3GPP TSG RAN WG1 #109-e	R1-2203126
e-Meeting, May 9th - 20th, 2022

Source:	Nokia, Nokia Shanghai Bell
Title:	Inter-UE coordination for Mode 2 enhancements
Agenda item:	8.11.2
Document for:	Discussion and Decision

Introduction
At RAN#86, a new work item “NR Sidelink enhancement” (NR_SL_enh) was approved ‎[1]. One of the objectives is relevant for the present agenda item:
	[bookmark: _Hlk83846699]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 this contribution, we provide our views related to maintenance of inter-UE coordination (IUC) in sidelink resource allocation mode 2.
Discussion of Open issues
Cast type of unrequested transmission of non-preferred resources
In RAN1#107bis-e, the following WA was agreed regarding the cast type of IUC information transmission triggered by a condition other than explicit request reception.
	· Working Assumption:
· For Scheme 1, following cast type(s) are supported for inter-UE coordination information transmission triggered by a condition other than explicit request reception
· Groupcast/Broadcast for non-preferred resource set, FFS for preferred resource set
· FFS: Under which conditions groupcast/broadcast can be supported
· Unicast
· FFS: Under which conditions unicast can be supported 



In RAN1#108-e, the following conclusion was reached regarding the cast type of unrequested transmission of preferred resources.
	· Conclusion:
· For cast type(s) of inter-UE coordination information with preferred resource set triggered by a condition other than explicit request reception, there is no consensus in RAN1 on the support of groupcast or broadcast for preferred resource set



A remaining issue is under which conditions groupcast/broadcast can be supported for unrequested transmission of non-preferred resources. When the trigger for UE-A’s transmission of non-preferred resources is Condition 1-B-1 Option 2, UE-A expects to receive a TB with weak signal strength and thus it is paramount that all UEs around UE-A be made aware of the situation. If only some of the UEs around UE-A receive the non-preferred resources, those that do not receive it may select resources overlapping with the non-preferred resources and cause UE-A’s reception of the expected weak signal to be disrupted.
[bookmark: P_BroadcastNonPref]Proposal 1: Broadcast is always used for transmission of non-preferred resources triggered by Condition 1-B-1 Option 2.
UE-B behavior
In RAN1#108-e, the following draft conclusion was proposed but not agreed.
	Draft conclusion 3-15:
RAN1 does not pursue defining additional criteria on filtering the received preferred or non-preferred resource set(s) to be taken into account in UE-B’s resource selection



Following is a list of proposed filtering criteria on the received preferred or non-preferred resource set(s) to be taken into account in UE-B’s resource selection.
	· Option 1: Feedback type (e.g., request- or condition- based, preferred or non-preferred resource sets)
· Option 2: Feedback source ID
· Option 3: Feedback generation time 
· Option 4: Overlap ratio of resource selection windows 
· Option 5: Radio range or geographical distance from the source of inter-UE coordination feedback
· Option 6: Priority level used for generation of inter-UE coordination feedback
· Option 7: Alignment between parameter(s) of preferred resource set and transmission requirement of a TB to be transmitted by UE-B
· Option 8: Up to UE implementation (i.e., not specify the filtering criteria)



We think the discussion on filtering criteria is important and needs to be re-visited. In particular, Option 3 “Feedback generation time” is a critical aspect, as IUC information received a long time ago is likely to be stale and therefore no longer valid. For example, if UE-B performs the union of received non-preferred resource sets over time without taking into account the elapsed time since each set was received, eventually the union may include all resources.
[bookmark: P_FilterTime]Proposal 2: At least Option 3 “Feedback generation time” is specified as a filtering criterion for UE-B to take received IUC information into account.
In RAN1#108-e, the following agreement was reached regarding UE-B behavior.
	·  Agreement
· For UE-B’s behavior when UE-B receives multiple preferred resource sets from the same UE-A
· It is up to UE-B implementation to use one or multiple of them in its resource (re)selection
· Conclusion: UE-B’s behavior when UE-B receives multiple non-preferred resource sets from the same UE-A 
· No RAN1 specification change to TS38.214 is deemed necessary in RAN1#108-e
· For UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set from the same UE-A
· FFS: It is up to UE-B implementation to use one or multiple of them in its resource (re)selection



	· Agreement
· For UE-B’s behavior when UE-B receives multiple preferred resource sets from the different UE-As,
· UE-B uses each received preferred resource set for its resource selection for each TB to be transmitted to each UE-A providing the preferred resource set.
· [bookmark: _Hlk101782290]Conclusion: UE-B’s behavior when UE-B receives multiple non-preferred resource sets from the different UE-As.
· No RAN1 specification change to TS38.214 is deemed necessary in RAN1#108-e (except for the processing timeline)
· [bookmark: _Hlk101695055]For UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set from the different UE-As, 
· FFS: It is up to UE-B implementation to use one or multiple of them in its resource (re)selection



Regarding the FFS point on UE-B’s behavior upon receiving both a preferred resource set and a non-preferred resource set (regardless of whether they originated from the same of different UE-As), the risk of leaving up to UE-B implementation whether to use one or both sets is that some implementations may choose to ignore non-preferred resources indicated by UE-A(s) in order to protect their own reception (Condition 1-B-1 Option 2) – with a consequent degradation of performance. If broadcast is always used for unrequested transmission by UE-A of non-preferred resources triggered by Condition 1-B-1 Option 2, it is straightforward for UE-B to identify such broadcast IUC transmissions and exclude the corresponding candidate resources from its resource selection (regardless of whether a preferred resource set has been received from the same UE-A or another UE-A).
[bookmark: P_DontIgnoreBroadcastNonPref]Proposal 3: For UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set (from the same UE-A or different UE-As), UE-B does not ignore non-preferred resources indicated by a broadcast IUC transmission (unless the IUC information is considered stale).
Regarding the conclusion on UE-B’s behavior when UE-B receives multiple non-preferred resource sets “No RAN1 specification change to TS38.214 is deemed necessary in RAN1#108-e”, we think in order to avoid different interpretations, it should be explicitly clarified in the specification that this implies UE-B performs the union of the multiple received non-preferred resource sets.
[bookmark: P_UnionOfNonPreferred]Proposal 4: Add the following clarification to TS 38.214 Section 8.1.4C “UE procedure for using a received non-preferred resource set”: In case the UE receives multiple non-preferred resource sets, the UE performs the union of such sets to obtain the non-preferred resource set to be used in its resource exclusion.
In RAN1#108-e, the following agreement was reached regarding UE-B behavior.
	· Agreement
· For the case when it is not possible that the number of candidate single-slot resources after applying the received non-preferred resource set as per the existing agreement meets the requirement of X*M_total in step 7), 
· It is up to UE-B’s implementation whether to take the received non-preferred resource set in its resource selection after step 6) to meet this requirement  



In case UE-B receives multiple non-preferred resource sets and performs the union of such sets to obtain a single non-preferred set, the wording “whether to take” in the above agreement seems to suggest that UE-B takes into account either all or none of the multiple received sets. However, ignoring all received sets just because the union is too large does not seem reasonable, as some of the received sets may be more important than others. For example, certain received non-preferred resource sets may be prioritized by UE-B based on the priority of the IUC transmission indicated by UE-A, distance of UE-A, IUC generation time, etc.
Proposal 5: Add the following clarification to TS 38.214 Section 8.1.4C “UE procedure for using a received non-preferred resource set”: In case the UE receives multiple non-preferred resource sets, it is up to UE-B’s implementation how to prioritize the received non-preferred resource sets to meet the requirement of X*M_total in step 7).
UE-A timeline – resource selection windows
In RAN1#108-e, the following agreement was reached:
	· Agreement
· Notations:
· (n+T_1) – Start slot of resource selection window for determining the set of resources
· For inter-UE coordination information triggered by UE-B’s explicit request, this value of (n+T_1) is provided by UE-B’s request as per the existing agreement
· For inter-UE coordination information triggered by a condition other than explicit request reception, this value of (n+T_1) is determined by UE-A’s implementation as per the existing agreement
· (n+T_2) – End slot of resource selection window for determining the set of resources
· For inter-UE coordination information triggered by UE-B’s explicit request, this value of (n+T_2) is provided by UE-B’s request as per the existing agreement
· For inter-UE coordination information triggered by a condition other than explicit request reception, this value of (n+T_2) is determined by UE-A’s implementation as per the existing agreement
· (n’+T’_1) – Start slot of resource selection window used for sidelink transmission carrying inter-UE coordination information 
· (n’+T’_2) – End slot of resource selection window used for sidelink transmission carrying inter-UE coordination information 
· n' is the slot where UE procedure of determining TX resources of sidelink transmission carrying inter-UE coordination information is triggered
· For inter-UE coordination information triggered by UE-B’s explicit request 
· Alt 1-1: 
· X1 ≤ (n’+T’_1)
· [bookmark: _Hlk101776226](n’+T’_2) ≤ X2
· For inter-UE coordination information triggered by a condition other than explicit request reception,
· Alt 2-2:
· (n’+T’_2) < X3
· FFS: Values for X1, X2, X3



In our view, the main purpose of defining a timing relationship between the resource selection window (RSW) for transmission of the IUC information message by UE-A and the RSW for determining the preferred/non-preferred resource set is to ensure that UE-B can actually take the resource set into account. If the resources in the resource set are already in the past by the time UE-B has decoded and processed the IUC information message, then UE-B cannot take them into account (except for periodic resources). The first step therefore is to define an upper bound on UE-B’s IUC processing time, denoted here as ; its meaning is that when UE-B receives an IUC information message in a slot then UE-B can take into account in its resource selection any resources in the IUC resource set which occur at least  physical slots after that slot.
[bookmark: _Hlk101773534]This IUC processing time will depend on whether the IUC information is conveyed by SCI format 2-C or only by MAC CE. For the case of SCI format 2-C, as already discussed during the email discussion at RAN1#108-e,  appears a reasonable choice. For the case of MAC CE, IUC processing time needs to be increased by MAC CE decoding time, which can be defined by RAN2.
[bookmark: P_UEB_Proctime]Proposal 6: Define an upper bound on UE-B’s IUC processing time, denoted as :
· If the IUC resource set is conveyed by SCI format 2-C: ;
· If the IUC resource set is conveyed by MAC CE only:  is increased by the MAC CE decoding time;
· MAC CE decoding time can be defined by RAN2.


[bookmark: _Ref101775873]Figure 1: Simplistic view of timeline
Figure 1 shows a simple timeline arrangement which ensures that UE-B will always be able to take into account all resources in the resource set sent by UE-A, even in the most extreme case that the resource set is sent in the last slot of the RSW for transmission of the resource set and the resource set includes a resource in the first slot of the RSW for determination of the resource set.
For this simplistic timeline, the following inequality holds: ; expressed differently,  .
Alternatively, a more flexible scheme can be devised: Rather than specifying a rigid timing constraint between the two RSWs, one can impose a timing constraint on the actually selected resources, e.g. such that the earliest or last resource selected for transmission of the IUC information message is at least  before the earliest resource included in the resource set. 
[bookmark: P_Timeline_RSW]Proposal 7: For the timing relationship between the RSW for transmission of IUC information and the RSW for determining the IUC resource set, down-select between the following alternatives:
1. Constraint at the RSW level: , which is equivalent to ;
2. Constraint at the level of selected resources: earliest or last resource selected for transmission of the IUC information message is at least  before the earliest resource included in the resource set.

Conclusions
In this contribution, we provided our views related to maintenance of inter-UE coordination (IUC) in sidelink resource allocation mode 2 and make the following proposals:
Proposal 1: Broadcast is always used for transmission of non-preferred resources triggered by Condition 1-B-1 Option 2
Proposal 2: At least Option 3 “Feedback generation time” is specified as a filtering criterion for UE-B to take received IUC information into account.

Proposal 3: For UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set (from the same UE-A or different UE-As), UE-B does not ignore non-preferred resources indicated by a broadcast IUC transmission (unless the IUC information is considered stale).

Proposal 4: Add the following clarification to TS 38.214 Section 8.1.4C “UE procedure for using a received non-preferred resource set”: In case the UE receives multiple non-preferred resource sets, the UE performs the union of such sets to obtain the non-preferred resource set to be used in its resource exclusion.

Proposal 6: Define an upper bound on UE-B’s IUC processing time, denoted as :
· If the IUC resource set is conveyed by SCI format 2-C: ;
· If the IUC resource set is conveyed by MAC CE only:  is increased by the MAC CE decoding time;
· MAC CE decoding time can be defined by RAN2.

Proposal 7: For the timing relationship between the RSW for transmission of IUC information and the RSW for determining the IUC resource set, down-select between the following alternatives:
3. Constraint at the RSW level: , which is equivalent to ;
4. Constraint at the level of selected resources: earliest or last resource selected for transmission of the IUC information message is at least  before the earliest resource included in the resource set.
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