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1. Introduction

To support increased data rate of various sidelink applications e.g. sensor information (video) sharing between vehicles with high degree of driving automation, commercial use cases etc, NR sidelink evolution was approved for Release 18 and revised in [1]. One of the scope is to support sidelink on unlicensed spectrum for both mode 1 and mode 2, while in mode 1 Uu is on licensed band. The associated objective is as following
	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

· 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.

· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum

· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.

· No specific enhancements for existing NR SL feature

· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.

· 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.


RAN1 has start the study and discussion for SL-U, where they considered channel access mechanism, and physical layer design framework. One important issue for channel access mechanism is the LBT scheme. In this paper, issues relate to LBT impact to MAC is discussed.
2. Consistent LBT failure
In NR-U, the gNB and the UE may apply Listen-Before-Talk (LBT) before performing a transmission on a cell configured with shared spectrum channel access. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy and performs transmission only if the channel is sensed free. When the UE detects consistent uplink LBT failures, the UE reports to the corresponding gNB via MAC CE if the consistent LBT failure are detected on Scells. When consistent uplink LBT failures are detected on SpCell, the UE switches to another UL BWP with configured RACH resources on that cell, initiates RACH, and reports the failure via MAC CE. Further if consistent uplink LBT failures are detected on all the UL BWPs with configured RACH resources, the UE declares RLF.
Consistent LBT failure detection on UL is per UL BWP based on all uplink transmissions within this BWP. For cases when sidelink is operated on a cell configured with shared spectrum and if UE would detect/declare consistent LBT failure per SL Bandwidth Part (BWP) based on all SL transmissions within this BWP – as specified for the Uu interface - it may happen that consistent LBT failure is triggered even though the congestion/LBT issue occurs only for a specific resource pool or SL destination. Since a SL UE may be in communication with multiple different SL UEs residing at different locations, the channel conditions could be very different among the different SL connections. So there are following options for sidelink consistent LBT failure detection

· Option 1: consistent LBT failure is declared/detected per Resource pool

· UE autonomously deactivates a resource pool upon detecting/declaring consistent LBT failure for a resource pool. UE deactivates a transmission (Tx) resource pool for which consistent LBT failure was detected.  In one example there is a mapping between resource pool and LBT sub-band(s) defined/configured. Upon detecting consistent LBT failure for a resource pool, UE disables the resource pool for transmissions and switches to another resource pool (Tx RP) which has different associated LBT subband(s)

· Option 2: consistent LBT failure is declared/detected per destination id or per unicast connection
· UE/MAC layer of a sidelink UE counts LBT failure separately for each destination/connection it is in communication with. In one example UE maintains a LBT failure counter per sidelink destination respectively per Source Layer-2 ID-Destination Layer-2 ID pair or alternatively per sidelink logical channel/radio bearer

· One motivation to perform the LBT failure detection and recovery procedure per destination respectively pair of Tx UE/Rx UE is that different Rx UEs may be at different locations; hence the channel/LBT situation may be significantly different among different Rx UEs the TX UE is in communication with. In particular for cases when a directional/spatial LBT is performed, i.e. for the NR operation in higher frequency bands up to 71GHz , in contrast to an omni-directional LBT, which was the assumption for Rel-16, it is beneficial to maintain LBT statistics per destination /pair of Source Layer-2 ID-Destination Layer-2 ID respectively per pair of Tx UE and Rx UE and also to perform the LBT failure detection and recovery procedure per destination / pair of Source Layer-2 ID-Destination Layer-2 ID
· Option 3: consistent LBT failure is declared/detected per SL-BWP

· Similar to legacy NR-U, UE detect consistent LBT failure per SL-BWP, i.e. all LBT failure in the SL-BWP is counted. And if consistent LBT failure is detected for the SL-BWP, UE needs to acquire new SL-BWP for SL transmission since currently only one SL-BWP is supported by SL UE. 
· Option 4: consistent LBT failure is declared/detected per RB set

· RB set is the granularity to perform LBT, and one option to declare consistent LBT failure is per RB set. That is, UE detect consistent LBT failure for each RB set and LBT failure for each RB set is counted. If consistent LBT failure is detected for the RB set, UE needs to avoid select resource from such kind of RB set especially in mode 2 transmission
Proposal 1: suggest RAN2 further discuss following options for sidelink consistent LBT failure detection
· Option 1: consistent LBT failure is declared/detected per Resource pool

· Option 2: consistent LBT failure is declared/detected per destination id or per unicast connection

· Option 3: consistent LBT failure is declared/detected per SL-BWP

· Option 4: consistent LBT failure is declared/detected per RB set

3. LBT failure impact for resource allocation
Before the sidelink transmission, LBT is performed to access the channel. If LBT fails, i.e. the channel is not accessed, the sidelink transmission is dropped. This will results in packet loss and reduce the sidelink transmission reliability. In legacy NR sidelink, pre-emption/re-evaluation results/de-prioritization has similar effect and resource reselection is triggered for pre-emption/re-evaluation cases. It is naturally for UE to trigger a (re)-selection of a new SL resources for cases when a SL transmission was not performed due to an LBT failure. UE which is configured for the autonomous resource allocation mode (mode 2) selects a new additional SL resource for the transmission of a TB in response to receiving an LBT failure indication from PHY for the transmission attempt of the TB/PSSCH. The LBT failure event is a new trigger for SL resource (re)selection. Different to the operation on unlicensed spectrum for the NR Uu interface, UE is allowed to immediately “retransmit” the TB which is pending in the HARQ buffer, i.e. there is no timer (like CGRT timer) which defines when UE is allowed to autonomously retransmit the TB in the pending HARQ process.
Proposal 2: UE triggers a resource (re)selection when a SL transmission was not performed due to an LBT failure. And UE is allowed to immediately “retransmit” the TB which is pending in the HARQ buffer
In August RAN1 meeting, multi-consecutive slots transmission (MCSt) is agreed as following
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.

· FFS details


Multiple consecutive transmission is benefit to increase the sidelink transmission efficiency on unlicensed spectrum, which avoid channel lost and UE does not need to perform Type-1 LBT if the gap between transmission is small enough. RAN2 is suggested to further study the RAN2 impact of multiple consecutive slots transmission. For example for mode 2, how sidelink UE select the resource for multiple transmission, and whether multiple transmission is for the same MAC PDU or different MAC PDUs.
Proposal 3: RAN2 is suggested to further study the RAN2 impact of multiple consecutive slots transmission e.g. impact for mode 2 resource allocation
4. UE-to-UE COT sharing
During RAN1 discussion, UE-to-UE COT sharing is agreed to be supported, and alternatives for COT sharing rules was also discussed. The relates RAN1 agreements are as following

	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

Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:

· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.

· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information

· FFS any additional conditions

· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.

· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information

· FFS how to determine a SL UE is a target receiver

· FFS: details of the channel type of the COT initiating UE’s transmission

· FFS any additional conditions

· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).

· FFS: details of the channel type of the responding UE’s transmission(s)

· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18

· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA


The support of UE-to-UE COT sharing implies that a sidelink UE can perform SL transmission in a shared COT from a COT initiating sidelink UE, without performing type-1 LBT procedure. But not all SL transmission can be performed according to current RAN1 discussion and agreement. For example, only SL transmission with equal or smaller CAPC value are allowed, and only when the responding SL UE is a target receiver of the COT initiating UE, and when the responding SL UE is a target receiver of the COT initiating UE. So if a sidelink UE determines to perform a SL transmission in a shared COT of another SL UE, additional aspects may need to be introduced during LCP and MAC PDU multiplexing. For example, it would be useful to modify the LCP in such a way that when selecting a destination, those destinations that allow the benefit of COT sharing (without performing type-1 LBT) can be prioritised over other destinations. RAN2 is suggested to study the LCP impact of UE-to-UE COT sharing.
Proposal 4: RAN2 is suggested to further study the LCP impact of UE-to-UE COT sharing based on the rules of UE-to-UE COT sharing.
Allowing UE-to-UE COT sharing in sidelink may further result in one UE receiving UE-to-UE COT sharing from more than one COT initiating sidelink UEs, e.g. in a scenario where UE A and UE B are within reach of UE C but out of reach of each other. Therefore both UE A and UE B may initiate a COT and indicate COT sharing to UE C, with different CAPC and different remaining COT durations. At first glance, we think there may be benefits if UE C transmits to that COT initiator that has the stronger link (e.g. higher RSRP) or that offers the longer remaining COT duration. So we suggest RAN2 to study the behaviour when receiving multiple COT sharing indications from different COT initiators.

Proposal 5: RAN2 is suggested to further study the behaviour when receiving multiple COT sharing indications from different COT initiators.
5. Conclusion

In this contribution, the following observations and proposals are made:
Proposal 1: suggest RAN2 further discuss following options for sidelink consistent LBT failure detection

· Option 1: consistent LBT failure is declared/detected per Resource pool

· Option 2: consistent LBT failure is declared/detected per destination id or per unicast connection

· Option 3: consistent LBT failure is declared/detected per SL-BWP

· Option 4: consistent LBT failure is declared/detected per RB set

Proposal 2: UE triggers a resource (re)selection when a SL transmission was not performed due to an LBT failure. And UE is allowed to immediately “retransmit” the TB which is pending in the HARQ buffer
Proposal 3: RAN2 is suggested to further study the RAN2 impact of multiple consecutive slots transmission e.g. impact for mode 2 resource allocation
Proposal 4: RAN2 is suggested to further study the LCP impact of UE-to-UE COT sharing based on the rules of UE-to-UE COT sharing.
Proposal 5: RAN2 is suggested to further study the behaviour when receiving multiple COT sharing indications from different COT initiators.
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