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Introduction 
Among the work areas that have been identified for NR sidelink enhancements in Rel-17, the motivation for enhanced reliability and reduced latency has amassed significant interest. It is expected that solutions be devised for Rel 17 that can overcome the limitation of Rel-16 in achieving high reliability and low latency in certain communication conditions such as when the wireless channel is relatively busy and has high offered load. Mode-2 enhancements such as the use of inter-UE coordination, as captured from the WID below, can allow the support of URLLC-type sidelink use-cases in wider operation scenarios. This contribution discusses the current status in RAN WGs for the support of inter-UE coordination, and puts forth the aspects which require further study.· 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.


Discussion
RAN1 Status
The topic of inter-UE coordination was put forth in the RAN plenary meeting #90e and it was agreed with a majority to keep the current objective in the WID on the scope of inter-UE coordination, however the study was agreed to be extended to RAN#91e. In the last RAN1 meeting # 103e, the inter-UE coordination was discussed and the following aspects are concluded [2]. 
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary
 
Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type



 Multiple schemes for inter-UE coordination have been proposed by different companies in RAN1, however, no consensus or baseline scheme has been down-selected so far. The design principles for the inter-UE coordination schemes proposed by different companies have much variation. For instance, one design direction is towards solutions pertaining to post-collision indication where an assisting UE can detect collision between two transmitters, and indicate to the transmitting UEs via feedback channel the need to update their set of resources accordingly. Another solution is to introduce a resource controller or scheduling UE, where such scheduling UE is elected as a resource coordinator (multiple scheduling UEs elected in a distributive manner) which assigns resource pools to different UEs for transmission. The numerical evaluation and analysis presented in RAN1 pertain to companies’ individually proposed design directions. Since RAN1 has one more meeting to conclude the feasibility of inter-UE coordination schemes, it is likely that while consensus may be reached regarding the feasibility and benefits of inter-UE coordination, the decision on a specific scheme and consequently the introduction of inter-UE coordination may be postponed.
Observation 1: RAN1 will further study the feasibility of inter-UE coordination in RAN1 #104e.

Inter-UE Coordination: RAN2 aspects
The discussion on sidelink enhancements for Rel-17 was kicked off in the last RAN2 meeting # 112e, however the topic of inter-UE coordination was not treated in the meeting. Some key areas of consideration can be identified which require further study for inter-UE coordination in RAN WGs.
1) Identification of Coordinating UEs
It needs to be determined how two UEs are selected/configured for inter-UE coordination, that is, “How UE-A and UE-B are determined” as per RAN1 conclusion. Based on further discussion in RAN1 and the criteria which will eventually be identified in RAN1 regarding the identification of coordinating UEs, the authorization and capability information which may be required to support such identification needs to be discussed in RAN2. It has also been discussed by some companies whether the coordinating or assisting UE-A is actively participating in communication with UE-B, or whether it is a third-party UE, which has unicast links established with the transmitting UEs, with the sole purpose of providing inter-UE coordination information to UE-B without any involvement in the data communication [3].

2) Triggering Condition for Inter-UE coordination
The inter-UE coordination signalling can be triggered in a number of ways. 
· It can be a periodic update where the granularity for the signalling could be pre-configured at UE-A (assisting UE).  
· It can be requested by UE-B from UE-A, to forward the set of resources which may be preferred for UE-B’s transmission
· It can be triggered based on a condition or locally available information which may prompt UE-A to send coordination signalling to UE-B.
The triggering condition requires further study in RAN1 and RAN2, as has also been mentioned in the RAN1 agreement that “When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it” needs to be further discussed. A common requirement, however, for all three types of triggers is that the usefulness for inter-UE coordination would depend on how current the coordination information is, that is, it is imperative for inter-UE coordination information to be delivered with low latency and reliably, such that the set of resources forwarded by UE-A to UE-B are not outdated/stale. 
3) Signalling aspects and message format
As mentioned in 2) above, it is imperative that the inter-UE coordination information is transmitted reliably and also with reduced latency in order to avail its benefits. To this end, it needs to be discussed in RAN WGs, how this information is signalled, and also the format for the message or container used to carry this information. This signalling could be at the physical layer or higher layers, where the size of the coordination information may be a basic determinant regarding the choice of signalling and message formats. Short coordination messages with small size could utilize SCI signalling format and communicated through L1 signalling. In other cases, PC-5 RRC signalling or MAC CE may be supported. It has also been proposed to discuss a new SL MAC CE which could be assigned a higher priority than normal SL data [Mediatek]. 

4) Supported Cast Types
It needs further discussion in RAN1 to conclude which cast types, unicast, groupcast or broadcast, will be supported for inter-UE coordination. Note that in the case if PC5-RRC signalling is used for transmitting inter-UE coordination information as discussed in 3) above, it may inherently be implied that inter-UE coordination is supported over the unicast link. Whether all three, or a subset of the cast types is supported, it needs to be also discussed whether a common signalling method needs to be adopted for all cast types, or different signalling aspects need to be considered for the different cast types.
Based on the key areas identified above, the following proposals can be made.
Proposal 1: For inter-UE coordination, several key aspects require further discussion in RAN WGs, including but not limited to
· identification of coordinating UEs
· triggering condition for inter-UE coordination
· signalling aspects and message format
· supported cast types
[bookmark: Proposal_Pattern_Length]Proposal 2: RAN2 to wait for progress in RAN1 before furthering relevant discussion on inter-UE coordination in RAN2.
Conclusions
In this contribution we discuss inter-UE coordination as a mode2 enhancement in Rel 17 NR sidelink and make the following observation and proposals
Observation 1: RAN1 will further study the feasibility of inter-UE coordination in RAN1 #104e.
Proposal 1: For inter-UE coordination, several key aspects require further discussion in RAN WGs, including but not limited to
· identification of coordinating UEs
· triggering condition for inter-UE coordination
· signalling aspects and message format
· supported cast types
Proposal 2: RAN2 to wait for progress in RAN1 before furthering relevant discussion on inter-UE coordination in RAN2.
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