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1
Introduction

In RAN2#119-e meeting, RAN 2 discussed whether to support SL LBT Failure indication from PHY and consistent SL LBT failure declaration in MAC have been discussed [1]. All the companies confirmed the need of having SL-specific LBT failure indication from the PHY and supporting SL-specific consistent LBT failure detection and recovery in SL-U.
This contribution mainly focuses on the remaining issues of LBT failure and its impact on SL.

2
Discussion on LBT for SL-U
2.1 LTB impact on HARQ

Issue 1: SL UE should report NACK to gNB when the LBT failure indication is received from PHY layer.

For NR sidelink mode 1 operation, the gNB may configure PUCCH for each SL transmission whose transmission status can be reported back.  For NR-U, when the UL transmission is not performed due to LBT failure, the gNB could know this non-transmission as gNB is the receiver of UL transmission. For SL transmission in mode 1, when the LBT failure indication is received from PHY layer of TX UE, the SL transmission is not actually performing in PHY layer, which means the RX UE does not receive the SL transmission data. In order to enable further SL transmission scheduling by gNB to perform transmission, the TX UE shall report NACK to gNB if the PUCCH is configured.

Proposal 1: In case of PUCCH is configured, TX UE should report NACK to gNB when the LBT failure indication is received from its PHY layer.
2.2 Consistent LTB failure detection and recovery
Issue 2: RAN2 to discuss whether to make the working assumption that SL-specific consistent LBT failure detection at per cast type/per DST/per unicast link level is not supported in Rel-18 SL-U (unless the motivation/necessity can be fully justified).
According to the consistent LBT failure detection procedure in MAC entity in NR-U, consistent LBT failure would be triggered upon the number of LBT failure indications consistently received from the lower layer is larger than a configured parameter. Therefore, the operational granularity of the consistent LBT failure detection shall be same as the LBT failure indication, from MAC perspective. 
In RAN #119-bis meeting, Rapporteur of offline discussion 504 has proposed that[1]:
	Proposal 3-1: Send LS to RAN1 asking the granularity of the SL-specific LBT failure indication, when received from PHY, e.g. “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 instance can be considered as being indicated (e.g. per Resource Pool, per RB set, per SL BWP, etc.)?”.


From the proposal, the granularity of the LBT failure indication is understood as per radio resource (e.g. a SL BWP or a Resource Pool or a RB set), and the actual resource granularity could depend on the feedback from RAN1. Based on RAN2 so far, it is accepted by majority companies that the operational granularity of the SL-specific consistent LBT failure detection should be related to radio resource and there is no clear justification on the benefits of design consistent LBT failure detection mechanism as a cast-type/DST/unicast link specific operation. Based on the above observation, we propose that SL-specific consistent LBT failure detection per cast type/per DST/per unicast link level are not supported in Rel-18 SL-U.
Proposal 2: In SL-U, the operational granularity of the SL-specific consistent LBT failure detection shall be a radio resource (e.g BWP/Resource Pool/RB set). SL-specific consistent LBT failure detection per cast type/per DST/per unicast link level are not supported in Rel-18 SL-U.
Issue 3: For the purpose of SL-specific consistent LBT failure recovery, RAN2 may prioritize the discussion on whether/how the MAC CE based signaling can be supported to signal the SL-specific consistent LBT failure (if triggered and not cancelled) to the gNB. FFS whether RRC-based signaling is needed. FFS more details on the signaling design (e.g. content).

SL-specific LBT failure indication from PHY is needed for SL-specific consistent LBT failure detection in the MAC. Besides, which signalling form of the SL-specific consistent LBT failure indication to the gNB should depend on the purpose:
For the purpose of SL-specific consistent LBT failure recovery, the SL-specific consistent LBT failure indication to the gNB should be MAC CE based signalling. By the MAC CE, SL UE can report the SL LBT failure information to gNB, then gNB can send a reconfiguration of resource pool to SL UE. The UE can fast switch/recover from consistent LBT failure. The new MAC CE should at least carry the SL-specific consistent LBT failure indication and the corresponding resource location.
For the purpose of the RRM, the SL-specific consistent LBT failure indication to the gNB could be RRC based signalling. By the RRC signaling, SL UE can report the measurement result (e.g. energy detection) of the unlicensed spectrum resource to gNB and gNB can determine the congestion extent. The new RRC signalling should at least include the energy detection result and the corresponding resource location.
Proposal 3: For the purpose of SL-specific consistent LBT failure recovery, the SL-specific consistent LBT failure indication to the gNB should be MAC CE based signalling. The new MAC CE should at least include the SL-specific consistent LBT failure indication and the corresponding resource location.
Proposal 4: For the purpose of the RRM, the SL-specific consistent LBT failure indication to the gNB could be RRC based signalling. The new RRC signalling should at least include the energy detection result and the corresponding resource location.
Issue 4: RAN2 to discuss whether an autonomous SL-specific consistent LBT failure recovery mechanism is needed for a mode-2 UE in SL-U

UE autonomously recovery mechanism for the consistent LBT failure should be introduced for a mode-2 UE in SL-U. The recovery granularity should depend on granularity of the consistent LBT failure. For example, when the granularity of the consistent LBT failure is a resource pool and the consistent LBT failure is detected in resource pool #1, a mode-2 UE can switch to another resource pool(e.g. RP #2).
Proposal 5: UE autonomously recovery mechanism for the consistent LBT failure should be introduced for a mode-2 UE in SL-U. The recovery granularity should depend on granularity of the consistent LBT failure.

2.3 Timing to perform LBT procedure
Issue 5: timing to perform LBT procedure. 
In NR-U, PHY layer will perform an LBT procedure before data transmission, that is the LBT procedure is performed after the TB is delivered from MAC entity to PHY layer. For NR sidelink mode 1, such legacy mechanism may be reused. For mode 2 though, the resource allocation mechanism is different from that in NR-U, whereas the following steps will be performed as shown in fig.1:

· Step 1: data available in LCH, which will trigger resource (re)selection in PHY layer.
· Step 2: PHY layer performs resource (re)selection according to the sensing results, and selects SA from the selection window.
· Step 3: PHY layer reports SA to MAC entity, and MAC entity randomly select resource from SA to obtain a selected grant.
· Step 4: MAC entity generates TB according to the selected grant, and deliver the TB to PHY layer to perform SL transmission.
If the LBT is still to be performed in step 4 (i.e. after the TB is delivered from MAC entity), there may not be enough time to perform LBT, which may further lead to inferior LBT results. On the other side, since the UE can know the SL transmission requirement much earlier before the TB is delivered from MAC entity (e.g. the timing of triggering resource (re)selection when the data is available in LCH), if the LBT is perform in such timing, the UE will have enough time to occupy/choose the channel, which can increase the success probability of LBT and improve the performance of SL-U transmission in mode 2.

Proposal 6: RAN2 to study the timing of performing LBT procedure in mode 2 (e.g. same timing as data available in LCH), for the benefits of early LBT procedure performed. 
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Figure 1. resource allocation procedure for mode 2

2.4 LBT impact to maximum transmission number 
Issue 6: In RAN2 # 119-bis meeting, it was proposed that RAN2 to consider SL LBT failure in sl-MaxTransNum, sl-MaxTxTransNumPSSCH handling.

In Rel-16, to limit the number of new transmission and retransmission of a MAC PDU for a mode-1 CG transmission, sl-MaxTransNum is configured by gNB, which indicates the maximum transmission number (including new transmission and retransmission) for a MAC PDU. sl-MaxTxTransNumPSSCH has the same propose for a mode-2 UE. Based on the 5.22.1.3.1a in 38.321, if the number of transmissions of the MAC PDU has reached sl-MaxTransNum, the Sidelink process shall flush the HARQ buffer of the associated Sidelink process. However, in SL-U, a LBT failure may happen before one transmission of the MAC PDU in PHY layer, yet this might be seen as a successful transmission of a MAC PDU from MAC layer perspective. Therefore, due to LBT failure in SL-U, when the number of transmissions of the MAC PDU has been reached to sl-MaxTransNum in MAC layer, it would not indicate that a SL UE has actually transmitted the MAC PDU sl-MaxTransNum times in PHY. 
For this problem, we proposed that in SL-U, when a LBT failure happens at one transmission of a MAC PDU in PHY, this transmission shall not be counted for the transmission number of this MAC PDU in MAC layer.
The above problem mainly focuses on that the maximum number of SL transmission in licensed spectrum would be not enough in the unlicensed spectrum since LBT failure may happen before a transmission of MAC PDU in SL-U. Therefore, another approach could be that when a UE performs a MAC PDU transmission in mode-1 CG transmission in SL-U, a new configuration parameter (e.g. sl-MaxTransNum-u) could be introduced for the maximum number of new transmission and retransmission, which could be larger than sl-MaxTransNum in case LBT procedure is enabled. Similarly, a configuration parameter (e.g. sl-MaxTxTransNumPSSCH-u) for the maximum number of new transmission of a MAC PDU can be introduced for mode-2 UE when LBT procedure is enabled.
Proposal 7: In SL-U, when a LBT failure happens at one transmission of a MACPDU in PHY, this transmission shall not be counted for the transmission number of this MAC PDU in MAC layer.
Proposal 8: When a UE performs a MAC PDU transmission in mode-1 CG transmission in SL-U, a new configuration parameter (e.g. sl-MaxTransNum-u) could be introduced for the maximum number of new transmission and retransmission, which could be larger than sl-MaxTransNum in case LBT procedure is enabled. Similarly, a configuration parameter (e.g. sl-MaxTxTransNumPSSCH-u) for the maximum number of new transmission of a MAC PDU can be introduced for mode-2 UE when LBT procedure is enabled.
2.4 LBT impact to DRX
Issue 7: LBT impact on DRX.
In Rel-17 Sidelink, there is one PSFCH resource for a PSSCH, and the UE starts 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 UL/SL prioritization. In Rel-18 unlicensed Sidelink, it is expected that the case when there is one PSFCH resource for a PSSCH can exist. In this case, the reason why SL HARQ feedback is not transmitted could be not only UL/SL prioritization, but also LBT failure of the PSFCH. Therefore, if there is one PSFCH resource for a PSSCH, it should be supported to 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 LBT failure.

Proposal 9: 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. 

Issue 8: In RAN1#110bis-e meeting, the agreements for PSFCH and SL-HARQ in SL-U are as follows [2]:
	Agreement

To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:

•
Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
•
Alt 2: PSFCH resources are dynamically indicated

•
Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE

•
Alt 4: drop PSFCH transmission

•
Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB

•
Combination of above alternatives are not precluded 

•
FFS details of above alternatives


According to the above yellow highlight, a outcome of RAN1 specification is that: a PSSCH may associate with multiple PSFCH occasions, and if SL HARQ feedback cannot be sent in a PSFCH occasion due to LBT failure, RX UE may try the remaining PSFCH(s) associating to the same PSSCH. We can discuss the case if LBT failure happens in all the associated PSFCH occasions in RX UE when a PSSCH associates with multiple PSFCH occasions. In this case, TX UE will not receive the corresponding SL HARQ feedback after all the associated PSFCH occasions elapse. In order to make the start time of sl-drx-HARQ-RTT-Timer aligned between TX UE and RX UE, it is natural that RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback. Accordingly, TX UE starts the timer corresponding to sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback if TX UE has not received the corresponding SL HARQ feedback after all the associated PSFCH occasions elapse.

Proposal 10: If a PSSCH associates with multiple PSFCH resources and LBT failure happens in all the PSFCH resources, RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback. 

3
Conclusion

In this contribution, we discussed the LBT for SL-U in details and made the following proposals.
Proposal 1: In case of PUCCH is configured, TX UE should report NACK to gNB when the LBT failure indication is received from its PHY layer.
Proposal 2: In SL-U, the operational granularity of the SL-specific consistent LBT failure detection shall be a radio resource (e.g BWP/Resource Pool/RB set). SL-specific consistent LBT failure detection per cast type/per DST/per unicast link level are not supported in Rel-18 SL-U.
Proposal 3: For the purpose of SL-specific consistent LBT failure recovery, the SL-specific consistent LBT failure indication to the gNB should be MAC CE based signalling. The new MAC CE should at least include the SL-specific consistent LBT failure indication and the corresponding resource location.
Proposal 4: For the purpose of the RRM, the SL-specific consistent LBT failure indication to the gNB could be RRC based signalling. The new RRC signalling should at least include the energy detection result and the corresponding resource location.
Proposal 5: UE autonomously recovery mechanism for the consistent LBT failure should be introduced for a mode-2 UE in SL-U. The recovery granularity should depend on granularity of the consistent LBT failure.

Proposal 6: RAN2 to study the timing of performing LBT procedure in mode 2 (e.g. same timing as data available in LCH), for the benefits of early LBT procedure performed. 

Proposal 7: In SL-U, when a LBT failure happens at one transmission of a MACPDU in PHY, this transmission shall not be counted for the transmission number of this MAC PDU in MAC layer.
Proposal 8: When a UE performs a MAC PDU transmission in mode-1 CG transmission in SL-U, a new configuration parameter (e.g. sl-MaxTransNum-u) could be introduced for the maximum number of new transmission and retransmission, which could be larger than sl-MaxTransNum in case LBT procedure is enabled. Similarly, a configuration parameter (e.g. sl-MaxTxTransNumPSSCH-u) for the maximum number of new transmission of a MAC PDU can be introduced for mode-2 UE when LBT procedure is enabled.
Proposal 9: 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. 

Proposal 10: If a PSSCH associates with multiple PSFCH resources and LBT failure happens in all the PSFCH resources, RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback. 
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