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R17 SL enhancement WID was approved [1] at RAN#86 and includes a study for Mode 2 resource allocation enhancement for enhanced reliability and reduced latency. Inter-UE coordination as described below [1] is proposed as a candidate technology for discussion and evaluation in RAN1.
	2. Resource allocation enhancement:
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.


In recent RAN1 #106-e meeting, the following agreement [2] is reached regarding the type of resources provided by UE-A in inter-UE coordination Scheme 1. 
	Agreement
For scheme 1, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission


Sensing in SL DRX was also discussed in RAN1 #106-e meeting in response to a LS from RAN2 [2] and the following agreement is reached in a reply LS [3] 
	Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details


RAN1 continued discussing sensing and resource selection in SL DRX in RAN1 #106bis-e meeting to address a potential issue brought up in a LS from RAN2 [5] regarding candidate resource selection considering UE active time. The following working assumption was agreed and provided in a reply LS [5]. 
	Working Assumption
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE


In this contribution, we present the benefit and feasibility of an additional application for Inter-UE coordination Scheme 1 using resources designated by gNB. Also, we continue analyzing the UE sensing behavior in SL DRX and its implication to specification. 
Discussion
Inter-UE coordination Scheme 1 based on gNB designated resources
The basic framework of inter-UE coordination is based on the following description in WID [1]. 
A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission
The statement of “A set of resources is determined at UE-A” implies that UE-A can be in Mode 2 and the determination of the resources for inter-UE coordination is based on sensing or conflict-detection mechanisms performed autonomously by UE-A. However, while UE-B is explicitly specified as in Mode 2 as described in “This set is sent to UE-B in mode 2” in WID [1], the resource allocation mode of UE-A is not clearly expressed as in Mode 2. It is thus worthwhile to explore further the scenarios and associated benefit of inter-UE coordination with UE-A in Mode 1, specifically for Scheme 1 with a preferred resource set. 
A scenario with UE-A in Mode 1 and UE-B in Mode 2 should be considered with regard to partial coverage, which is one of the targeted scenarios by the inter-UE coordination as stated below in WID [1]. 
“Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.”
In a partial coverage, UE-A can be an in-coverage (IC) UE and UE-B an out-of-coverage (OOC) UE. UE-A receives a set of resources from gNB in Mode 1 and provides the gNB-designated resources to UE-B. UE-B’s transmissions using gNB-designated resources will provide better reliability compared to transmissions using Mode 2 resource allocation baseline. It is also conceivable that UE-A performs certain level of determination to modify the gNB-designated resource set, e.g., by removing resources in conflict with its own transmissions (half-duplex issue) before sending the finalized resource set to UE-B.
As the difference between UE-A in Mode 1 or Mode 2 is mainly the way to determine the resources, the on-going RAN1 design of framework and procedure for inter-UE coordination scheme 1, especially related to the container and signalling, can be applicable to UE-A either in Mode 1 or Mode 2. The incremental design and normative work of inter-UE coordination Scheme 1 to include UE-A in Mode 1 can be reasonable and therefore should be considered. 
Proposal 1: Support inter-UE coordination Scheme 1 using a preferred resource set designated by gNB. 
The gNB designated resource set can be desired for a unicast transmission between an IC UE-A and OOC UE-B or a groupcast transmission with both IC and OCC member UEs. It is also beneficial for a platoon with all member UEs in coverage. The platoon head receives a set of SL resources or a resource pool in Mode 1 from gNB specifically allocated to the platoon and provide these resources further to all member UEs. As a result, reliable resources become available for the platoon member UEs without signalling overhead (e.g., SL BSR) normally required to acquire these resources in Mode 1 by individual member UE. 
Proposal 2: Consider gNB-designated resources at least for partial coverage and platoon scenarios.
Sensing in SL DRX
It was agreed [3] that a UE can perform SL reception of PSCCH and RSRP measurement for sensing during inactive time in SL DRX. When sensing and DRX are configured independently, a sensing window can potentially overlap with one or multiple inactive periods. The UE sensing behavior during the inactive time can thus impact both power saving and the PRR performance. 
	Agreement
[bookmark: _Hlk83923062]A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details


Whether this behavior should be specified or up to UE implementation is FFS as indicated in the RAN1 #106e agreement above. In our view, a conceivable consequence of UE implementation is system (PRR) performance degradation due to transmissions using resources with very limited sensing or without sensing. These transmissions can be from UEs who are configured with long DRX inactive duration and determine to perform little or no sensing during the inactive periods to maximize power saving.
Therefore, we think it is important to regulate the UE sensing behavior during inactive periods in specifications to establish a baseline operation followed by all UEs and ensure a minimum system performance. For example, a minimum number of sensing slots can be specified in connection with SL DRX. Also, a more granular trade-off between power saving and system performance can be achieved by specifying sensing levels linked to QoS requirements so that high QoS TBs are transmitted with more sensing and less power saving. 
Proposal 3: Support specification of SL reception of PSCCH and RSRP measurement for sensing during SL DRX inactive time. 
During the discussions about the consideration of UE active time in the sensing mechanism in SL DRX, most companies recognized the necessity of PHY layer to apply a restriction to ensure at least a subset of candidate resources reported to MAC layer is located within an indicated time of the RX UE. Furthermore, three potential options for such a restriction are described in the working assumption included in the reply LS to RAN2 [5].  
	Working Assumption
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE


In our view, when PHY layer is triggered (n) to perform such a sensing in SL DRX, MAC layer can indicate a current active time to PHY layer based on the ON duration of the RX UE. In addition, MAC layer can provide with PHY layer with SL DRX configuration to determine a future current time, e.g., inactivity timer value. 
PHY layer can accordingly perform sensing specific to resources within a resource selection window based on the current active time, the future active time and the remaining PDB, e.g., a resource selection window between n+T1 and n+T2 including two periods and the 1st period is the current active time between n+T1 and n+Ton-duration and the 2nd period is future active time between n+Ton-duration and n+T2. PHY layer will thus provide one Set A including all available resources.
However, it is important that PHY layer does not compute X% candidate resources based on the entire resource selection window, as the available candidate resources may not be distributed uniformly between the 1st and 2nd periods. For example, when available candidate resources are disproportionately located in the 2nd period, the number of resources available for initial transmission and re-transmissions during ON duration can be small and as a result, the resource selection may be sub-optimal. Therefore, one potential PHY layer restriction is to apply X% separately for each period so sufficient number of available candidate resources are ensured for both current and future active time. 
The reported available candidate resources for the 1st period can thus be considered as a subset within the indicated active time of the RX UE. In the same Set A, the resources applicable to the 2nd period can be used by MAC layer for resource selection in future active time. Thus, we propose to confirm the WA and continue the RAN1 discussion based on Option 2. 
Proposal 4: Confirm WA in LS to RAN2 on resource selection in DRX and support further discussions based on Option 2. 
Conclusion
In this contribution, we discussed an application of inter-UE coordination using a resource set designated by gNB and the UE sensing behavior during SL DRX inactive periods. We propose the following:
Proposal 1: Support inter-UE coordination Scheme 1 using a preferred resource set designated by gNB. 
Proposal 2: Consider gNB-designated resources at least for partial coverage and platoon scenarios. 
Proposal 3: Support specification of SL reception of PSCCH and RSRP measurement for sensing during SL DRX inactive time. 
Proposal 4: Confirm WA in LS to RAN2 on resource selection in DRX and support further discussions based on Option 2. 
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