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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.



Standardization work of the physical channel design framework for sidelink on the unlicensed band should reuse the current Rel-16/17 sidelink physical channel design as much as possible. In this contribution, we discuss some views on modifications of physical channel design for adapting sidelink communication on unlicensed spectrum.
[bookmark: OLE_LINK1]Discussions
Interlaced NR sidelink physical channel structures
To meet OCB requirement and PSD limitation in 5GHz and 6GHz, interlace-based waveform should be used for PSCCH/PSSCH/PSFCH on unlicensed spectrum. The number of resource block interlace, as specified in NR-U, can be reused for NR sidelink operation on unlicensed spectrum.
Proposal 1: Interlaced transmission for PSCCH, PSSCH and PSFCH on unlicensed spectrum should be supported. 
· 10 interlace for 15kHz and 5 interlace for 30kHz, as specified in NR-U, can be reused for sidelink operation on unlicensed spectrum.
S-SSB
The physical-layer structure of S-SSB as specified in Rel-16 should be reused 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 locations of S-SSB.
PSCCH
In Rel-16/17 SL, the number of OFDM symbols of a PSCCH in time domain can be configured as 2 or 3, while the number of RBs in frequency domain of a PSCCH can be configured as one of {10, 12, 15, 20,25} and should be less than the size of one subchannel. Moreover, the RBs of a PSCCH would always start from the lowest RB of subchannel, which is helpful for Rx UEs to blindly detect the PSCCH. Likewise, when designing the interlaced PSCCH, we should take efficient blind detection for RX UE into account in the study of the configured RBs of PSCCH mapping to interlaced PSCCH transmission. 
Proposal 2: The design of configured RBs of a PSCCH mapping to interlaced PSCCH transmission should be studied to ensure an efficient blind detection for RX UEs. 
PSSCH
The time-domain structure of PSSCH, including the slot-based PSSCH transmission, DMRS patterns for PSSCH, determination of PSSCH symbols in a slot, as specified in Rel-16 sidelink, should be reused as much as possible for interlaced PSSCH. On the other hand, the resource allocation in frequency domain should be studied and the frequency resource allocation of NR-U can be reused as starting point for interlaced PSSCH.    
Proposal 3: The frequency resource allocation of NR-U can be reused as a starting point for determination of interlace(s) and RB set(s) allocated for interlaced PSSCH transmission.
PSFCH
For Rel-16/17 SL, PRBs used for PSFCH resources can be indicated by a bitmap, i.e., some portion of bandwidth of a resource pool can be used for PSFCH resource. However, considering the regulatory requirements, a whole LBT bandwidth should be used for PSFCH transmission. 
Proposal 4: A whole LBT bandwidth should be used as PSFCH resource to comply with regulatory requirements for PSFCH transmission on unlicensed spectrum. 
Furthermore, an interlace used for PSFCH transmission within a LBT bandwidth can be simply linked to the lowest index of the corresponding PSSCH reception to avoid PSFCH collision between different RX UEs. 
Proposal 5: A lowest interlace number used for PSSCH can be used to determine the PSFCH resource.   
Current PSFCH design allows a RX UE to transmit, to a TX UE, one-bit HARQ-ACK information (ACK or NACK) in a PSFCH resource by using PUCCH format 0. However, for sidelink operation on the unlicensed spectrum, there is possibility that the RX UE cannot transmit the corresponding HARQ-ACK information in a given PSFCH resource. It would be beneficial to have a new PSFCH design which can accommodate LBT failure. For example, increasing HARQ-ACK transmission opportunities can give the RX UE to retransmit a HARQ feedback due to LBT failure. Meanwhile, accommodating more than one-bit HARQ-ACK information in a PSFCH resource can be also considered such as, to increase cyclic shift capacity in a set of cyclic shift pair for PUCCH format 0, or to allow a short PUCCH format other than PUCCH format 0. 
Proposal 6: A new PSFCH design can be studied for sidelink on unlicensed spectrum to accommodate LBT failure. E.g., the following can be studied for sidelink on unlicensed spectrum.
· Multiple PSFCH resources for multiple HARQ-ACK transmission opportunities.
· To increase cyclic shift capacity in a set of cyclic shift pair for PUCCH format 0.
· A short PUCCH format other than format 0.
In Rel-16/17, a single PRB is used by a RX UE to transmit the HARQ-ACK information. For the interlaced PSFCH transmission, one PSFCH resource would use the PRBs of one interlace such that the number of candidate PSFCH resources would be drastically reduced.  
For one interlace, the multiplex capacity of Rx UEs to feedback HARQ-ACK relies on the code domain by using different cyclic shifts. The capacity would be limited to a number of cyclic shift pairs. Therefore, the capacity issue should be studied, especially for the groupcast HARQ feedback option 2.
Proposal 7: Capacity issue should be studied for interlaced PSFCH transmission, especially for groupcast HARQ feedback option 2.  
Resource pool design
As in Rel-16/17 SL operation, the TX and RX transmissions are within a resource pool. To apply the sidelink on the unlicensed spectrum and comply with regulatory requirements, one resource pool can be at least configured as a LBT bandwidth. To adapt a wider bandwidth transmission, a resource pool can be also configured to accommodate multiple of LBT bandwidth. Resource blocks configured in resource pool can be mapped to each interlace. 
Proposal 8: For sidelink operation on unlicensed spectrum, one resource pool can be configured at least as a LBT bandwidth, 20MHz. 

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.
Proposal 1: Interlaced transmission for PSCCH, PSSCH and PSFCH on unlicensed spectrum should be supported. 
· 10 interlace for 15kHz and 5 interlace for 30kHz, as specified in NR-U, can be reused for sidelink operation on unlicensed spectrum.

Proposal 2: The design of configured RBs of a PSCCH mapping to interlaced PSCCH transmission should be studied to ensure an efficient blind detection for RX UEs. 
Proposal 3: The frequency resource allocation of NR-U can be reused as a starting point for determination of interlace(s) and RB set(s) allocated for interlaced PSSCH transmission.
Proposal 4: A whole LBT bandwidth should be used as PSFCH resource to comply with regulatory requirements for PSFCH transmission on unlicensed spectrum. 
Proposal 5: A lowest interlace number used for PSSCH can be used to determine the PSFCH resource.

Proposal 6: A new PSFCH design can be studied for sidelink on unlicensed spectrum to accommodate LBT failure. E.g., the following can be studied for sidelink on unlicensed spectrum.
· Multiple PSFCH resources for multiple HARQ-ACK transmission opportunities.
· To increase cyclic shift capacity in a set of cyclic shift pair for PUCCH format 0.
· A short PUCCH format other than format 0.
Proposal 7:  Capacity issue should be studied for interlaced PSFCH transmission, especially for groupcast HARQ feedback option 2.

Proposal 8: For sidelink operation on unlicensed spectrum, one resource pool can be configured at least as a LBT bandwidth, 20MHz. 

References
RP-220300 “WID revision: NR sidelink evolution”, RAN#95e, OPPO.

1

