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1	Introduction
In last RAN2 meeting, RAN2 discussed the consistent LBT for SL-U and achieved some agreements [1].
In this contribution, we would like to discuss some remaining issues related to LBT for sidelink operation on unlicensed spectrum and have corresponding proposals.
2	Discussion
2.1 Transmission type for LBT 
After standardization of LTE-LAA, eLAA and feLAA, 3GPP had discussed to support New Radio over Unlicensed (NR-U) frequency bands Since Rel-16. As unlicensed frequencies are also be used by other networks, like WiFi, both gNB and UEs in NR-U need to perform Listen-Before-Talk (LBT) for every transmission. In the current MAC specification, it is stated that:
	[bookmark: _Hlk34406640][bookmark: _Hlk19108061][bookmark: _Hlk23463542]The lower layer may perform an LBT procedure, see TS 37.213 [18], according to which a transmission is not performed by lower layers if the channel is identified as being occupied. When lower layer performs an LBT procedure before a transmission and the transmission is not performed, an LBT failure indication is sent to the MAC entity from lower layers. Unless otherwise specified, when LBT procedure is performed for a transmission, actions as specified in this specification are performed regardless of if an LBT failure indication is received from lower layers. When LBT is not performed by the lower layers, LBT failure indication is not received from lower layers.



To support sidelink on unlicensed spectrum (SL-U), LBT needs to be performed before transmission on sidelink and the mechanisms adopted in NR-U can be used as a baseline. In NR-U, from the UE’s perspective, LBT needs to be carried out before each UL transmission, no matter of which type of UL transmission. Therefore, similar principle should apply to SL-U, i.e., UE needs to perform LBT before each SL transmission including PSSCH, PSCCH and PSFCH. 
Proposal 1: In SL-U, LBT needs to be performed before each transmission on sidelink including PSSCH, PSCCH and PSFCH.
2.2 Usage of LBT failure indication
In RAN2#119-e meeting, RAN2 has achieved the following agreement. 
	· 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. 



We think besides the support of consistent LBT failure detection and recovery, there are other usage of the LBT failure indication, i.e., handling of counters and timers. Actually in NR-U, if the transmission is not performed due to LBT failure, some counters may not be increased and some timers may not be started/stopped. 
When it comes to SL-U, similar principle should apply. For CG, we have already introduced sl-MaxTransNum to control the number of transmissions and upon reaching the maximum value, UE needs to flush the HARQ buffer. Therefore in Rel-18, we need to discuss whether the transmission number is incremented or not when LBT failure happens. In addition, with the introduction of SL DRX, quite many timers are maintained in MAC and upon reception of LBT failure indication, some timers may not be (re-)started while some timers may need to be (re-)started regardless of LBT failure. So from this perspective, the acknowledgement of the LBT outcome is necessary to the MAC layer and the LBT failure indication needs to be indicated to MAC for other purposes. 
Proposal 2: In SL-U, LBT failure indication is provided from lower layer to MAC layer to maintain the timers and counters.
2.3 SL-specific consistent LBT failure recovery 
Even though the granularity of SL-specific consistent LBT failure detection cannot be determined for now, we can try to discuss some general rules for SL-specific consistent LBT failure recovery in SL-U. In NR-U, if consistent LBT failure is detected on SpCell, the UE switches to another BWP that has not triggered consistent LBT failure and initiates RACH. If consistent LBT failure is detected on SCell or SpCell and not cancelled, UE triggers consistent LBT failure report to the network to indicate the serving cell that occurred consistent LBT failure.  
For UEs operating in mode 2, there were some proposals to support autonomous switching to other set of resources if SL-specific consistent LBT failure is detected. However we think it is too early to agree with this proposal since whether we can have this autonomous switching or not depends on the granularity of SL-specific consistent LBT failure detection. For example, if we finally agree per BWP granularity for SL-specific consistent LBT failure detection, then when SL-specific consistent LBT failure happens, since only one BWP is configured for SL, the UE has no chance for autonomous recovery. So we think we should not start the discussion on autonomous switching before we determine the granularity of SL-specific consistent LBT failure detection.
Proposal 3: RAN2 does not agree to support autonomous switching for SL-specific consistent LBT failure recovery before we determine the granularity of SL-specific consistent LBT failure detection. 
In last RAN2 meeting, it was agreed that a mode-2 UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure to the gNB.
Agreements on mode 2 UE in RRC connected
1: 	In SL-U, support the mechanism that a mode-2 UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure to the gNB.

Regarding the detailed design of the SL-specific consistent LBT failure report, there was some discussion last meeting and a majority of companies support to reuse the NR-U mechanism, i.e., consistent LBT failure MAC CE. We also support to agree with this general concept and leave the detailed content design which depends on the granularity of SL-specific consistent LBT failure detection as FFS. 
Proposal 4: In SL-U, the MAC CE based signalling can be supported to signal the SL-specific consistent LBT failure to the gNB. FFS the detailed design of this MAC CE.
In NR-U, a dedicated SR configuration was introduced for consistent LBT failure reporting. The motivation is to assist the network to acknowledge the occurrence of consistent LBT failure through the dedicated SR resource and then recover accordingly. Similarly, since we have already agreed to support the report of SL consistent LBT failure to the network for UE operating in both mode 1 and RRC_CONNECTED mode 2, in case there is no resource available upon triggering of the report, SR needs to be triggered to request uplink resource. Therefore RAN2 needs to discuss whether to define a dedicated SR configuration for SL consistent LBT reporting. 
Proposal 5: RAN2 to discuss the SR configuration associated with SL consistent LBT failure reporting.
2.4 Cancellation of SL-specific consistent LBT failure 
In NR-U, UE needs to cancel the consistent LBT failure on the serving cells if any in the following cases. 
· Case 1: upon deactivation of the SCell, cancel, if any, triggered consistent LBT failure for the SCell.
· Case 2: upon MAC reset, cancel, if any, triggered consistent LBT failure
· Case 3: upon reception of a PDCCH for BWP switching, cancel, if any, triggered consistent LBT failure for this Serving Cell
· Case 4: upon successful transmission of the consistent LBT failure MAC CE, cancel all the triggered consistent LBT failure(s) in SCell(s) for which consistent LBT failure was indicated 
· Case 5: upon complete of RACH on the SpCell which has triggered consistent LBT failure, cancel all the triggered consistent LBT failure(s) in the SpCell
· Case 6: upon reconfiguration of the consistent LBT failure related parameters for this serving cell, cancel all the triggered consistent LBT failure(s) in this serving cell
When it comes to SL-U, generally we should reuse the NR-U cancellation mechanism as much as possible. However since we have not determined the granularity of SL-specific consistent LBT failure detection as well as the configuration granularity of the parameters used for SL-specific consistent LBT failure detection, it seems too early to agree with some of the cancellations. However, we think at least the first two cancellation conditions which are not related to any other open issues can be discussed and agreed. 
Proposal 6: In SL-U, the SL-specific consistent LBT failure is cancelled in the following cases. FFS other cancellation cases. 
· Case 1: upon deactivation of the serving cell, cancel, if any, triggered SL-specific consistent LBT failure for the serving cell.
· Case 2: upon MAC reset, cancel, if any, triggered SL-specific consistent LBT failure
2.5 LBT impact on SL-RLF
In Rel-16, we have introduced HARQ-based Sidelink RLF detection which is used to detect Sidelink RLF based on a number of consecutive DTX on PSFCH reception occasions for a PC5-RRC connection. UE maintains a variable which needs to be incremented by 1 in case PSFCH reception is absent on the PSFCH reception occasion and upon this variable reaching the maximum number, HARQ-based Sidelink RLF is detected.  
When it comes to SL-U, with the impact of LBT, PSFCH may be not available due to LBT failure, without the knowledge of the reason for the absent of PSFCH, UE may increase the variable blindly and SL-RLF may be triggered frequently especially when the channel conditions are not good or the sl-maxNumConsecutiveDTX is configued with a relatively low value, i.e., as small as 1. Therefore, we think some additional mechanism needs to be introduced to assist the UE to distinguish between LBT failure and real PSFCH absent to overcome the LBT impact on HARQ-based Sidelink RLF.
Acually there was some discussion on this issue in last RAN2 meeting. Some companies think if LBT failure granularity is per resource pool, the UE may switch to the different resource pool to avoid frequent HARQ feedback transmission failure. However we think this issue is independent with the granularity of consistent LBT failure since the detection of consistent LBT failure is for the “transmission side” but actually the receiving UE which provides the corresponding HARQ feedback may have no data transmission requirement, in which case the consistent LBT failure may not be triggered at all. Besides, some candidate solutions were proposed, 
· LBT based solution: TX UE performs LBT for the reception of HARQ feedback and dependent on the result of the LBT, the UE increases or suspends the counter value. However, this solution will introduce additional complexity on UE implementation since the UE needs to perform LBT even there is no transmission requirement which is unnecessary. In addition, this solution may not be accurate enough since LBT failure detection on TX UE side does not mean LBT failure in RX UE due to hidden node problem. 
· Multiple PSFCH based solution: single PSSCH transmission is associated with multiple PSFCH resources and the TX UE increases the counter when it fails to detect the HARQ feedback on all the associated PSFCH resources. However the support of multiple PSFCH resource is still under discussion in RAN1. 
· RSSI/CBR based solution: take the measured RSSI/CBR into account when determining whether to increase the counter or not. The existing RSSI/CBR measurement result can more or less reflect the channel condition, which can be used as a reference to estimate whether the absent of PSFCH is due to LBT failure or real RLF, i.e., when the measurement RSSI/CBR is above a threshold, UE does not increase the counter upon detection of no HARQ feedback on the PSFCH resource. 
Among all the proposed candidates, multiple PSFCH based solution is the most straightforward solution and has the least spec impact, however since the details are still pending RAN1 discussion, it is too early for RAN2 to make such decision, but at least RAN2 shall agree to further investigate how to overcome the LBT impact on HARQ-based Sidelink RLF.
Proposal 7: RAN2 to discuss how to overcome the LBT impact on HARQ-based Sidelink RLF.
[bookmark: OLE_LINK6]2.6 LBT impact on PUCCH reporting
Based on current specification, TX UE operating in mode 1 and configured with PUCCH resource needs to provide corresponding HARQ feedback to the network for the PSSCH transmission if PUCCH is configured. 
In SL-U, for SL transmissions on dynamic SL grant or configured SL grant, if the initial transmission and retransmissions are not transmitted due to LBT failure, in order to request further scheduled retransmissions from the network, TX UE needs to provide NACK on PUCCH if PUCCH is configured. If at least one of the initial transmission and retransmissions is transmitted successfully, TX UE provides the HARQ feedback on PUCCH based on the received PSFCH for HARQ-enabled packet and based on UE implementation for HARQ-disabled packet as in legacy. 
Proposal 8: For SL transmissions on DG or CG, if the initial transmission and retransmissions are not transmitted due to LBT failure, TX UE provides NACK on PUCCH if configured.
Another case is for scheduled retransmission, if all the three retransmissions are not transmitted due to LBT failure, TX UE needs to provide NACK on PUCCH to require the following scheduled retransmissions.
Proposal 9: For scheduled SL HARQ-enabled retransmission, if all the retransmissions are not transmitted due to LBT failure, TX UE provides NACK on PUCCH if configured.
2.7 LBT impact on CSI/IUC reporting 
Based on current specification, CSI reporting/IUC reporting is required to be transmitted within a configured latency if triggered and is cancelled as long as the CSI MAC CE/IUC MAC CE is generated. However, if the corresponding MAC PDU is not transmitted due to LBT failure, how to handle the out of date CSI/IUC information should be discussed. Actually in NR-U, there was some similar discussion on BSR/PHR and the final conclusion is to leave to UE implementation to handle. 
	NOTE 3:	If a HARQ process is configured with cg-RetransmissionTimer and if the PHR is already included in a MAC PDU for transmission on configured grant by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the PHR content.
NOTE 5:	If a HARQ process is configured with cg-RetransmissionTimer and if the BSR is already included in a MAC PDU for transmission on configured grant by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the BSR content.



If we follow the NR-U principle, there is no need to define any specified solutions for this case and how to handle the out of date CSI/IUC information can be up to UE implementation. The CSI/IUC reporting should be cancelled as long as the CSI MAC CE/IUC MAC CE is generated regardless of the LBT outcome.
Proposal 10: How to handle the out of date CSI/IUC information due to LBT failure is up to UE implementation.
Proposal 11: CSI/IUC reporting should be cancelled as long as the CSI MAC CE/IUC MAC CE is generated regardless of the LBT outcome.
2.8 Configured grant enhancement
[bookmark: OLE_LINK9]In Rel-16 NR-U, autonomous retransmission on CG was introduced to cope with the dynamic scheduling latency due to LBT since both the network and UE work on unlicensed spectrum. RAN2 defined cg-RetransmissionTimer (CGRT) to enable the UE to perform autonomous retransmission on the following configured grant upon expiry of the CGRT. However, in order to limit the number of retransmissions, CGRT needs to co-operate with the configuredGrantTimer (CGT), i.e., the value of the CGRT is shorter than the value of the CGT and autonomous retransmission is only allowed before the expiry of the CGT. In addition, to enable immediate retransmission on the following grant, asynchronous HARQ was supported, i.e., UE selects HARQ process among the configured HARQ process by implementation. 
Observation 1: In NR-U, autonomous retransmission is supported with CGRT defined and asynchronous HARQ supported. 
When it comes to SL-U, whether to support CGRT and autonomous retransmission needs to be discussed. Actually in R16/17 SL, three transmission opportunities are configured for a certain HARQ process within the same CG period. This can be considered as some kind of autonomous retransmission but at most two retransmissions are supported since cross CG period retransmission is not allowed. In addition, we have already agreed to not support CGT in SL in R16. As mentioned above since CGRT works on top of CGT, it remains unclear how to support CGRT without the configuration of CGT and the corresponding UE operation on CG may be impacted compared to the legacy. Another argument to not support CGRT is that in SL-U, the network will work on licensed band, which means the gNB can initiate a dynamic SL retransmission without any impact from LBT, so the requirement to support autonomous retransmission is not that fierce and UE can just rely on the scheduled dynamic retransmission if needed. 
[bookmark: OLE_LINK10]However, we slightly have some different understanding, even there is no CGT configured in SL, we can still rely on the maximum transmission number i.e., SL-CG-MaxTransNum-r16, which actually has the same functionality as CGT since in NR-U autonomous retransmission is only allowed before the expiry of the CGT. Therefore, if CGRT is defined, it can work on top of the maximum transmission number to limit the allowed number of retransmission. 
Observation 2: In SL-U, CGRT can work on top of the maximum transmission number to limit the allowed number of retransmission. 
Besides, the scheduled dynamic retransmission is not friendly to delay-sensitive service with restrictive PDB considering the processing time of the TX UE to provide HARQ feedback and the network to allocate corresponding grant. Therefore, if CG occasions come earlier than the scheduled DG, UE can benefit from the retransmissions on CG and may not need to require further scheduled retransmission from the network in case the transmission is ACKed by the peer UE. 
Observation 3: Autonomous retransmission on CG is beneficial especially to delay-sensitive service with restrictive PDB. 
However as mentioned above, currently at most two retransmission opportunities on CG are supported, if more retransmissions on CG are allowed, asynchronous HARQ needs to be supported, i.e., UE selects HARQ process among the configured HARQ process by implementation. 
Proposal 12: RAN2 to discuss the support of CGRT and asynchronous HARQ in SL-U.
3	Conclusion		
In this contribution, we discussed about LBT for sidelink operation on unlicensed spectrum and provide corresponding observations and proposals:
Proposal 1: In SL-U, LBT needs to be performed before each transmission on sidelink including PSSCH, PSCCH and PSFCH.
Proposal 2: In SL-U, LBT failure indication is provided from lower layer to MAC layer to maintain the timers and counters.
Proposal 3: RAN2 does not agree to support autonomous switching for SL-specific consistent LBT failure recovery before we determine the granularity of SL-specific consistent LBT failure detection. 
Proposal 4: In SL-U, the MAC CE based signalling can be supported to signal the SL-specific consistent LBT failure to the gNB. FFS the detailed design of this MAC CE.
Proposal 5: RAN2 to discuss the SR configuration associated with SL consistent LBT failure reporting.
Proposal 6: In SL-U, the SL-specific consistent LBT failure is cancelled in the following cases. FFS other cancellation cases. 
· Case 1: upon deactivation of the serving cell, cancel, if any, triggered SL-specific consistent LBT failure for the serving cell.
· Case 2: upon MAC reset, cancel, if any, triggered SL-specific consistent LBT failure
Proposal 7: RAN2 to discuss how to overcome the LBT impact on HARQ-based Sidelink RLF.
Proposal 8: For SL transmissions on DG or CG, if the initial transmission and retransmissions are not transmitted due to LBT failure, TX UE provides NACK on PUCCH if configured.
Proposal 9: For scheduled SL HARQ-enabled retransmission, if all the retransmissions are not transmitted due to LBT failure, TX UE provides NACK on PUCCH if configured.
Proposal 10: How to handle the out of date CSI/IUC information due to LBT failure is up to UE implementation.
Proposal 11: CSI/IUC reporting should be cancelled as long as the CSI MAC CE/IUC MAC CE is generated regardless of the LBT outcome.
Observation 1: In NR-U, autonomous retransmission is supported with CGRT defined and asynchronous HARQ supported. 
Observation 2: In SL-U, CGRT can work on top of the maximum transmission number to limit the allowed number of retransmission. 
Observation 3: Autonomous retransmission on CG is beneficial especially to delay-sensitive service with restrictive PDB. 
Proposal 12: RAN2 to discuss the support of CGRT and asynchronous HARQ in SL-U.
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