3GPP TSG-RAN WG2 Meeting #121
R2-2300971
Athens, Greece, Feb. 27th-Mar. 3rd, 2023


Agenda item:

8.15.2
Source:

Lenovo
Title:

Discussion on LBT impact to MAC for NR SL-U
Document for:

Discussion and Decision

1. Introduction

To support increased data rate of various sidelink applications e.g. sensor information (video) sharing between vehicles with high degree of driving automation, commercial use cases etc, NR sidelink evolution was approved for Release 18 and revised in [1]. One of the scopes is to support sidelink on unlicensed spectrum for both mode 1 and mode 2, while in mode 1 Uu is on licensed band. 
In RAN2#119bis meeting, consistent LBT failure was discussed and following agreements were made

Agreement on consistent LBT failure:
1: 
SL-specific LBT failure indication from PHY is needed for SL-specific consistent LBT failure detection in the MAC. How/whether it is used for other purposes can be further discussed.

2:
Support SL-specific consistent LBT failure detection and recovery procedure in the MAC for SL-U. Details of recovery to be further worked on granularity of (consistent) LBT failure.

3:
Send LS to RAN1 asking “When an SL-specific LBT failure indication is notified for an SL transmission by the PHY, in which resource granularity the SL-specific LBT failure can be considered as being detected (e.g. per Resource Pool, per RB set, per SL BWP, etc.)?


- Detailed wording can be discussed during the email discussion. Some background information (e.g. why/what we (actually) ask) can be also provided.

4:
As the general principle, reuse the consistent LBT failure detection procedure in NR-U as the baseline for SL-specific consistent LBT failure detection in SL-U.

5:
As in NR-U, introduce the following parameters and variables for the SL-specific consistent LBT failure detection in SL-U as the baseline:


- An SL-specific LBT failure indication counter (e.g. SL_LBT_COUNTER);


- An SL-specific maximum LBT failure instance count threshold (e.g. sl-LBT-FailureInstanceMaxCount);


- An SL-specific LBT failure detection timer (e.g. sl-LBT-FailureDetectionTimer).

6:
Reuse the following MAC behaviors on TIMER/COUNTER handling in NR-U for SL-specific consistent LBT failure detection procedure in SL-U as the baseline:


- As in NR-U, if an SL-specific LBT failure indication is received from the lower layer, the SL-specific LBT failure indication counter (e.g. SL_LBT_COUNTER) is incremented by one.


- As in NR-U, if an SL-specific LBT failure indication is received from the lower layer, start or restart the SL-specific LBT failure detection timer (e.g. sl-LBT-FailureDetectionTimer)


- As in NR-U, if the SL-specific LBT failure indication counter value is equal to or larger than the SL-specific maximum LBT failure instance count threshold (e.g. sl-LBT-FailureInstanceMaxCount), consistent LBT failure is triggered/declared by the MAC entity.


- As in NR-U, if the SL-specific LBT failure detection timer (e.g. sl-LBT-FailureDetectionTimer) expires, the SL-specific LBT failure indication counter (e.g. SL_LBT_COUNTER) is reset to 0.


- As in NR-U, if the maximum LBT failure instance count threshold (e.g. sl-LBT-FailureInstanceMaxCount) or SL-specific LBT failure detection timer (e.g. sl-LBT-FailureDetectionTimer) is reconfigured, SL-specific LBT failure indication counter (e.g. SL_LBT_COUNTER) is reset to 0.

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.
In RAN2#120 meeting, consistent LBT failure was further discussed and following agreements were made

	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.

Agreements on mode 2 UE in RRC connected
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.

Agreements on SL DRX impact
1: 
If there is one PSFCH resource for a PSSCH, start sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource when the SL HARQ feedback is not transmitted due to the LBT failure.

2: 
RAN2 waits for RAN1 decision/progress for multiple PSFCH resources case

Agreements on SL CG impact
1: 
RAN2 waits for RAN1 decision on how to support consecutive PSSCHs for SL transmissions.


In this paper, we further discuss the issue relates to consistent LBT failure, CG impact and SL DRX impact.

2. Consistent LBT failure
In RAN2#119bis meeting, an LS relates to consistent LBT failure granularity is sent to RAN1. The purpose of LS is to ask RAN1 LBT failure indication is associated with which kind of granularity. In last meeting, RAN1 discussed the granularity for consistent LBT failure, and draft an LS [3] as following

	Question:
When SL LBT failure is notified by PHY due to an intended SL transmission, what is 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.).
Answer: RAN1 agrees that when a SL LBT failure is notified by PHY for a SL transmission, it is feasible to indicate in the SL BWP, on which SL resource pool or which RB set(s) the failure has been detected for PSCCH/PSSCH/PSFCH, and on which RB set(s) the failure has been detected for S-SSB. RAN1 has discussed on whether to provide a guideline or recommendation on the granularity of LBT failure indication, but failed to achieve a consensus. Given that the feature of consistent SL LBT failure detection and recovery is designed by RAN2, it is up to RAN2 to determine the granularity of SL LBT failure indication.


In the draft LS, RAN1 thinks physical layer is able to indicate LBT failure for which channel e.g. PSCCH/PSSCH/PSFCH or S-SSB, and on which resource granularity e.g. resource pool or RB set.

Observation 1: In RAN1 draft LS (R1-2212828), RAN1 thinks physical layer is able to provide LBT failure indication in resource pool granularity for PSSCH/PSCCH/PSFCH and in RB set granularity for PSSCH/PSCCH/PSFCH/PSBCH. Which granularity is to be used and how to use is left for RAN2 determination.

From RAN2 point of view, consistent LBT failure based on resource pool or RB set is as following
· Per Resource pool granularity
· UE autonomously deactivates a resource pool upon detecting/declaring consistent LBT failure for a resource pool. UE deactivates a transmission (Tx) resource pool for which consistent LBT failure was detected. In one example there is a mapping between resource pool and LBT sub-band(s) defined/configured. Upon detecting consistent LBT failure for a resource pool, UE disables the resource pool for transmissions and switches to another resource pool (Tx RP) which has different associated LBT subband(s)

· Per RB set granularity
· RB set is the granularity to perform LBT, and one option to declare consistent LBT failure is per RB set. That is, UE detect consistent LBT failure for each RB set and LBT failure for each RB set is counted. If consistent LBT failure is detected for the RB set, UE needs to avoid select resource from such kind of RB set especially in mode 2 transmission
For NR SL resource allocation e.g. when SL UE is in mode 2, a resource pool is firstly selected from multiple configured resource pool. Then resource is selected from the resource pool according to latency, size, sensing results from physical layer etc. Such resource allocation structure is not changed in SL-U. So, between two granularity options, it is naturally to detect consistent LBT failure based on resource pool. It can fully reuse the legacy NR-U consistent LBT failure mechanism by changing UL BWP to resource pool, and has minor impact on existing resource allocation scheme in NR SL. So we have the following proposal
Proposal 1: Support resource pool based consistent LBT failure detection and recovery
Furthermore, from RAN1 draft LS, we could see that physical layer can also indicate the LBT failure is for which channel and what transmission e.g. PSCCH/PSSCH/PSFCH/S-SSB, this enable MAC layer to detect consistent LBT failure with considering channel aspect e.g. LBT failure for what channel can be considered for consistent LBT failure detection. For example for PSFCH, different LBT type could be used and multiple PSFCH feature could be enabled, whether to count LBT failure for PSFCH can be further discussed. On the other hand, there may be LBT failure indication for S-SSB transmission, which does not belong to any resource pool. How to handle LBT failure indication for S-SSB transmission and whether to introduce consistent LBT failure specifically for S-SSB transmission can be further studied. Factors that could be subject to further discussion and study are summarized in the following
1.
Whether to take LBT failure for different channels into consideration for consistent LBT failure detection

2.
Whether to take LBT failure of different LBT type into consideration for consistent LBT failure detection

3.
Whether to take multiple PSFCH feature into consideration for consistent LBT failure detection

4.
how to handle LBT failure for S-SSB transmission and whether to introduce consistent LBT failure for PSBCH/S-SSB transmission
Proposal 2: RAN2 is suggested to further discuss and study consistent LBT failure detection and take e.g. different channel or LBT type into consideration

3. CG impact
In NR-U, CG is enhanced considering the DL feedback/retransmit scheduling might be missed because of LBT failure. Autonomous retransmission is introduced to avoid UL retransmission of CG waiting too long. Further, autonomous retransmission of CG can utilize other CG configuration with same TB size, thus HARQ process id indication in CG-UCI is introduced, and NR-U UE can select HARQ process id by itself according to the retransmission on CG resource. For SL-U, it is necessary to discuss whether NR-U CG feature e.g. autonomous retransmission and UE selection HARQ process id needs to be introduced or not.
For autonomous retransmission, which purpose is to handling feedback missing or retransmission schedule missing because of LBT failure, when considering SL-U, our opinion is as following
· For SL-U UE in mode 1 resource allocation

· The initial transmission and retransmissions are scheduled by gNB. Since Uu link is assumed in licensed band, scheduling from gNB will not be missed because of LBT failure on Uu link

· On the other hand, if PSFCH on sidelink unlicensed band is missed due to LBT failure on PC5 link, from Tx UE point of view, the DTX happens on PC5 link and Tx UE will feedback NACK to gNB, in which case gNB can still schedule retransmission
The only problem is for groupcast transmission with NACK only case. In this case, DTX is regarded as ACK, so if NACK is missed because of LBT failure, Tx UE will regard it as ACK and will not send NACK to gNB and retransmission will not be scheduled by gNB. But this problem might not considered as an severe issue.
· Groupcast will have feedback from multiple UEs. If one UE’s NACK is missed because of LBT failure, other UE can still feedback NACK and retransmission can still happen

· If multiple PSFCH feature studied in RAN1 is enabled for groupcast transmission, the probability of feedback missing is further decreased.

Based on above analysis, feedback missing problem because of LBT failure only impact groupcast transmission with NACK only feedback mode. And the problem is not severe consider feedback from multiple UEs and multiple PFSCH feature. 
Observation 2: Feedback missing on PC5 link because of LBT failure does not impact retransmission for CG transmission of SL-U UE with A/N feedback or blind retransmission
Observation 3: Feedback missing on PC5 link because of LBT failure impact retransmission for SL-U UE groupcast transmission with NACK only feedback

Proposal 3: Suggest RAN2 to discuss whether to introduce autonomous retransmission scheme of NR-U into SL-U
The feature of HARQ process ID and RV selection for CG transmission is linked to the configuration of the CGRT timer, e.g. support of autonomous retransmissions due to LBT failures. Since in NR-U, there might not be a resource for autonomous retransmission, or the resource is in next period and very late for retransmission, UE can also perform resources of another  CG configuration as long as the TB sizes match,, i.e. . If cg-RetransmissionTimer is configured, retransmissions with the same HARQ process may be performed on any configured grant configuration if the configured grant configurations have the same TBS. The selected HARQ process ID is indicated in the CG-UCI. In NR SL, for one SL CG configuration, multiple resource can be reserved for both initial transmission and retransmission, whether it is necessary to use resource of other CG configuration needs to be further discussed. And consider the multiple consecutive PSSCH transmission is still studied in RAN1, whether to introduce the feature of UE autonomous select HARQ process id for SL CG transmission can wait for RAN1 progress.
Proposal 4: The discussion of necessity to introduce the feature of UE autonomous select HARQ process id for SL CG transmission can wait for RAN1 progress.
In legacy NR SL, for SL CG transmission, to determine when to flush HARQ buffer, Tx UE is configured with the parameter sl-MaxTransNum, and Tx UE will flush HARQ buffer when the transmission number during one SL CG period reached sl-MaxTransNum. In SL-U, if the transmission is failure because of LBT failure, the transmission number of MAC PDU should not be increased, otherwise sl-MaxTransNum will be easily reached and HARQ buffer will be flushed.
Proposal 5: For UE configured with mode 1 and CG, a PSSCH transmission dropped by LBT failure does not count as a transmission and increase the transmission number for sl-MaxTransNum comparison
4. SL DRX impact
In last meeting, SL DRX impact was discussed and agreed “If there is one PSFCH resource for a PSSCH, start sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource when the SL HARQ feedback is not transmitted due to the LBT failure.”. For multiple PSFCH case, since RAN1 has not reached conclusion of multiple PSFCH scheme, the discussion for PSFCH case still needs to wait for RAN1 progress.
Proposal 6: RAN2 waits for RAN1 decision/progress for multiple PSFCH resources case
On the other hand, UE-to-UE COT sharing is under study in RAN1, and a SL-U UE (respond UE) can perform SL transmission in a shared COT duration initiated by other SL-U UEs (initiator UE), if the transmission fulfils the condition of COT utilization rule. Although the detail rules are still under specification in RAN1, it does not impact the conclusion that respond UE can utilize the COT duration of initiator UE. In this case, those COT duration can be used by respond UE can be defined as active time, so that response UE can perform SL transmission with shorter LBT or no LBT which will increase the transmission efficiency on unlicensed band.
Proposal 7: Define COT duration that can be utilized by SL-U UE as active time
5. Conclusion

In this contribution, the following observations and proposals are made:
Observation 1: In RAN1 draft LS (R1-2212828), RAN1 thinks physical layer is able to provide LBT failure indication in resource pool granularity for PSSCH/PSCCH/PSFCH and in RB set granularity for PSSCH/PSCCH/PSFCH/PSBCH. Which granularity is to be used and how to use is left for RAN2 determination.

Proposal 1: Support resource pool based consistent LBT failure detection and recovery
Proposal 2: RAN2 is suggested to further discuss and study consistent LBT failure detection and take e.g. different channel or LBT type into consideration

Observation 2: Feedback missing on PC5 link because of LBT failure does not impact retransmission for CG transmission of SL-U UE with A/N feedback or blind retransmission

Observation 3: Feedback missing on PC5 link because of LBT failure impact retransmission for SL-U UE groupcast transmission with NACK only feedback, but the problem is not severe

Proposal 3: do not introduce autonomous retransmission scheme in NR-U to SL-U
Proposal 4: The discussion of necessity to introduce the feature of UE autonomous select HARQ process id for SL CG transmission can wait for RAN1 progress.

Proposal 6: RAN2 waits for RAN1 decision/progress for multiple PSFCH resources case
Proposal 7: Define COT duration that can be utilized by SL-U UE as active time
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