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Introduction
In this contribution, we discuss sidelink LBT failure and the impact to PC5 RLF, sidelink DRX, and sidelink resource selection.
Discussion  
Sidelink LBT failure
RAN2 made the following agreements for sidelink consistent LBT failure at RAN2 #119bis-e meeting [1].
Agreement on consistent LBT failure:
1: 	SL-specific LBT failure indication from PHY is needed for SL-specific consistent LBT failure detection in the MAC. How/whether it is used for other purposes can be further discussed.
2:	Support SL-specific consistent LBT failure detection and recovery procedure in the MAC for SL-U. Details of recovery to be further worked on granularity of (consistent) LBT failure.
3:	Send LS to RAN1 asking “When an SL-specific LBT failure indication is notified for an SL transmission by the PHY, in which resource granularity the SL-specific LBT failure can be considered as being detected (e.g., per Resource Pool, per RB set, per SL BWP, etc.)?
	- Detailed wording can be discussed during the email discussion. Some background information (e.g., why/what we (actually) ask) can be also provided.
4:	As the general principle, reuse the consistent LBT failure detection procedure in NR-U as the baseline for SL-specific consistent LBT failure detection in SL-U.
5:	As in NR-U, introduce the following parameters and variables for the SL-specific consistent LBT failure detection in SL-U as the baseline:
	- An SL-specific LBT failure indication counter (e.g., SL_LBT_COUNTER).
	- An SL-specific maximum LBT failure instance count threshold (e.g., sl-LBT-FailureInstanceMaxCount).
	- An SL-specific LBT failure detection timer (e.g., sl-LBT-FailureDetectionTimer).
6:	Reuse the following MAC behaviors on TIMER/COUNTER handling in NR-U for SL-specific consistent LBT failure detection procedure in SL-U as the baseline:
	- As in NR-U, if an SL-specific LBT failure indication is received from the lower layer, the SL-specific LBT failure indication counter (e.g., SL_LBT_COUNTER) is incremented by one.
	- As in NR-U, if an SL-specific LBT failure indication is received from the lower layer, start or restart the SL-specific LBT failure detection timer (e.g., sl-LBT-FailureDetectionTimer)
	- As in NR-U, if the SL-specific LBT failure indication counter value is equal to or larger than the SL-specific maximum LBT failure instance count threshold (e.g., sl-LBT-FailureInstanceMaxCount), consistent LBT failure is triggered/declared by the MAC entity.
	- As in NR-U, if the SL-specific LBT failure detection timer (e.g., sl-LBT-FailureDetectionTimer) expires, the SL-specific LBT failure indication counter (e.g., SL_LBT_COUNTER) is reset to 0.
	- As in NR-U, if the maximum LBT failure instance count threshold (e.g., sl-LBT-FailureInstanceMaxCount) or SL-specific LBT failure detection timer (e.g., sl-LBT-FailureDetectionTimer) is reconfigured, SL-specific LBT failure indication counter (e.g. SL_LBT_COUNTER) is reset to 0.
7:	Support the mechanism that a mode-1 UE can indicate the SL-specific consistent LBT failure to the gNB. FFS on a mode-2 UE in RRC_CONNECTED.

RAN1 made the following agreements for sidelink channel access procedure at RAN1 #109-e meeting [2].
	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.
Agreement
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.



RAN1 made the following agreement for sidelink multiple channel access procedure at RAN1 110bis-e meeting [4].
	Agreement
For dynamic channel access mode with multi-channel case in SL-U, NR-U UL channel access procedure is considered as baseline for transmission on multiple channels
· FFS: whether transmission of PSFCH and/or S-SSB on a subset of RB sets is supported (using the NR-U DL channel access procedure as baseline)
· FFS any necessary enhancement and modification for the SL-U operation



Based on RAN1’s agreements on sidelink channel access procedure, sidelink LBT procedure is based on the LBT procedure specified in TS 37.213[3] where an LBT failure is claimed for a scheduled transmission which may be transmitted on one or multiple LBT channels (e.g., 20MHz for an LBT channel). From this aspect, LBT failure is naturally generated and thus reported per transmission over RB sets at PHY layer.
On RAN2 side, what granularity should be used for counting consistent LBT failure on sidelink?
· Per Resource Pool 
· Sidelink UEs communicate to each other in a resource pool where the resource pool may be congested with many UEs which may cause more frequent LBT failures. In this case, switching resource pool may improve LBT performance. This may be managed by gNB for dynamic grant with resource allocation mode1 or may be communicated between paired UEs for unicast. However, how to indicate to UEs in proximity to switch resource pool for a sidelink communication is an issue for broadcast or groupcast.
· Additionally, for co-existence with WiFi devices, the channel occupancy is based on LBT channels. For example, when multiple resource pools are configured over one LBT channel, switching resource pool may not help the LBT performance since the channel is occupied per LBT channel. For another example, when multiple resource pools configured over the same multiple LBT channels if based on NR-U’s UL multi-channel access procedure, switching resource pool over same multiple LBT channels may not help the LBT performance either.
· Per RB set
· For single LBT channel operation, LBT failure is for a transmission on one LBT subchannel, i.e., per RB sets.
· For multi-LBT-channel operation, LBT failure is for a transmission on multiple LBT channels, i.e., per RB sets.  
· Per SL BWP
· There is only one sidelink BWP defined per a sidelink carrier which is different from the NR-U UL transmissions with different UL BWPs. 
Proposal 1. RAN2 discuss the granularity of LBT failure count for sidelink consistent LBT failure after receiving RAN1’s response.

Once sidelink consistent LBT failure is claimed or detected at a Tx UE, the Tx UE reports sidelink consistent LBT failure to gNB for resource allocation mode 1. Additionally, it’s beneficial to gNB’s resource allocation on sidelink if the Tx UE reports sidelink consistent LBT failure to gNB for resource allocation mode 2 when the Tx UE is at RRC Connected state.
Proposal 2. For resource allocation mode 2, it’s up to UE’s implementation to report sidelink consistent LBT failure to its service gNB when at RRC Connected state.

Sidelink LBT failure impact to PC5 RLF 
Sidelink radio link failure (PC5 RLF) can be declared for a unicast, 
· upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or
· upon T400 (for RRCReconfigurationSidelink) expiry for a specific destination; or
· upon indication from MAC entity that the maximum number of consecutive HARQ Discontinuous Transmission (DTX) for a specific destination has been reached; or
· upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination.
LBT failure may increase possibility of PC5 RLF, because
· LBT failure may cause more retransmissions at a sidelink RLC entity, e.g., failed transmitting an ARQ ACK in AM mode due to LBT failure; or
· LBT failure may cause T400 timer expiration before RRCReconfigurationCompleteSidelink or RRCReconfigurationFailureSidelink is received; or
· LBT failure may cause more DTX of HARQ feedback.
Proposal 3. LBT failure impact to PC5 RLF needs to be addressed.

Sidelink LBT impact to SL DRX 
RAN1 made the following agreements for sidelink feedback transmissions at RAN1 110bis-e meeting [4].
	Agreement
At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 
Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Alt 2: PSFCH resources are dynamically indicated
· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE
· Alt 4: drop PSFCH transmission
· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB
· Combination of above alternatives are not precluded 
· FFS details of above alternatives



For ACK/NACK based retransmission (e.g., unicast and managed groupcast), missing an ACK (e.g., DTX) due to LBT failure may cause an unnecessary retransmission which lowers resource utilization.
For NACK only based retransmission (e.g., connectionless groupcast), missing a NACK (e.g., no NACK is an ACK) due to LBT failure may cause no retransmission which degrades performance.
Therefore, multiple HARQ feedback occasions may be beneficial to minimize LBT impact to HARQ feedback or to improve HARQ feedback performance.
As shown in Figure 1, with multiple HARQ ACK/NACK feedback occasions, a Tx UE and Rx UE(s) may extend Inactivity timer over all the HARQ feedback occasions (e.g., at slot j, slot j+1 and slot j+2) for the Tx UE to monitor HARQ feedback and for the Rx UE(s) to conduct LBT procedure at multiple HARQ feedback occasions. Alternatively, an LBT timer (e.g., LBT HARQ feedback timer as shown in the figure) based on the number of HARQ occasions may be used for extending the active time over multiple HARQ feedback occasions if the Inactivity timer is configured based on QoS as specified in Rel 17 SL DRX. The Tx UE and Rx UE may start SL HARQ RTT timer after receiving and transmitting respectively NACK feedback at one of the occasions after a successful LBT (e.g., the second occasion in slot j+1) or after the last HARQ feedback occasion (e.g., the third occasion in slot j+2). In this case, the HARQ RTT timer duration may vary based on the LBT results at multiple HARQ feedback occasions.



[bookmark: _Ref115381149]Figure 1 HARQ feedback timers

Proposal 4. RAN2 needs to address LBT failure impact to sidelink DRX based on RAN1’s agreements on HARQ feedback.

Sidelink LBT impact to resource selection
RAN1 made the following agreements at RAN1 #109-e meeting [2].
	Agreement on sidelink resource allocation
· 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
Agreement on sidelink COT sharing
· 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.



To improve the possibility to acquire the channel, as shown in 2, a TX UE’s MAC layer may select multiple resources (e.g., two contiguous resources selected as shown in the figure) for a TB transmission or retransmission. If the Tx UE’s PHY layer fails LBT at the first transmission resource (e.g., slot i), the reserved resources based on the minimum time gap (e.g., slot j and slot k) may not be useful if the Tx UE is able to transmit the initial transmission with successful LBT at a later time (e.g., slot i+1). In this case, the reserved resources need to be shifted in time with the transmission after successful LBT in order to meet the minimum time gap requirement. 
Additionally, the other Tx UEs conducting sensing and resource selection, need to know the resources reserved by the Tx UE for the resource selection and reservation for their transmissions in the LBT channel. Especially for sharing a COT with the Tx UE, the resources selected by the other Tx UEs need to follow the Tx UE’s reserved resources precisely. 



[bookmark: _Ref115370317]Figure 2 LBT failure impact to resource selection

Proposal 5. RAN2 may start the discussion on LBT impact to sidelink resource selection based on RAN1’s agreements.
Conclusion
[bookmark: _Hlk92772570]In this contribution, we discussed sidelink LBT failure and impact to PC5 RLF, sidelink DRX, and sidelink resource selection, and concluded with the following proposals.
Sidelink LBT failure
Proposal 1. RAN2 discuss the granularity of LBT failure count for sidelink consistent LBT failure after receiving RAN1’s response.
Proposal 2. For resource allocation mode 2, it’s up to UE’s implementation to report sidelink consistent LBT failure to its serving gNB when at RRC Connected state.
Sidelink LBT impact to PC5 RLF 
Proposal 3. LBT failure impact to PC5 RLF needs to be addressed.
Sidelink LBT impact to SL DRX 
Proposal 4. RAN2 needs to address LBT failure impact to sidelink DRX based on RAN1’s agreements on HARQ feedback.
Sidelink LBT impact to resource selection 
Proposal 5. RAN2 may start the discussion on LBT impact to sidelink resource selection based on RAN1’s agreements.
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