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1 Introduction
One of the WI objectives for the Rel18 WI on SL evolution is the specification of sidelink in unlicensed for both mode 1 and mode 2 [1]:
2. 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.
RAN1 has already discussed SL-U in the last two meetings.  In this contribution, we discuss initial impacts to LBT that should affect the MAC layer.

2 Discussion
2.1 Resource Allocation

RAN1 has agreed to strive for a common solution for SL-U in both mode 1 and mode 2.  In essence, the LBT procedure at the PHY layer should be mostly transparent to the resource allocation mode.  At the MAC and RRC layers, however, there are some key differences between mode 1 and mode 2 and which parts of the solution can be common require consideration of each mode in detail.   
In mode 1, the gNB allocates grants to the UE via DCI.  The mechanism for the grant could be similar to UL scheduling in NR-U.  However, one main difference is that for NR-U, the gNB itself can initiate a COT, and can therefore schedule UL accordingly.  In SL-U, since the gNB does not perform LBT, it needs to rely on reporting of COT information by the SL-UEs which are actually performing LBT in order to schedule the resources efficiently (e.g., to favour COT sharing by multiple UEs).  COT information reported by a UE may consist of detected and/or initiated COTs by the UE, the remaining COT duration, identity of the UE that initiated a COT, LBT failure, etc.  The exact contents can be further discussed by RAN2. 
Proposal 1:
A SL-U in mode 1 can report COT information to the gNB for scheduling purposes.  FFS on the contents of the report. 

In mode 2, the UE performs resource selection when it has data available and then performs data transmission in the selected resources.  The main task of the MAC layer is to randomly select from the set of available resources provided by the PHY layer.  Although RAN1 is still discussing the resource selection procedure, it is quite likely that whether a UE will successfully access the channel or fail LBT may not be known at the time of resource selection.  However, there may still be mechanisms for resource selection that impact the selection process at the MAC layer.  Specifically, when the PHY layer provides the set of available resources to the MAC layer, the MAC layer could select resources in such a way as to favour the maintenance of a COT by the UE.  Furthermore, RAN1 is also discussing the support of multi-consecutive slots, which itself may have RAN2 impacts on resource selection.  Due to the overlap with such early RAN1 discussions, it may be best to delay discussions of mode 2 resource allocation in RAN2 until some further progress is made in RAN1.
Proposal 2:
Further progress in RAN1 should be made before RAN2 discusses the impacts of LBT on resource selection for mode 2. 

2.2 LBT Failure Detection and Recovery
In NR-U, the PHY layer may perform an LBT operation, and the UE does not perform transmission if the channel is identified as being occupied by the LBT operation.  When the transmission is not performed due to an occupied channel, the PHY layer sends an LBT failure indication to the MAC entity.  On the other hand, when LBT is not performed by the lower layers, no LBT failure indication is received.  LBT failure detection and recovery is then performed at the MAC layer.  This procedure allows the UE to recovery from consistent LBT failures which may occur when the channel is occupied by another system for long periods.  Furthermore, the gNB may not be aware of the failure in case the UE transmissions are UL transmissions initiated by the UE (e.g., RACH) and so a method for reporting and/or recovery from consistent LBT failure is needed.
SL-U may also require a mechanism for consistent LBT failure detection.  Specifically, in mode 2 operation, the gNB may not be aware of the status of the medium at the UE’s transmission time.  In the case of mode 1, the DL is licensed, while the SL may be unlicensed and possibly not monitored/sensed by the gNB.

To support consistent LBT failure detection and recovery, SL-U should use NR-U as a baseline.  As a result, the MAC specification should be written in the same way to decouple the LBT operation with the MAC layer using an LBT failure indication.  The MAC layer can then similarly specify a consistent LBT failure detection and recovery procedure that is specific to SL.
Proposal 3:
SL-U MAC layer supports a SL-specific consistent LBT failure detection and recovery procedure 
In NR-U, the UE maintains a counter per serving cell (LBT_COUNTER) for the number of LBT failure indications.  When the counter reaches the maximum (configured by lbt-FailureInstanceMaxCount) the UE reports consistent LBT failure to the RRC layer.  A timer is also used to allow the LBT_COUNTER to be reset when LBT failure has not been received for a period of time (lbt-FailureDetectionTimer).
Consistent LBT failure at the MAC layer in SL-U can be modelled in the same way.  Specifically, a counter can be incremented for each LBT failure indication until a maximum is reached and consistent LBT failure is declared.   

Proposal 4:
As in NR-U, a SL UE detects consistent LBT failure by counting the number of LBT failure indications received by the PHY and comparing the counter to a maximum value.

Proposal 5:
As in NR-U, the counter of consecutive LBT failures can be reset by the expiry of a timer.
One difference in the procedure with NR-U may come in the configuration of the timer and/or maximum number of failures.  In essence, the timer represents the maximum amount of time between attempts of the LBT procedure.  This time may depend on LBT parameters itself (e.g., backoff time) but also on the availability of resources.  Specifically, with NR-U, the resources are always allocated by the network.  However, with SL, resources can be allocated by the network or by the UE itself, depending on whether the UE operates in mode 1 or mode 2.  Also, the maximum number of LBT failures that may require some action at the upper layers may also be dependant on the traffic type.  While NR-U can handle this by proper network configuration, a SL UE in IDLE/INACTIVE or OOC may need to depend on multiple different configurations for LBT failure detection and choose the one that is most relevant to the traffic type.
Proposal 6:
A SL UE can be configured with multiple consistent LBT parameters.  FFS on details.

Failure recovery in NR-U consists of attempting access on a different BWP where RACH is configured.  If consistent LBT failure has been triggered on all UL BWPs with RACH configured, the UE triggers RLF or reporting of failure information to the network (depending on whether the CA or DC configuration allows the reporting of the failure information). 
For SL-U, RAN2 should first discuss whether a similar approach of changing resources prior to triggering RLF/reporting should be supported.  Such approach may consist of changing the transmit resource pool if the UE is configured with multiple transmit resource pools.

Proposal 7:
RAN2 discusses whether to support change of TX resource pool by the UE following consistent LBT failure.

Subsequently, failure on the SL can be reported to the network and/or upper layers in a similar fashion to the reporting of SL-RLF for unicast.  Such reporting would be independent of the scheduling mode and can be useful also when applied to a UE in RRC_IDLE/RRC_INACTIVE so the network may benefit from knowledge of the issue to reconfigure the SL resource pools.  
Proposal 8:
A SL UE in coverage can report consistent LBT failure on sidelink to the network, regardless of the RRC state of the UE.  

Finally, as with NR-U, for a SL UE in unicast, the SL UE should trigger SL RLF on each of the PC5-RRC connections at the UE, given that the problem is with the medium and not the link itself.  At what point this occurs (e.g., after some attempt by the network to address the situation before the RLF is triggered) can be further discussed.
Proposal 9:
Following consistent LBT failure, the UE may trigger the actions associated with SL RLF on each PC5-RRC connection established at the UE.

3 Conclusion
In this contribution, the following conclusions were made on LBT impacts to the MAC layer in SL:
Proposal 1:
A SL-U in mode 1 can report COT information to the gNB for scheduling purposes.  FFS on the contents of the report. 

Proposal 2:
Further progress in RAN1 should be made before RAN2 discusses the impacts of LBT on resource selection for mode 2. 

Proposal 3:
SL-U MAC layer supports a SL-specific LBT failure detection and recovery procedure 

Proposal 4:
As in NR-U, a SL UE detects consistent LBT failure by counting the number of LBT failure indications received by the PHY and comparing the counter to a maximum value.

Proposal 5:
As in NR-U, the counter of consecutive LBT failures can be reset by the expiry of a timer.

Proposal 6:
A SL UE can be configured with multiple consistent LBT parameters.  FFS on details.

Proposal 7:
RAN2 discusses whether to support change of TX resource pool by the UE following consistent LBT failure.

Proposal 8:
A SL UE in coverage can report consistent LBT failure on sidelink to the network, regardless of the RRC state of the UE.  

Proposal 9:
Following consistent LBT failure, the UE may trigger the actions associated with SL RLF on each PC5-RRC connection established at the UE.
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