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1 Introduction
[bookmark: _Hlk61519723]Revised WID of NR sidelink evolution (RP-2201938) was agreed in RAN#97e [1]. And in RAN2#119b-e [2], below agreements on user plane aspects of SL-U were made:
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.
Although consistent LBT failure depends on RAN1 reply LS, there are still other user plane issues to discuss. In this contribution, we continue to discuss user plane aspects of SL-U, including issues of LBT failure detection / recovery not dependent on RAN1 reply LS, retransmission in CG resource and SL-DRX.
Note that control plane aspects of SL-U (including further discussion of CAPC and measurement) are discussed in our companion contribution [3].
2 Discussion 
2.1 LBT failure detection and recovery
In RAN2#119b-e [2], consistent LBT failure was agreed to follow the same framework of NR-U. Meanwhile, one LS was sent to RAN1 on granularity of LBT failure notification in PHY layer. Currently, the following 2 remaining issues can be discussed before reception of RAN1 reply LS:
· FFS#1: Whether a mode-2 UE in RRC_CONNECTED can indicate SL LBT failure information to gNB
· FFS#2: Whether SL LBT failure detection can be per cast type/per DST/per unicast link level
FFS#1: Whether a mode-2 UE in RRC_CONNECTED can indicate SL LBT failure information to gNB
In our understanding, the intention to support mode-1 UE's LBT failure reporting is to allow sidelink recovery by gNB. For example, gNB may schedule the UE in another resource block (RB) or handover the UE to another cell, etc, upon reception of the failure reporting. Then, we think it is also beneficial for a mode-2 UE to report the LBT failure information to gNB because gNB can also reconfigure the resource pool or handover the mode-2 UE to another cell. 
Observation 1: It is also beneficial for a mode-2 UE to report the SL LBT failure information to gNB because gNB can also reconfigure the resource pool or handover the UE to another cell upon reception of the LBT failure information.
Thus, we propose to extend the LBT failure reporting to mode-2 UE in RRC_CONNECTED state.
Proposal 1: Support the mechanism that a mode-2 UE in RRC_CONNECTED state can indicate the SL-specific consistent LBT failure to the gNB.
FFS#2: Whether SL LBT failure detection can be per cast type/per DST/per unicast link level
No matter how RAN1 reply the LS, we don't think RAN2 need to consider such LBT failure detection per cast type/per DST/per unicast link level. Our justifications are:
1) Essentially, LBT is performed per radio resource (either BWP/Resource Pool/RB set) rather than per logical link (either DST/link/cast-type)
2) SL LBT is performed by TX UE in 20MHz BW unit (LBT bandwidth), i.e. the outcome of LBT will be same irrespective of different cast type or different DST or different unicast link level if the transmission is within same LBT bandwidth.  
3) Different from NR-U, it requires PHY to differentiate LBT failure indication in the corresponding granularity. Note that in NR-U, all uplink transmission attempts are treated equally, irrespective of physical channel, transmission type (CG vs DG), LBT type and CAPC adopted.
Observation 2: SL LBT is performed by TX UE in 20MHz BW unit (LBT bandwidth), i.e. the outcome of LBT will be same irrespective of different cast type or DST or unicast link if the transmission is within same LBT bandwidth.
Thus, we propose:
Proposal 2: SL-specific consistent LBT failure detection at per cast type/per DST/per unicast link level is not supported in Rel-18 SL-U.
Finally, in RAN2#119b-e, RAN2 also identified below 2 remaining issues:
Proposal 5-1a: For the purpose of SL-specific consistent LBT failure recovery, RAN2 may prioritize the discussion on whether/how the MAC CE based signaling can be supported to signal the SL-specific consistent LBT failure (if triggered and not cancelled) to the gNB. FFS whether RRC-based signaling is needed. FFS more details on the signaling design (e.g. content).
· Continue the discussion next meeting. 

Proposal 5-2: RAN2 to discuss whether an autonomous SL-specific consistent LBT failure recovery mechanism is needed for a mode-2 UE in SL-U.
· Continue the discussion next meeting. 
However, we think these issues highly depend on reply LS from RAN1 on LBT failure instance granularity. Specially, if the granularity of LBT failure instance is per BWP, the autonomous recovery mechanism in Proposal 5-2 can't work, and RRC based signaling in Proposal 5-1a may be sufficient because SL RLF has to be triggered upon detection of SL consistent LBT failure. Thus, we propose RAN2 to discuss these 2 issues after reception of RAN1 reply LS   
Proposal 3: RAN2 don't discuss below two remaining issues before reception of RAN1 reply LS:
· Signaling (MAC-CE vs RRC) to indicate SL consistent LBT failure towards gNB
· Whether an autonomous SL consistent LBT failure recovery mechanism is needed for mode-2 UE  
[bookmark: _Ref54102585][bookmark: _Ref54102582]2.2 Autonomous retransmission in CG resource
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Figure.1 Illustration of autonomous retransmission mechanism in NR-U
In Rel-16 NR-U, autonomous retransmission in CG resource was introduced with below main spec impacts:
· For new transmission, HARQ process ID selection is based on UE implementation, to avoid latency caused by LBT failure. 
· A new CG retransmission timer (i.e. CGRT) is introduced to work with CG timer as illustrated in Figure.1. The motivation is that gNB may not timely schedule retransmission before the CG timer expires (e.g., due to LBT failure). When CGRT expires, the UE is allowed for an autonomous retransmission without gNB grant in CG resource.
For SL-U, although WID objective restricts Uu transmission only in licensed band in this release, we think the autonomous retransmission is still useful for SL-U forward compatibility, and its specification effort is limited. Thus, we tend to reuse the similar mechanism to SL-U. However, one remaining issue is that CG timer was not introduced in NR V2X. Thus, we can't copy the whole mechanism illustrated in Figure.1 because CGRT works on top of CG timer. RAN2 need to further discuss whether to introduce CGRT in SL-U. 
Observation 3: Because CG timer was not introduced in NR V2X, the autonomous retransmission mechanism of NR-U can't be copied to SL-U because CG retransmission timer works on top of CG timer in NR-U.
Proposal 4: Introduce autonomous retransmission in CG resource similar to NR-U. FFS whether introduce CG retransmission timer in SL-U.
2.4 SL DRX
In Rel-16 NR-U, there were a lot of discussion on whether to enhance DRX (e.g. extend ON duration in case of LBT being successful in late slots). However, all these enhancements were not agreed. Finally, only below minor spec impacts were agreed:
· drx-ReTransmissionTimerDL is started after PDSCH is scheduled by non-numerical K1
· UE starts drx-HARQ-RTT-TimerUL after CG-PUSCH transmission if LBT is successful
· UE starts drx-HARQ-RTT-TimerUL after DG-PUSCH transmission irrespective of LBT outcome 
· UE starts drx-HARQ-RTT-TimerDL after HARQ A/N transmission opportunity irrespective of LBT outcome 
Observation 4: In NR-U, DRX is supported with minor spec impacts, including when to start the DRX retransmission timer and when to start the HARQ RTT timer. 
For SL DRX, we think RAN2 will have the similar discussions on 
1) Whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome. 
2) When to start drx-ReTransmissionTimerSL if non-numerical K1 is introduced by RAN1 for SL-U
Obviously, the spec effort is minor. Thus, we suggest RAN2 to support SL DRX for SL-U. And due to the limited TU in RAN2, further enhancement to SL DRX (e.g. extend the SL DRX active time due to LBT failure) should be deprioritized in this release. 
Proposal 5: SL DRX can be supported for SL-U with minor spec efforts (e.g. whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome). Further SL DRX enhancement (e.g. extend the SL DRX active time due to LBT failure) is deprioritized in this release. 
Then, we discuss the above two cases of SL DRX timer handling one by one.
1) Whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome
In current TS 38.321 [4], drx-HARQ-RTT-TimerSL 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).



In SL-U, we think the above spec doesn't need to be changed, i.e. drx-HARQ-RTT-TimerSL starts irrespective of PSFCH and PSSCH LBT outcome. The reason is that the TX UE can’t differentiate whether it is LBT failure or no transmission of PSSCH / PSFCH from the RX UE. Also, it is aligned with NR-U mechanism.
Observation 5: drx-HARQ-RTT-TimerSL starts irrespective of PSFCH and PSSCH LBT outcome because the TX UE can’t differentiate whether it is LBT failure or no transmission of PSSCH / PSFCH from the RX UE. 
Thus, we propose: 
Proposal 6: Similar to NR-U, drx-HARQ-RTT-TimerSL starts irrespective of PSFCH and PSSCH LBT outcome. 
2) When to start drx-ReTransmissionTimerSL if non-numerical K1 is introduced by RAN1 for SL-U
Because RAN1 has not concluded whether non-numerical K1 is introduced for SL-U, RAN2 can only wait RAN1 conclusion at this stage. 
Proposal 7: RAN2 postpone the discussion on when to start drx-ReTransmissionTimerSL after RAN1 conclude whether to support non-numerical K1 in SL-U.
2.4 Others
In RAN2#119b-e [2], there were some proposals of MAC impacts due to LBT/COT, including:
1) Whether LBT impacts resource selection
2) Whether COT impacts LCP
3) Whether / how LBT failure leads to SL RLF  
We prefer RAN2 to postpone these discussions because they highly depend on RAN1 conclusion. Specially,
· 1) is being discussed in RAN1. RAN2 should avoid duplicated discussion. 
· 2) depends on RAN1 final conclusion of COT mechanism. At this stage, RAN1 has not down-selected between Alt-1 and Alt-2
· 3) depends on RAN1 conclusion on granularity of LBT failure instance and multiple PSFCH occasions. For example, if per-BWP granularity is agreed in RAN1, it may be a reasonable conclusion for IDLE/INACTIVE/OOC UE to declare SL RLF upon detection of consistent LBT failure. 
Thus, we propose RAN2 to postpone these discussions.
Proposal 8: RAN2 postpone the following discussions after reception of RAN1 conclusion
· Whether LBT impacts resource selection
· Whether COT impacts LCP
· Whether / How LBT failure leads to SL RLF  
3 Conclusion
In this contribution, we further discuss RAN2 user plane aspects of SL-U. Our observations are:
Observation 1: It is also beneficial for a mode-2 UE to report the SL LBT failure information to gNB because gNB can also reconfigure the resource pool or handover the UE to another cell upon reception of the LBT failure information.
Observation 2: SL LBT is performed by TX UE in 20MHz BW unit (LBT bandwidth), i.e. the outcome of LBT will be same irrespective of different cast type or DST or unicast link if the transmission is within same LBT bandwidth.
Observation 3: Because CG timer was not introduced in NR V2X, the autonomous retransmission mechanism of NR-U can't be copied to SL-U because CG retransmission timer works on top of CG timer in NR-U.
Observation 4: In NR-U, DRX is supported with minor spec impacts, including when to start the DRX retransmission timer and when to start the HARQ RTT timer. 
Observation 5: drx-HARQ-RTT-TimerSL starts irrespective of PSFCH and PSSCH LBT outcome because the TX UE can’t differentiate whether it is LBT failure or no transmission of PSSCH / PSFCH from the RX UE. 

Based on observations, our proposals are:
Consistent LBT failure
Proposal 1: Support the mechanism that a mode-2 UE in RRC_CONNECTED state can indicate the SL-specific consistent LBT failure to the gNB.
Proposal 2: SL-specific consistent LBT failure detection at per cast type/per DST/per unicast link level is not supported in Rel-18 SL-U.
Proposal 3: RAN2 don't discuss below two remaining issues before reception of RAN1 reply LS:
· Signaling (MAC-CE vs RRC) to indicate SL consistent LBT failure towards gNB
· Whether an autonomous SL consistent LBT failure recovery mechanism is needed for mode-2 UE  
Autonomous retransmission in CG resource
Proposal 4: Introduce autonomous retransmission in CG resource similar to NR-U. FFS whether introduce CG retransmission timer in SL-U.
SL DRX
Proposal 5: SL DRX can be supported for SL-U with minor spec efforts (e.g. whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome). Further SL DRX enhancement (e.g. extend the SL DRX active time due to LBT failure) is deprioritized in this release. 
Proposal 6: Similar to NR-U, drx-HARQ-RTT-TimerSL starts irrespective of PSFCH and PSSCH LBT outcome. 
Proposal 7: RAN2 postpone the discussion on when to start drx-ReTransmissionTimerSL after RAN1 conclude whether to support non-numerical K1 in SL-U.
Others
Proposal 8: RAN2 postpone the following discussions after reception of RAN1 conclusion
· Whether LBT impacts resource selection
· Whether COT impacts LCP
· Whether / How LBT failure leads to SL RLF 
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