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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
In RAN2 #119bis, the following agreements have been made regarding the LBT in SL-U. This paper will further discuss the RAN2 work on LBT aspect. 
	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.


Discussion
LBT failure
For consistent LBT failure detection and recovery, as discussed in RAN2 #119bis [504], 
	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.

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. 



the detailed recovery mechanism depends on the reply from RAN1 regarding the LBT failure indication granularity, so RAN2 should wait for RAN1 reply before further discussion on a consistent LBT failure recovery mechanism.
[bookmark: _Toc118450690]RAN2 wait for RAN1 reply of the LBT failure indication granularity before further discussing autonomous SL-specific consistent LBT failure recovery mechanism.
Besides the granularity issue which is still pending on RAN1 reply, there are some interests in other dimensions for the consistent LBT failure, and they have been also discussed during RAN2 #119bis
	[bookmark: _Hlk117677017]Proposal 3-2 (15/21): RAN2 to discuss whether to make the working assumption that SL-specific consistent LBT failure detection at per cast type/per DST/per unicast link level is not supported in Rel-18 SL-U (unless the motivation/necessity can be fully justified).

· Continue the discussion next meeting. 



During the offline discussion, the majority view is negative on the per-cast type/DST/link consistent LBT failure detection since LBT is performed per-radio resource which is common for all cast-type/DST/link, so there is no motivation for this new feature which also has some RAN1 impacts.
[bookmark: _Toc118450679]The majority view is negative on the per-cast type/DST/link consistent LBT failure detection during RAN2 #119bis discussion.
So it is preferred to follow the majority view to deprioritize the per-cast type/DST/link consistent LBT failure detection considering the benefit/feasibility of per-cast type/per-DST/per-link consistent LBT failure detection is unclear.
[bookmark: _Toc118450691]RAN2 to deprioritize the discussion on per cast type/per DST/per unicast link SL-specific consistent LBT failure detection in Rel-18 SL-U.
Irrespective of the consistent LBT failure recovery procedure, RAN2 has made an agreement on reporting the consistent LBT failure to the network.
	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.



For the FFS point on supporting mode-2 UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure to the gNB, it has benefits for both UE recovery and network control,
· For the UE, if consistent LBT failure happens, indicating the failure to network is necessary for getting assistance from the network on the recovery procedure for both Mode-1 and Mode-2, considering the BWP/resource pool…configurations are all from the network;
· For the network, getting the consistent LBT failure report from UEs is also helpful for better awareness of the radio resources status and better control of the resources.
Therefore, it is preferred also to have the consistent LBT failure indication to network for a mode-2 UE in RRC_CONNECTED.
[bookmark: _Toc118450692]Support the mechanism that a mode-2 UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure to the gNB.
Another issue has been discussed offline but no conclusion due to lack of time is which signaling can be used to carry the consistent LBT failure indication.
	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. 



As discussed in the offline discussion, whether to use MAC CE or RRC also depends on the granularity of LBT failure indication/consistent LBT failure detection considering the information to be reported, so RAN2 can wait for RAN1 reply on the granularity of LBT failure detection before making the decision on which signaling to be used.
[bookmark: _Toc118450693]RAN2 wait for RAN1 reply of the LBT failure indication granularity before further discussing the signaling (i.e., MAC CE or RRC) to be used for the consistent LBT failure indication to network.
[bookmark: _Toc114214864][bookmark: _Toc114245162][bookmark: _Toc114649503][bookmark: _Toc114750371]DRX impact
The impact on DRX comes from the following 2 reasons,
· Enhanced HARQ feedback design;
· Uncertainty on the data/HARQ feedback transmission due to LBT;
For the first aspect, RAN1 is still discussing the HARQ feedback mechanism, and whether/how to enhance the PSFCH design is still FFS.
	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




[bookmark: _Toc118450680]The impact on DRX due to PSFCH enhancement is pending on RAN1 conclusion.
For the second aspect, i.e., the LBT impact can be further separated into PSCCH/PSSCH LBT failure from the Tx side and PSFCH LBT failure from the Rx side.
In NR-U, the following agreements have been made for the DRX timer start:
	· drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with dynamic grant
· drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for PUSCH transmission with configured grant
UE starts the drx-HARQ-RTT-TimerDL after the HARQ A/N transmission opportunity irrespective of the LBT outcome



For PSSCH, if the PSSCH is not transmitted due to LBT failure, 
· seems no impact on SL-DRX (Rx UE) since the PSSCH not transmitted case may happen in the licenced band due to other reasons (e.g., ul/sl prioritization/resource reselection in case of pre-emption…), and from the Rx UE perspective, no need to differentiate the reasons, i.e., the current specification is fine.
· for Uu DRX, the impact is to mode-1 UE is: the feedback on PUCCH in case the corresponding scheduled PSSCH is not transmitted due to LBT failure impacts the RTT/Retransmission timer running, i.e., 
· for RTT timer, the issue is whether to consider impact the start of RTT timer due to PSSCH which is not transmitted due to LBT failure . According to the current specification, the start of RTT timer is not related to the PSSCH transmission status, and the PSSCH may not be transmitted as well (due to prioritization/SL DRX reason…);
· for Retransmission timer, as long as the HARQ feedback is transmitted (no matter ACK or NACK), the current DRX mechanism works well.
Therefore, according to the above analysis, no impact to Uu-DRX on the Tx UE side is identified.
[bookmark: _Toc118450681]For SL DRX, the handling of dropped PSSCH is already covered by the current specification.
[bookmark: _Toc118450682]For Uu DRX, as long as how to report HARQ feedback via PUCCH when the corresponding PSSCH is not transmitted due to LBT is defined (up to R1), the current DRX mechanism (in R2 spec) is sufficient.
[bookmark: _Toc118450694]When PSSCH is not transmitted due to LBT failure, Rx UE will (re)start sl-drx-HARQ-RTT-Timer as in legacy, no further spec change needed.
Then for PSFCH, the transmission of PSFCH may fail due to LBT failure, and the RTT/Retransmission timer starting should be discussed, i.e., whether to start RTT and corresponding Retransmission timer in case the PSFCH is not transmitted successfully due to LBT failure. However, as mentioned in Observation-1, the enhancement to SL DRX due to PSFCH enhancement is still pending on RAN1.
[bookmark: _Toc118450695]RAN2 wait for RAN1 design on PSFCH to see whether/how to enhance SL-DRX accordingly.
CG enhancement
In NR-U, the CG has been enhanced on the following 2 aspects
· CG retransmission timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”;
· UE implementation on the HARQ process id selection for the configured grant.
The CG in NR-U has been enhanced to reduce the LBT impact on the transmission by flexible performing (re)transmission.
For the CG retransmission timer, it is introduced in NR-U as an implicit “NACK HARQ feedback” in case the PDCCH cannot be transmitted. While in sidelink, in the HARQ feedback enabled case, if no ACK feedback on PSFCH is received, the UE will deliver a NACK to the corresponding sidelink process, i.e., the implicit “NACK” has been supported in the current sidelink system
	The MAC entity shall for each PSSCH transmission:
1>	if an acknowledgement corresponding to the PSSCH transmission in clause 5.22.1.3.1a is obtained from the physical layer:
2>	deliver the acknowledgement to the corresponding Sidelink HARQ entity for the Sidelink process;
1>	else:
2>	deliver a negative acknowledgement to the corresponding Sidelink HARQ entity for the Sidelink process;
<omit>


[bookmark: _Toc118450683]The implicit “NACK” feedback function via the CG retransmission timer (i.e., retransmission with explicit NACK) in NR-U is already supported in the sidelink system.
Then for the UE implementation based HARQ process ID selection, it allows the UE to perform the (re)transmission autonomously and doesn’t need to wait for the CA occasion calculated by the formulation. While in sidelink,
· On the one hand, so far the CG grant handling for sidelink is similar to Uu, i.e., the UE uses the formula to decide the CG occasion to be used, thus there seems a reason that SL-U use the flexible UE implementation on HARQ process ID determination mechanism as in NR-U to achieve consecutive transmission;
· On the other hand, since it is concluded that in SL-U, the Uu interface will work on licensed band, i.e., UE can acquire the DG grant to perform the transmission or retransmission, it seems workable if we just rely on the DG grant from the network.
So there are 2 options for the issue,
· Option 1: Reuse the flexible UE implementation on HARQ process ID determination mechanism for CG resources as in NR-U;
· Option 2: No enhancement to sidelink CG is needed, i.e., rely on DG grant.
For these 2 options, the benefit of the first option is when the CG resource occasion arrives early than the DG grant, the UE can benefit from the flexible UE implementation on HARQ process ID determination; Besides, when the CG resources are consecutive occasions, the UE may also save some LBT efforts. And when DG grant arrives, the UE can still use the DG grant for transmission or retransmission, it also gives the UE more opportunities for transmission to mitigate LBT failure impact. 
[bookmark: _Toc118450696]RAN2 discuss to support autonomous PSSCH transmission via CG resource in case of LBT failure, relying on UE-decided HARQ process selection. 

Other Misc issues
Impact on resource allocation/selection and LCP
In NR-U, besides the above impact on DRX and CG, the other MAC procedures (e.g., LCP) are quite independent with LBT. There are some discussions in NR-U on the relationship between LCP and LBT (i.e., whether to introduce the LCP restrictions considering CAPC) since the CAPC value is indicated in the UL grant, and gNB cannot control which logical channel (with which CAPC value) will be multiplexed in the MAC PDU to be transmitted via the UL grant. And in the end, no impact on LCP due to LBT is introduced. 
· On the one hand, there are some views to support the LCP restrictions considering CAPC to achieve the matching between UL grant and the MAC PDU transmitted on the grant;
· On the other hand, the timeline / implementation of LBT and LCP procedure are quite independent with each other; and since LTE LAA, there is no coupling between LCP and LBT procedure.
Therefore, in NR-U, after discussion, it is finally concluded that no impact to LCP considering CAPC is needed.
[bookmark: _Toc118450684]In NR-U/LTE-U, besides DRX and CG, the other MAC procedures (e.g., LCP) is implemented quite independently from LBT.
Then for sidelink, in legacy sidelink system, there is a set of rules for the UE to access the licensed band for transmission and reception. While in the unlicensed band, the LBT should be performed to access the shared band. In the SL-U system, the relationship between LBT and legacy sidelink MAC procedures is discussed as follows. 
Since LBT is a channel access mechanism for data transmission, the main impact on the legacy sidelink system is on the resource allocation and LCP, i.e., procedures before data transmission.
For LBT, the information includes 
1) The LBT input information, e.g., CAPC, COT information;
2) The LBT output information, i.e., LBT success or failure.
When we discuss the impact of the sidelink MAC procedures, we should first consider how/whether the additional information introduced by LBT should be considered in each step, more specifically,
Table 2 LBT information vs. sidelink procedure
	
	Mode-1 resource allocation
	Mode-2 resource selection
	LCP

	LBT input (e.g., info on COT sharing)
	No need to consider this since the mode-1 resources are from NW.
	Hard to consider since it is hard for the UE to know the information for sure considering there is a gap between resource selection and LBT operation
	Hard to consider since it is hard for the UE to know the information for sure considering there is a gap between LCP and LBT operation

	LBT output (e.g., failure, success)
	No need to consider this since the mode-1 resources are from NW.
	No need to consider this since the LBT result can only be known after LBT has been performed, i.e., shortly before data transmission, after TB generation.
	No need to consider this since the LBT result can only be known after LBT has been performed, i.e., shortly before data transmission, after TB generation.


According to the above table, the LBT result, cannot be known until the LBT has been performed, so no need to consider it before LBT, during mode 1/2 resource allocation/LCP procedure.
[bookmark: _Toc118450685]The LBT result cannot be known by the UE in advance, during resource allocation (both mode 1 and mode 2) and LCP procedure.
Then, for the LBT input information (e.g., CAPC/COT), for mode-1 resource allocation, the grant is from NW so the mode-1 resource allocation can be performed independently from LBT, i.e., seems no need for coupling mode-1 resource allocation with LBT.
For mode-2 resource selection, since LBT status on the target resource (e.g., whether it can benefit from COT sharing of the previous resource) cannot be 100% known in advance until the target resource is to be started, i.e., the information may change during that time gap, it is hard for the UE to predict accurately on the information to be used for LBT. This means it is just adding more restrictions on resource selection/LCP, yet the restrictions may not be eventually aligned with the final LBT.
[bookmark: _Toc118450686]It is hard for the UE to know the LBT input information (e.g., CAPC, COT…) for sure considering there is a gap between resource selection/LCP and performing LBT.
Besides, considering there is more flexibility in sidelink system than NR-U considering both the logical channel to be multiplexed during MAC PDU generation and the LBT input information (COT, CAPC information) may be changed in sidelink, and even in NR-U the LBT information is not considered during PDU generation, there is no need for introducing the LCP restriction considering LBT as well.
[bookmark: _Toc118450687]NR-U did not consider the LBT information during PDU generation.
So, based on the above analysis, so far we see no benefits for SL-U to consider the LBT information during mode-2 resource selection and LCP, i.e., the LBT and legacy sidelink resource selection/LCP can be performed independently.
[bookmark: _Toc118450697]RAN2 to discuss not to consider LBT impact on legacy sidelink resource selection and LCP procedure.
Impact on MAC CE 
In sidelink, there is some time sensitive MAC CEs such as request-based IUC information and CSI report, i.e., the information carried in the MAC CE may not be useful after a long latency (exceeding the latency requirement). On the other hand, the transmission on unlicensed bands introduced more uncertainty due to LBT failure. So after the MAC CE has been generated and multiplexed in a MAC PDU, it may fail to be transmitted in time.
[bookmark: _Toc118450688]After the time sensitive MAC CE (e.g., request-based IUC information and CSI report) has been generated and multiplexed in a MAC PDU, it may fail to be transmitted in time due to LBT failure.
The same issue has been discussed in NR-U for PHR and BSR MAC CE, and the conclusion is to leave it to UE implementation on how to handle this case.
	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.


[bookmark: _Toc118450689]In NR-U, is up to UE implementation to handle the outdated PHR and BSR content.
SL-U can copy the principle in NR-U, i.e., leave it to UE implementation for request-based IUC information and CSI report.
[bookmark: _Toc118450698]Up to UE implementation to handle SL MAC-CE (i.e., IUC-request, IUC-information, and CSI-report) content in case of LBT failure as in NR-U.
Conclusion
We have the following observations:
Observation 1	The majority view is negative on the per-cast type/DST/link consistent LBT failure detection during RAN2 #119bis discussion.
Observation 2	The impact on DRX due to PSFCH enhancement is pending on RAN1 conclusion.
Observation 3	For SL DRX, the handling of dropped PSSCH is already covered by the current specification.
Observation 4	For Uu DRX, as long as how to report HARQ feedback via PUCCH when the corresponding PSSCH is not transmitted due to LBT is defined (up to R1), the current DRX mechanism (in R2 spec) is sufficient.
Observation 5	The implicit “NACK” feedback function via the CG retransmission timer (i.e., retransmission with explicit NACK) in NR-U is already supported in the sidelink system.
Observation 6	In NR-U/LTE-U, besides DRX and CG, the other MAC procedures (e.g., LCP) is implemented quite independently from LBT.
Observation 7	The LBT result cannot be known by the UE in advance, during resource allocation (both mode 1 and mode 2) and LCP procedure.
Observation 8	It is hard for the UE to know the LBT input information (e.g., CAPC, COT…) for sure considering there is a gap between resource selection/LCP and performing LBT.
Observation 9	NR-U did not consider the LBT information during PDU generation.
Observation 10	After the time sensitive MAC CE (e.g., request-based IUC information and CSI report) has been generated and multiplexed in a MAC PDU, it may fail to be transmitted in time due to LBT failure.
Observation 11	In NR-U, is up to UE implementation to handle the outdated PHR and BSR content.

We have the following proposals:
Proposal 1	RAN2 wait for RAN1 reply of the LBT failure indication granularity before further discussing autonomous SL-specific consistent LBT failure recovery mechanism.
Proposal 2	RAN2 to deprioritize the discussion on per cast type/per DST/per unicast link SL-specific consistent LBT failure detection in Rel-18 SL-U.
Proposal 3	Support the mechanism that a mode-2 UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure to the gNB.
Proposal 4	RAN2 wait for RAN1 reply of the LBT failure indication granularity before further discussing the signaling (i.e., MAC CE or RRC) to be used for the consistent LBT failure indication to network.
Proposal 5	When PSSCH is not transmitted due to LBT failure, Rx UE will (re)start sl-drx-HARQ-RTT-Timer as in legacy, no further spec change needed.
Proposal 6	RAN2 wait for RAN1 design on PSFCH to see whether/how to enhance SL-DRX accordingly.
Proposal 7	RAN2 discuss to support autonomous PSSCH transmission via CG resource in case of LBT failure, relying on UE-decided HARQ process selection.
Proposal 8	RAN2 to discuss not to consider LBT impact on legacy sidelink resource selection and LCP procedure.
Proposal 9	Up to UE implementation to handle SL MAC-CE (i.e., IUC-request, IUC-information, and CSI-report) content in case of LBT failure as in NR-U.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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