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Introduction
For Rel-18 sidelink evolution, sidelink on unlicensed band (SL-U) will be standardized. In the WID, the following objective for SL-U has been captured [1].
	2. [bookmark: OLE_LINK269]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.


Based on the objective, the required changes to support SL-U are mainly on channel access and physical channel structure. In the RAN1#109 meeting, some agreements on those aspects have been achieved. In this contribution, we share some discussions on the part of channel access for SL-U.
Discussion
In the RAN1#109 meeting, the following agreement has been achieved for COT sharing [2].
	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
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


According to the agreement, UE-to-UE COT sharing is supported with applicable channels/signals and potential restrictions as FFS. As for applicable channels/signals, it can be considered to support all PSCCH/PSSCH, PSFCH and S-SSB. As for potential restrictions, it can be considered to have no restriction, i.e., a COT can be shared with either a single UE or multiple UEs. Above all, the motivation is to utilize the COT as much as possible. When a COT has been initiated, it implies that the unlicensed channel is not occupied within a certain area. To make a full use of the unlicensed channel, any SL channel/signal or any UE can have an opportunity to access the unlicensed channel.
For COT sharing, it should be considered to support the follows.
· PSCCH/PSSCH, PSFCH and S-SSB are applicable SL channels/signals.
· The COT is shared with either a single UE or multiple UEs.



[bookmark: _Ref101305938]Figure 1. An example of two COT indicators transmitted by UE1 and UE2.

For COT sharing in NR-U, a UE (or a gNB) can receive a COT indicator from a gNB (or a UE), where the indicator indicates at least a COT duration. Similarly, for UE-to-UE COT sharing in sidelink, a UE (UE-A) can receive a COT indicator from another UE (UE-B). An example of COT indicator transmissions is shown in Figure 1. Wherein, two COT indicators are transmitted from two UE-Bs (UE1 and UE2), and the COT indicators indicate COT durations of COT#1 and COT#2 respectively. From UE1 and UE2 perspectives, they have initiated COT#1 and COT#2, and thus transmit two COT indicators respectively. When a third UE (UE-A) receives a COT indicator, it will determine whether to share the indicated COT. Potentially, the determination may depend on the following factors.
· The RSRP or distance between UE-A and UE-B.
COT sharing is mainly based on the condition that UE-A and UE-B have the same LBT results. If UE-A is relatively close to UE-B, it is expected that UE-A and UE-B will have the same LBT results. In this case, it would be safe to let UE-A share the COT initiated by UE-B. Therefore, the RSRP or distance between UE-A and UE-B can be leveraged to determine whether to share a COT. If the RSRP is larger than a threshold, or the distance is smaller than a threshold, UE-A can share the COT indicated by UE-B.
· The TX-RX relationship between UE-A and UE-B.
In NR-U, only a TX-RX pair can share a COT. For example, a gNB can only share a COT initiated by a UE to perform transmission towards the UE, and vice versa. In SL-U, it should be studied whether such restriction still apply. If yes, UE-A can share the COT indicated by UE-B based on the source-destination relationship.
· The cast type of UE-A and the cast type of UE-B.
The cast type is another factor to be considered when determining whether to share a COT. When UE-A would like to perform transmission within the shared COT, the used cast type is referred to as the cast type of UE-A. When UE-B performs transmission, e.g., transmission of the COT indicator, the used cast type is referred to as the cast type of UE-B. In some cases, the cast type of UE-A and the cast type of UE-B are the same. For example, both the cast types are unicast, groupcast or broadcast. For unicast, only two UEs are involved in a TX-RX relationship. Therefore, the situation may be similar with that of NR-U. However, for groupcast and broadcast, more than two UEs can be involved in a TX-RX relationship. Therefore, the situation would be different from that of NR-U. For different cast types, the methods to determine whether to share a COT could be different. In some cases, the cast type of UE-A and the cast type of UE-B are different. For example, a unicast UE-A receives a COT indicator transmitted by a broadcast UE-B. In this case, it should be specified whether UE-A can share the COT of UE-B.
For COT sharing, when UE-A has received a COT indicator from UE-B, the follows should be considered to determine whether UE-A can share the indicated COT.
· The RSRP or distance between UE-A and UE-B.
· The TX-RX relationship between UE-A and UE-B.
· The cast type of UE-A and the cast type of UE-B.

In the RAN1#109 meeting, the following agreement has been achieved for resource selection [2].
	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 agreement, the existing mode 2 resource selection will used as the baseline, and it is FFS whether any enhancement is needed. However, mode 2 is not designed for sharing an unlicensed spectrum. Therefore, mode 2 may not be a strong competitor in terms of contending for the unlicensed spectrum or achieving an efficient channel access. Potentially, an enhancement on mode 2 can be considered. As one way, it can be considered that resource selection is triggered once a COT is obtained. An example is given in Figure 2. If a UE has successfully initiated a COT or shared a COT initiated by another UE, it is triggered to perform resource selection (Resource#n1). The rationale is that the UE can quickly gain access to the channel once there is an opportunity. To achieve this, the conventional mode 2 resource selection needs to be changed.


[bookmark: _Ref110957253]Figure 2: An example of triggering resource selection (Resource #n1) when a COT is obtained.

For potential mode 2 enhancements, it should be further studied whether resource selection can be triggered when a COT is obtained.



[bookmark: _Ref101339534]Figure 3: An example of HARQ-ACK retransmission on PSFCH.

In sidelink, SL HARQ-ACK is conveyed on PSFCH. Also, PSFCH will not be transmitted in case of LBT failure. To cope with PSFCH dropping due to LBT failure, SL HARQ-ACK retransmission can be considered. In NR-U, HARQ-ACK retransmission has been supported. More specifically, a UE can be indicated to not transmit HARQ-ACK temporarily, but to retransmit HARQ-ACK together with other HARQ-ACK later. Following the design principle in NR-U, an example of SL HARQ-ACK retransmission is shown in Figure 3. Wherein, HARQ-ACK1 for PSSCH1 is not transmitted on PSFCH1. The reason could be that PSFCH1 is subject to LBT failure, or that PSFCH1 is outside of a COT. However, HARQ-ACK1 has a second chance to be transmitted on PSFCH2. Different from NR-U where HARQ-ACK resources and timing are dynamic, PSFCH resources and timing in sidelink are (pre-)configured in a semi-static manner. More specifically, PSFCH resources are periodic with only 1-bit HARQ-ACK carried per resource, and have a one-to-one mapping with PSSCH resources in timing. To support SL HARQ-ACK retransmission, the way of determining PSFCH resources would require some changes.
Considering PSFCH may endure LBT failure or be outside of a COT, SL HARQ-ACK retransmission should be supported for SL-U. 

To support SL HARQ-ACK retransmission, the impact on PSFCH resource determination should be further studied.

Conclusion
In this contribution, we have expressed our views on unlicensed channel access for SL-U. The proposals are summarized as follows. 
1. For COT sharing, it should be considered to support the follows.
· PSCCH/PSSCH, PSFCH and S-SSB are applicable SL channels/signals.
· The COT is shared with either a single UE or multiple UEs.
For COT sharing, when UE-A has received a COT indicator from UE-B, the follows should be considered to determine whether UE-A can share the indicated COT.
· The RSRP or distance between UE-A and UE-B.
· The TX-RX relationship between UE-A and UE-B.
· The cast type of UE-A and the cast type of UE-B.
For potential mode 2 enhancements, it should be further studied whether resource selection can be triggered when a COT is obtained.
Considering PSFCH may endure LBT failure or be outside of a COT, SL HARQ-ACK retransmission should be supported for SL-U. 
To support SL HARQ-ACK retransmission, the impact on PSFCH resource determination should be further studied.
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