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[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk85390381][bookmark: _Hlk92533704]In NR-U, gNB/UE performs channel access procedures as described in [1], and may apply Listen-Before-Talk (LBT) before performing a transmission on a cell configured with shared spectrum channel access. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy and performs transmission only if the channel is sensed free. 
With LBT operations also applied to SL-U, in this contribution, we investigate potential RAN2 aspects for SL-U, mainly due to LBT over NR sidelink.

Discussion
Consistent LBT failure handling
LBT is channel sensing method based on energy detection. When NR-U is deployed, the surrounding environment may include not only intra-system equipment, but also inter-system equipment, e.g. WiFi, Bluetooth equipment. If the density of equipment in the environment is high, NR-U UE may consistently fail to access the channel. Therefore, the concept of consistent LBT failure was introduced in NR-U. The two major issues regarding the handling of consistent LBT failure in NR-U are the consistent LBT failure Detection and consistent LBT failure Recovery. 
In SL-U, since the UEs also possibly face the LBT failure for its SL transmission, it is straightforward to support the consistent LBT failure detection and consistent LBT failure recovery procedure as well. From the modeling perspective, these two aspects are both specified in the MAC layer for NR-U and this should also be inherited to SL-U as well.
Proposal 1 Support consistent LBT failure detection and recovery procedure for SL-U. Same as NR-U, it is the MAC entity that performs SL consistent LBT failure detection and recovery procedure. 
Below, the discussions were carried out regarding how these two aspects should be designed for SL-U from RAN2 perspective.
· [bookmark: _Hlk115360866]Consistent LBT failure Detection in SL-U
Consistent LBT failure detection in NR-U is based on the interaction between the physical layer and the MAC entity. In the beginning, UE receives uplink BWP configuration which includes consistent LBT failure detection related parameters, i.e. lbt-FailureInstanceMaxCount and lbt-FailureDetectionTimer. Upon uplink transmission, a MAC counter is used for the consistent LBT failure detection procedure, i.e. LBT_COUNTER (per Serving Cell). When the UE fails to access the channel before a transmission, the physical layer indicates LBT failure to the MAC entity. The MAC entity starts or restarts the lbt-FailureDetectionTimer and increment LBT_COUNTER by 1 then. If LBT_COUNTER >= lbt-FailureInstanceMaxCount, consistent LBT failure for the active UL BWP is triggered for this Serving Cell. 
For SL-U, similar consistent LBT failure detection procedure can be reused without much change needed from the MAC perspective.
Proposal 2 Reuse the consistent LBT failure detection mechanism in NR-U as the baseline for SL-U, including:
· introducing the RRC parameters for SL consistent LBT failure detection (e.g. sl-LBT-FailureInstanceMaxCount and sl-LBT-FailureDetectionTimer); 
· introducing related counter (e.g. SL_LBT_COUNTER) to record the accumulative times of SL LBT failure indications from the lower layers;
· reusing the same procedures for timer and counter handling as in 5.21.1 in MAC Spec for the SL-U carrier.
There may also be potential gap compared with NR-U, when consistent LBT failure detection is applied in SL-U. For example, the resource granularity for LBT failure indication in SL may be different from that in UL. According to RAN1#109-e [2], the following agreement is made.
	RAN1#109-e (May 9th – 20th, 2022)
Agreement
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


From the above RAN1 agreements, we can observe that the resource granularity for LBT failure indication in SL may possibly be per RB set, per resource pool, or per carrier[footnoteRef:1]. Different resource granularities for LBT failure indication may further lead to different granularities based on which MAC entity performs consistent LBT failure detection/recovery procedure. Therefore, we suggest to ask RAN1 about the resource granularity for LBT failure indication in SL. [1:  Since only one SL BWP is (pre-)configured within a SL-U carrier, “per BWP” is mostly the same as “per carrier” from our perspective.] 

Proposal 3 Ask RAN1 in which granularity the LBT failure indication is provided to the MAC layer (e.g. per RB set, per resource pool, per SL-U carrier (only if PC5 CA is supported), etc.). 
· Consistent LBT failure Recovery in SL-U
In NR-U, once consistent LBT failure is triggered, the UE may attempt to recover from it. If consistent LBT failure is triggered and not cancelled, the UE instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE. If consistent LBT failure is triggered in SCell, UE report the LBT failure MAC CE; if it is triggered in SpCell, UE may perform UL BWP switching and initiate a Random Access Procedure, trigger SCG failure report (for PSCell) or RLF (for PCell).
Regardless of which resource granularity for LBT failure indication is determined, we can take a first look into the general rules of how consistent LBT failure may affect a Mode-1 UE or Mode-2 UE.
According to the current WID description [3], SL-U UE is scheduled by gNB in licensed band. For a Mode-1 UE, the SL resources can be provided by dynamic grants or configured grants. Once the consistent LBT failure is triggered and not cancelled, the UE can report to the gNB in the Uu carrier, so that the gNB can schedule other SL resources for which consistent LBT failure is less likely to be triggered to the UE, or make possible adjustment for the SL resource configurations. This is similar to the motivation that NR-U introduces LBT failure reporting by MAC CE to the gNB, when consistent LBT failure is triggered in SCell.
Proposal 4 For a Mode-1 UE, similar to the consistent LBT failure recovery procedure for SCell in NR-U, the UE indicates the consistent LBT failure on the SL-U carrier to the gNB, if there is consistent LBT failure triggered and not cancelled in SL. FFS on the specific signaling design for such indication.
Proposal 5 It is up to gNB implementation on how to perform consistent LBT failure recovery for a mode-1 UE based on the UE indication in P4.
In contrast, there may not be much motivation for a Mode-2 UE to intentionally enter RRC-CONNECTED state to report consistent LBT failure, as long as an consistent LBT failure is triggered. Based on the granularity for LBT failure indication, an obvious solution for Mode-2 UE to recover from consistent LBT failure is to switch to another “set of SL resources” for which consistent LBT failure has not been triggered, which is similar to what UE behaves upon detection of consistent LBT failure in an SpCell. The such a “set of SL resources” for such autonomous switching should be the same as the granularity for LBT failure indication, which is also pending RAN1 discussion.
Proposal 6 For a Mode-2 UE, when consistent LBT failure is triggered and not cancelled on a “set of SL resources”, the UE can autonomously switch to another set of SL resources for which consistent LBT failure has not been triggered. FFS on the granularity of the “set of SL resources” for such autonomous switching (i.e. same as the granularity for consistent LBT failure detection in P3).
When consistent LBT failure is triggered in SCell or SpCell in NR-U, there are several conditions to cancel all the consistent LBT failure(s) from recovery perspective, i.e. upon LBT failure MAC CE successfully transmitted, RACH is completed or lbt-FailureRecoveryConfig is reconfigured by upper layers for a Serving Cell. 
Considering the above analysis for Proposal 4-6 in SL-U, the consistent LBT failure recovery procedures may be different for Mode-1 UE and Mode-2 UE. Therefore, we suggest RAN2 to further discuss the cancellation conditions for SL consistent LBT failure, taking into account the specific signaling design for SL consistent LBT failure indication for Mode-1 and autonomous SL resource switching for Mode-2. 
Proposal 7 RAN2 to further discuss the cancellation conditions for SL consistent LBT failure, taking into account the specific SL LBT recovery procedure to be designed for Mode-1 and Mode-2 respectively.
CG retransmission
In Rel-15, using CG transmission opportunities to perform HARQ retransmission is not supported. When the initial transmission of the CG is completed, the UE will start configuredGrantTimer. If the UE has not received a dynamic scheduling from the gNB for a retransmission of a given TB before the configuredGrantTimer expires, the UE will consider that the TB previously transmitted by the configured grant was successfully received by the gNB after the configuredGrantTimer expiry. Then, the UE will use further configured grant for new transmissions.
In Rel-16 NR-U, CG retransmission mechanism was introduced. Specifically, this mechanism intends to cope with two use cases. One of the use cases is that due to the gNB’s LBT failure, the UE cannot receive the DL feedback or CS-RNTI scheduling from the gNB for an earlier new transmission performed on CG resources. To cope with this use cases, RAN2 introduced cg-RetransmissionTimer (cg-RT) co-working with the configuredGrantTimer (CGT) to enable the UE to perform retransmission for that new transmission on future CG transmission opportunities. The other use case is that the HARQ process instructs the lower layer to perform a new transmission on a CG transmission opportunity, but due to LBT failure, the TB was not really transmitted in L1. To deal with this case, RAN2 introduced HARQ process pending status, based on which retransmission via future CG transmission opportunities is also enabled.
In SL-U, we may consider to apply such NR-U design as well, since this design stems from the occurrence of LBT failure on the unlicensed carrier. Since there is also LBT failure happing in SL, the two UEs communicating with each other may also suffer from the lack of PSFCH transmission due to LBT failure, as well as the LBT failure that prevents the transmission of a TB from really being performed in L1. However, there would be some differences between SL design and Uu design when we decide the feasibility to apply this NR-U mechanism into SL. For example, in legacy SL, there is no SL CGT, but there was sl-MaxTransNum introduced to realize similar function as CGT. For new transmission on SL CG resource, when the total number of (re)transmissions of the related MAC PDU has reached sl-MaxTransNum, this MAC PDU is assumed to be successfully received. the UE will then flush the HARQ buffer of the associated Sidelink process. But whether this sl-MaxTransNum can completely take the role of CGT, if SL CG retransmission is introduced, may needs further investigation. As another example, SL has both mode-1 SL CG and mode-2 resource reservation, which share similar natures. Whether to apply this CG retransmission mechinism to both cases should also be considered by RAN2. 
In a word, we suggest RAN2 to first confirm the benefit and necessity to support an NR-U-like CG retransmission mechanism for SL-U. If RAN2 finally decide to support such a feature for SL-U, RAN2 may further decide whether to support it for Mode-1 CG and/or Mode-2 resource reservation (i.e. applicability), and whether both use cases due to LBT failure supported in NR-U are supported in SL-U as well. .
Proposal 8 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN2 to confirm whether to support an NR-U-like CG retransmission mechanism for SL-U. 
Proposal 9 If the need is confirmed in P8, RAN2 to further discuss whether to support such CG retransmission mechanism for Mode-1 SL CG and/or Mode-2 resource reservation, and the applicable use cases such CG retransmission aims to address in SL-U.
Impact to SL DRX in SL-U
In SL-U, TX UE & RX UE should be aligned on the active/inactive time considering LBT failure. This may lead to potential impact to SL DRX design in the SL-U environment. For example, if an sl-drx-HARQ-RTT-Timer expires and if the HARQ feedback is not transmitted for unicast due to UL/SL prioritization, sl-drx-RetransmissionTimer for the corresponding Sidelink process is started as in Rel-17 NR SL. It should also be the case, if the HARQ feedback is not transmitted due to LBT failure. Therefore, we suggest RAN2 to discuss whether sl-drx-HARQ-RTT-Timer should be started when the SL HARQ feedback is not transmitted due to LBT failure. If yes, RAN2 can further discuss whether to remove the ‘due to UL/SL prioritization’ description regarding sl-drx-HARQ-RTT-Timer, which is similar to the case of drx-HARQ-RTT-TimerSL agreed in the last RAN2 meeting. 
As for the other SL DRX parameters, we can either initiate some discussion in RAN2, or wait for RAN1 on the related physical channel design to see if there is any enhancement needed.
Proposal 10 RAN2 to discuss potential impact to SL DRX due to SL LBT failure in SL-U.

Conclusion
Based on the discussion, we have the following observation and proposals:
Proposal 1 [bookmark: _Hlk115201506]Support consistent LBT failure detection and recovery procedure for SL-U. Same as NR-U, it is the MAC entity that performs SL consistent LBT failure detection and recovery procedure. 
Proposal 2 Reuse the consistent LBT failure detection mechanism in NR-U as the baseline for SL-U, including:
· introducing the RRC parameters for SL consistent LBT failure detection (e.g. sl-LBT-FailureInstanceMaxCount and sl-LBT-FailureDetectionTimer); 
· introducing related counter (e.g. SL_LBT_COUNTER) to record the accumulative times of SL LBT failure indications from the lower layers;
· [bookmark: _GoBack]reusing the same procedures for timer and counter handling as in 5.21.1 in MAC Spec for the SL-U carrier.
Proposal 3 Ask RAN1 in which granularity the LBT failure indication is provided to the MAC layer (e.g. per RB set, per resource pool, per SL-U carrier (only if PC5 CA is supported), etc.). 
Proposal 4 For a Mode-1 UE, similar to the consistent LBT failure recovery procedure for SCell in NR-U, the UE indicates the consistent LBT failure on the SL-U carrier to the gNB, if there is consistent LBT failure triggered and not cancelled in SL. FFS on the specific signaling design for such indication.
Proposal 5 It is up to gNB implementation on how to perform consistent LBT failure recovery for a mode-1 UE based on the UE indication in P4.
Proposal 6 For a Mode-2 UE, when consistent LBT failure is triggered and not cancelled on a “set of SL resources”, the UE can autonomously switch to another set of SL resources for which consistent LBT failure has not been triggered. FFS on the granularity of the “set of SL resources” for such autonomous switching (i.e. same as the granularity for consistent LBT failure detection in P3).
Proposal 7 RAN2 to further discuss the cancellation conditions for SL consistent LBT failure, taking into account the specific SL LBT recovery procedure to be designed for Mode-1 and Mode-2 respectively.
Proposal 8 RAN2 to confirm whether to support an NR-U-like CG retransmission mechanism for SL-U. 
Proposal 9 If the need is confirmed in P8, RAN2 to further discuss whether to support such CG retransmission mechanism for Mode-1 SL CG and/or Mode-2 resource reservation, and the applicable use cases such CG retransmission aims to address in SL-U.
Proposal 10 RAN2 to discuss potential impact to SL DRX due to SL LBT failure in SL-U.
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