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1	Introduction
In this contribution, we discuss aspects related to the consistent LBT (C-LBT) failure reporting to peer UEs, resource reselection due to C-LBT, recovery procedure and on the impact of C-LBT in the HARQ procedure.
2	Discussion
2.1	On consistent LBT failure reporting to peer UEs
In RAN2#121-bis, the following agreements were made:
	Agreements:
· SL C-LBT failure is declared per RB-set
· UE uses the MAC CE to report consistent LBT failure to the gNB
· Uu MAC CE indicates RB set(s) where C-LBT failure happens.


The C-LBT reporting framework as currently agreed only allows the reporting of C-LBT to the network and when the UE is in RRC_CONNECTED state. From a mode-1 resource allocation perspective, this reporting is essential otherwise the network cannot take the C-LBT information into account during resource allocation. However, from a mode-2 perspective, since the resource allocation is UE centric then providing C-LBT to the network is less useful, since the UE will be itself responsible to avoid the RB sets where C-LBT has been declared.
Observation 1: The usefulness of C-LBT reporting to the network is only apparent for mode-1 resource allocation.
In mode-2, it might be worthwhile to allow a UE to report consistent LBT failure to its peer(s) since this information can be used to prevent at least issues related to PSFCH feedback (as we describe later in Section 2.4) for both unicast and groupcast. However, sharing C-LBT failure information with peers in the case of broadcast is less useful.
Proposal 1: RAN2 to support for at least unicast that mode-2 UEs can report consistent LBT failure to their peer(s). FFS for groupcast.
2.2	On the resource reselection due to consistent LBT failure declaration
In RAN2#121-bis, the following WA assumption was revised but, in the end, not agreed:
	Upon C-LBT failure is declared, reselect resource Pool when the C-LBT happens for the RB-set of this pool for the case where there is a single RB-set in the pool and the RB-set happens C-LBT failure. FFS on the case where a pool contains multiple RB-sets. FFS whether a further step of RB-set reselection is needed on top of resource pool reselection.


In the case there is a single RB set in a resource pool, then the only recovery possible (in both mode-1 and mode-2) is to transition to another resource pool with at least one RB set for which C-LBT failure has not been declared. The same approach can be extended to the case where a resource pool has multiple RB sets, but where the C-LBT has been declared for all these RB sets.
Proposal 2: RAN2 to support the reselection of another resource pool when C-LBT failure has been declared for all the RB sets in the current resource pool.
However, in a resource pool with multiple RB sets where C-LBT failure has only been declared in some of the RB sets, the UE should be allowed to (re)select resources in the resource pool’s RB sets where C-LBT failure has not been declared. 
Proposal 3: RAN2 to support the (re)selection of resources in RB sets where C-LBT failure has not been declared, even though C-LBT failure has been declared in other RB sets of the same resource pool.
For the case where the UE has future resources reserved in an RB set where C-LBT failure has been declared, then the UE should be allowed to find substitutes for these resources in other RB sets of the current resource pool where C-LBT failure has not been declared.
Proposal 4: RAN2 to support the triggering of resource reselection for future resources reserved in an RB set where C-LBT failure has been declared.
2.3	On the procedure for recovery from consistent LBT failure
If there is no recovery procedure in place for when consistent LBT failure has been triggered/declared, then sooner or later all RB sets in a resource pool will be declared as experiencing consistent LBT failure and a Tx UE will no longer be able to transmit in the resource pool unless RLF is triggered. When considering Mode 2 operation, the need for a procedure to enable recovery from consistent LBT becomes even more apparent. 
Observation 2: RAN2s agreements makes less RB sets available for reselection upon detection of consistent LBT failure detection.
As the congestion conditions in a given RB set can be quite dynamic, both due to independent traffic generation patterns of the devices transmitting in the RB set as well as their mobility, then it can be desirable to after some time to allow the Tx UE to attempt to use the RB set resources. This is in line with the following FFS from RAN2#121:
	Working assumption: If SL LBT failure granularity is resource pool/RB set, support the change of resource pool/RB set of which consistent SL LBT failure has not been triggered from SL consistent LBT failure by TX UE upon consistent LBT failure detection. FFS whether/how the triggered consistent SL LBT failure is cancelled.


Observation 3: It is expected that the congestion conditions, that led to consistent LBT failure to be declared in a RB set, change over time. Therefore, consistent SL LBT failure declaration should be time bounded.
Proposal 4:  RAN2 to allow resources in RB sets where consistent SL LBT failure has been declared to be eligible to be selected after a (pre)configured time or based on other conditions. FFS on these other conditions.
2.4	On the impact of consistent LBT procedure in the HARQ feedback procedure design
The SL-specific consistent LBT failure detection (and recovery procedure) is a device centric occurrence and therefore has impact to any procedures where two or more devices interact. In this section we consider the impact on the HARQ feedback procedure.
Considering the following use cases:
a) The Tx UE is experiencing consistent LBT failure in specific RB sets (or resource pools) and therefore is prevented from accessing those specific RB set (or resource pools);
i. The Rx UE is experiencing consistent LBT failure in the same RB sets (or resource pools) as the Tx UE;
ii. The Rx UE is not experiencing consistent LBT failure in the same RB set (or resource pools) as the Tx UE;
b) The Tx UE is not experiencing consistent LBT failure in a specific RB set (or resource pool) and therefore it is able to access the resources in the RB set (or resource pool), i.e. by successfully performing an LBT (either Type 1 or 2, depending on if a valid COT is available), and transmit its PSCCH/PSSCH which the associated SCI requests for a HARQ feedback via a PSFCH resource mapped to the PSCCH/PSSCH resource;
i. The Rx UE is not experiencing consistent LBT failure in the RB set in which the PSFCH is mapped to (or resource pool) and therefore the Rx UE is able to provide HARQ feedback using the mapped PSFCH resource;
ii. The Rx UE is experiencing consistent LBT failure in the RB set in which the PSFCH is mapped to (or resource pool) and therefore is unable to access the mapped PSFCH resource to provide the HARQ feedback. 
From these use cases, we can see that whenever b.ii occurs, then the Tx UE will not receive the HARQ feedback and therefore not know if it should or not perform an HARQ retransmission, so the communication cannot be assumed to be reliable.
Observation 4: The transmitting UE is not aware of the receiving UEs channel conditions for any RB set or resource pools.
To cope with the impact of SL-specific consecutive LBT failure in the SL HARQ procedure:
1. The Rx needs to be able to report, to either the gNB or directly to the Tx UE, that it is experiencing consecutive LBT failure; and
2. The Tx UE needs to be able to react to that information when receiving it directly from the Rx UE or via the gNB.
Regarding (1), it was agreed in In RAN2#119bis and RAN2#120 respectively, that a UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure detection to the gNB (regardless if it is operating in Mode 1 or 2). However, it was not agreed if a UE can provide this same report to peer UEs. As discussed in section 2.1, for mode-2, it may be an advantage to allow the UEs to also send the consistent LBT failure report to the peer UE(s). 
Regarding (2), we note that Tx UE should be able to decide based on this information if it should request HARQ feedback when performing a transmission to the Rx UE via the 2nd stage SCI HARQ feedback enabled/disabled indicator. However, in the MAC specification, a UE when performing a transmission is not allowed to decide if it should request HARQ feedback and instead the need for HARQ feedback is configured by logical channel. In addition to the impact of consistent LBT failure in general unlicensed operation, it is worthwhile to relax this restriction as the transmitting device can be aware how difficult it is to acquire access to the channel (i.e., to successfully complete the LBT procedure). Therefore, in situations where it is likely that the Rx UE will not be able to provide HARQ feedback due to expected LBT failure, then the Tx UE should be allowed to not request for HARQ feedback and adjust its transmission parameters to avoid a HARQ retransmission instead.
Proposal 5: RAN2 to allow a transmitter UE to decide to request or not a HARQ feedback based on the acquired information regarding the receiving UE perceived channel access conditions.
However, when the Tx UE was not able to acquire information in which RB sets the Rx UE is experiencing consistent LBT failure, the Tx UE will still be requesting for HARQ feedback. Upon receiving this request, the Rx UE should still be allowed to attempt PSFCH transmission even though the RB set where the PSFCH resource is situated has been declared to be experiencing consistent LBT failure.
Proposal 6: RAN2 to study which conditions a UE should be allowed to attempt transmission in an RB set where consistent LBT failure has been declared based on indication from receiving UE.
2.5	On absence of HARQ feedback
To understand the impact of LBT failure in PSFCH DTX and RLF detection procedure, consider the three use cases in Figure 1. The use cases Figure 1 (a) and (b) are the intended scope of the DTX and RLF detection procedure, while the use case Figure 1 (c) is outside the scope and should be instead dealt with it via the consistent LBT failure detection procedure.
[image: ]
[bookmark: _Ref128658746]Figure 1: Three use cases that lead to the PSFCH DTX counter increment based on the current procedure: (a) PSFCH failure reception at the Tx UE due to an abrupt decrease in link quality (e.g. a deep fade); (b) PSCCH/PSSCH failure reception at the Rx UE due to an abrupt decrease in link quality (e.g. a deep fade); and (c) LBT failure at the Rx UE prior to attempting PSFCH transmission.
Observation 5: LBT failure of PSFCH transmission may cause erroneous HARQ-based Sidelink RLF detection.
It should be noted that the issue is more severe if the Rx UE is without a valid COT and needs to perform Type 1 LBT for transmitting PSFCH, since Type 1 LBT is longer and more susceptible to failures. While if Rx UE can perform Type 2 LBT for transmitting PSFCH, e.g., a Type 2C which translates to no LBT, then a PSFCH DTX may be due to link quality and should be captured by the RLF detection procedure.
2.5.1	On HARQ absence of HARQ feedback due to LBT
As mentioned above, the HARQ feedback may be absent due to LBT failure. Seen from a data transmission point of view, the HARQ feedback may either have been a HARQ ACK or NACK triggering a retransmission or stopping the UE from transmitting that TB. It would be reasonable consider the risk of LBT failure in case of absent PSFCH feedback from the receiving UE, especially if the feedback were expected through i.e. a shared COT. As of this, it must be considered that absence of PSFCH transmission is not only indicating bad link.
[bookmark: _Hlk131410917]Observation 6: Considering absence of HARQ feedback as a sign of link issue may cause unexpected behaviour.
A simple solution to the issue could be to assume all absence of feedback as NACKs, thus triggering a retransmission. However, this may result in a low spectral efficiency due to many retransmissions in case of i.e. many Wi-Fi operating devices nearby. Considering all absence of feedback as a sign of an ACK would result in unwanted behaviour in terms of very poor reliability.
As SL-U’s channel access mechanisms are now also including the channel access priority class (CAPC), this factor is contributing to the likeliness of the LBT succeeding. Thus, it may be an easy option to take this into account when determining whether absence of HARQ feedback is to be considered HARQ ACK/NACK, or as a sign of poor link quality. For instance, if the CAPC is low, meaning the priority is high, the likelihood of absence of HARQ feedback being due to LBT failure is lower than if the CAPC was high. Similarly, case if the Rx UE has received a shared COT. Thus, it may be reasonable to consider factors like CAPC when handling the absence of HARQ feedback in unlicenced.
Observation 7: Unnecessary retransmissions/RLF indications may be avoided if the initiating UE takes factors such as PQI/CAPC into account when detecting absence of HARQ feedback from the responding UE.
Proposal 7: Initiating UE should take parameters such as PQI/CAPC into account when handling absence of HARQ feedback.
2.5.2	On DTX and RLF detection procedure
Currently in NR sidelink the quality of a PC5-RRC link (i.e. a unicast link) is monitored at the MAC level via a DTX counter, which whenever goes above a configured threshold (sl-maxNumConsecutiveDTX) triggers the indication of Radio Link Failure (RLF) to the RRC. This procedure as currently specified in TS 38.321 (Section 5.22.1.3.3. Version 17.3.0) is as follows:
	5.22.1.3.3	HARQ-based Sidelink RLF detection
The HARQ-based Sidelink RLF detection procedure is used to detect Sidelink RLF based on a number of consecutive DTX on PSFCH reception occasions for a PC5-RRC connection.
RRC configures the following parameter to control HARQ-based Sidelink RLF detection:
-	sl-maxNumConsecutiveDTX.
The following UE variable is used for HARQ-based Sidelink RLF detection.
-	numConsecutiveDTX, which is maintained for each PC5-RRC connection.
The Sidelink HARQ Entity shall (re-)initialize numConsecutiveDTX to zero for each PC5-RRC connection which has been established by upper layers, if any, upon establishment of the PC5-RRC connection or (re)configuration of sl-maxNumConsecutiveDTX.
The Sidelink HARQ Entity shall for each PSFCH reception occasion associated to the PSSCH transmission:
1>	if PSFCH reception is absent on the PSFCH reception occasion:
2>	increment numConsecutiveDTX by 1;
2>	if numConsecutiveDTX reaches sl-maxNumConsecutiveDTX:
3>	indicate HARQ-based Sidelink RLF detection to RRC.
1>	else:
2>	re-initialize numConsecutiveDTX to zero.


If the same procedure is applied when the sidelink UEs operate in unlicensed spectrum, where the channel access is controlled via an LBT procedure, then this procedure can lead to the erroneously increase of the numConsecutiveDTX counter and, in turn, to the erroneously declaration of RLF to the RRC whenever the rate of LBT failures increases. This behaviour goes outside the scope of the DTX and RLF detection procedures, since their scope is the monitoring of the link quality, while the inter-system congestion and the associated LBT failure rate is to be tackled by another MAC procedure denoted as consistent LBT failure detection procedure. 
Proposal 8: The increase of the DTX counter for the HARQ-based Sidelink RLF detection should consider if the associated not received PSFCH is or not under a shared COT.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: The usefulness of C-LBT reporting to the network is only apparent for mode-1 resource allocation.
Proposal 1: RAN2 to support for at least unicast that mode-2 UEs can report consistent LBT failure to their peer(s). FFS for groupcast.
Proposal 2: RAN2 to support the reselection of another resource pool when C-LBT failure has been declared for all the RB sets in the current resource pool.
Proposal 3: RAN2 to support the (re)selection of resources in RB sets where C-LBT failure has not been declared, even though C-LBT failure has been declared in other RB sets of the same resource pool.
Proposal 4: RAN2 to support the triggering of resource reselection for future resources reserved in an RB set where C-LBT failure has been declared.
Observation 2: RAN2s agreements makes less RB sets available for reselection upon detection of consistent LBT failure detection.
Observation 3: It is expected that the congestion conditions, that led to consistent LBT failure to be declared in a RB set, change over time. Therefore, consistent SL LBT failure declaration should be time bounded.
Proposal 4:  RAN2 to allow resources in RB sets where consistent SL LBT failure has been declared to be eligible to be selected after a (pre)configured time or based on other conditions. FFS on these other conditions.
Observation 4: The transmitting UE is not aware of the receiving UEs channel conditions for any RB set or resource pools.
Proposal 5: RAN2 to allow a transmitter UE to decide to request or not a HARQ feedback based on the acquired information regarding the receiving UE perceived channel access conditions.
Proposal 6: RAN2 to study which conditions a UE should be allowed to attempt transmission in an RB set where consistent LBT failure has been declared based on indication from receiving UE.
Observation 5: LBT failure of PSFCH transmission may cause erroneous HARQ-based Sidelink RLF detection.
Observation 6: Considering absence of HARQ feedback as a sign of link issue may cause unexpected behaviour.
Observation 7: Unnecessary retransmissions/RLF indications may be avoided if the initiating UE takes factors such as PQI/CAPC into account when detecting absence of HARQ feedback from the responding UE.
Proposal 7: Initiating UE should take parameters such as PQI/CAPC into account when handling absence of HARQ feedback.
Proposal 8: The increase of the DTX counter for the HARQ-based Sidelink RLF detection should consider if the associated not received PSFCH is or not under a shared COT.
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