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Introduction
In RAN1#111, an LS R1-2210805 ([2]) on “on SL LBT failure indication and consistent SL LBT failure” from RAN2 regarding SL LBT failure indication and consistent SL LBT failure was discussed, with no consensus on sending any reply LS to RAN2. Discussions are expected to continue in RAN1#112.
Specifically, RAN2 asked RAN1 to provide feedback on “the granularity in which MAC can consider that the SL LBT failure has been detected (e.g. whether MAC can consider that the SL LBT failure has been detected per SL BWP, per SL resource pool, per RB set, etc.)”, and in RAN1#111 meeting, the following were discussed, without any consensus,
1.  Whether RAN1 only conclude on the feasibility of each granularity and leave the final decision to RAN2, or not;
2.  Whether the granularity replied to RAN2 should be “SL resource pool” or “RB Set”.
Nevertheless, from the discussion taken place in RAN1#111 it seems RAN1 has reached a few common understandings, as follows (see [3]),
· For S-SSB, it is feasible to indicate the SL BWP or the RB Set(s) where an LBT failure has been detected;
· For PSCCH/PSSCH/PSFCH, it is feasible to indicate the SL BWP, or the RB Set(s), or the SL resource pool where an LBT failure has been detected;
· The option of using a granularity of “SL BWP” for LBT failure indication should be excluded.
In this document, we share our views on a few aspects of SL LBT failure indication in SL-U.
Discussion
Summary of discussions in RAN1#111
During the discussions in RAN1#111, the following were proposed by the Moderator, see [3],
	Alt-1:
Moderator Proposal 2-4: For consistent LBT failure indication, the PHY layer reports to the MAC layer on which RB set(s) the LBT failure has been detected. 
Alt-2:
Moderator Proposal 2-5: For a PSCCH/PSSCH/PSFCH transmission, the PHY layer reports to the MAC layer on which SL resource pool the LBT failure has been detected. For a S-SSB transmission, the PHY layer reports to the MAC layer on which RB set(s) the LBT failure has been detected. 


According to the discussions in RAN1#111 (note that the summary provided in section 2.3 of [3] does not seem to be fully correct),
· Moderator Proposal 2-4 was supported by 2 companies and was opposed by 7 companies;
· Moderator Proposal 2-5 was supported by 5 companies and was opposed by 2 companies。
· 2 other companies proposed to move PSFCH to the case of using a granularity of “RB Set”.
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It was agreed in RAN2#119bis-e to “reuse the consistent LBT failure detection procedure in NR-U as the baseline for SL-specific consistent LBT failure detection in SL-U” (see [2]), i.e. a counter is used to accumulate the number of “consistent” LBT failure indications, and a timer is used to ensure the counted LBT failure indications are “consistent”, i.e. the time gap between any two consecutive valid indications does not exceed a threshold (upon detection of a large time gap, the counter is reset); a consistent LBT failure is declared whenever the counter reaches a threshold.
[bookmark: _GoBack]It can be seen from the above procedure that an LBT failure indication from the PHY layer is either counted, or not counted, based on some conditions. It is also possible to extend the procedure, with some small changes, to handle the case of mixed indications (e.g. that are intended to be counted separately). For example, if each indication is associated with a specific resource pool, then a distinct set of parameters (e.g. counter, timer, etc.) can be associated with each resource pool, such that for any given indication, the counter/timer is chosen based on the resource pool associated with the indication.
However, if different LBT failure indications can come with diferent granularities, e.g. “RB Set #1” is associated with a first indication, and “resource pool #1” (which may contain RB Set #1) is associated with the next indication, then it seems such indications cannot be easily supported by extending the existing procedure. For example, in that case the two indications may not be considered “independent”, and cannot be directly supported by the existing procedure by associated the two indications with two respective set of parameters. Furthermore, RAN2 has to discuss whether/how to translate a granularity of “RB Set” to “resource pool”, as resources selected for a SL grant in the MAC layer is conducted on a per resource pool basis.
Observation 1: The consistent LBT failure detection procedure agreed in RAN2 for SL-U supports LBT failure indications triggered for different resource pools with minimum efforts, e.g. by using resource pool specific timers/counters.
Observation 2: Impacts to the consistent LBT failure detection procedure (and the corresponding workload) should be taken into account when deciding the granularity of LBT failure indications.
Observation 3: Indications with mixed granularity, e.g. a first LBT failure indication with a granularity of “RB Set” (e.g. for S-SSB or PSFCH) and a next LBT failure indication with a granularity of “resource pool” (e.g. for PSCCH/PSSCH), cannot be supported by the consistent LBT failure detection procedure agreed in RAN2.
For the case of a single granularity of “RB Set”, as proposed in Moderator Proposal 2-4 in [3], it can be expected that RAN2 may anyhow need to agree on how to determine whether/how/when this is translated into “resource pool(s)” from which resource(s) for SL grants were actually selected, and due to the loss of time-domain information in the indication, it is even more difficult for the MAC layer to identify a feasible solution for this issue. Therefore, if such a proposal is agreed, on one hand the RAN1 work is simplified, but on the other hand the complexity of handling LBT failure indications in the MAC layer is significantly increased (and is much higher than doing it in the PHY layer).
Observation 4: A granularity of “RB Set”, when being handled in the MAC layer, will anyhow need to be translated into “resource pool”, in one way or another, due to the fact that resource (re)selection for a SL grant is on a per-resource-pool basis.
Given the above observations, we propose to adopt a single-granularity approach in order not to break the consistent LBT failure detection procedure already agreed in RAN2. Further to that, considering that a granularity of “RB Set” will anyhow need to be translated into “resource pool” (with loss of information) we propose to adopt “resource pool” as the granularity of LBT failure indications to the MAC layer, leaving how to determine resource pool(s) to be resolved in RAN1.
Proposal 1: The PHY layer indicates LBT failure to the MAC layer with a single granularity, i.e. “resource pool”.
· For LBT failures for SL transmissions not in any resource pool, derive the resource pool(s) to be reported to the MAC layer based on the RB Set(s) in which LBT failures occurred.
Resource pool(s) to be reported
In most cases it should be very straightforward in determining the (single) resource pool to be reported along with the LBT failure indication, i.e. it should be the resource pool from which resources were selected for the intended SL transmission that triggered the failed LBT operation. However, we think the following questions should be answered by RAN1 before moving forward with how to determine the resource pool(s):
· S-SSB may be transmitted in an RB Set contained in none, or one, or multiple resource pools. In case of multiple resource pools, is it necessary to report all such resource pools upon a failed LBT operation triggered by an intended S-SSB transmission?
· For proponents of using “RB Set” as the reporting granularity, an RB Set with failed LBT operation may be configured in multiple TDM’ed resource pools. Is it necessary to report all such resource pools?
· In our understanding, in NR-U, and in case of no intra-cell guard-band on an UL BWP, an LBT operation is considered failed if the UE fails to access any LBT channel in the UL BWP. Should the same principle be applied in SL-U? And if so, is it necessary to report all resource pools in the SL BWP?
Among the above three points, we don’t have a very strong view on the first two, but on the last one we think it is very important to follow the same principle as in NR-U on handling of the case of no intra-cell guard-band, i.e. an LBT operation is considered failed if the UE fails to access any LBT channel in the SL BWP. However, considering that in NR-U the UL case was already relaxed comparing to the DL case (where an LBT operation is considered failed if the gNB fails to access any LBT channel in the carrier), RAN1 may discuss whether to perform some relaxation/adaptation, e.g. an LBT operation is considered failed if the UE fails to access any LBT channel in the SL resource pool.
Proposal 2: For the case of no intra-cell guard-band in a SL BWP, adopt one of the following options:
· Option-1: an LBT operation is considered failed if the UE fails to access any LBT channel in the SL BWP.
· Option-2: same as Option-1 for S-SSB; for other SL transmissions, an LBT operation is considered failed if the UE fails to access any LBT channel in the SL resource pool.
If RAN1 concludes that more than one resource pool may be reported due to a single LBT failure, in order to be compliant to the agreed framework of consistent LBT failure detection procedure in RAN2, the PHY layer should trigger one or multiple LBT failure indications, each for one resource pool.
Proposal 3: If LBT failure due to an SL transmission may impact upon M (M >= 1) resource pools, the PHY layer reports M LBT failure indications to the MAC layer, each for one resource pool.
Handling of PSFCH
In the discussions in RAN1#111, it was argued by some companies that for PSFCH, since it is likely that NR-U DL multi-channel access procedure will be reused, LBT failure may occur only in some RB Sets for PSFCH transmission(s) and not for other RB Sets for PSFCH transmission(s), and so it might make sense to only report the actually failed RB Sets.
While we agree with those companies’ observations on “partial LBT failure” for a number of simultaneous PSFCH transmissions, we think the problem here is whether/how much the “fine granularity” benefits the MAC layer. As already mentioned in section 2.2, with the indication of the failed RB Sets, the time-domain information is lost, i.e. the MAC layer cannot identify in which resource pool the LBT failure(s) occurs (unless the resource pool is also indicated, which further complicates the indication). Furthermore, unless the MAC layer will handle LBT failures for PSCCH/PSSCH and PSFCH separately (which requires additional parameters to be indicated by the way), e.g. with a “RB Set” granularity in evaluating whether to increase the “LBT failure indication” counter for the resource pool, the “fine granularity” does not seem to provide any help.
In our view, in the case of “partial LBT failure” for a number of simultaneous PSFCH transmissions, if the intended PSFCH(s) in the RB Sets with LBT success is still agreed to be transmitted (we don’t see a reason to drop such PSFCH transmission(s)), then the simplest way of handling this is not to trigger any LBT failure indication. The “consistent LBT failure” in the resource pool, if any, will be detected by failed PSCCH/PSSCH transmissions, anyway. Alternatively RAN1 can determine a threshold for number of failed RB Sets that triggers an LBT failure indication, although we think this complicates the indication and is thus unnecessary.
Proposal 4: For the case of multi-channel access procedure for simultaneous PSFCH transmissions in a PSFCH occasion, adopt one of the following options on deriving the indicated resource pool(s):
· Option-1: an LBT failure is indicated only when none of the intended PSFCH is transmitted.
· Option-2: an LBT failure is indicated when the number of failed RB Sets exceeds N (N >= 1).
Another issue is that for PSFCH, LBT failure is detected in a RX pool while only TX pools are relevant in consistent LBT failure detection and recovery for RAN2. Therefore, for a RX pool with LBT failure detected, it is the corresponding TX pool (i.e. the TX pool with same time/frequency resources configured) that should be indicated to the MAC layer.
Proposal 5: For an LBT failure due to PSFCH transmission(s) in a RX pool, the corresponding TX pool, if configured, is reported in the LBT failure indication to the MAC layer.
[bookmark: _Ref121137764]Handling of S-SSB
In our view, for either Mode 1 or Mode 2 resource allocation, the number of UEs transmitting S-SSBs is likely to account for only a very small proportion of nearby UEs communicating with each other (or else the SL synchronization would be unstable and SL communications among these UEs would not be possible). Moreover, S-SSBs are expected to be transmitted very sparsely in time when comparing to PSCCHs/PSSCHs/PSFCHs, and so is unlikely to cause any issue even if the relevant LBT failures are not reported to the MAC layer (again, the “consistent LBT failure” in the resource pool, if any, will be detected by failed PSCCH/PSSCH transmissions, anyway).
Observation 5: The impact due to not reporting LBT failures for S-SSB transmissions is small, and does not justify a complex solution (e.g. mixed granularities in LBT failure indications).
If the majority of companies really think it is necessary to report LBT failures for S-SSB to MAC layer, the simplest way would be to report all resource pools containing the failed RB Set for S-SSB transmission in the frequency domain.
Proposal 6: For the case of LBT failure due to an S-SSB transmission, adopt one of the following options:
· Option-1: no LBT failure is indicated to the MAC layer.
· Option-2: an LBT failure is indicated for every resource pool (if any) containing the corresponding RB Set.
Conclusion
In this contribution, we share our views on a few aspects of SL LBT failure indication in SL-U, and make the following observations and proposals.
Observation 1: The consistent LBT failure detection procedure agreed in RAN2 for SL-U supports LBT failure indications triggered for different resource pools with minimum efforts, e.g. by using resource pool specific timers/counters.
Observation 2: Impacts to the consistent LBT failure detection procedure (and the corresponding workload) should be taken into account when deciding the granularity of LBT failure indications.
Observation 3: Indications with mixed granularity, e.g. a first LBT failure indication with a granularity of “RB Set” (e.g. for S-SSB or PSFCH) and a next LBT failure indication with a granularity of “resource pool” (e.g. for PSCCH/PSSCH), cannot be supported by the consistent LBT failure detection procedure agreed in RAN2.
Observation 4: A granularity of “RB Set”, when being handled in the MAC layer, will anyhow need to be translated into “resource pool”, in one way or another, due to the fact that resource (re)selection for a SL grant is on a per-resource-pool basis.

Proposal 1: The PHY layer indicates LBT failure to the MAC layer with a single granularity, i.e. “resource pool”.
· For LBT failures for SL transmissions not in any resource pool, derive the resource pool(s) to be reported to the MAC layer based on the RB Set(s) in which LBT failures occurred.
Proposal 2: For the case of no intra-cell guard-band in a SL BWP, adopt one of the following options:
· Option-1: an LBT operation is considered failed if the UE fails to access any LBT channel in the SL BWP.
· Option-2: same as Option-1 for S-SSB; for other SL transmissions, an LBT operation is considered failed if the UE fails to access any LBT channel in the SL resource pool.
Proposal 3: If LBT failure due to an SL transmission may impact upon M (M >= 1) resource pools, the PHY layer reports M LBT failure indications to the MAC layer, each for one resource pool.
Proposal 4: For the case of multi-channel access procedure for simultaneous PSFCH transmissions in a PSFCH occasion, adopt one of the following options on deriving the indicated resource pool(s):
· Option-1: an LBT failure is indicated only when none of the intended PSFCH is transmitted.
· Option-2: an LBT failure is indicated when the number of failed RB Sets exceeds N (N >= 1).
Proposal 5: For an LBT failure due to PSFCH transmission(s) in a RX pool, the corresponding TX pool, if configured, is reported in the LBT failure indication to the MAC layer.
Proposal 6: For the case of LBT failure due to an S-SSB transmission, adopt one of the following options:
· Option-1: no LBT failure is indicated to the MAC layer.
· Option-2: an LBT failure is indicated for every resource pool (if any) containing the corresponding RB Set.
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