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1	Introduction
[bookmark: _Hlk525462591]In RAN Meeting #96, the WID on NR sidelink evolution was agreed. It includes the following objective for operation of sidelink in unlicensed spectrum:
	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
[bookmark: _Hlk89917081]o	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.
[bookmark: _Hlk89917101]-	Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
[bookmark: _Hlk89917118]o	The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
[bookmark: _Hlk89917140]-	No specific enhancements for existing NR SL feature
[bookmark: _Hlk89917215]-	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 this contribution, we discuss aspects related to the impact of the unlicensed spectrum channel access mechanism in the resource allocation procedure.
2	Resource allocation procedures
SL transmissions are allocated over a set of time-frequency resources defined as a Resource Pool. The resource pool is preconfigured within a SL BWP. The SL BWP configuration includes which symbols of the slot can be used for SL communication, meaning that a NR slot may contain gaps where SL transmission cannot be present. Also, the resource pool can have contiguous or non-contiguous resources in time domain. In frequency, the resources are defined in sub-channels formed by contiguous PRBs. SL design includes the following mechanisms for allocating the resources from a resource pool.
	Mode 1:
o	In this mode, the gNB, triggered e.g. by a SL SR or SL BSR from a UE, provides a dynamic grant for SL transmissions through DCI format 3_0 for the UEs which are in RRC_CONNECTED state. The grant can allocate resources for up to 3 transmissions of a same transport block.
o	Alternatively, one or multiple configured grant configurations of periodic resources are provided via RRC. Both configured grant type 1 (fully RRC configured and activated) and type 2 (activated via DCI) are supported. 
	Mode 2: 
o	In this mode, the UE selects the resources for a preconfigured maximum number of transmissions (blind or HARQ based retransmissions) of a same transport block.
o	UE can also reserve resources for future transport blocks by indicating a resource reservation period indicated in the 1st stage SCI.
o	The UE should reserve the resources within a selection window which the interval is limited by the remaining packet delay budget. 
o	The UE typically follows a sensing-based approach for selecting the resource, i.e., it first identifies the candidate resources in the selection window (by excluding resources indicated in a received SCI and which the SL-RSRP are higher than a threshold) and then selects randomly from the set of candidate resources.
SL-U should be supported for in-coverage and out-of-coverage UEs, therefore both mode 1 and mode 2 should be supported. As per WI scope, Uu operation for mode 1 is limited to licensed spectrum only, therefore SL SR, DCI transmission or RRC resource configuration may not be affected by unlicensed channel access. While control and data channels (SL SSB, PSCCH, PSSCH, PSFCH, etc) when transmitted on unlicensed spectrum should of course follow unlicensed channel access procedures either in mode 1 or mode 2.
The LBT based channel access procedures as adopted in NR-U are designed for collision avoidance and fair coexistence with other RATs which use asynchronous channel access. However, the SL Mode 2 sensing-based procedures are designed for coordinating the resource allocation in a distributed way among SL UEs transmitting in a frame-based structure. This means that these mechanisms may not fully replace each other, but rather should they operate together and complement each other. However, issues may arise if existing SL resource allocation procedure does not consider the additional access mechanism in place for unlicensed support. Figure 1 shows an example where a SL-U UE may potentially select a candidate resource prior to a previously reserved resource indicated in a received SCI from another SL-U UE. If transmitting symbols of a selected candidate resource overlap with the LBT interval for transmission in the reserved resource, it may cause LBT failure to the other UE and potentially loss of a high priority packet. 
[image: ]
[bookmark: _Ref110501883]Figure 1 - Example of a case where selection of a certain candidate resource will lead to a channel access failure for transmission in a reserved resource from another UE.
[bookmark: Obs83442][bookmark: Obs61529]Observation 1: The selection of a candidate resource preceding a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the reserved resource. 
Another example is shown in Figure 2, in which a UE has a candidate resource after a previously reserved resource indicated in a received SCI from another SL-U UE. In that case, if the LBT for the selected candidate resource overlaps with transmitting symbols of the reserved resource, LBT failure may occur. 
[image: ]
[bookmark: _Ref110501901]Figure 2 - Example of a case where selection of a certain candidate resource will lead to a channel access failure as it does not take into account the LBT interval overlapping with a reserved resource of another UE.
[bookmark: Obs83444][bookmark: Obs61531]Observation 2: In mode 2 SL resource allocation, the selection of a candidate resource after a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the candidate resource.
Note that in both examples the LBT failure related to the transmission of other SL-U UE can be avoided. In the case of Mode 1, it should be feasible for the scheduler implementation to avoid such situation, but in case of Mode 2, the SL-U UE when performing sensing must exclude the reserved resources based on received SCIs.
In case multi-consecutive slots transmissions are supported in SL-U, we note that the same issue described above is present. In other words, in case the LBT of any candidate consecutive resource overlaps with a reserved resource or in case LBT of reserved resource overlap with any of the candidate consecutive resources, the LBT failure due to the presence of a reserved resource can be avoided by making the resource allocation procedures become aware to this problem.
In order to provide the resource selection procedure with a large enough set of resources to randomly select from, PHY may (highly likely in a congested scenario) provide resources in SL-U which may collide with another reserved resource, causing almost certain LBT failure. Similar case were also discovered in the case of sidelink DRX, in which PHY may provide resources not within the active time towards the MAC layer, even though the PHY layer knows the active time boundaries. Those resources which may overlap with a reservation of another UE can be seen as a type of non-preferred resource set, and for some of these resources, a transmitting UE already have information on whether some kind of conflict may occur. Therefore, we propose to agree that RAN2 discusses whether the resource selection can avoid at least some of the potential conflicts i.e., by excluding some resources within the random resource selection procedure.
Observation 3: PHY may provide resources to the resource selection procedure which may cause LBT failure for either the transmitting UE, or another nearby UE.
Observation 4: A set of resources in which the transmitting UE knows there are a potential transmission from another UE can be seen as a non-preferred set as resources.
Proposal 1: RAN2 to discuss whether/how the MAC based resource selection procedure should avoid at least some of the potential LBT conflicts within the resource selection.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: The selection of a candidate resource preceding a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the reserved resource.
Observation 2: In mode 2 SL resource allocation, the selection of a candidate resource after a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the candidate resource.
Observation 3: PHY may provide resources to the resource selection procedure which may cause LBT failure for either the transmitting UE, or another nearby UE.
Observation 4: A set of resources in which the transmitting UE knows there are a potential transmission from another UE can be seen as a non-preferred set as resources.
Proposal 1: RAN2 to discuss whether/how the MAC based resource selection procedure should avoid at least some of the potential LBT conflicts within the resource selection.
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