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1	Introduction
This paper discuss’ the open issue on how to start the sl-drx-HARQ-RTT-Timer in case of multiple PSFCH resources for groupcast, as well as how to handle the absence of HARQ feedback in the RLF declaration procedure.
2	Discussion
2.1	On multiple PSFCH occasions
In RAN2#121, RAN2 has agreed following WA & agreement,
	3a: Working assumption: If multiple PSFCH occasion per PSCCH/PSSCH is supported in RAN1, if HARQ A/N is successfully transmitted in one PSFCH occasion, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback.
3b: If multiple PSFCH occasion per PSCCH/PSSCH is supported in RAN1, if LBT failure happens in all PSFCH occasions, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH occasion for the SL HARQ feedback.



After further discussion in RAN2#122, the above working assumptions were agreed at least for unicast, with FFS for groupcast.
	Agreements on multiple PSFCH occasions
1: Working assumption “In case of multiple PSFCH occasion per PSCCH/PSSCH, if HARQ A/N is successfully transmitted in one PSFCH occasion, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback.” is agreed at least for UC.
2: Working assumption “In case of multiple PSFCH occasion per PSCCH/PSSCH, if LBT failure happens in all PSFCH occasions, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH occasion for the SL HARQ feedback.” is agreed at least for UC.


The above agreement considers SL unlicensed feature of having multiple PSFCH occasions per PSCCH/PSSCH. The intention for this to increase robustness of the HARQ feedback, by enabling multiple LBT attempts and thus increasing the probability of channel acquisition.
In sidelink DRX, it is defined that it is the Tx UE which must keep track of the active time of any of the Rx peers. For Unicast, the above working assumption were confirmed as there is only one responding entity, and therefore it is trivial to align sl-drx-HARQ-RTT-Timer towards the last PSFCH occasion for the HARQ feedback, as the Rx UE will start the timer upon channel acquisition, and the Tx UE knows this based on when the feedback is received.
Groupcast differs from unicast in the sense that it may support NACK only, or ACK/NACK. Furthermore, in groupcast, either of the peer UEs may only be able to acquire the channel in different PSFCH occasions. In many cases, this may be a highly likely scenario, as many UEs would attempt to acquire the channel simultaneously in order provide feedback and thus may block each other’s access. Since the feedback is sent in different PSFCH occasions, the issue were brought up that an Rx UE which transmits NACK in an earlier PSFCH occasion than the last, would start the sl-drx-HARQ-RTT-Timer at that occasion, which would cause it to be misaligned between other UEs which transmits the feedback in a latter occasion.
For groupcast with A/N feedback, the agreement 1 should not be applied due to the above reasons, but agreement 2 should suffice for both groupcast occasions, as the transmitter and receiver both agrees on the point “first slot after the end of the last PSFCH occasion for the SL HARQ feedback”.
Proposal 1: RAN2 to agree that for groupcast, as in unicast, in case of multiple PSFCH occasion per PSCCH/PSSCH, if LBT failure happens in all PSFCH occasions, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH occasion for the SL HARQ feedback.
2.2	On absence of HARQ feedback
In RAN2#122 it was also discussed whether to count LBT failure due to PSFCH transmission, but one topic was still missing, being the consideration of what would happen in case of absence of HARQ feedback.
	Agreements on SL C-LBT failure and PSFCH
1: 	Counting LBT failure indication regardless of whether LBT failure was provided because of PSFCH transmission or not when RB set for PSFCH transmission belongs to the selected TX resource pool. FFS when multiple PSFCH occasions are configured.


Observation 1: RAN2 has yet to discuss the impact of LBT failure on RLF detection and declaration.
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 2: 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.
2.2.1	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 3: 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 4: 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 2: Initiating UE should take parameters such as PQI/CAPC into account when handling absence of HARQ feedback.
2.2.2	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 3: 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:
Proposal 1: RAN2 to agree that for groupcast, as in unicast, in case of multiple PSFCH occasion per PSCCH/PSSCH, if LBT failure happens in all PSFCH occasions, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH occasion for the SL HARQ feedback.
Observation 1: RAN2 has yet to discuss the impact of LBT failure on RLF detection and declaration.
Observation 2: LBT failure of PSFCH transmission may cause erroneous HARQ-based Sidelink RLF detection.
Observation 3: Considering absence of HARQ feedback as a sign of link issue may cause unexpected behaviour.
Observation 4: 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 2: Initiating UE should take parameters such as PQI/CAPC into account when handling absence of HARQ feedback.
Proposal 3: 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.



image1.emf
TX UE RX UE

1. LBT

2. LBT

TX UE RX UE

PSCCH/PSSCH

PSFCH

TX UE RX UE

PSCCH/PSSCH

(a) (b) (c)


