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Introduction
In RAN#94e meeting, the WID of NR sidelink evolution was agreed [1], and further updated in RAN#95e meeting [2]. The WID scope is provided as follows.
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
1. 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.
1. [bookmark: _Hlk89917254]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· [bookmark: _Hlk89917271]Update evaluation methodology for commercial deployment scenario
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
1. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible.


In this contribution, we will share our views on the design aspects of sidelink physical channel structure on unlicensed spectrum.
Physical channel structure on SL-U 
In order to support sidelink operation on unlicensed spectrum, the following issues should be considered in SL-U physical channel structure design:
· Minimum OCB requirement: 
For any transmission from a UE, its frequency resource should span over at least X% (e.g. 80%) of LBT sub-band (e.g. 20MHz), the value of X is determined by the regional regulations. 
· Maximum PSD requirement: 
For any transmission from a UE, its transmission power should not larger than Y mW/MHz, the value of Y is determined by the regional regulations.
· Uncertain gap between LBT success time and transmission resource: 
If a UE wants to transmit data in unlicensed spectrum, it should perform LBT mechanism to access the channel resources. There could be a case that the LBT success time is not aligned with the transmission resource determined by sidelink sensing mechanism, as illustrated in Figure 1. 
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Figure 1: Uncertain gap between LBT success time and transmission resource
The former two issues are related to the frequency-domain design of SL-U physical channel, and the uncertain gap issue is related to the time-domain design of SL-U physical channel. And the frequency-domain design and time-domain design will be discussed respectively. 
Proposal 1: The following aspects should be considered in SL-U physical channel structure design:
· Minimum OCB requirement.
· Maximum PSD requirement.
· Uncertain gap between LBT success time and transmission resource. 

Frequency-domain structure
If OCB requirement is not required, the channel structure of R16 NR sidelink can be directly reused in SL-U design, as shown in Figure 2-a.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If OCB requirement is required, it is required to span the frequency resource into the LBT sub-band. NR-U has provided an interlaced RB structure to meet the OCB requirement, as shown in Figure 2-b. However, NR-U is a centralized system, but SL-U is a distributed system, the impacts due to IBE will be different between the two systems. In NR-U system, due to uplink power control, the received power from different UEs will be similar at gNB side, the IBE caused by the near-far effect can be neglected. However, in SL-U system, due to distributed resource selection mechanism, and geographic distribution of SL-U UEs, the received power from different UEs will be rapidly dynamically changed at a receiving UE side, the IBE caused by the near-far effect may essentially impact on the system performance. The IBE impacts should be considered in SL-U physical channel design in frequency domain. 
Observation 1: The impacts due to IBE are different from SL-U system and NR-U system. 
Considering the impacts of IBE, an alternative physical channel structure is provided, as shown in Figure 2-c. In this structure, a resource pool is configured with two resource regions. One is sub-channel based resource set which is located in the center of the channel bandwidth, and the other is two RB-based resource sets which are located into the two end of the sub-channel based resource set. The OCB requirement can be met by a mixture of consecutive sub-channels and two isolated RBs. A UE can select its transmission resources by sub-channel based sensing, and the two isolated RBs will be associated with the selected sub-channels, e.g. the starting sub-channel of the selected resource.  The potential benefits of the mixture structure are to alleviate the IBE impacts and reuse most of resource selection procedure in R16/R17 NR sidelink.
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Figure 2: Alternative physical channel structures of SL-U
Proposal 2: For physical channel structure design:
· If the OCB requirement is not required, the physical channel structure of R16 NR sidelink should be reused.
· If the OCB requirement is required, two alternative physical structures should be further evaluated and down-selected:
· Alt 1: Interlaced RB structure, same as that in NR-U.
· Alt 2: Mixture structure, a resource pool is configured with two resource regions. One is sub-channel based resource set which is located in the center of the channel bandwidth, and the other is two RB-based resource sets which are located into the two end of the sub-channel based resource set.
For S-SSB transmission in unlicensed spectrum, since there is no FDM multiplexing between different UEs, the IBE impacts should not be considered in its physical channel structure design. Generally, there are two alternative channel structures for S-SSB to meet the OCB requirement, as illustrated in Figure 3. One is the interlaced RB structure, and the other is the frequency repetition structure. The latter one can provide more reliable S-SSB performance, and reuse most of design aspects in R16/R17 NR sidelink. Therefore, it is preferred to use the frequency repetition structure for S-SSB transmission. 
[image: ]
Figure 3: Alternative S-SSB structures of SL-U
Proposal 3: For S-SSB channel structure, if OCB requirement is required, the frequency repetition structure is preferred. 
Time-domain structure
According to the WID scope of SL-evo[1], there is no specific enhancements for existing NR SL feature in SL-U objectives. 
	· No specific enhancements for existing NR SL feature


Therefore, the slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. Mini-slot design should not be introduced in R18 SL-U. 
Proposal 4: The slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. And mini-slot structure should not be introduced in R18 SL-U, which is out of scope of the WID. 
Regarding the issues of uncertain gap between LBT success time and transmission resources, one potential method is to introduce a channel occupancy extension mechanism before the AGC symbol which is similar as CPE in NR-U, as shown in Figure 4. The duration of channel occupancy extension can be larger than one OFDM symbol. However, the maximum duration of channel occupancy extension should be carefully studied. If the maximum duration is too large, it will lead to unfairness to other RAT access and insufficient resource usage. If the maximum duration is too short, it will increase the LBT failure of SL-U channel access. The duration of channel occupancy extension could be associated with the priority level of TB to be transmitted or CAPC.
[image: ] 
Figure 4: CPE for SL-U channel access
Proposal 5: The channel occupancy extension transmission should be introduced before the AGC symbol of SL-U transmission. The maximum duration of channel occupancy extension could be associated with the priority level of TB to be transmitted or CAPC.
Conclusion
In this contribution, the physical channel structures of SL-U are discussed. Partially, we have following proposals and observation.
Proposal 1: The following aspects should be considered in SL-U physical channel structure design:
· Minimum OCB requirement.
· Maximum PSD requirement.
· Uncertain gap between LBT success time and transmission resource. 
Observation 1: The impacts due to IBE are different from SL-U system and NR-U system. 
Proposal 2: For physical channel structure design:
· If the OCB requirement is not required, the physical channel structure of R16 NR sidelink should be reused.
· If the OCB requirement is required, two alternative physical structures should be further evaluated and down-selected:
· Alt 1: Interlaced RB structure, same as that in NR-U.
· Alt 2: Mixture structure, a resource pool is configured with two resource regions. One is sub-channel based resource set which is located in the center of the channel bandwidth, and the other is two RB-based resource sets which are located into the two end of the sub-channel based resource set.
Proposal 3: For S-SSB channel structure, if OCB requirement is required, the frequency repetition structure is preferred. 
Proposal 4: The slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. And mini-slot structure should not be introduced in R18 SL-U, which is out of scope of the WID. 
Proposal 5: The channel occupancy extension transmission should be introduced before the AGC symbol of SL-U transmission. The maximum duration of channel occupancy extension could be associated with the priority level of TB to be transmitted or CAPC.
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