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1      Introduction
According to the WID for SL enhancements [1] as extracted below, RAN1/RAN2/RAN4 will firstly study 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.
	· Study and specify, if the necessary, 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]

· Evaluation methodology for sidelink operation on unlicensed spectrum

· Sidelink channel access mechanism for unlicensed spectrum based on regional regulation requirement and use the existing channel success schemes from NR-U as a starting point

· Reuse Rel-16 resource allocation mechanism as much as possible

· Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum


· No specific optimizations for existing NR SL feature

· Frequency bands for the unlicensed spectrum in FR1 are 5GHz and 6GHz

· No specific optimizations for FR2 unlicensed spectrum


In this contribution, we provide our views for the scope of study about the channel access mechanism. 
2      Discussions 
2.1     Overview of SL-U
The unlicensed spectrum access can enable the continually increased demand of wireless data traffic. There is the large potential bandwidth available for achieving the higher throughput, e.g., up to 160/320MHz per carrier. SL-U associated with SL relay provides the good opportunity to direct more IoT traffic towards the cellular network or offload the traffic from the cellular system to the SL network in the unlicensed spectrum. Meanwhile, the high reliability, low latency and high throughput offered by SL-U may provide the possibility to support some advanced IoT traffic (e.g., XR traffic). In this section, a few fundamental issues are raised for common understanding and alignment.
Use case and Scenario:

Considering the unlicensed spectrum for SL operation, the commercial use cases and some industry use cases rather than V2X use cases can be prioritized for study. Thus, it can focus on the scenario such as smart home, personal access network and factory. Moreover, since there is no timing advance mechanism for SL, the short range communication scenario will be focused. If necessary for the wide coverage, the SL relay can be used for coverage extension. Thus, for performance evaluation the scenarios such as smart home, personal access network and factory can be focused. Accordingly, the coverage should not be the bottleneck in this scenario. Instead, the interference issue between inter-RAT and intra-RAT in such unlicensed spectrum should be prioritized for study.
Proposal 1: For performance evaluation, the scenarios for the commercial use case and industry use case such as smart home, personal access network and factory can be focused.
Proposal 2: Study the sensing mechanism for interference avoidance to address both inter-RAT and intra-RAT interference by using the existing SL SCI sensing and LBT sensing mechanism as the baseline.
2.2     Impact of LBT/SCI sensing on resource allocation
Essentially, SCI sensing in SL is used to address the intra-RAT resource collision to avoid the interference by resource reservation in the proactive approach. LBT sensing, to meet the regulator requirement, is to address inter-RAT/intra-RAT interference by sensing the resource immediately before the transmission in the reactive approach. Thus, both of them have their advantages depending on the scenario and use cases. For SL-U, it would be reasonable to consider a unified solution by using both SCI sensing mechanism and LBT sensing mechanism jointly. Essentially, it is possible considering the different stages to perform SCI sensing and LBT sensing in the procedure. More details on the joint sensing for Mode 1 and Mode 2 resource selection and transmission are discussed respectively as below.
2.2.1 Impact on Mode 1 resource allocation
For mode 1 operation, there is no need of SCI sensing, i.e., up to gNB scheduling on the SL resource. However, LBT sensing is necessary at UE side. It implies that the resource selection/reservation at gNB is decoupled with LBT sensing at UE. Essentially, there is the timeline impact due to the introduction of the LBT sensing depending on the reserved or non-reserved transmission.

For the transmission on the non-reserved resources, e.g., the first transmission of the periodic traffic or the initial transmission of the aperiodic traffic, the SL resource allocation in the grant by gNB should consider the additional time for LBT operation at UE in addition to the existing UE processing time. Thus, there may be the impact on the timeline for Mode 1 operation. Moreover, LBT related info (e.g., the maximum LBT time or LBT counter info) may need to be known by gNB to allocate the resource located after LBT operation time.

For the transmission on the reserved resources, gNB may need to consider the sufficient time gap between the reserved resources during the resource selection for the potential LBT operation. Or gNB may have to overbook some contiguous resources addressing LBT failure. Thus, it may also require some LBT related information to be known at gNB for the proper resource selection to avoid invalid resource allocation.
Proposal 3: Study impact on the timeline for Mode 1 resource allocation due to the additional time for LBT operation at UE.

2.2.2 Impact on Mode 2 resource allocation
For mode 2 operation, SCI sensing for resource reservation and LBT sensing are happened at the same UE. Thus, LBT info (e.g., LBT access type, CW adjustment) can be available at the device. Similar to the Mode 1 operation, there can be some timeline impact for Mode 2 sensing/selection mechanism depending on the traffic.
For the transmission on the non-reserved resources, e.g., the first transmission of the periodic traffic or the initial transmission of the aperiodic traffic, the UE may perform LBT at first and then determine the selection window for resource selection based on the LBT success time. In this case, it is possible that there is a gap between LBT success occasion and the resource selected for transmission. This can be handled by deferred sensing or CP extension to handle the gap. Determination of the starting point of the selection window according to the LBT success occasion can avoid the invalid resource selection. Alternatively, the UE may perform resource selection at first and then perform LBT. In this case, the starting point of the resource selection window should take into account the LBT operation time in addition to the processing time T1.
For the transmission on the reserved resources, the UE may have to determine the time for LBT operation according to the occasion of the reserved resource for transmission. That is, LBT operation is performed up to the reserved resource (i.e., performed some time earlier than the reserved resource for transmission) taking into account LBT counter and potential LBT failure.  

Proposal 4: Study impact on the timeline for Mode 2 resource allocation due to LBT operation.
2.3     FDM operation

Whether/how to perform FDM operation to support transmission of multiple UEs or transmission of the multiple PSCCHs/PSSCHs from the same UE on the same slot may need to be studied. It may further depend on the in-COT and Out-of-COT. 

Case 1: FDM over multiple 20MHz bandwidth by the transmissions from multiple UEs
For total bandwidth with multiple 20MHz, FDM can be supported by different UEs operating on the different 20MHz BW (i.e., only one UE transmission per 20MHz in principle) considering 20MHz LBT sensing bandwidth. 
Case 2: FDM over multiple 20MHz bandwidth by multiple transmissions from the single UE

This can be supported with less spec impact by transmitting multiple PSCCHs/PSSCHs with only one PSCCH/PSSCH per 20MHz bandwidth by the same UE. LBT can be performed per 20MHz with their own counter as NR-U. Different than NR-U, any 20MHz BW w/ successful LBT can be used for transmission, regardless of whether the multiple 20MHz sub-bands are contiguous or non-contiguous.
Case 3: FDM within 20MHz bandwidth

Within one 20MHz bandwidth, whether/how to support FDM operation may need to consider in-CoT and Out-of-CoT operation separately. 
Case 3-1: FDM within 20MHz bandwidth for Out-of-COT operation
The UE may have to access the channels via Type-1 LBT. Considering the LBT sensing granularity of 20MHz bandwidth, it is likely that only one UE can get the chance for access of the 20MHz resources. Moreover, the LBT success occasions for the different UEs may be different due to different LBT counters in Type-1 LBT. Accordingly, it may require the partial slot or CPE transmission to occupy the resource by blocking the other SL-U UEs or have the deferred sensing with the risk to lose the access opportunity. For both cases, there seems the slim chance for FDM operation. Thus, it seems no need to support FDM operation within 20MHz bandwidth.  
Moreover, if there is no need to support FDM operation for Out-of-CoT operation, the frequency location for control channel transmission can be fixed somewhere within 20MHz due to no need of FDM operation. It can significantly reduce the UE complexity for blind decoding of SCI. For example, supposing 160MHz carrier bandwidth with 10 sub-channels within each 20MHz (i.e., one sub-channel with 10 RBs using 15KHz SCS), it will require blind decoding for 80 PSCCHs. It significantly complicates the UE implementation and consumes UE power. However, in case of no FDM operation, only one sub-channel for blind decoding of PSCCH is required within 20MHz. In total, it only requires blind decoding for 8 PSCCHs for 160MHz bandwidth. So it is beneficial for the commercial use case which device is sensitive to the cost and power.
Case 3-2: FDM within 20MHz bandwidth for In-COT operation

For in-CoT operation, the CoT initiator may share the COT for transmission by the multiple UEs. In this case, if the CoT initiator can schedule the transmission for the multiple UEs like gNB scheduling UEs in NR-U, FDM operation can be more efficient compared to SCI sensing based FDM. Because SCI-sensing based resource selection has no intention to use FDM compared to the scheduling based approach, the overall system performance may be poor. However, it may require slightly more spec changes.
Proposal 5: Study whether/how to support FDM transmissions considering the spec impact, UE complexity and performance. 

2.4     Very Low Power Operation

Very lower power (VLP) operation has been supported in some regions for 5/6GHz spectrum, as summarized below:

· EU：ECC Decision (20)01 supports Lower Power Indoor (LPI) and VLP devices in 5925~6425MHz. VLP is specified for indoor/outdoor use with max EIRP 14dBm and max PSD -8 dBm/MHz.
· CN：VLP operation is supported at 5725-5850MHz with max EIRP 14dBm.
· US：So far, it only supports standard and/or LPI devices in 5945~7125MHz. However, it will issue a ruling about VLP device for hotspots and short-range application
Considering the low power operation for the commercial use case with the short range communication, the low power operation may not cause any coverage problem issue. Instead, the low power operation can reduce the mutual interference to improve the spectrum efficiency. Additionally, the VLP operation provides the possibility for on-chip PA implementation to support the low cost/power devices which are dominated/required for the unlicensed spectrum usage. For VLP operation, it may also simplify the implementation since LBT operation may not be necessary. Thus, it is worth studying the potential spec impact and benefits of VLP operation for SL-U.

Proposal 6: Study support of very low power (VLP) operation for SL-U. 


2.5     Evaluation Methodoloy

The study of the coexistence between SL-U and WIFI is not necessary since NR-U inherited by SL-U has been proved for the performance of the coexistence with WIFI based on the extensive study. Thus, for performance evaluation we can focus on the target scenarios to just evaluate SL-U performance and feasibility. There is also no need to compare the performance between SL-U and WIFI since it is out of the scope of this WID.

For the traffic model to be used for evaluation, the best effort traffic type such as FTP3 traffic can be used for evaluation of the basic service. XR traffic as the advanced IoT service characterized by the large/varied packet size and the short latency is also recommended for evaluation to verify the upper bound capability of SL-U, which is important for the commercial use cases and the industry use cases.
Accordingly, the performance metric (e.g., throughput, latency, UE satisfied rate) should be adopted according to the used traffic type. However, it seems PRR used for V2X evaluation may not be suitable for evaluation any more since it is not for the evaluation of V2X scenario.
Proposal 7: FTP3 and XR traffic are used for SL-U performance evaluation. 

3      Conclusion

In this contribution, we provide our views for channel access mechanism with the following proposals for discussion and consideration.
Proposal 1: For performance evaluation, the scenarios for the commercial use case and industry use case such as smart home, personal access network and factory can be focused.
Proposal 2: Study the sensing mechanism for interference avoidance to address both inter-RAT and intra-RAT interference by using the existing SL SCI sensing and LBT sensing mechanism as the baseline.
Proposal 3: Study impact on the timeline for Mode 1 resource allocation due to the additional time for LBT operation at UE.
Proposal 4: Study impact on the timeline for Mode 2 resource allocation due to LBT operation.
Proposal 5: Study whether/how to support FDM transmissions considering the spec impact, UE complexity and performance.
Proposal 6: Study support of very low power (VLP) operation for SL-U.
Proposal 7: FTP3 and XR traffic are used for SL-U performance evaluation.
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