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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#86, a WI on sidelink enhancements was agreed for Rel-17 [1] and modified in [2].  The latest update of the WID is in [3]. In this WI, an objective on resource allocation enhancements to enhance reliability is: 
· 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.
· 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.
In the status report of Rel-17 SL WI for RAN#94-e [4], a list of remaining open issues on inter-UE coordination was generated and discussed subsequently in RAN1#107bis-e and RAN1#108-e. 
[bookmark: _Hlk78733485]As summarized in the status report of Rel-17 SL WI for RAN#95-e [5], the Rel-17 WI on sidelink enhancement has been completed, with some remaining details to be discussed in the maintenance phase.
In this contribution, we discuss these remaining aspects of inter-UE coordination.  
Discussions 
Inter-UE Coordination Scheme 1
[bookmark: _Ref71627713][bookmark: _Ref61360133]UE-B’s behavior when receiving preferred and non-preferred resource sets
Receiving both a single preferred and a single non-preferred resource set from the same UE
In RAN1#108-e, we have the following agreement on UE-B’s behavior when it receives multiple resource sets from the same UE-A.
	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




One remaining issue is the FFS whether it is up to UE-B implementation to use one or multiple of them in its resource (re)selection. However, it is not FFS whether receiving both is supported; in RAN1#108-e the “FFS” was moved from in front of the main bullet to the sub-bullet in order to make it clear that the behavior is supported and it is just FFS if it will be up to UE-B implementation. (This understanding was confirmed by the chair after a question from the floor.) 
The latest RAN1 specification currently specifies 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, as the UE will follow the current RAN1 specification for UE-B behavior when it receives a preferred resource set, and also will follow the current the current RAN1 specifications for one or multiple non-preferred resource sets. UE-B behavior on the non-preferred resource set is specified in TS38.214 Section 8.1.4 and 8.1.4C in the resource exclusion procedure to form candidate resource set S_A sent to the MAC layer. UE-B resource selection with preferred set is done in MAC layer where UE-B reports S_A. Therefore, UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set is supported in current specification. The only time a UE is allowed to drop (not use) either a preferred or non-preferred resource set is for the case when resources in S_A is less than  after excluding the resources in non-preferred set. Since the specification is complete on this scenario, FFS is no longer needed.
[bookmark: _Hlk101531585]If it is up-to UE-B implementation to use one or both resource sets in its resource selection, the specification also supports the case that UE-B can drop the set if UE receives either one of sets, which defines a new behavior of UE-B. It is preferred not to define a new behavior of UE-B for receiving single resource set at this stage. Therefore, no RAN1 specification change is necessary.
Proposal 1: 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, no RAN1 specification change is necessary.
· Existing agreements and current specification support UE-B’s behavior for this case, i.e, UE-B uses both the received preferred resource set and non-preferred resource set from the same UE-A for its resource selection.  
Receiving preferred and non-preferred resource sets from different UEs.
In RAN1#108-e, we have the following agreement on UE-B’s behavior when it receives multiple resource sets from different UE-As.
	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.
· 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)
· 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




One remaining issue is the FFS whether it is up to UE-B implementation to use one or multiple of them in its resource (re)selection. 
In current RAN1 specification, when UE-B receives a non-preferred resource set, it excludes the resources in the non-preferred resource set for UE-B’s resource selection as specified in TS38.214. Based on the conclusion in the above agreement, when UE-B receives multiple non-preferred resource sets from different UE-As, as specified in T38.214, UE-B treats each non-preferred set independently, i.e., UE-B excludes the resources in all non-preferred resource sets or the union of non-preferred resource sets from different UE-As. Therefore, when UE-B receives a single non-preferred resource set from a UE-A, UE B excludes the set from its resource selections for transmissions to all UEs, including UE-A who sends the preferred resource set. 
On the other hand, in the above agreement, when UE-B receives multiple preferred resource sets from 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. Therefore, when UE-B receives a single preferred resource set from one UE-A, UE-B only uses the set for its resource selection for the TB to be transmitted to this UE-A, not using it for its resource selection to other UEs including the UE-A who sends only non-preferred resource set. Therefore, based on the above agreement and current specification, 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 is already supported, i.e., UE-B uses both the received preferred resource set and non-preferred resource set from different UE-As for its resource selection for a TB to be transmitted to the UE-A providing the preferred resource set. UE-B uses the received non-preferred resource set for its resource selection for a TB to be transmitted to any UEs. We do not need to further discuss FFS.
There is a concern of over-exclusion if UE-B uses the non-preferred resource set from one UE-A for its resource selection for transmission to another UE-A because the set may include the non-preferred resources due to half-duplex which is only applied to the UE-A providing the non-preferred resource set. Although this is a valid concern, since there is no additional indication on the particular conditions on the non-preferred resources, we cannot distinguish whether the non-preferred resource is formed due to the condition 1-B-1 or the condition 1-B-2. If we simply drop the non-preferred resource set on UE-B’s resource selection for the transmission to UE-A providing preferred resource set, it may incur a resource conflict to the other UE-A providing the non-preferred resource set. On the other hand, any specification change on the UE-B’s behavior for this scenario will also impact the specification on the second scenario in the above agreement. Therefore, we prefer no RAN1 specification change.
Proposal 2: 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, no RAN1 specification change is necessary.
· Existing agreements and current specification support UE-B’s behavior for this case, i.e, 
· UE-B uses both the received preferred resource set and non-preferred resource set from different UE-As for its resource selection for a TB to be transmitted to the UE-A providing the preferred resource set
· UE-B uses the received non-preferred resource set for its resource selection for a TB to be transmitted to any UEs 
Resource selection window for UE-A’s transmission of coordination information
For inter-UE coordination scheme 1, UE-A needs to select the resource for the transmission of coordination information to UE-B in a resource selection window denoted as [n’+T’_1, n’+T’_2]. On the other hand, the resource region [n+T_1, n+T_2] is considered for UE-A determining the set of preferred or non-preferred resources. In RAN1#108-e, we have the following agreement on the resource selection window for UE-A’s transmission of coordination information with parameters X1,X2,X3 to be determined.
	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)
· (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




For inter-UE coordination triggered by UE-B’s explicit request, the resource window [n+T_1, n+T_2] for determining the set of resources is informed to UE-A by UE-B. Therefore, UE-B expects to receive the coordination information before n+T_1, indicating the resource selection window of UE-A’s transmission of coordination should end before n+T_1. Taking into account the processing time Tproc,1 for UE-B’s resource selection, we then have n’+T’_2≤ n+T_1- Tproc,1. Since UE-B expects the coordination information before n+T_1, UE-B will process its own sensing results, if available, in advance. Therefore, additional processing time Tproc,0 is not needed. For the starting time of resource selection window, n’+T’_1, it is up to UE implementation. In order to capture potential conflict from aperiodic traffic in the coordination information, it is preferred to have n+T_1-31 ≤ n’+T’_1. Therefore, we have X1= n+T_1-31 and X2 = n+T_1- Tproc,1.
For inter-UE coordination triggered by a condition, UE-B does not know in advance when receiving coordination information from UE-A. UE-B requires the processing time Tproc,0 to process the sensing results. Therefore, we have n’+T’_2≤ n+T_1- (Tproc,0+Tproc,1), i.e., X3 = n+T_1- Tproc,1. In addition, similar to inter-UE coordination triggered by UE-B’s explicit request, it is preferrable to capture potential conflict from aperiodic traffic in the coordination information. Therefore, the lower bound n+T_1-31 ≤ n’+T’_1 should also be applied.
Proposal 3: For the resource selection window for UE-A’s transmission of coordination information, the values for X1, X2, and X3 are given as n+T_1-31, n+T_1- Tproc,1 , and n+T_1- (Tproc,0+Tproc,1), respectively. 
· In addition, the constraint n+T_1-31 ≤ n’+T’_1 is also applied to the inter-UE coordination triggered by a condition.

Sensing window at UE-A
In RAN1#107bis-e, we have the following agreement on the sensing window at UE-A for determining the set of resources in Scheme 1.
	[bookmark: _Hlk97247529]Agreement
For sensing window for determining the set of resources in Scheme 1, 
· Notations: 
· For inter-UE coordination information triggered by UE-B’s explicit request, the values of (n+T_1) and (n+T_2) are provided by the request as per the existing agreement.
· For inter-UE coordination information triggered by a condition other than explicit request reception, the values of (n+T_1) and (n+T_2) are determined by UE-A’s implementation as per the existing agreement. 
· T’’_1 is up to UE-A’s implementation under 0 <= T’’_1 <= Tproc,1
· (n’+T’_1) – Start 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 inter-UE coordination information is triggered
· Alt 1:
· No further change is supported. Note that the sensing window for determining the set of resources is already derived based on the location (n+T_1) and (n+T_2) used for determining the set of resources in TS38.214 section 8.1.4, i.e., sensing window is defined by the range of slots [(n+T_1) – T_0 – T’’_1, (n+T_1) – T_proc,0 – T’’_1].



Sensing window at UE-A should take into account the resource selection window at UE-A for transmission of coordination. The content of the coordination information should be determined before UE-A selects the resource as the size of the preferred or non-preferred resource set should be determined first before resource selection. Therefore, the sensing window for determine the coordination information should be earlier than n’+T’_1. Taking into account the processing time, the sensing window should end at (n’+T’_1) – T_proc,0 – T’’_1.
Proposal 4: For sensing window for determining the set of resources in Scheme 1, the end of the sensing window should be changed to (n’+T’_1) – T_proc,0 – T’’_1. 

Inter-UE Coordination Scheme 2
Determination of UE-B 
In RAN1#107-e, we have the following working assumption agreed for determination of UE-B, which is based on the priority value of two UEs in each pair. 
	Working assumption (from RAN1#107-e)
For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, for each pair of UEs scheduling the conflicting TBs, a UE with the higher priority value is UE-B.
· FFS whether/how to set additional condition for UE-A to send PSFCH.
· Conclude on whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 at the subsequent meetings



The underlying assumption for the main bullet in the above WA is that both UEs with conflicting TBs support inter-UE coordination Scheme 2. Therefore, a sub-bullet was included to have a conclusion in subsequent meetings on whether whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2.
In addition, we have the following WA agreed in RAN1#107bis-e. Based on the WA, 1 LSB of reserved bits of a SCI format 1-A is used to indicate of whether UE scheduling a conflict TB can be UE-B or not.
	Working Assumption (from RAN1#107bis-e)
For Scheme 2, (pre)configuration is supported to enable or disable that 1 LSB of reserved bits of a SCI format 1-A is used to indicate of whether UE scheduling a conflict TB can be UE-B or not.
· FFS: UE-A's behavior for the case when at least one of UEs scheduling conflicting TBs is not capable of receiving the conflict indication


[bookmark: _Hlk101532511]Again, a subbullet was included for FFS on UE-A's behavior for the case when at least one of UEs scheduling conflicting TBs is not capable of receiving the conflict indication.
The determination of UE-B was further discussed in the RAN#108-e. We have the following agreement.
	Agreement (from RAN1#108-e)
Confirm the following working assumption with modification in RED. Note that the terminology of “indicationUEB flag” means the indication of whether UE scheduling a conflict TB can be UE-B or not.
· Working Assumption:
· For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, 
· for each pair of UEs scheduling the conflicting TBs whose PSFCH occasions for resource conflict indication are not yet passed and indicationUEB flag is set to 1 if the higher parameter of indicationUEBScheme2 is (pre)configured to ‘Enabled’, a UE with the higher priority value is UE-B. When the UEs in the pair have the same priority value, UE-A determines one of the UEs to be UE-B by its implementation. 
· UE-A considers the SCIs received earlier than or equal to sl-MinTimeGapPSFCH before the PSFCH occasion for conflict indication when determining UE-B.


In the agreement, the WA from RAN1#107bis-e on indication of being a UE-B via 1 reserved bit in SCI 1-A was taken into account. However, again the confirmed case in the agreement from RAN1#108-e did not address the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 as in WA from RAN1#107-e or indicating it cannot be a UE-B as in FFS of WA from RAN1#107bis-e. Particularly, in WA from RAN1#107-e, it is specifically mentioned to conclude on whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 at the subsequent meetings. However, in the agreement from RAN1#108-e, we did not have any conclusion on this. Therefore, we need to address this issue during the Rel-17 maintenance phase. We now discuss behavior of UE-A on determining UE-B for this issue.
If the higher parameter of indicationUEBScheme2 is (pre)configured to ‘Enabled’, when the indicationUEB flag is set to 1, the UE does not support Scheme 2 for the scheduled PSSCHs indicated in the SCI 1-A at the moment. Among the UEs scheduling the same conflict TBs, the UEs that do not support Scheme 2 cannot be UE-B. But if the other UE in the pair supports Scheme 2, that UE can be UE-B. Based on the current agreement which does not address this scenario, UE-A cannot determine a UE-B. The Scheme 2 coordination cannot be performed, which incurs performance loss and undermines the efficiency of scheme. Therefore, we need to specify the determination of UE-B for such case. The simple solution is that if there is at least one of UEs scheduling conflicting TBs that does not support Scheme 2, all the UEs who support Scheme 2 (with indicationUEB flag is set to 1) are UE-Bs and UE-A needs to report the conflict to these UEs.   
Proposal 5: For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, when higher parameter of indicationUEBScheme2 is (pre)configured to ‘Enabled’, among the UEs scheduling the same conflict TBs, if at least one of UEs scheduling conflicting TBs indicationUEB flag is set to 0  does not support Scheme 2 
· all the UEs with indicationUEB flag is set to 1 are UE-Bs.

The related TP for Proposal 5 is provided in Appendix.

Conclusion
The remaining details for inter-UE coordination were discussed. We propose the following with the related TP for Proposal 5 provided in Appendix:
Proposal 1: 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, no RAN1 specification change is necessary.
· Existing agreements and current specification support UE-B’s behavior for this case, i.e, UE-B uses both the received preferred resource set and non-preferred resource set from the same UE-A for its resource selection.  
Proposal 2: 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, no RAN1 specification change is necessary.
· Existing agreements and current specification support UE-B’s behavior for this case, i.e, 
· UE-B uses both the received preferred resource set and non-preferred resource set from different UE-As for its resource selection for a TB to be transmitted to the UE-A providing the preferred resource set
· UE-B uses the received non-preferred resource set for its resource selection for a TB to be transmitted to any UEs 
Proposal 3: For the resource selection window for UE-A’s transmission of coordination information, the values for X1, X2, and X3 are given as n+T_1-31, n+T_1- Tproc,1 , and n+T_1- (Tproc,0+Tproc,1), respectively. 
· In addition, the constraint n+T_1-31 ≤ n’+T’_1 is also applied to the inter-UE coordination triggered by a condition.
Proposal 4: For sensing window for determining the set of resources in Scheme 1, the end of the sensing window should be changed to (n’+T’_1) – T_proc,0 – T’’_1. 
Proposal 5: For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, when higher parameter of indicationUEBScheme2 is (pre)configured to ‘Enabled’, among the UEs scheduling the same conflict TBs, if at least one of UEs scheduling conflicting TBs indicationUEB flag is set to 0  does not support Scheme 2 
· all the UEs with indicationUEB flag is set to 1 are UE-Bs.
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[bookmark: _Ref101433217]Appendix
The TP for proposal 5 is provided below.

	Reason for change:
	There was no conclusion on determination of UE-B for the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 at the subsequent meetings. In this case, all UEs with indicationUEB flag is set to 1 are UE-Bs, so that they will receive the conflict report from UE-A to perform resource reselection.

	
	

	Summary of change:
	Add the determination of UE-B when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 at the subsequent meetings

	
	

	Consequences if not approved:
	Ambiguous specifications which may limit the use cases of inter UE coordination Scheme 2 and impact the performance.



	Text proposal for determination of UE-B in TS38.213 Section 16.3.0 
[bookmark: _Toc29673242][bookmark: _Toc29673383][bookmark: _Toc29674376][bookmark: _Toc36645606][bookmark: _Toc45810655][bookmark: _Toc100147465]---------------------------------  Text proposal begins ----------------------------------------------- 
[bookmark: _Toc99993867]16.3.0	UE procedure for transmitting PSFCH with control information
*** Unchanged text is omitted ***
A first UE determines a UE for providing the conflict information to in a PSFCH as follows
-	if, for a resource pool, typeAUEScheme2 is disabled, the first UE has been indicated a first reserved resource and a second reserved resource as resources for PSSCH reception or, if for a resource pool typeAUEScheme2 is enabled, has been indicated at least the first reserved resource or the second reserved resource for PSSCH reception,
-	detects a first SCI format 1-A that includes a first priority value, , and the first reserved resource for PSSCH transmission from a second UE,
-	detects a second SCI format 1-A that includes a second priority value, , and the second reserved resource for PSSCH transmission from a third UE, and
[bookmark: _Hlk88594368]-	determines that the first and second resources overlap in time and frequency
-	the PSFCH occasions for resource conflict information of the second UE and the third UE are valid
-	the indicationUEB flag in SCI Format 1-A from the second UE and the third UE is set to 1, if indicationUEBScheme2 = 'enabled' 
-	determines the first SCI format 1-A and the second SCI format 1-A are not received later than sl-MinTimeGapPSFCH before the PSFCH occasion for conflict information
-	determines to transmit to the second UE the PSFCH with the conflict information
-	determines to transmit to either the second UE or the third UE the PSFCH with the conflict information, if 
[bookmark: _Hlk101532874]-    determines to transmit to the third UE the PSFCH with the conflict information regardless of the values of , if the indicationUEB flag in SCI Format 1-A from the second UE is set to 0 and the indicationUEB flag in SCI Format 1-A from the third UE is set to 1, and indicationUEBScheme2 = 'enabled'
*** Unchanged text is omitted ***
---------------------------------  Text proposal ends ----------------------------------------------- 




