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Introduction
A work item on NR sidelink evolution was approved in RAN#94e meeting [1], with one of the objectives to “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”, with detailed objectives as follows:
	· 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 document, we share our views on a few aspects of channel access mechanism for NR sidelink design on unlicensed spectrum.
Discussion
CAPC
The following was agreed in RAN1#109-e meeting,
	Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.


Regarding whether UL CAPC or DL CAPC or both should be used as the baseline, it should be first noted that UL CAPC was defined for supervised devices and DL CAPC was defined for supervising devices, so it is a matter of whether SL-U UEs are assumed to be “supervised devices” or “supervising devices”. In our view, it seems unfair to UEs supporting NR-U in terms of co-existence if they are defined as supervised devices (as currently specified) while SL-U UEs are defined as supervising devices. Therefore, SL-U UEs should preferably be defined as supervised devices (as well as UEs supporting NR-U), and accordingly UL CAPC should be used as a baseline.
Proposal 1: UL CAPC is used as a baseline for Type 1 channel access procedure for SL transmissions on unlicensed spectrum.
COT sharing
In RAN1#109-e meeting it was agreed that “RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2”. We think this principle should at least be applied to the non-COT-sharing case, where a TX UE autonomously determines the channel access type and CPE length (e.g. according to some pre-defined rules, or some configured or pre-configured values) for an intended SL transmission. In this case, the difference between Mode 1 and Mode 2 would be mostly the same as that in licensed spectrum since Rel-16.
Proposal 2: For the case of non-COT-sharing, channel access type and CPE length are determined in the same way in resource allocation Mode 1 and resource allocation Mode 2.
And in RAN#96 the following note was added to the WID [RP-221798],
	- Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.


Another related issue is whether sharing of a UE-initiated COT to other UEs is supported or not in Mode 1. On one hand, the following was already agreed in RAN1#109-e meeting,
	Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements


On the other hand, in order to conform to the principles of resource allocation Mode 1, a UE that successfully initiated a COT should not perform any immediate SL transmission, but report the COT to the gNB such that the gNB can schedule resources within the COT. As a result, there may be some delay in reporting the COT e.g. due to the next available PUCCH resource being in a number of slots to come, and during such a delay there may already be transmissions from devices in other systems. This should be carefully studied before adopting UE-to-UE COT sharing for resource allocation Mode 1.
Proposal 3: Study the applicability of UE-to-UE COT sharing to resource allocation Mode 1 by considering the impact of the delay in reporting a UE-initiated COT to the gNB.
In NR-U, when a UE is shared with a gNB-initiated COT, it is indicated the channel access-related information like channel access type, CP extension and CAPC. The information is jointly encoded in a DCI field such that the UE receiving the DCI can be aware of which channel access type, CP extension and CAPC to assume. As specified in NR-U, the ChannelAccess-CPext field is used to notify the UE/gNB of the channel access type and CP extension duration for the corresponding transmission. It would be beneficial to introduce the similar mechanism for sidelink on unlicensed spectrum to notify the responding UE of which channel access, CP extension duration and CAPC to perform. For sidelink operation, the first-stage SCI, i.e. SCI format 1-A is common for all UEs. Not only the intended RX UEs would receive the SCI format 1-A but also some other UEs would receive the SCI format 1-A for sensing purpose. While the intended Rx UE would further receive the second stage SCI format, i.e. SCI formats 2-A/2-B. Therefore, it is much more appropriate to include this kind of field in the SCI formats 2-A/B such that only intended Rx UE would acquire the channel access-related information of the channel access type, CP extension duration and CAPC for the corresponding transmission.
Proposal 4: The mechanism of jointly indicating the channel access-related information, as specified in NR-U, should be reused for sidelink on unlicensed spectrum. 
Inter-UE blocking
The SL design since Rel-16 allows two or more UEs to respectively reserve resources in a same slot, i.e. two or more reserved resources can be FDM’ed in a same slot. But as pointed out by some companies in RAN1#109-e meeting, when operating on unlicensed spectrum, for example, if UE-1 and UE-2 respectively reserved one of two FDM’ed resources in slot , and if UE-1 performs a SL transmission (on its reserved resource) by applying a CPE in the (GAP) symbol immediately preceding the first symbol of slot , this may cause UE-2 to determine that the channel is busy for performing a SL transmission in slot  (on its reserved resource). And the situation may be worsened if SL synchronization error is taken into account.
In our view, FDM’ed reserved resources in a same slot should continue to be supported, regardless of SL operation on licensed or unlicensed spectrum. The above-mentioned issue can be addressed with a few possible solutions, as already proposed by some companies in RAN1#109-e meeting. For example, some exceptions can be added to the channel access procedure such that a channel should not be deemed “busy” for any detected SL transmission. Alternatively, in the channel access procedure, it can be considered to exclude any power detected on any resource (plus a possible CPE preceding the corresponding slot) previously reserved by a SL UE.
Proposal 5: FDM of reserved resources in a same slot is supported for SL operation on unlicensed spectrum (as well as on licensed spectrum).
Multi-channel operation
The following was agreed in RAN1#109-e meeting,
	Agreement
1 Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation


Unlink in NR-U where the multi-channel UL transmissions are indicated/configured by the gNB, in resource allocation Mode 2 an SL UE may have to autonomously determine to perform a SL transmission on multiple channels, in which case the Type A multi-channel access procedure (i.e. parallel Type 1 channel access on each of a set of channels) or Type B multi-channel access procedure (i.e. Type 1 channel access on one of a set of channels and 25us CCA check prior to transmissions for the rest of the set of channels) as specified for NR-U DL should be supported. In resource allocation Mode 1 the UL multi-channel access procedure as specified for NR-U is applicable.
Proposal 6: Study the following multi-channel access procedures:
· Reuse of the UL multi-channel access procedure for resource allocation Mode 1.
· Reuse of DL Type A and Type B multi-channel access procedures for resource allocation Mode 2.
Sidelink resource allocation
The following regarding SL resource allocation was agreed in RAN1#109-e meeting,
	Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2



According to the above agreement, the existing SL mode 2 RA scheme are supported as a baseline for SL-U. As known, SL RA mode 2, as an autonomous resource selection mode by UE itself, is based on the sensing and resource selection procedure. This kind of procedure can contribute to avoiding transmission resource confliction among different UEs. Additionally, the UE performs the LBT to initiate the COT for a corresponding priority class. Then the COT-initiating UE maintains the COT and share the COT to other UEs. As agreed in the RAN1#109 e-meeting, the LBT is performed before SL transmission using the selected resources. And the resources for PSSCH would be selected based on the sensing procedure. In order to maintain the COT, the COT-initiating UE should ensure that the resources in the COT would not be used by other UEs. Therefore, enhancement on the sensing and selection procedure to support COT as the granularity in the time domain for SL-U should be considered.
Proposal 7: Enhance the sensing and selection procedure for Mode 2 RA to support COT(s) as granularity in the time domain for SL-U.
Likewise, whether to support the multi-consecutive slots transmission for SL-U was under discussion in the last RAN1 meeting. Compared with the non-consecutive slots transmission, multi-consecutive slots transmission can reduce the attempts of channel access and therefore improve the efficiency of resource utilization, which is beneficial to support the high throughput and increased data rate required for the SL-U. Moreover, the multi-consecutive slots transmission is also suited to the COT-based transmission.
On the other hand, although the existing time resource assignment in Rel-16 SL can support 2 or 3 consecutive or non-consecutive slots transmission for PSSCH, up to 3 consecutive slot seems to be restrictive and is not suitable for SL-U due to different COTs required by different channel access priority classes. If multi-consecutive slots transmission is supported for SL-U, the time resource assignment field and the time domain granularity for the sensing and selection procedure can be correspondingly enhanced. 
Proposal 8: Multi-consecutive slots transmission including more than 3 consecutive slots transmission is supported for NR sidelink operation in unlicensed spectrum.
CW adjustment
In NR-U, adjustment of CW is based on HARQ feedback, i.e., a percentage of NACK received which is used to reflect the collision status. Different from the HARQ feedback in NR-U, HARQ-ACK feedback can be enabled or disabled in the SL. For the case where HARQ feedback is disabled, UEs cannot adjust the CWS according to the existing mechanism of CW adjustment, which means a minimum CWS would be retained. On the other hand, for the case where HARQ feedback is enabled, UEs would adjust the CWS according to the received HARQ feedback. Without updating the existing mechanism, for a same priority class, the HARQ feedback disabled case seems to always precede the HARQ feedback enabled case in terms of channel access, which causes the unfair channel access. Therefore, the existing mechanism of CW adjustment needs to be further studied to well adapt to the characteristic of HARQ feedback in SL. To achieve a fair channel access, for example, different metric of evaluating channel status, e.g., CBR, or different minimum CWs can be considered for the disabled HARQ feedback case.    
Proposal 9: Further study how to update the CW adjustment for different SL HARQ feedback cases.   
Conclusion
In this contribution, we discuss a few aspects relating to channel access mechanism for NR sidelink design on unlicensed spectrum, and make the following proposals.
Proposal 1: UL CAPC is used as a baseline for Type 1 channel access procedure for SL transmissions on unlicensed spectrum.
Proposal 2: For the case of non-COT-sharing, channel access type and CPE length are determined in the same way in resource allocation Mode 1 and resource allocation Mode 2.
Proposal 3: Study the applicability of UE-to-UE COT sharing to resource allocation Mode 1 by considering the impact of the delay in reporting a UE-initiated COT to the gNB.
Proposal 4: The mechanism of jointly indicating the channel access-related information, as specified in NR-U, should be reused for sidelink on unlicensed spectrum. 
Proposal 5: FDM of reserved resources in a same slot is supported for SL operation on unlicensed spectrum (as well as on licensed spectrum).
Proposal 6: Study the following multi-channel access procedures:
· Reuse of the UL multi-channel access procedure for resource allocation Mode 1.
· Reuse of DL Type A and Type B multi-channel access procedures for resource allocation Mode 2.
Proposal 7: Enhance the sensing and selection procedure for Mode 2 RA to support COT(s) as granularity in the time domain for SL-U.
Proposal 8: Multi-consecutive slots transmission including more than 3 consecutive slots transmission is supported for NR sidelink operation in unlicensed spectrum.
Proposal 9: Further study how to update the CW adjustment for different SL HARQ feedback cases.
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