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1 Introduction
[bookmark: _Hlk61519723]Revised WID of NR sidelink evolution (RP-2201938) was agreed in RAN#97e [1]. The related WID objectives on Sidelink on unlicensed spectrum (SL-U) are summarized below.
1. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.

In the last two RAN1 meetings [2][3], good progresses of SL-U have been made in channel access mechanism and physical channel design framework. The high-level principle for type 2A/2B/2C sidelink channel access procedures and contention window adjustment for unicast have been agreed. Therefore, RAN2 can start discussing upper layer aspects of SL-U.
In this contribution, we share our views on what RAN2 should do on SL-U in user plane, which includes:
· Overview of RAN2 work
· SL LBT detection and recovery
· Autonomous retransmission in CG resource 
· SL-DRX
Note that control plane aspects of SL-U (including CAPC and measurement) are discussed in our companion contribution [6].
2 Discussion 
2.1 Overview of RAN2 work
According to WID objective, NR-U should be reused as much as possible to SL-U. Therefore, it is necessary to review what RAN2 aspects were discussed in Rel-16 NR-U, which are list below:
· CAPC selection 
· LBT failure handling
· Configured grant 
· RRM 
· Paging  
· Cell (re)selection 
· RACH
· DRX 
Among them, we think RAN2 don't need to consider paging, RACH and cell (re)selection because they are supported only in Uu. RAN2 can discuss the remaining aspects for SL-U. Among them, CAPC and measurement are control plane aspects. Thus, we propose:
Proposal 1: The following user plane aspects of SL-U can be studied in RAN2:
· SL LBT failure detection and recovery 
· Support of autonomous retransmission in configured grant
· SL DRX
2.2 LBT failure detection and recovery
In Rel-16 NR-U, LBT failure detection and recovery were introduced. Its mechanism can be briefly described as below:
· UL LBT failure detection 
· Counter and Timer based “consistent” LBT failure detection mechanism similar to BFD
· MAC relies on reception of L1 consistent LBT failure notification to detect a LBT failure 
· UL LBT failure recovery 
· A new MAC CE is introduced for UL LBT failure reporting upon detection of LBT failure 
· LBT failure detected on SCell: trigger LBT-SR if no available UL resource for the MAC-CE
· LBT failure detected on SpCell: switch to another BWP with configured RACH resource and initiates RACH. 
· If no such BWP is available in PCell, the UE declares RLF
· If no such BWP is available in PSCell, the UE declares SCG-RLF and informs MN via SCG failure information 
Because SL-U may have the similar issue of consistent LBT failure, we think it is straight forward to support it in SL-U.
Proposal 2: Support SL LBT failure detection and recovery for SL-U
For SL LBT failure detection, we believe the similar mechanism of NR-U can be reused without need for enhancement.
Proposal 3: Similar to NR-U LBT failure detection, SL TX UE’s MAC relies on reception of N continuous LBT failure notifications from PHY layer to declare SL LBT failure.  
However, for SL LBT failure recovery, the NR-U mechanism can't be reused due to the following differences in SL-U:
1) Only single carrier and single BWP are supported in NR SL for now.
2) SL LBT failure may happen for IDLE / INACTIVE UE or OOC UE in Mode 2.
3) SL LBT failure may happen in broadcasting or groupcasting.
Observation 1: For LBT failure recovery, SL-U has below differences from NR-U:
1) Only single carrier and single BWP are supported in NR SL for now.
2) SL LBT failure may happen for IDLE / INACTIVE UE or OOC UE in Mode 2.
3) SL LBT failure may happen in broadcasting or groupcasting.
We think it is necessary to separately discuss CONNECTED TX UE and IDLE / INACTIVE / OOC TX UE. First, for CONNECTED TX UE, it is straight forward that it can report the SL LBT failure information to gNB. As a general principle for failure recovery, it is up to gNB implementation how to perform recovery (e.g. reconfiguration of resource pool, handover the UE to another cell, etc.). We think this principle can be followed. One remaining issue is whether to send the SL LBT failure information via a new SL MAC-CE or RRC message. Note that NR-U used MAC-CE while Rel-16 NR V2X has supported to use SUI to convey failure information in case of SL RLF. Thus, some further work is required. However, we believe this is not an essential issue, and can be marked as FFS.
Proposal 4: Upon detection of SL LBT failure, CONNECTED TX UE reports SL LBT failure information to gNB, and it is up to gNB implementation how to perform recovery. FFS whether SL LBT failure information is reported via SL MAC-CE or SUI.
Then, for OOC TX UE, we think one feasible solution is to temporally use exceptional pool to send SL LBT failure information. One may argue that LBT may also fail in exceptional pool. However, please note that LBT is performed in 20MHz BW unit (i.e. LBT bandwidth) because WiFi channel access is in 20MHz unit. Therefore, SL failure information may be successfully transmitted via exceptional pool if it is beyond the LBT bandwidth.
Observation 2: LBT is performed in 20MHz BW unit (i.e. LBT bandwidth) because WiFi channel access is in 20MHz unit. Thus, SL LBT failure information may be successfully transmitted to peer UE via exceptional pool if it is beyond the LBT bandwidth.
Finally, for IDLE / INACTIVE TX UE, we think the following two alternatives can be considered:
· Alt-1: Report SL LBT failure information to peer UE via exceptional pool, similar to OOC UE
· Alt-2: Enter CONNECTED state to report SL LBT failure information to gNB
Between them, we prefer Alt-1 to align recovery behavior of OOC UE. Thus, we suggest RAN2 to study whether exceptional pool can be used for SL LBT failure recovery. 
Proposal 5: RAN2 discuss whether OOC TX UE and IDLE/INACTIVE TX UE can perform SL LBT recovery by sending SL LBT failure information to peer UE via exceptional pool beyond LBT bandwidth. 
[bookmark: _Ref54102585][bookmark: _Ref54102582]2.3 Autonomous retransmission in CG resource
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Figure.1 Illustration of autonomous retransmission mechanism in NR-U
In Rel-16 NR-U, autonomous retransmission in CG resource was introduced with below main spec impacts:
· For new transmission, HARQ process ID selection is based on UE implementation, to avoid latency caused by LBT failure. 
· A new CG retransmission timer (i.e. CGRT) is introduced to work with CG timer as illustrated in Figure.1. The motivation is that gNB may not timely schedule retransmission before the CG timer expires (e.g., due to LBT failure). When CGRT expires, the UE is allowed for an autonomous retransmission without gNB grant in CG resource.
For SL-U, although WID objective restricts Uu transmission only in licensed band in this release, we think the autonomous retransmission is still useful for SL-U forward compatibility, and its specification effort is limited. Thus, we tend to reuse the similar mechanism to SL-U. However, one remaining issue is that CG timer was not introduced in NR V2X. Thus, we can't copy the whole mechanism illustrated in Figure.1 because CGRT works on top of CG timer. RAN2 need to further discuss whether to introduce CGRT in SL-U. 
Observation 3: Because CG timer was not introduced in NR V2X, the autonomous retransmission mechanism of NR-U can't be copied to SL-U because CG retransmission timer works on top of CG timer in NR-U.
Proposal 6: Introduce autonomous retransmission in CG resource similar to NR-U. FFS whether introduce CG retransmission timer in SL-U.
2.4 SL DRX
In Rel-16 NR-U, there were a lot of discussion on whether to enhance DRX (e.g. extend ON duration in case of LBT being successful in late slots). However, all these enhancements were not agreed. Finally, only below minor spec impacts were agreed:
· drx-ReTransmissionTimerDL is started after PDSCH is scheduled by non-numerical K1
· UE starts drx-HARQ-RTT-TimerUL after CG-PUSCH transmission if LBT is successful
· UE starts drx-HARQ-RTT-TimerUL after DG-PUSCH transmission irrespective of LBT outcome 
· UE starts drx-HARQ-RTT-TimerDL after HARQ A/N transmission opportunity irrespective of LBT outcome 
Observation 4: In NR-U, DRX is supported with minor spec impacts, including when to start the DRX retransmission timer and when to start the HARQ RTT timer. 
For SL DRX, we think RAN2 will have the similar discussions on 
· Whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome. 
· When to start drx-ReTransmissionTimerSL if non-numerical K1 is introduced by RAN1 for SL-U
Obviously, the spec effort is minor. Thus, we suggest RAN2 to support SL DRX for SL-U. And due to the limited TU in RAN2, further enhancement to SL DRX should be deprioritized in this release. 
Proposal 7: SL DRX can be supported for SL-U with minor spec efforts (e.g. whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome). Further SL DRX enhancement is deprioritized in this release. 
3 Conclusion
In this contribution, we discuss RAN2 user plane aspects of SL-U. Our observations are:
Observation 1: For LBT failure recovery, SL-U has below differences from NR-U:
1) Only single carrier and single BWP are supported in NR SL for now.
2) SL LBT failure may happen for IDLE / INACTIVE UE or OOC UE in Mode 2.
3) SL LBT failure may happen in broadcasting or groupcasting.
Observation 2: LBT is performed in 20MHz BW unit (i.e. LBT bandwidth) because WiFi channel access is in 20MHz unit. Thus, SL LBT failure information may be successfully transmitted to peer UE via exceptional pool if it is beyond the LBT bandwidth.
Observation 3: Because CG timer was not introduced in NR V2X, the autonomous retransmission mechanism of NR-U can't be copied to SL-U because CG retransmission timer works on top of CG timer in NR-U.
Observation 4: In NR-U, DRX is supported with minor spec impacts, including when to start the DRX retransmission timer and when to start the HARQ RTT timer. 

Based on observations, our proposals are:
Proposal 1: The following user plane aspects of SL-U can be studied in RAN2:
· SL LBT failure detection and recovery 
· Support of autonomous retransmission in configured grant
· SL DRX
Proposal 2: Support SL LBT failure detection and recovery for SL-U
Proposal 3: Similar to NR-U LBT failure detection, SL TX UE’s MAC relies on reception of N continuous LBT failure notifications from PHY layer to declare SL LBT failure.  
Proposal 4: Upon detection of SL LBT failure, CONNECTED TX UE reports SL LBT failure information to gNB, and it is up to gNB implementation how to perform recovery. FFS whether SL LBT failure information is reported via SL MAC-CE or SUI.
Proposal 5: RAN2 discuss whether OOC TX UE and IDLE/INACTIVE TX UE can perform SL LBT recovery by sending SL LBT failure information to peer UE via exceptional pool beyond LBT bandwidth. 
Proposal 6: Introduce autonomous retransmission in CG resource similar to NR-U. FFS whether introduce CG retransmission timer in SL-U.
Proposal 7: SL DRX can be supported for SL-U with minor spec efforts (e.g. whether start of drx-HARQ-RTT-TimerSL depends on LBT outcome). Further SL DRX enhancement is deprioritized in this release. 
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