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Introduction
In RAN1#104-e inter-UE coordination was discussed with following conclusion [1]:
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

The conclusion was sent to RAN plenary in LS R1-2102168 along with an attachment R1-2102166 which includes the observations drew from evaluation results of companies. In RAN#91-e the scope of Rel-17 SL was further discussed with following conclusion:
“It was concluded that no WID update is necessary. WGs continue specifying inter-UE coordination. Note that enhancements other than inter-UE coordination is NOT pursued in the scope of the objective “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].”

Based on the conclusions above achieved in RAN1 and RAN, RAN1 should continue to specify inter-UE coordination. In this paper we discussed the issues on inter-UE coordination and give our views.
Discussion
1.1 Scope of Inter-UE coordination
In RAN1#103-e schemes for inter-UE coordination were categorized into 3 types:
· 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

Before specifying the inter-UE coordination, it is necessary to decide firstly whether all the three types of schemes are needed. The 3 types of schemes were evaluated by companies in the last 3 RAN 1 meetings, observations drew from the evaluation results which are also captured in R1-2102166 are further summarized in the Table 1, from the table we can see the following:
· Performance of Type A scheme is controversial, particularly in the evaluations with signaling overhead and latency.
· Quite a few companies claim that Type B scheme is beneficial for periodic/aperiodic unicast/groupcast. However, there is 1 company claim that it is not beneficial for aperiodic unicast.
· 2 companies claim that Type C scheme is beneficial for periodic groupcast with SL HARQ-ACK feedback Option 1, 4 companies claim that Type C scheme is beneficial for aperiodic groupcast with SL HARQ-ACK feedback Option 1.

Table 1 Observations on performance of 3 types of inter-UE coordination schemes
	Scheme
	Traffic
	w/ signaling overhead and latency
	w/o signaling overhead and/or latency

	Type A
	Periodic
	Beneficial for Unicast: 3 sources
Beneficial for broadcast: 1 source
 
Not beneficial for Unicast:1 source
Not beneficial for groupcast: 1 source 
	Beneficial for Unicast: 3 sources
Beneficial for groupcast with HARQ feedback Option 1: 1 source
Beneficial for broadcast: 1 source

	
	Aperiodic
	Beneficial for Unicast: 3 sources
Not beneficial for Unicast:1 source
	Beneficial for Unicast: 3 sources
Not beneficial for Unicast: 2 sources

	Type B
	Periodic
	Beneficial for Unicast: 1 source 
	Beneficial for Unicast: 5 sources
Beneficial for groupcast: 1 source

	
	Aperiodic
	Beneficial for groupcast: 1 source 
	Beneficial for Unicast: 1 source
Beneficial for groupcast with HARQ feedback Option 1: 1 source
Not beneficial for Unicast: 1 source

	Type C
	Periodic
	Beneficial for groupcast with HARQ feedback Option 1: 2 sources 
	 

	
	Aperiodic
	Beneficial for groupcast with HARQ feedback Option 1: 4 sources 
	 



Based on the observation above, we suggest RAN1 to further investigate the benefit of Type A scheme. For Type C scheme, we noticed that it is observed beneficial only for groupcast with HARQ-ACK feedback option 1, the gain is due to the indication of past resource conflict from a third UE. However, in Type B scheme resource conflict expected to happen in the future can be indicated by UE-A, which means resource conflict could be avoided before it happens, therefore it seems there is no need to support Type C scheme anymore if Type B scheme is supported. Furthermore, Type C scheme requires UE-A to decode more than 1 PSCCH within 1 PSCCH resource, which would complicate UE implementation. Hence, we have following proposal:

Proposal 1: RAN1 starts specifying the Type B inter-UE coordination scheme, and further investigate the benefit and necessity of Type A and Type C schemes.

1.2 Issues on inter-UE coordination

When/how UE-A determines “a set of resources” 

As “a set of resources” are used by UE-B to determine which resources to be used/not used in upcoming transmissions, hence the “set of resources” should be selected from a super set of resources that may be used by UE-B in the future. Upon resource re-selection at UE-B is triggered, UE-B can trigger UE-A to evaluate the set of resources within resource selection window of UE-B based on sensing, and then UE-A can identify which resources within the resource selection window of UE-B is suitable/not suitable for UE-B, i.e., determine the “set of resources”, and send the “set of resources” to UE-B. UE-B can take this “set of resources” into account during resource selection. 

Similarly, after the resource selection, UE-B can also inform UE-A which resources are reserved/pre-selected, such that UE-A can continuously evaluate these resources and indicate “a set of resources” to UE-B if some problems (e.g., hidden node or half duplex) are identified on the resources. UE-B can take this “set of resources” into account during re-evaluation and pre-emption. The problems can be identified by UE-A based on sensing or purely SCI decoding.

The general procedure is illustrated in Figure 1 below. Note that UE-A should perform sensing to determine the set of resources with parameters, such as transmission resource pool, L1 priority, reservation interval, etc. provided by UE-B rather than the parameters used by itself.



Figure 1 UE-A determines “a set of resources” within resource selection window of UE-B and the reserved/pre-selected resources of UE-B

Proposal 2: “A set of resources” can be determined by UE-A within:
· resource selection window of UE-B based on sensing; or, 
· within resource resources reserved/pre-selected by UE-B based on sensing or SCI decoding.

If “a set of resources” is determined within the resource selection window of UE-B, one more issue is how can UE-A know the resource selection window of UE-B. As “a set of resources” is determined by UE-A based on sensing with parameters used by UE-B, UE-A needs to know these parameters before determining the resource set also. Hence when resource reselection is triggered at UE-B, UE-B needs to indicate the information in the trigger signaling to UE-A such that UE-A can determine “a set of resources” based on sensing accordingly. A PSCCH/PSSCH resource is needed to convey so much information. As UE-B has no PSCCH/PSSCH resource at the point, UE-B may need to select a resource randomly for the transmission of the information. 

Proposal 3: When resource selection is triggered at UE-B, it transmits the following information to UE-A via PSCCH/PSSCH in a randomly selected resource:
· Transmission resource pool used by UE-B;
· Resource selection window of UE-B;
· L1 priority;
· reservation interval;
· etc.

A UE may pre-select up to 32 resources for one TB and meanwhile it may also pre-select resources for multiple different TBs, however, it can only indicate via SCI up to 3 resources for one TB and reserve resources for at most one different TB. For the determination of “a set of resources” it is preferable that UE-A can know all the pre-selected resources such that all of these resources could be evaluated by UE-A as early as possible. While the capacity of current SCI format 1A is not sufficient to accommodate so many resources. To indicate all the pre-selected resources a new signaling needs to be defined. 

Proposal 4: The reserved/pre-selected resources of UE-B are indicated to UE-A via newly defined signaling for the determination of “a set of resources”.

When UE-A sends “a set of resources”

As shown in Figure 1, UE-A may be requested by UE-B to share “a set of resources” determined within resource selection window of UE-B. As “a set of resources” are intended for the assistance of resource selection of UE-B, UE-A should send the resource set to UE-B as soon as it determines the set, e.g., at most N slots after it receives the triggering signaling from UE-B. If UE-A is requested to share “a set of resources” within the resources reserved/pre-selected by UE-B, it only needs to send the set when some problems are identified on some of these resources (i.e., event triggered). 

Proposal 5: 
· When UE-A is requested to share “a set of resources” determined within the resource selection window of UE-B, it should send the resource set to UE-B as soon as it determines the resource set;
· When UE-A is requested to share “a set of resources” determined within the reserved/pre-selected resources of UE-B, it should send the set of resources to UE-B if some problems are identified on some of these resources. 

Singling of “a set of resources”

Another issue for inter-UE coordination is how to indicate the set of resource from UE-A to UE-B. In current mode 2 operation resource allocation related information are all conveyed in PSCCH such that other UE can identify the resources reserved by the UE based on PSCCH decoding only (i.e. sensing). As Rel-17 UE is supposed to coexist with Rel-16 UE within the same resource pool the size of SCI format 1-A cannot be changed for indicating the set of resources. And there are only 2-4 reserved bits in SCI 1-A, there is no room to indicate the set of resources with the existing SCI 1-A.

NR sidelink supports 2 stages SCI, and in Rel-16 two 2nd stage SCI formats are specified, 2nd stage SCI format used by the transmitter is indicated in the corresponding first stage SCI. For forward compatibility there are 2 bits for 2nd-stage SCI format indication in SCI format 1-A, hence it is possible to introduce more 2nd stage SCI formats in Rel-17 to indicate the set of resources. 
Furthermore, there is PC5 RRC between transmitter and receiver in unicast, for the unicast scenario it is possible to indicate the “set of resources” via PC5 RRC. Comparing to 2nd stage SCI, PC5 RRC can be more reliable and can avoid the specification efforts on new 2nd stage SCI format design. The drawback is that PC5 RRC is relatively slow so that the set of resources cannot be updated frequently, a new PC5 RRC procedure needs to be specified by RAN2, and it cannot be used in scenarios without PC5 RRC.

If the number of bits used to indicate “a set of resources” are limited, e.g., only 1 or 2 bits corresponding to 1 or 2 reserved resources of UE-B, PSFCH can also be used to convey the resource set.

Proposal 6: Using 2nd stage SCI, PC5 RRC or PSFCH to indicate the “set of resources” in inter-UE coordination should be supported.

As UE-A may have multiple transmitters, therefore in some cases UE-A may need to transmit “a set of resources” to multiple “UE-B”. For example, if UE-A identifies hidden node problem on resources reserved by different Tx UEs, it should be able transmit the sets of resources with a single signaling such as to avoid too frequent signaling transmission by UE-A.

Proposal 7: Using a single signaling to transmit one or multiple “set of resources” by UE-A to multiple UE-B should be supported.

If “a set of resources” is conveyed by 2nd stage SCI or PC5 RRC, if UE-A has no appropriate resource for the transmission, resource reselection should be triggered.

Proposal 8: The transmission of “a set of resources” can trigger resource reselection at UE-A if it has no appropriate resource for the transmission.

How UE-B takes “a set of resources” into account

One more issue is how to use the set of resources indicated by UE-A when UE-B performs mode 2 resource selection. As discussed above, in Type B scheme a set of resources determined within resource selection window of UE-B or resources reserved/pre-selected by UE-B is indicated. If the set of resources are determined within the resource selection window of UE-B, when UE-B performs mode-2 resource selection, all these resources should be precluded even though these resources are within candidate resource set (i.e., not precluded according to sensing results). In case of the set of resources are determined within the reserved/pre-selected resources, the resources included in the resource set should be re-selected.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 9: For “a set of resources” determined within resource selection window of UE-B, UE-B should preclude these resources when performing resource (re-)selection; for “a set of resources” determined within the reserved/pre-selected resources of UE-B, UE-B should re-select these resources.

How to determine UE-A and UE-B 

As analyzed above, the cost of inter-UE coordination is a bit high, it needs additional sensing operation at UE-A and more resources for the transmission of signaling, hence the number of UE-B should be restricted. As the intention of inter-UE coordination is to improve the performance of mode 2, UE-B is allowed to request “a set of resources” only when it has packets with high reliability requirement to transmit.  On the other hand, as inter-UE coordination may introduce additional delay due to the exchange of signaling, PDB of the packet to be transmitted should also be large enough. 

UE-A should be a target receiver of UE-B, if any UE can be UE-A, too many UEs may transmit “a set of resources” to another UE, this may seriously congest the system. 

Proposal 10: 
· UE-B should have packet with high reliability requirement and sufficient PDB to transmit;
· UE-A should be a target receiver of UE-B;

Which cast types “inter-UE coordination” is supported

As inter-UE coordination would introduce considerable signaling exchange between UE-A and UE-B, if it is supported for broadcast or groupcast with large number of group members, the signaling overhead could not be acceptable. Hence inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.

Proposal 11: Inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.

Conclusion
In this contribution, we discussed the issues that need to be considered for inter-UE coordination, we have following observations and proposals:
Proposal 1: RAN1 starts specifying the Type B inter-UE coordination scheme, and further investigate the benefit and necessity of Type A and Type C schemes.
Proposal 2: “A set of resources” can be determined by UE-A within:
· resource selection window of UE-B based on sensing; or, 
· within resource resources reserved/pre-selected by UE-B based on sensing or SCI decoding.
Proposal 3: When resource selection is triggered at UE-B, it transmits the following information to UE-A via PSCCH/PSSCH in a randomly selected resource:
· Transmission resource pool used by UE-B;
· Resource selection window of UE-B;
· L1 priority;
· reservation interval;
· etc.
Proposal 4: The reserved/pre-selected resources of UE-B are indicated to UE-A via newly defined signaling for the determination of “a set of resources”.
Proposal 5: 
· When UE-A is requested to share “a set of resources” determined within the resource selection window of UE-B, it should send the resource set to UE-B as soon as it determines the resource set;
· When UE-A is requested to share “a set of resources” determined within the reserved/pre-selected resources of UE-B, it should send the set of resources to UE-B if some problems are identified on some of these resources. 
Proposal 6: Using 2nd stage SCI, PC5 RRC or PSFCH to indicate the “set of resources” in inter-UE coordination should be supported.
Proposal 7: Using a single signaling to transmit one or multiple “set of resources” by UE-A to multiple UE-B should be supported.
Proposal 8: The transmission of “a set of resources” can trigger resource reselection at UE-A if it has no appropriate resource for the transmission.
Proposal 9: For “a set of resources” determined within resource selection window of UE-B, UE-B should preclude these resources when performing resource (re-)selection; for “a set of resources” determined within the reserved/pre-selected resources of UE-B, UE-B should re-select these resources.
Proposal 10: 
· UE-B should have packet with high reliability requirement and sufficient PDB to transmit;
· UE-A should be a target receiver of UE-B;
Proposal 11: Inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.
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