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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 this contribution, we share some considerations on the part of channel access for SL-U.
Discussion
When sharing an unlicensed channel, it is desirable to guarantee that the existing system is not affected. To achieve fair coexistence and efficient channel access, multiple LBT types have been defined in Rel-16 NR-U. By using appropriate LBT types, a UE or a gNB can either avoid collisions as much as possible when initially accessing an unlicensed channel, or gain access as fast as possible when sharing an occupied channel. To share the unlicensed channel more efficiently, COT sharing has been supported in NR-U. More specifically, a UE can share a COT initiated by a gNB, and vice versa. Within the shared COT, a less complex LBT type can be used compared with that used for initiating a COT, and usually a higher probability of LBT success can be expected. To achieve the same effect, Rel-18 SL-U should support all the LBT types defined in NR-U, and should also support COT sharing mechanisms. 
At least the following designs from NR-U are supported for Rel-18 SL-U.
· All the LBT types defined in NR-U are supported.
· COT sharing is supported. The details are FFS.



[bookmark: _Ref101305938]Figure 1. An example of receiving more than one COT indicator.

For COT sharing in NR-U, a UE can receive a COT indicator from a gNB, where the indicator indicates at least a COT duration. However, for sidelink, a UE may receive more than one COT indicator from more than one UE. This is because that there is no central controller in sidelink as the role of gNB in Uu. An example is shown in Figure 1. Wherein, a third UE (UE A) receives two COT indicators from two different UEs (UE1 and UE2), and the COT indicators indicate COT durations of COT#1 and COT#2 respectively. For example, UE1 and UE2 are hidden nodes to each other, but UE A as a third UE can receive from both UE1 and UE2. As shown in the figure, the received COT indicators may be FDMed or TDMed. From UE1 and UE2 perspectives, they have initiated COT#1 and COT#2, and thus transmit two COT indicators respectively. From UE A perspective, it receives two COT indicators and needs to determine whether to share COT#1 or COT#2. Therefore, how to determine which COT to share should be further studied. Potentially, it may also depend on the following factors.
· The TX-RX relationship between the UE sharing the COT and the UE transmitting the COT indicator.
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. In SL-U, it should be studied whether such restriction still apply. If yes, a UE can determine which COT to share based on the source-destination relationship.
· The cast type supported for COT sharing.
The cast type is another factor to be considered when determining which COT to share. 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 which COT to share could be different.

For COT sharing, it should be studied how to determine which COT to share if more than one COT indicator is received by a UE. It also depends on the follows.
· The TX-RX relationship between the UE sharing the COT and the UE transmitting the COT indicator.
· The cast type supported for COT sharing.




[bookmark: _Ref101336646]Figure 2: An example of performing LBT in mode 2.

Mode 2 is an autonomous resource selection mode which is important especially for out-of-coverage UEs. When introducing LBT, the potential impact on mode 2 should be further studied. One possible way of performing LBT in mode 2 is shown in Figure 2. Firstly, resources including #1, #2 and #3 are selected based on Rel-17 mode 2 procedures. Then, LBT is performed before transmitting on each selected resource. In case of LBT failure, the UE will not transmit on that resource. Possibly, resource re-selection can be triggered for the UE. In case of LBT success, the UE can transmit on the resource and thus occupy the unlicensed channel. When performing LBT, the LBT types are determined at least based on whether the selected resource is within a COT or not. If the resource is within a COT, less complexed LBT types can be used to quickly gain access to the channel. For resource #2, the LBT type will be determined before t2 in time. When determining the LBT type, resource #2 is not within a COT. Therefore, LBT type 1 can be performed before transmitting on resource #2. Similarly, when determining LBT types for resource #1 and resource #3, it can be observed that resource #1 and resource #3 are within a shared COT and an initiated COT respectively. Therefore, LBT type 2A can be performed before transmitting on resource #1 and resource #3. By this way, almost no change is needed for resource selection mode 2, and LBT is performed on top of the conventional mode 2.
For mode 2, resource selection is performed as in Rel-17 and LBT is performed for each selected resource. The LBT type at least depends on whether the selected resource is within a COT when determining the LBT type.

As another way to perform LBT in mode 2, it can be considered that resource selection is triggered once LBT is successful and/or the channel is occupied. For example, if a UE has successfully initiated a COT or shared a COT initiated by another UE, it is triggered to perform resource selection. 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. 
For mode 2, it should be further studied whether resource selection can be triggered when LBT is successful.



[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. At least the following designs from NR-U are supported for Rel-18 SL-U.
· All the LBT types defined in NR-U are supported.
· COT sharing is supported. The details are FFS.
For COT sharing, it should be studied how to determine which COT to share if more than one COT indicator is received by a UE. It also depends on the follows.
· The TX-RX relationship between the UE sharing the COT and the UE transmitting the COT indicator.
· The cast type supported for COT sharing.
For mode 2, resource selection is performed as in Rel-17 and LBT is performed for each selected resource. The LBT type at least depends on whether the selected resource is within a COT when determining the LBT type.
For mode 2, it should be further studied whether resource selection can be triggered when LBT is successful.
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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