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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper is to discuss the inter-UE coordination for sidelink, according to [1], RAN2 need to work on the following objective:
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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#104-e has made some conclusions on the signalling content of inter-UE coordination as follows [2]:
	Conclusion:
· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
· The detailed observations can be found in the attachment of the LS
Further discuss the detailed observations (starting from the FL’s summary)

Agreements: Enclose following contents as an attachment of LS

======================================================================================
RAN1 has studied and evaluated schemes of inter-UE coordination in the following categories:

· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: 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
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected
…


[bookmark: _Ref60924887][bookmark: _Toc68078024]Three schemes are studied and evaluated, and the feasibility/benefit of inter-UE coordination is confirmed from RAN1 perspective.
Besides, RAN1#103-e has identified some left issues for further discussion [3]:
	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


Most key points of inter-UE coordination are covered by the above conclusion, so RAN2 impact can only be identified after RAN1 make clear decision on the key points above.
From RAN2 perspective, if L2/RRC signalling is used to carry such “a set of resource” message, our effort may be needed to design the solution for 
· Message delivery over PC5, if the “set of resources” are to be delivered to UE-B using RRC/MAC-CE;
· Message delivery over Uu, if the “set of resources” are to be delivered to network (serving UE-B) via RRC/MAC-CE;
[bookmark: _Ref60924897][bookmark: _Toc68078025]If L2/RRC signalling is used, message delivery over both PC5 and Uu needed to be designed by RAN2.
Proposal 1 [bookmark: _Toc51842805][bookmark: _Ref60924824][bookmark: _Toc68078028]For detailed inter-UE coordination design, RAN2 wait for progress in RAN1 first.
Impact on Uu interface
According to the objective of this WID, the solution should be able to operate in-coverage, partial coverage, and out-of-coverage.
· 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 R16, RRC_CONNECTED UE may report sidelink UE information to the network for updating sidelink communication status. And based on that, network would allocate resource (mode-1) or resource pool (mode-2) to UEs, together with other Tx related parameters.
[bookmark: _Toc61274715][bookmark: _Toc61274747][bookmark: _Toc61274760][bookmark: _Toc61274716][bookmark: _Toc61274748][bookmark: _Toc61274761][bookmark: _Ref60924908][bookmark: _Toc68078026][bookmark: _Hlk57997965]Network is in charge of Tx resource (pool) configuration for the in-coverage UE in R16.
If UE-B receives the “set of resource” message from UE-A and may take this message account when deciding on Tx resource configuration, it should report the “set of resource” related messages to its serving cell. 
The detailed mechanism of this report can be further studied.
Proposal 2 [bookmark: _Ref60924847][bookmark: _Toc68078029]RRC_CONNECTED UE-B reports the received “A set of resources” from UE-A to network.
Impact on PC5 interface
In this paper, the feasibility/benefit for inter-UE coordination in different cast types and the initiation mechanism are discussed.
Inter-UE coordination for different cast type
[bookmark: _Toc58400491][bookmark: _Toc60924926]The inter-UE coordination procedure is introduced for enhanced reliability and reducing latency in mode 2, where consecutive packet loss and resource collision issues due to hidden node, exposed-node and half duplex exist. These issues are valid for all cast types, and need to be solved for enhanced reliability and reduced latency. 
[bookmark: _Toc58400492][bookmark: _Toc60924927]However, the procedures to exchange information and signalling are different in unicast, groupcast and broadcast. 
· In unicast, it’s easy for the pair of UEs to coordinate and exchange signalling since there is a 1:1 relationship and PC5-RRC connection between them.
· [bookmark: _Hlk58344566]In groupcast, in case the connection/topology is stable/static, it’s possible for signaling exchange between UEs. On the other hand, there is no PC5-RRC connection defined, and so far only PHY layer “connection”, exists (e.g., PSFCH), so there seems some uncertainty whether the PHY layer “connection” is capable to carry the inter-UE coordination information.
· [bookmark: _Hlk58344892]In broadcast, it’s hard for inter-UE coordination since the resource set from UE-A can only be sent out in a broadcast manner and it’s almost impossible for UE-B to take all the “resource set messages” from UEs in the proximity into account.
So in general, there is the least / most difficulty to exchange signaling for inter-UE coordination for unicast/broadcast, while there is some FFS point for group-cast.
[bookmark: _Hlk57997995][bookmark: _Toc68078027]The feasibility/complexity of supporting inter-UE coordination is different for different cast type.
Proposal 3 [bookmark: _Ref60924869][bookmark: _Toc68078030]Inter-UE coordination is supported at least for unicast, FFS on groupcast, but not for broadcast.
Initiation condition of inter-UE coordination
The inter-UE coordination procedure may be initiated at UE-A or UE-B, which can also be categorized as 
1. Stand-alone based procedure, or 
2. Request-respond based procedure. 
In the request-respond based mechanism as follows, an efficient on-demand inter-UE coordination can be realised. 
[image: ]  
Figure 1: Req-Res based Inter-UE coordination initiation
· Here “on-demand” means UE-B sends an inter-UE coordination request to UE-A when the reliability and latency needed to be improved, for example serious packet loss is detected. 
· And some assistance information from UE-B can be included in the inter-UE coordination request message. Then UE-A can decide the “set of resource”, tailored based on UE-B’s requirement. 
In the stand-alone mechanism as follows, 
[image: ]
Figure 2: Stand-alone Inter-UE coordination initiation
UE-A autonomous initiates the inter-UE coordination procedure if some events occurred, i.e. serious collision was detected on some resource. It should be noted that the “set of resource” for UE-B is derived by UE-A based on UE-B’s previous transmission behaviours, i.e., cannot be adjusted by UE-B’s specific requirement as in Req-Res procedure. 
The following table gives the comparison between these two different ways:
Table 1 Comparison between UE-A initiated and UE-B initiated case
	
	Trigger event
	Pros
	Cons

	Req-Res type
	Initiated by UE-B (can be up to UE-B implementation)
	1. UE-B can include detailed requirement information in the request message
2.No overhead issue
3. UE-B can acquire the ”set of resource” from UE-A before the first transmission 
	Delay issue

	Standalone type
	Initiated by UE-A
	Less delay
	1.Overhead issue
2. No “set of resource” from UE-A at the beginning of UE-B’s transmission


As shown in Table 1, there are some pros and cons for both ways
· For UE-B initiated solution, the coordination maybe more effective since 
1. UE-B can include specific configuration in the request message and UE-A can decide the “set of resource” based on UE-B’s configuration. 
2. In addition, UE-B can send the request message to UE-A before the first resource selection and acquire the “set of resource” at the beginning of transmission. 
3. However, the delay issue exists since the signalling exchange takes two steps.
· For UE-A initiated solution, 
1. UE-A can only decide the “set of resource” based on pervious observation by its own, i.e., UE-A’s reception, hidden node, collision and so on. 
2. In this case, the “set of resource” may be helpful for UE-B or maybe not, 
3. And the “set of resource” can only be decided after receiving messages from UE-B. 
4. Besides, overhead issue needs to be considered especially in broadcast and groupcast. 
[bookmark: _Hlk57988386]In general, the comparison is between delay issue and resource efficiency issue
· The delay in UE-B initiating is not critical for periodic transmission, because in periodic transmission, inter-UE coordination can enhance future transmission in mode 2 based on historical information. And in dynamic transmission, the delay can be mitigated by some specific design, such as using the physical layer signalling.
· Regarding the resource efficiency issue in UE-A initiating, as discussed before, the “set of resource” may be not useful for UE-B which means a waste of resource and may bring more collision. And it seems no effective solutions for the no assistant information at first issue.
In general, the request-based way is more reasonable and beneficial.
[bookmark: _Hlk57998369]
Proposal 4 [bookmark: _Ref60924877][bookmark: _Toc68078031]UE-A delivery of “a set of resource” information is triggered by request from UE-B.
Conclusion
We have the following observations:
Observation 1	Three schemes are studied and evaluated, and the feasibility/benefit of inter-UE coordination is confirmed from RAN1 perspective.
Observation 2	If L2/RRC signalling is used, message delivery over both PC5 and Uu needed to be designed by RAN2.
Observation 3	Network is in charge of Tx resource (pool) configuration for the in-coverage UE in R16.
Observation 4	The feasibility/complexity of supporting inter-UE coordination is different for different cast type.

We have the following proposals:
Proposal 1	For detailed inter-UE coordination design, RAN2 wait for progress in RAN1 first.
Proposal 2	RRC_CONNECTED UE-B reports the received “A set of resources” from UE-A to network.
Proposal 3	Inter-UE coordination is supported at least for unicast, FFS on groupcast, but not for broadcast.
Proposal 4	UE-A delivery of “a set of resource” information is triggered by request from UE-B.
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