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[bookmark: _Ref165266342]Introduction
In this contribution, the remaining issues on RAN2 aspects for SL-U are discussed. Following chairman’s guideline on prioritizing the already discussed open issues, the issues discussed in the last meeting are first discussed in Section 2.1- 2.4, including:
· LBT impact to SL RLF impact;
· Retransmission over SL CG;
· LBT impact to resource (re)selection;
· COT sharing impacts.
Some other essential issues are identified and discussed in Section 2.5-2.7, including:
· Further issues on consistent SL LBT (C-SL-LBT) failure;
· MCSt, RAN2 aspects;
· Configuration of SL-U carriers.
Discussion
LBT impact to SL RLF impact
[bookmark: OLE_LINK6]In the last meeting, there was a discussion on how/whether to consider the LBT impact to SL RLF operation [1]: 
	Proposal 5	RAN2 is suggested to study if enhancements to the SL RLF procedure is needed due to LBT failure.

· Noted. 


The specific problem under the discussion by this proposal was “whether the LBT failure detected for the PSFCH transmission at the RX UE will lead to too frequent DTX detection at the TX UE, and accordingly lead to too frequent detection on DTX based SL RLF”. Some companies proposed to enhance the DTX based SL RLF mechanism to address this issue in the SL-U scenario.
The rationale shown by the proponents was that in the SL-U scenario, there is a higher probability for the failure of SL HARQ feedback, due to the LBT failure on PSFCH, not only caused by other UEs performing SL-U but resulting from UEs communicating in other RATs on the unlicensed band (e.g. WiFi). This looks reasonable at a first glance. However, it should also be noted that RAN1 is discussing the multiple-PSFCH scheme which enables the RX UE to perform SL HARQ feedback for a given PSSCH reception via multiple PSFCH transmission occasions. This design is exactly motivated to alleviate the failure of SL HARQ feedback due to LBT failure on PSFCH, and keep the DTX caused by LBT failure on PSFCH at an acceptable level. With this multiple-PSFCH design from RAN1, it is difficult to say that the DTX due to LBT failure on PSFCH would really happen frequently, and is thus not that obvious to determine whether the DTX based SL RLF would still be a problem that needs to be addressed. 
Observation 1: The multiple-PSFCH mechanism under RAN1 discussion is intended to limit the probability of DTX caused by LBT failure on PSFCH at an acceptable level and may thus avoid triggering SL RLF too frequently based on DTX in SL-U.
Therefore, whether this issue on “too frequent detection on DTX based SL RLF” really matters eventually depends on the performance of the multiple-PSFCH design in RAN1. From our perspective, we think this RAN1 design is already sufficient to overcome the DTX due to LBT failure and thus directly resolve this problem for DTX based SL RLF. On the other hand, if companies in RAN2 are uncertain about whether RAN1 design is already sufficient to handle this issue, it is proposed to send LS to RAN1 for confirmation, as this is anyway related to the transmission performance on the PSFCH in SL-U that is within RAN1 expertise.
Proposal 1: RAN2 to discuss whether the DTX due to LBT failure for PSFCH transmission from the peer UE can be overcome by Multiple-PSFCH transmissions being discussed by RAN1. Send LS to RAN1 for feedback on this issue, if RAN2 cannot make a decision on this aspect.
A LS draft is provided in the Annex, and can be taken as a baseline if the necessity of sending LS is confirmed by RAN2.
[bookmark: _GoBack]Retransmission over SL CG
In the last meeting, there was the discussion on whether to support the NR-U like UE autonomously triggered retransmission over Mode-1 SL CG resources. Related discussions are cited as follows, and companies were given more time to think about it [1]:
	(modified) Proposal 16	RAN2 to down-prioritize introduction of UE autonomously triggered retransmission using mode 1 CG based one expiration of a CGRT timer in R18 (if autonomous retransmission in CG is supported).

· Noted.
Proposal 17	Introduce asynchronous HARQ to CG for SL-U.

· Noted.


In Rel-16 NR-U, CG retransmission mechanism was introduced, i.e. to allow the UE to use the new transmission opportunity of a CG to perform the retransmission of an earlier TB not having been successfully transmitted via CG. 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.
When it comes to SL-U, whether the CG retransmission mechanism can be reused remains open. For SL Mode-1, it is now specified in the WID [2] that the gNB is operating on licensed bands in this release, and has no LBT functionality; therefore, there is no such a case as in NR-U that the dynamic retransmission scheduling via the SL-CS-RNTI for an SL CG cannot reach the UE side due to gNB’s LBT failure. Therefore, applying the NR-U-like CG retransmission mechanism to SL-U Mode-1 may be weakly motivated.
Proposal 2: Do not support NR-U like CG retransmission mechanism (e.g. using CG new transmission opportunity to perform retransmission) for Mode-1 in SL-U.
Nevertheless, we see some motivations to enable the NR-U like CG retransmission mechanism for Mode-2 resource reservation operation, i.e. to enable the UE to use the new transmission opportunity of the selected grant for multiple MAC PDU transmissions to retransmit an earlier TB not having been successfully transmitted. The below two situations can motivate to enable this mechanism for Mode-2 resource reservation:
· For Mode-2, since the scheduler is located in the MAC entity at the UE side, there is the possibility that at the moment when the scheduler selects the resources for resource reservation, there may not be sufficient SL resources available for the UE to select for retransmissions, due to potential congestion or bad channel status on the Mode-2 resource pool (that severely limit the capacity on the subchannels). This situation is even more severe in the SL-U scenario, due to the potential strong interference from UEs using other RATs (e.g. Wifi).   
· For a selected grant for multiple MAC PDU transmissions, the retransmission resources may be available and reserved at the moment when the resources are selected by the scheduler, but when it comes to actual the transmission moment later, there is still the risk that the retransmission cannot be really performed due to LBT failure.
In the above two cases, if there are other selected grant(s) already reserved for multiple MAC PDU transmissions and the UE is allowed to perform retransmission on it/them, the risk that the retransmission cannot be performed due to the above two situations can be well reduced. This is simply because there are more opportunities for the UE to attempt retransmission, and thus prioritize retransmission TBs as in NR-U.
Therefore, we propose RAN2 to discuss whether to support an NR-U like CG retransmission mechanism for Mode-2 resource reservation (e.g. using the new transmission opportunity of a selected grant for resource reservation to perform retransmission) in SL-U.
Proposal 3: For Mode-2 resource reservation, RAN2 to discuss whether to support retransmission via a new transmission opportunity of a selected grant for multiple MAC PDU transmissions. 
LBT impact to resource (re)selection
In the last meeting, there was also a discussion on whether to introduce an LBT failure triggered resource (re)selection mechanism for retransmission, as follows:
	(modified) Proposal 3: Mode-2 UE triggers a resource (re)selection when a SL transmission was not performed due to an LBT failure.
· Noted. Will continue the discussion based on further progress.


Once the UE cannot really perform a transmission in L1 on a selected grant due to LBT failure, we may think about enabling the UE to trigger a resource (re)selection and select a one-shot selected grant for retransmission. The motivation for such an operation is basically similar to the motivations discussed above in section 2.2 for the retransmission enhancements to Mode-2 resource reservation in Proposal 3. In addition, an extra benefit to trigger retransmission resource selection by LBT failure would be that since the UE selects the retransmission resource which is immediately to be used for transmission, this mechanism can lower the potential mismatch between the channel load/condition when the resource is selected and when the transmission is actually performed. This further increases the possibility for the transmission to be really carried out. Also, this behaviour aims to imitate the gNB’s behaviour on the retransmission DL assignment scheduling in NR-U. 
Due to above reasons, we have the following proposal to enable this mechanism:
Proposal 4: When a TB failed to be transmitted due to LBT failure, the MAC entity can trigger resource reselection to select an SL grant for its retransmission.
COT sharing impacts
In the last meeting, the RAN2 aspects due to COT sharing was discussed, with the following two issues left:
Agreements on SL COT sharing
1: 	RAN2 will study whether/how LCP is impacted from COT sharing.
2: 	RAN2 will consider interaction between DRX operation and shared COT.
Now we discuss respectively the impacts on LCP due to COT sharing and those on SL DRX.  
· Impact on LCP due to COT sharing
In RAN1#111, the following agreements were made [3]:
	Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.


The above RAN1 agreements are already sufficient to conclude the corresponding impact on DST selection during SL LCP procedure, i.e. when using a shared COT from a COT initiating UE, the responding UE at least selects the destination ID that is the same as the source ID of the COT initiating UE during SL LCP procedure. As to the other destination IDs, it depends on further RAN1 agreements.
Proposal 5: When shared COT resources are used for SL transmission, the responding UE can at least select destination ID that is the same as the source ID of the COT initiating UE during the Destination selection procedure in SL LCP.
Besides the impact to Destination selection, we further discussion whether the SL LCP selection procedure during LCP needs to be impacted by related RAN1 progress. In RAN1#110, the following agreements were made [4]:
	Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS any additional conditions
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS how to determine a SL UE is a target receiverFFS: details of the channel type of the COT initiating UE’s transmission
· FFS any additional conditions
· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).
· FFS: details of the channel type of the responding UE’s transmission(s)
· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18
· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA


[bookmark: OLE_LINK7]In NR-U, the gNB can be aware of the QoS profiles of the data available for transmission at the UE side. Therefore, the gNB can indicate a proper CAPC value for certain shared COT resources to the UE without affecting LCP, i.e. no impact to Uu LCP procedure by CAPC in the current Spec. By contrast, in SL-U, the COT sharing is initiated by the imitating UE’s scheduler, and thus the COT sharing initiating UE in SL-U may not know the buffer state of the responding UE. Then, if one still wants to follow the logic of NR-U and avoid potential impact to SL LCP procedure by the CAPC value indicated in the shared COT, a potential issue would bet whether/how the initiating UE can determine and indicate a proper CAPC value for the shared COT resource. If the responding UE receives COT sharing information indicating a shared COT resource of which the CAPC value is smaller than the CAPC value of the TB to be transmitted, the responding UE may have to drop this shared COT resource, which can be a waste. Therefore, some means may need to be considered to assist/enable a proper CAPC value setting for a shared COT by the initiating UE.
[bookmark: _Hlk127173844]Proposal 6: The CAPC value indicated in shared COT information does not impact SL LCP procedure as in NR-U.
Proposal 7: RAN2 to discuss whether and how COT sharing initiating UE can indicate a proper CAPC value for the shared COT resource to the responding UE.
Impacts to SL LCP also relate to how a responding UE determines whether the initiating UE indicates a shared COT that is really allowed for the transmission of this responding UE. Related RAN1 agreements are cited below from RAN1 #110:
	Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS any additional conditions
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS how to determine a SL UE is a target receiverFFS: details of the channel type of the COT initiating UE’s transmission
· FFS any additional conditions
· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).
· FFS: details of the channel type of the responding UE’s transmission(s)
· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18
· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA


What can be determined right away is that a responding UE can generate the SL grant(s) based on a shared COT received, only when it is a target receiver of the initiating UE’s transmission in that COT, with the specific types of the initiating UE’s transmission pending further RAN1 conclusion. This will lead to impact on the “SL grant reception” procedure in the MAC spec. Also, how the SL grant(s) are specifically determined within a Shared COT needs to depend on further RAN1 conclusion. 
To this end, we have the following proposal in this regard:
Proposal 8: In the “SL grant reception and SCI transmission” procedure in MAC, the responding UE considers itself receiving a SL grant(s), when it is the target receiver of the transmission on a shared COT received from an initiating UE. The specific type of the transmission in this shared COT and how the responding UE generates the SL grant(s) from the shared COT are pending further RAN1 progress. 
· Impact on SL DRX due to COT sharing
In the last meeting, SL DRX impact due to COT sharing was also discussed, regarding whether SL DRX active time can be extended in case of SL LBT failure in SL-U as proposed in [5]. Some companies argued that SL synchronization might be complex and COT sharing was also mentioned in this case. From another perspective, we assume COT sharing mechanism may have no impact on SL DRX so far, because the SL resource in DRX on duration but not in shared COT can also be used for sidelink transmission (e.g. by using type-1 LBT). If there are other critical issues triggered by RAN1, we can come back to this later.
Proposal 9: RAN2 assumes SL COT sharing mechanism has no impact to SL DRX (unless there is any critical issue identified by RAN1).
Further issues on consistent SL LBT (C-SL-LBT) failure
In the last meeting, the following WA was made for C-SL-LBT failure. We propose RAN2 to confirm this WA, as there has been no obvious benefit to support such a per cast type/DST/unicast link handling, with however obvious increment on complexity foreseen. 
Agreements on cast type/DST/unicast link specific SL consistent LBT failure detection 
1: 	Working assumption: SL-specific consistent LBT failure detection is not relevant to cast type/DST/unicast link.
Proposal 10: RAN2 confirms the working assumption that C-SL-LBT failure is not relevant to cast type/DST/unicast link. 
In addition, we in the rest of this section discuss also some other issues that need to be further considered for the C-SL-LBT failure handling design. Though most of the further discussions on this topic depend on RAN1 feedback on the SL LBT failure indication granularity, these issues identified below are still provided for companies’ reference. 
· [Issue 1]: How to configure/maintain C-SL-LBT failure detection parameters
In NR-U, the granularity of consistent LBT failure detection is per BWP. When L1 notifies LBT failure on a serving cell, the MAC entity takes such LBT failure indication as an LBT failure instance detected on the active BWP of this serving cell. UE receives uplink BWP configuration which includes consistent LBT failure detection related parameters, i.e. lbt-FailureInstanceMaxCount and lbt-FailureDetectionTimer. As to uplink transmissions, a MAC counter is used for the consistent LBT failure detection procedure for each serving cell, 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. If LBT_COUNTER >= lbt-FailureInstanceMaxCount, consistent LBT failure for the active UL BWP is triggered for this Serving Cell. For an SCell, if consistent LBT failure is triggered and not cancelled, the UE generates the LBT failure MAC CE and send it to the gNB; then the LBT_COUNTER is reset and lbt-FailureDetectionTimer is stopped on the corresponding SCell, when the SCell is reported in the LBT failure MAC CE. [6]. As for the SpCell, if consistent LBT failure is triggered, the UE generates the LBT failure MAC CE, switches to another UL BWP with PRACH occasions w/o consistent LBT failure triggered and try to send the MAC CE on that UL BWP; then, the LBT_COUNTER is reset and lbt-FailureDetectionTimer is stopped for the Spcell, when RACH is successfully completed. 
The key point here is that, with more than one SCells able to be activated simultaneously, the MAC entity maintains multiple sets of {LBT COUNTER, lbt-FailureDetetctionTimer} in parallel, which are respectively associated with the activated SCells; by contrast, on the SpCell, since there is only one BWP activated, a single set of {LBT COUNTER, lbt-FailureDetectionTimer} that is common to all the BWPs is configured, and they are maintained by taking into account the BWP switching on the SpCell.
When it comes to SL-U, we think it is most promising that the C-SL-LBT failure is detected per resource pool or per RB set. Then, for C-SL-LBT failure detection on the SL-U carrier, we need to determine whether we need to introduce multiple sets of {SL_LBT_COUNTER, sl-LBT-FailureDetectionTimer} following the logic of in-parallel Scell handling, or have only a single set of {SL_LBT_COUNTER, sl-LBT-FailureDetectionTimer} following the logic of SpCell handling:
· If we follow the similar logic as SCell handling in NR-U and allow the UE to operate on multiple resource pool/RB sets for transmission in parallel (e.g. allowing the UE to select/reserve resources on multiple pools/RB sets in parallel), a set of {SL_LBT_COUNTER, sl-LBT-FailureDetectionTimer} needs to be maintained/configured at a per resource pool/RB set level, and multiple sets of such parameters are needed, even if we have only one SL-U carrier. 
· If we alternatively follow the similar logic as SpCell handling in NR-U and have the UE switch between different resource pools/RB sets without allowing the UE to use them in parallel, then only a single set of {SL_LBT_COUNTER, sl-LBT-FailureDetectionTimer} that is common to all resource pools/RB sets needs to be  maintained/configured for the SL-U carrier, and they need to be maintained taking into account the switching among resource pools/RB sets (e.g. similar to the BWP switching in NR-U). But again, this leads the restriction that the UE can have only one resource pool/RB set “activated” or “usable” at a given time, and operating on more than one resource pools/RB sets like in bullet 1 would be not possible anymore. 
Though we already had the agreement to introduce the SL_LBT_COUNTER and sl-LBT-FailureDetectionTimer for C-SL-LBT failure handling, we have not decided the granularity in which they are configured/maintained. So this issue needs to be carefully concluded along with the potential conclusion on C-SL-LBT failure detection/indication granularity. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Observation 2: How the C-SL-LBT failure parameters are configured/maintained need to be further determined, w.r.t. whether multiple sets of or a single set of {sl-LBT-FailureDetectionTimer, SL_LBT_COUNTER} are needed for SL-U. 
· [Issue 2] Impact of S-SSB LBT failure to C-SL-LBT failure
In NR-U, consistent LBT failure detection is performed by counting the LBT failure indications for all UL transmission at the UE side. Following this logic, C-SL-LBT failure operation needs to also take into account the SL LBT failure indications for S-SSB transmissions, besides PSSCH/PSCCH/PSFCH. However, there is no similar transmission as SSB at the UE side in UL. Therefore, how to treat the SL LBT failure indication for S-SSB is a SL-U specific issue that needs to be addressed for C-SL-LBT failure detection.
Regarding S-SSB transmission in SL-U, the latest RAN1 agreements are cited as follows [3]:
	Agreement
· For dynamic channel access mode with multi-channel case in SL-U, use NR-U DL (Type A or Type B) multi-channel access procedure as the baseline for multiple PSFCH transmissions on multiple channels, where each PSFCH transmission is confined within one LBT channel 
· FFS: the case for S-SSB if agreed to transmit S-SSB (or S-SSB can be (pre-)configured) in more than one RB set
Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
Agreement
Regarding S-SSB, RAN1 further study the following: 
· How to transmit S-SSB when a SL BWP contains multiple RB sets.


As per above RAN1 agreements, it seems that RAN1 is considering to associate an S-SSB transmission occasion to one or more RB set(s). Then some issues may need to be considered from RAN2 perspective. If C-SL-LBT failure detection is performed per SL RB set and an S-SSB can be transmitted within multiple RB sets, L1 additionally needs to indicate in which specific RB set(s) the LBT failure is detected, when it notifies the LBT failure for the S-SSB transmission to the MAC. By contrast, if C-SL-LBT failure detection is performed per resource pool, the UE (either PHY or MAC) needs to determine for which specific resource pool an LBT failure instance is actually indicated, when L1 notifies the LBT failure for an S-SSB transmission, because S-SSB transmissions are using dedicated resources that do not belong to any resource pool configuration[footnoteRef:1]. Although this discussion is pending further RAN1 progress on S-SSB design, the above issues need to be sufficiently considered, in order to decide the proper granularity for C-SL-LBT failure detection procedure and to  count the LBT failure instances notified for S-SSB transmissions by L1 appropriately. [1:  This is at least the case for the S-SSB design in the current Spec.] 

Observation 3: Impact of S-SSB LBT failure on C-SL-LBT failure is an SL-specific issue, and needs to be appropriately concluded along with other SL channels.
· [Issue 3] Impacts on SL transmission behaviour due to C-SL-LBT failure
For SL-U, the granularity for consistent LBT failure detection is still pending RAN1. However, it can be discussed what the UE behaviour ought to be on different channels when consistent LBT failure happens on a resource pool/RB set. In NR-U, the UE can perform BWP switching on the SpCell. So the BWP where the consistent LBT failure is detected will be deactivated, and according to the BWP operation in [6, 5.15.1], there is a clear UE behaviour specified that the UE shall stop performing related UL transmissions and DL receptions on the deactivated BWP. So at least for SpCell operation, there is clear UE behaviour that the UE will be prevented from further transmitting/receiving on the BWP with triggered consistent LBT failure. 
In our understanding, the triggering of C-SL-LBT failure is more likely to be resource pool/RB set level rather than SL BWP level (as there is only one SL BWP in legacy design, making it hardly possible to do consistent LBT recovery). In this case, the UE behaviour defined for SL BWP deactivation in the current Spec [6, 5.15.2] cannot be directly reused, when a C-SL-LBT failure is triggered on a given resource set, i.e. resource pool/RB set. Intuitively, the UE shall not perform any SL transmission and/or reception on the resource pool/RB set, where C-SL-LBT failure is triggered and not cancelled. This should be a specified UE behaviour, in order to avoid individual UE misbehaving and still transmitting on such resource pool/RB set, which further deterioraties the condition on related resources. In our understanding, at least the following two types of channels can be discussed:
· Transmission/ reception on resource configured in resource pool, e.g. SL-SCH, PSCCH,PSFCH
· Transmission/ reception on resource not related to resource pool, e.g. S-SSB
Another issue that needs to be resolved is how the UE judges that a resource pool/RB set where the C-SL-LBT failure is recovered and can be used again for transmission. This issue is more relevant to a Mode-2 UE in RRC_IDLE/RRC_INACTIVE. In NR-U, when/whether a BWP where a consistent LBT failure was reported can be activated again is up to gNB decision, and is more related to gNB implementation. But for a Mode-2 UE in RRC_IDLE/RRC_INACTIVE, it is likely that the UE will not report the C-SL-LBT failure to the gNB; instead, it needs to judge whether a resource pool/RB set with C-SL-LBT failure earlier detected becomes usable again autonomously based on some criteria. Such criteria and related UE behaviour, from our perspective, should be specified, in order to avoid inconsistent UE behaviour among UEs. 
Observation 4: UE behaviour upon C-SL-LBT failure triggered need to be specified, including e.g. potential transmission/reception behaviour on the resources with C-SL-LBT failure detected, how/when the resources with C-SL-LBT failure triggered earlier is recovered, etc.
· [Issue 4] What info is included in the C-SL-LBT reporting
At previous RAN2 meetings, the following agreements were made on C-SL-LBT reporting [1][7].
	RAN2#119bis-e Agreement
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.
RAN2#120 Agreement
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 signaling type used for the C-SL-LBT failure indication to the gNB, there are two candidate options on the table [8]:
1. Option A: MAC CE 
1. Option B: RRC message
For Option A, it follows the NR-U logic, and thus some basic design principles (e.g., MAC CE design and related SR mechanism) could be reused as much as possible. While for Option B, it is similar to the SL RLF indication to the gNB, but it is less preferred by companies due to unclear use cases. One aspect that we foresee for Option B is that it can simplify the design of C-SL-LBT failure reporting, if SL-U operation is applied to the L2 SL relay scenario This is because, from C-SL-LBT reporting perspective, Option B can be directly used by a L2 U2N Remote UE, while Option A is not feasible as L2 U2N Remote UE’s MAC signalling needs to be transferred over the PC5 interface. RAN2 may thoroughly consider the potential pros and cons of both options before making the decision on which signalling type (MAC CE v.s. RRC message) is adopted, considering the potential use cases that are to be supported. 
As to what information needs to be included in the C-SL-LBT failure indication to the gNB, we think at least the potential granularity on C-SL-LBT failure detection can be considered. For example, if C-SL-LBT failure detection is performed per resource pool, the information may include the specific resource pool(s) that triggered the C-SL-LBT failure reporting. Or alternatively, if C-SL-LBT failure detection is performed per SL RB set, the information may include the specific RB set(s). The final decision is better to be made after the decision on the corresponding granularity on C-SL-LBT failure detection.
Observation 5: The signalling type of C-SL-LBT reporting needs to take into account the potential use cases for SL-U, and the specific information needs to be made based on the C-SL-LBT failure detection granularity to be concluded by RAN1/2. 
As s subtotal, it is proposed that RAN2 to further discuss the above issues identified in Observation 2~5, by taking into account potential granularity for LBT failure indication from RAN1 and corresponding granularity on C-SL-LBT failure detection to be conclude by RAN2. 
Proposal 11: RAN2 to further discuss the following issues related to C-SL-LBT failure handling (with consideration on potential granularity on LBT failure indication from RAN1 and corresponding granularity on C-SL-LBT failure detection to be concluded by RAN2):
· How to configure/maintain C-SL-LBT failure detection parameters (e.g. multiple sets vs. single set of {SL_LBT_COUNTER, sl-LBT-FalureDetectionTimer});
· Impacts of S-SSB LBT failure to C-SL-LBT failure detection;
· UE behaviour on resource pools/RB sets with triggered C-SL-LBT failure (e.g. transmission/reception behaviour thereon, whether/when the problematic resources are recovered and can be used again, etc.);
· Detailed signalling design of C-SL-LBT failure reporting (e.g. use cases, signalling type, specific content, etc.).
MCSt, RAN2 aspects
[bookmark: OLE_LINK13]At previous RAN1 meetings, the following agreements were made on MCSt [4] [9]
	RAN1#110e Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
RAN1#110bis-e Agreement
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· When L1 reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation


Based on above agreements, it is suggested that RAN2 starts some initial discussions on the high-level design principle to make progress on this topic. The potential issues that can be discussed in RAN2 are given as below. We think they could be decoupled from the detailed options on how to support MCSt operation that are on-going in RAN1.
· [bookmark: OLE_LINK14][Issue 1] Who decides to perform/enable MCSt for Mode-1 and Mode-2
[bookmark: OLE_LINK15]In legacy SL, the serving gNB is responsible for Mode-1 resource allocation and the Tx UE is responsible for Mode-2 resource allocation. When it comes to MCSt operation, at least for SL Mode-2, it is straightforward to inherit this resource allocation design principle, i.e., Tx UE autonomously decides to perform MCSt. However, for SL Mode-1, further study is needed. Given that the gNB is operating on licensed band and does not perform LBT operations, it may be hard for the gNB to allocate suitable resources to perform MCSt. Therefore, an alternative solution is that the gNB allocates resources in a way as to single-slot transmissions, and always rely on TX UE’s decision on when/whether to perform MCSt for Mode-1. It is also beneficial to achieve a common solution on whether/how to perform MCSt for both SL Mode-1 and Mode-2.
Proposal 12: RAN2 to conclude who (TX UE or its serving gNB) decides to perform MCSt for Mode-1 and Mode-2.
· [Issue 2] What L2 level information is needed to decide whether to enable MCSt
According to above RAN1#110bis-e agreements, the resource selection for MCSt in L1 is triggered by higher layers (e.g, MAC layer). Currently, the mechanism on how the MAC layer decides to enable MCSt and based on what criterion to enable is unclear. In our understanding, it is not reasonable to leave it to UE implementation to decide the trigger for MCSt operation. Otherwise, the unfairness for resource selection would occur, e.g., each UE always reserving a number of consecutive slots excessively for its own benefit. As a consequence, the overall system performance would be degraded. 
From a RAN2 perspective, we think at least the following L2 level information can be considered to decide the trigger for MCSt operation:
· Buffer size level: It is straightforward that the more data is buffered, the more slots are needed for transmission. Specifically, a UE may decide to enable MCSt, only when the buffer size level of the available data is relatively high.
· CAPC per SL LCH: For example, a UE may decide to enable MCSt only when the channel access priority is relatively high when there is data arrival for the related SL LCHs.
Other information (e.g., the MCOT or remaining COT) may also be considered, when COT sharing is performed by the UE at the same time with MCSt operation. The COT that can be occupied by the UE should be long enough for the UE to perform MCSt operation. 
Proposal 13: RAN2 to discuss what L2 level information (e.g., buffer size level, CAPC per SL LCH, etc.) is needed to decide whether to enable MCSt.
Configuration of SL-U carriers
Since SL-U is supported from Rel-18, there might have already been Rel-16/17 NR SL deployment where UEs are capable of SL operations over a non-SL-U carrier only. Therefore, after the introduction of SL-U in Rel-18, there could be an inter-operability issue between the Rel-18 UEs supporting SL-U and the earlier release UEs that support only NR SL w/o unlicensed SL operation. This is captured in the below Figure 1, where UE1 is a Rel-18 UE supporting SL-U operation on the SL-U carrier (F1) and UE2 is a Rel-16/17 UE supporting only NR SL operation on a non-SL-U carrier (F2):
[image: ]
Figure 1: UE1 with SL-U Carrier F1 vs. UE2 with non-SL-U Carrier F2
Till now, only one SL carrier can be (pre)configured for NR SL operation and it is used for Both SL transmission and reception. There has been no multi-carrier reception supported for NR SL either. As a result, it is clear that UE1 and UE2 cannot communicate with each other over NR SL[footnoteRef:2].  [2:  Assume that Sidelink CA is unlikely to be supported for NR SL in Rel-18. ] 

Observation 6: As only a single SL carrier can be (pre)configured to the UE in the Spec till now, and this single carrier is used for both SL communication and reception, it is impossible to support the SL communication between a Rel-18 UE configured with a SL-U carrier and a legacy Rel-16/17 UE configured with a non-SL-U carrier.
The easiest way to overcome this inter-operability issue is to enable a multi-carrier reception, based on UE implementation, in a similar way as in Rel-14 LTE V2X SL, and enable distinction of the services that can be transmitted over SL-U carrier and non-SL-U carrier respectively (e.g. via service-to-frequency mapping), which is similar to how we treated the non-backward-compatible transmission formats introduced in Rel-15 LTE V2X. 
Nevertheless, no matter how/whether to treat this issue, this inter-operability issue itself cannot be simply ignored, because, as mentioned earlier, one cannot completely exclude the possibility that there has already been Rel-16/17 NR SL deployment (e.g. UE implementation based on pre-configuration). Even if companies do not want to do anything special to enable such inter-operability, a conclusion needs to be reached as a guideline for implementation/deployment (e.g. no support on such an inter-release UE inter-operation). Therefore, it is proposed that RAN2 makes a conclusion on how/whether to deal with this inter-operability issue in this release.
Proposal 14: RAN2 to discuss whether/how to enable the NR SL communications between a Rel-18 UE (pre)configured with a SL-U carrier and a Rel-16/Rel-17 UE (pre)configured with a non-SL-U carrier (i.e. an inter-operability issue between inter-release implemented UEs).
In addition to above inter-operability issue between UEs implemented following different releases, there might also be an inter-operability issue between Rel-18 UEs performing SL-U. Specifically, according to the current WID description, the support of several unlicensed bands are within the scope for Rel-18 SL-U standardization. 
	2. 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]Focus on FR1 unlicensed bands (n46 and n96/n102).
· 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.


This means that, if two UEs are respectively (pre)configured with SL-U carriers on different unlicensed bands by their own NW, there is still the risk that they cannot communicate with each other over NR SL, though both of them support Rel-18 SL-U operation. This is captured in below figure 2 (e.g. F1 and F3 are on different unlicensed bands).
[image: ]
Figure 2: UE1 with SL-U Carrier F1 vs. UE3 with SL-U Carrier F3 (e.g. F1 and F3 @ different unlicensed bands)
One may consider to rely on the regional negotiation/coordination among vendors to ensure that the SL-U carrier supported within the same geographic area must be the same. But even if this is the case, RAN2 needs to reach such consensus as a guidance to implementation/deployment. Otherwise, this intra-release inter-operability issue between Rel-18 UEs supporting SL-U is still likely to happen. 
Observation 7: With more than one unlicensed bands supported for SL-U as specified in the WID, it is possible that two Rel-18 UEs which are configured with different SL-U carriers respectively by their own NW cannot communicate with each other over NR SL.
Proposal 15: RAN2 to discuss whether/how to enable the NR SL communications between the UEs (pre)configured with different SL-U carriers, with each UE (pre)configured with only one SL-U carrier by its own NW (i.e. an intra-release inter-operability issue between Rel-18 UEs).
Conclusions
[bookmark: _Hlk115201506][bookmark: _Toc502437832]In this paper, we discussed remaining issues on RAN2 aspects for SL-U. Proposals and Observations are listed as follows. 
· For LBT impacts to SL RLF
Observation 1: The multiple-PSFCH mechanism under RAN1 discussion is intended to limit the probability of DTX caused by LBT failure on PSFCH at an acceptable level and may thus avoid triggering SL RLF too frequently based on DTX in SL-U.
Proposal 1: RAN2 to discuss whether the DTX due to LBT failure for PSFCH transmission from the peer UE can be overcome by Multiple-PSFCH transmissions being discussed by RAN1. Send LS to RAN1 for feedback on this issue, if RAN2 cannot make a decision on this aspect.
· For Retransmission over SL CG
Proposal 2: Do not support NR-U like CG retransmission mechanism (e.g. using CG new transmission opportunity to perform retransmission) for Mode-1 in SL-U.
Proposal 3: For Mode-2 resource reservation, RAN2 to discuss whether to support retransmission via a new transmission opportunity of a selected grant for multiple MAC PDU transmissions.  
· For LBT impacts to SL resource (re)selection
Proposal 4: When a TB failed to be transmitted due to LBT failure, the MAC entity can trigger resource reselection to select an SL grant for its retransmission.
· For COT sharing impacts
Proposal 5: When shared COT resources are used for SL transmission, the responding UE can at least select destination ID that is the same as the source ID of the COT initiating UE during the Destination selection procedure in SL LCP.
Proposal 6: The CAPC value indicated in shared COT information does not impact SL LCP procedure as in NR-U.
Proposal 7: RAN2 to discuss whether and how COT sharing initiating UE can indicate a proper CAPC value for the shared COT resource to the responding UE.
Proposal 8: In the “SL grant reception and SCI transmission” procedure in MAC, the responding UE considers itself receiving a SL grant(s), when it is the target receiver of the transmission on a shared COT received from an initiating UE. The specific type of the transmission in this shared COT and how the responding UE generates the SL grant(s) from the shared COT are pending further RAN1 progress.
Proposal 9: RAN2 assumes SL COT sharing mechanism has no impact to SL DRX (unless there is any critical issue identified by RAN1).
· For further issues on C-SL-LBT failure
Observation 2: How the C-SL-LBT failure parameters are configured/maintained need to be further determined, w.r.t. whether multiple sets of or a single set of {sl-LBT-FailureDetectionTimer, SL_LBT_COUNTER} are needed for SL-U. 
Observation 3: Impact of S-SSB LBT failure on C-SL-LBT failure is an SL-specific issue, and needs to be appropriately concluded along with other SL channels.
Observation 4: UE behaviour upon C-SL-LBT failure triggered need to be specified, including e.g. potential transmission/reception behaviour on the resources with C-SL-LBT failure detected, how/when the resources with C-SL-LBT failure triggered earlier is recovered, etc.
Observation 5: The signalling type of C-SL-LBT reporting needs to take into account the potential use cases for SL-U, and the specific information needs to be made based on the C-SL-LBT failure detection granularity to be concluded by RAN1/2. 
Proposal 10: RAN2 confirms the working assumption that C-SL-LBT failure is not relevant to cast type/DST/unicast link. 
Proposal 11: RAN2 to further discuss the following issues related to C-SL-LBT failure handling (with consideration on potential granularity on LBT failure indication from RAN1 and corresponding granularity on C-SL-LBT failure detection to be concluded by RAN2):
· How to configure/maintain C-SL-LBT failure detection parameters (e.g. multiple sets vs. single set of {SL_LBT_COUNTER, sl-LBT-FalureDetectionTimer});
· Impacts of S-SSB LBT failure to C-SL-LBT failure detection;
· UE behaviour on resource pools/RB sets with triggered C-SL-LBT failure (e.g. transmission/reception behaviour thereon, whether/when the problematic resources are recovered and can be used again, etc.);
· Detailed signalling design of C-SL-LBT failure reporting (e.g. use cases, signalling type, specific content, etc.).
· For MCSt, RAN2 aspects
Proposal 12: RAN2 to conclude who (TX UE or its serving gNB) decides to perform MCSt for Mode-1 and Mode-2.
Proposal 13: RAN2 to discuss what L2 level information (e.g., buffer size level, CAPC per SL LCH, etc.) is needed to decide whether to enable MCSt. 
· For configuration of SL-U carriers
Observation 6: As only a single SL carrier can be (pre)configured to the UE in the Spec till now, and this single carrier is used for both SL communication and reception, it is impossible to support the SL communication between a Rel-18 UE configured with a SL-U carrier and a legacy Rel-16/17 UE configured with a non-SL-U carrier.
Observation 7: With more than one unlicensed bands supported for SL-U as specified in the WID, it is possible that two Rel-18 UEs which are configured with different SL-U carriers respectively by their own NW cannot communicate with each other over NR SL.
Proposal 14: RAN2 to discuss whether/how to enable the NR SL communications between a Rel-18 UE (pre)configured with a SL-U carrier and a Rel-16/Rel-17 UE (pre)configured with a non-SL-U carrier (i.e. an inter-operability issue between inter-release implemented UEs).
Proposal 15: RAN2 to discuss whether/how to enable the NR SL communications between the UEs (pre)configured with different SL-U carriers, with each UE (pre)configured with only one SL-U carrier by its own NW (i.e. an intra-release inter-operability issue between Rel-18 UEs).
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Title:	Draft LS on multi-PSFCH related aspects in SL-U
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Attachments:	-

1	Overall description
As specified in TS 38.321, SL RLF can be triggred by counting the DTX instances detected at the TX UE side. RAN2 discussed whether the LBT failure on PSFCH at the RX UE side will lead to too frequent DTX detected and thus result in excessively frequent SL RLF triggered at the TX UE side, when this DTX based SL RLF mechanism is supported in SL-U. At the same time, RAN2 also noted that a multi-PSFCH scheme is under the discussion in RAN1 for SL-U, and so wondered whether this mechanism can avoid detecting DTX and triggering SL RLF frequently. 
Therefore, RAN2 would like to enquire RAN1 on whether this multi-PSFCH transmission mechanism is supported in SL-U, and if yes, whether this mechanism can avoid frequent DTX detection at the TX UE side. 
2	Actions
To RAN1 
ACTION: 	RAN2 respectfully requests RAN1 to provide the feedback on the following questions:
Question 1: Is the multi-PSFCH transmission mechanism supported in Rel-18 SL-U?
Question 2: If the answer to Q1 is yes, is this mechanism able to avoid frequent DTX detection due to LBT failure on PSFCH at the TX UE side in SL-U?
3	Dates of next TSG RAN WG2 meeting
TSG RAN WG2 Meeting #121bis-e	17 – 26 April 2023	Online
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