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1	Introduction
[bookmark: _GoBack]In RAN plenary #96 meeting, a revised WID [1] for NR sidelink evolution was approved and the following objective was provided on sidelink on unlicensed spectrum:
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
· [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.
· 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
In this contribution, we would like to provide our views on LBT for sidelink operation on unlicensed spectrum and have corresponding proposals.
2	Discussion
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.
LBT failure indication
In addition, as highlighted above, in NR-U, if LBT is performed and fails, the PHY layer needs to provide the LBT failure indication to MAC layer. This is because there are many counters/timers maintained in MAC and if the transmission is not performed due to LBT failure, some counters may not be increased and some timers may not be started/stopped. Therefore the acknowledgement of the LBT outcome is necessary to the MAC layer. However, RAN2 only agreed with the LBT failure indication, i.e., upon no reception of LBT failure indication, MAC considers this transmission is successfully performed. When it comes to SL-U, we think similar indication from lower layer should also be introduced in order to assist the MAC layer to handle corresponding timers/counters. 
Proposal 2: In SL-U, LBT failure indication is provided from lower layer to MAC layer when LBT failure is detected in lower layer.
Consistent LBT failure detection and recovery
In NR-U, the concept of consistent LBT failure was introduced and some specific handling on the detection as well as the recovery of consistent LBT failure was defined to avoid consistent LBT failures eventually leading to RLF. From the UE’s perspective, upon reception of LBT failure indication, UE increases the counter and start/restart the LBT failure detection timer. When the counter reaches the maximum configured value, consistent LBT failure is triggered. Regarding the recovery procedure, if consistent LBT failure is detected on SpCell, UE needs to switch the active UL BWP to a UL BWP configured with PRACH occasion and for which consistent LBT failure has not been triggered to initiate RACH. While if consistent LBT failure is detected on SCells, UE can rely on the consistent LBT failure MAC CE to indicate the network the failed cells. In SL-U, firstly RAN2 needs to discuss whether the concept of consistent LBT failure should be inherited or not. From our point, we support to adopt this mechanism including both detection and recovery in SL in order to avoid the impact on SL communication due to frequent LBT failure. 
Proposal 3: In SL-U, RAN2 confirms consistent LBT failure detection and recovery is supported. 
To support consistent LBT failure detection and recovery in SL-U, we can reuse the framework in NR-U as much as possible. In NR-U, a “threshold” for the maximum number of LBT failures which triggers the consistent LBT failure event is defined. Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens. The timer is started/restarted when UL LBT failure occur. In SL-U, similar parameters can be adopted for consistent LBT failure detection, i.e., the maximum number threshold and LBT failure detection timer. In addition, a counter needs to be introduced and increments once SL LBT failure happens. Considering at the start of this WI, we can just agree with the general concept for now, the detailed maintenance of the timer and counter and how to configure the timer and threshold can be further studied. 
Proposal 4: In SL-U, define a threshold of the maximum number of LBT failures and a timer for consistent LBT failure detection. FFS the detailed configuration of the threshold and timer. 
Proposal 5: In SL-U, introduce a counter to increment once LBT failure happens for consistent LBT failure detection. FFS the detailed maintenance of the counter and timer. 
However, compared with Uu, some different handling regarding consistent LBT failure detection and recovery is also needed. In NR-U, LBT failure is detected per BWP and BWP switching is supported. In this case, when consistent LBT failure is triggered, UE can switch BWP on SpCell autonomously or indicate the failure to network and rely on network to switch the BWP on SCells. However, in SL-U, RAN1 has already agreed only one BWP is allowed to be (pre-)configured within a carrier which means if the granularity of consistent LBT failure is still per BWP, then upon detection of consistent LBT failure in SL-U, there is no chance to switch the BWP to recovery. 
	SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported



Observation 1: In SL-U, it is not reasonable to detect LBT failure per BWP since only one BWP is supported to be configured on a carrier. 
Actually the major difference between SL and Uu is in SL, multiple SL resource pools are supported to be configured on the BWP and all the SL transmissions are performed on the resources within the resource pools. In this case, it seems more reasonable to detect the LBT failure per resource pool, which means UE counts LBT failures for all SL transmissions performed on a certain resource pool no matter of which destination the SL transmission is targeted at, and upon the counter reaching the maximum configured value, consistent LBT failure is triggered on this resource pool. 
Another alternative is to detect the LBT failure per source and destination L2 ID pair for unicast or per destination L2 ID for broadcast/groupcast. For this option, UE counts LBT failure for all SL transmissions targeted at a certain destination no matter in which resource pool the SL transmission is performed, and upon the counter reaching the maximum configured value, consistent LBT failure is triggered for this destination. Therefore, we suggest RAN2 to discuss and down select between these two alternatives for the granularity of LBT failure detection in SL-U.
Proposal 6: In SL-U, RAN2 discuss and select between the following two alternatives for consistent LBT failure detection. 
· Alternative 1: LBT failure is detected per resource pool
· Alternative 2: LBT failure is detected per Destination L2 ID
Regarding recovery from consistent LBT failure, some specific handling is also needed for SL-U. For UEs operating in mode 2, resource (re)selection on other resource pools may be needed if LBT failure is detected per resource pool. In addition, for UEs operating in RRC connected including both mode 1 and mode 2, some information to the network to assist the network to recover the UE from consistent LBT failure is needed and the concept of consistent LBT failure MAC CE can be reused to indicate the failed resource pools or Destination L2 IDs. Since the detailed design of this MAC CE depends on the granularity of consistent LBT failure detection, we can discuss this in detail later when we have conclusion on the above proposal. 
Proposal 7: In SL-U, resource reselection on other resource pools is needed to recovery from consistent LBT failure for UEs operating in mode 2.
Proposal 8: In SL-U, reuse the concept of consistent LBT failure MAC CE to inform the network when consistent LBT failure is detected for UEs operating in RRC connected mode. FFS the detailed design of this MAC CE.
LBT impact on DRX operation
During Rel-17, SL DRX feature was introduced for unicast, groupcast and broadcast and sl-drx-HARQ-RTT-Timer was defined for unicast and groupcast during which time UE is allowed to fall asleep if there is no other active timer running. Based on TS 38.321 [2], this timer is started in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback or in the slot following the end of PSSCH transmission under different conditions. 
	3>	if PSFCH resource is configured for the SL grant associated to the SCI:
4>	if HARQ feedback is enabled by the SCI and the cast type indicator in the SCI is set to unicast; or
4>	if HARQ feedback is enabled by the SCI and the cast type indicator in the SCI is set to groupcast and positive-negative acknowledgement is selected;
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback; or
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource for the SL HARQ feedback when the SL HARQ feedback is not transmitted due to UL/SL prioritization;
4>	if HARQ feedback is enabled by the SCI and the cast type indicator in the SCI is set to groupcast and negative-only acknowledgement is selected;
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback; or
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource for the SL HARQ feedback when the SL HARQ feedback is not transmitted due to UL/SL prioritization; or
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource for the SL HARQ feedback when the SL HARQ feedback is a positive acknowledgement.
4>	if HARQ feedback is disabled by the SCI and the resource(s) for one or more retransmission opportunities is not scheduled in the SCI:
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the slot following the end of PSFCH resource.
4>	if HARQ feedback is disabled by the SCI and the resource(s) for one or more retransmission opportunities is scheduled in the SCI:
5>	start the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the slot following the end of PSSCH transmission (i.e., currently received PSSCH).



Then the next issue is when PSFCH transmission or PSSCH transmission is blocked by LBT, whether this timer should be started or not? Since either the network (mode 1) or the TX UE (mode 2) will schedule this UE for retransmission in subsequent resource, if this timer is not started, sl-drx-RetransmissionTimer will not be started. In that case the UE may fall asleep if there is no other active timer running and miss the subsequent retransmmissions. To avoid this issue and also aligned with NR-U, this timer should be started regardless of LBT outcome.
Proposal 9: In SL-U, sl-drx-HARQ-RTT-Timer is started regardless of LBT outcome of PSFCH transmission and PSSCH transmission.
3	Conclusion
In this contribution, we discussed about LBT for sidelink operation on unlicensed spectrum and provide corresponding observation and proposals:
Observation 1: In SL-U, it is not reasonable to detect LBT failure per BWP since only one BWP is supported to be configured on a carrier. 
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 when LBT failure is detected in lower layer.
Proposal 3: In SL-U, RAN2 confirms consistent LBT failure detection and recovery is supported. 
Proposal 4: In SL-U, define a threshold of the maximum number of LBT failures and a timer for consistent LBT failure detection. FFS the detailed configuration of the threshold and timer. 
Proposal 5: In SL-U, introduce a counter to increment once LBT failure happens for consistent LBT failure detection. FFS the detailed maintenance of the counter and timer. 
Proposal 6: In SL-U, RAN2 discuss and select between the following two alternatives for consistent LBT failure detection. 
· Alternative 1: LBT failure is detected per resource pool
· Alternative 2: LBT failure is detected per Destination L2 ID
Proposal 7: In SL-U, resource reselection on other resource pools is needed to recovery from consistent LBT failure for UEs operating in mode 2.
Proposal 8: In SL-U, reuse the concept of consistent LBT failure MAC CE to inform the network when consistent LBT failure is detected for UEs operating in RRC connected mode. FFS the detailed design of this MAC CE.
Proposal 9: In SL-U, sl-drx-HARQ-RTT-Timer is started regardless of LBT outcome of PSFCH transmission and PSSCH transmission.
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