS/S-SSS and possibly also PSBCH, which is in our eyes highly undesirable. Option 3 seems the best trade-off between technical feasibility and specification workload, but more discussion is necessary on how repetition is performed in the frequency domain.
Proposal 6: If RAN1 concludes not to support temporary exemption of OCB requirement for S-SSB transmission, regarding solutions to meet OCB and PSD requirement for S-SSB transmissions, the following option is supported:
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain.
In case multiple RB Sets are configured in an SL BWP, in order to reduce the probability of dropping an S-SSB transmission due to LBT failure, we propose to support configuring multiple frequency locations for S-SSB transmissions, e.g. each in one RB Set in the SL BWP, excluding RBs within an intra-cell guard band. In a time location configured for S-SSB transmission, a UE can pick an RB Set with LBT success for S-SSB transmission. And in order not to complicate the S-SSB configurations in RRC, the multiple frequency locations can correspond to a single PRB offset with respect to the starting PRB of each RB Set.
Proposal 7: Multiple frequency locations can be configured for S-SSB transmissions in a SL BWP, each in one RB Set.
Proposal 8: RBs of an S-SSB should not overlap with RBs of an intra-cell guard band (if any).
PSFCH transmission for SL-U
The following related to PSFCH and SL-HARQ was agreed in RAN1#110-e meeting:
	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
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



It was agreed to support RB-based interlace for PSFCH transmission to meet OCB and PSD requirement. Moreover, three alternatives regarding PSFCH transmission as above were listed for further study. Alt.1 is intended to solve the PSFCH capacity issue given that the whole PRBs of an interlace needs to be used as one PSFCH resource. Alt.1 utilizes a common interlace and some dedicated PRB(s) where the common interlace is only used to meet the OCB requirement and does not carry any HARQ-ACK information. With Alt.1, one dedicated PRB is used to carry HARQ-ACK information. Most of the transmission power would be wasted in the common interlace which carry no valid HARQ-ACK information. Compared to the Alt.2 where one dedicated interlace is used to carry valid HARQ-ACK information, the PSFCH performance under Alt.1 would be degraded. 
Further, regarding the PSFCH capacity issue, according to the Rel-16/17 PSFCH design principle, the required quantity of the PSFCH resources in a resource pool depends on the number of sub-channels in the resource pool, the configured period, the number of cyclic shift pair indexes. As in the WID of Rel-18 SL, the primary motivation of supporting sidelink over unlicensed spectrum is to increase sidelink data rate. Therefore, it is foreseeable that a sub-channel would occupy several interlaces or a PSSCH would occupy several sub-channels. In a sense, the PSFCH capacity issue can be alleviated in SL-U.
Observation 1: Supporting increased SL data rate over unlicensed spectrum may, in a sense, alleviate the PSFCH capacity issue from interlaced PSFCH transmission.
In addition, TS38.321 in NR SL specifies that, for groupcast, if a group size of recipient of a PSSCH is greater than the number of candidate PSFCH resources, the groupcast HARQ feedback option 1 would be selected. Therefore, same principle can be reused in SL-U if a group size of recipient of a PSSCH is larger than the number of candidate PSFCH resources.
Proposal 9: For groupcast HARQ feedback, if a group size of recipient of a PSSCH is larger than the number of candidate PSFCH resources, a same principle in NR Rel-16 SL is followed, i.e., HARQ-ACK feedback option 1 is used. 
Proposal 10: Regarding PSFCH transmission, the following alternative 2 is supported. 
· 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)
It was agreed that the interlaced transmission is supported for PSFCH in SL-U. Interlace is a concept across all RB sets in a SL BWP. Regarding one PSFCH resource, each PSFCH should be confined in an interlace in an RB set to reduce the probability of LBT failure.  
Proposal 11: For interlaced transmission for PSFCH in SL-U,
· Frequency resource of a PSFCH is configured in an interlace in an RB set. 
Conclusion
In this contribution, we have discussed our views on physical channel design for adapting sidelink communication on unlicensed spectrum and have the following proposals and observation.
Proposal 1: For sub-channel in SL-U:
· 1 sub-channel equals to K interlace(s) where K is (pre-)configurable per resource pool. 
· FFS whether there is one or multiple sub-channel sizes in a resource pool.
· 1 sub-channel is confined in one RB Set.
Proposal 2: Sub-channels in a resource pool are indexed by first increasing the interlace number in an RB set, and then increasing the RB Set number.
Proposal 3: If two consecutive sub-channels respectively in two RB Sets are allocated to a PSSCH, the RBs in an intra-cell guard band, if any, between the two RB Sets, are also allocated to the PSSCH.
Proposal 4: Enhance on R16 NR time resource assignment to support more than 3 slot consecutive transmission.
Proposal 5: Temporary exemption of OCB requirement for S-SSB transmission is supported.
· A higher SCS than 15kHz is supported to meet the minimum of 2 MHz requirement if SL BWP is configured with 15 kHz SCS.
Proposal 6: If RAN1 concludes not to support temporary exemption of OCB requirement for S-SSB transmission, regarding solutions to meet OCB and PSD requirement for S-SSB transmissions, the following option is supported:
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain.
Proposal 7: Multiple frequency locations can be configured for S-SSB transmissions in a SL BWP, each in one RB Set.
Proposal 8: RBs of an S-SSB should not overlap with RBs of an intra-cell guard band (if any).
Observation 1: Supporting increased SL data rate over unlicensed spectrum may, in a sense, alleviate the PSFCH capacity issue from interlaced PSFCH transmission.
Proposal 9: For groupcast HARQ feedback, if a group size of recipient of a PSSCH is larger than the number of candidate PSFCH resources, a same principle in NR Rel-16 SL is followed, i.e., HARQ-ACK feedback option 1 is used. 
Proposal 10: Regarding PSFCH transmission, the following alternative 2 is supported. 
· 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)
Proposal 11: For interlaced transmission for PSFCH in SL-U,
· Frequency resource of a PSFCH is configured in an interlace in an RB set. 
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