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Introduction
In RAN1#104bis-e inter-UE coordination was discussed with following agreements [1]:
Agreement:
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used


Agreements:
1. Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability

Agreement:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information

In RAN1#105-e, inter-UE coordination was discussed extensively but unfortunately with no further conclusion achieved. 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, the benefit of Type A scheme is not clear and further evaluation is necessary. Furthermore, in Type A scheme UE-B may select transmission resources based only on the resource set, which implies that UE-A could be a scheduler of UE-B. To support the functionality some physical layer and higher layer procedures similar as that between a mode 1 UE and its associated gNB are needed, e.g., the connection setup/maintenance between UE-A and UE-B, SR and BSR reporting from UE-B to UE-A, and even mobility of UE-B, etc. It would introduce significant impact to RAN2 to support all these procedures. If the resources assigned by UE-A to UE-B is determined based on sensing of UE-A, rather than based on resource coordination of gNB, the performance of this scheme is problematic as multiple UE-A may control one set of resources without coordination among each other, as shown in Figure 1.  



Figure 1 Different UE-A may control one set of resources without coordination among each other

As Type A scheme has been included in Scheme 1 as agreed in RAN1#104bis, we have following proposal:

Proposal 1: For inter-UE Coordination Scheme 1, the coordination information sent from UE-A to UE-B should be the set of resources non-preferred for UE-B’s transmission
· FFS the set of resource preferred for UE-B’s transmission.
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 post resource conflict from a third UE (i.e., not a intended receiver of UE-B). However, in groupcast with HARQ-ACK feedback option 1 a Rx UE would feedback NACK if the resource collision is between UE-B and another UE(s), additional NACK feedback from a third UE is beneficial only when half duplex happens between UE-B and some of its intended Rx UE(s), and meanwhile there is no Rx UE feedback NACK, the possibility of both events happens simultaneously is relatively low. 

Observation 1: For Type C scheme (post collision indication), the post resource conflict is indicated by a third UE (i.e. not an intended receiver of UE-B) , and it is beneficial only when half duplex happens between UE-B and its receiver(s) and there is no NACK feedback.

Furthermore, 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. Additionally, in Type-C scheme UE-A needs to identify if a UE is intended receiver of UE-B or not based on zone ID or PHY layer ID, however, both zone ID and PHY layer ID may have ambiguity due to the limitation on the length of the IDs, this would consequently cause unnecessary re-transmission if UE-A misinterpret one UE as intended receiver of UE-B, as illustrated in Figure 2. 

Observation 2: Type B scheme could avoid the issue that Type C scheme aims to address, and Type C scheme could cause unnecessary re-transmission due to the ambiguity on Zone ID and PHY ID.




Figure 2 UE-A may misinterpret UE-C as an intended receiver of UE-B due to the ambiguity on Zone ID

Additionally, in the Type C scheme, UE-A is not an intended receiver of UE-B, it could not benefit directly from the indication of the resource conflict, therefore it is not reasonable to mandate UE-A to indicate the half duplex between UE-B and its intended receiver(s) by specification. If the indication of the half duplex between UE-B and its intended receiver(s) is up to UE-A implementation, there seems no specification impact. 

Observation 3: In Type C scheme, UE-A should not be mandated to indicate half duplex between UE-B and its intended receiver(s). 

Proposal 2: It is up to UE-A implementation to indicate half duplex between UE-B and its intended receiver(s) in groupcast with HARQ-ACK feedback option 1.

1.2 Issues on inter-UE coordination

When/how UE-A determines the coordination information 

In Scheme 1, the coordination information is a set of resources preferred and/or not preferred for UE-B’s transmission. 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 preferred/non-preferred 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 when it performs resource selection. Alternatively, after the resource selection, UE-B can also inform UE-A which resources are reserved/selected. If UE-A identifies that some of the resources are not available anymore, e.g., due to resource conflict or half duplex, UE-A can indicate a set of preferred/non-preferred resources to UE-B based on its sensing. This set of resource could be used by UE-B when it performs re-evaluation or pre-emption checking.

Proposal 3: In Scheme 1, “a set of resources” should be determined by UE-A when:
· Receiving a request from UE-B;
· Resources reserved/selected by UE-B are not available.

In Rel-16 sensing is based on parameters provided by higher layer and (pre-)configured RRC parameters. The parameters provided by higher layer are related to the attributes of data to be transmitted, UE-A should perform sensing with these parameters provided by UE-B to determine the set of resources rather than the parameters used by itself, as shown in Table 1 below. And it is also necessary to further consider whether RRC parameters (pre-)configured for Rel-16 sensing can be used by UE-A.

Table 1: Sensing parameters used by UE-A for the determination of the set of resources
	Existing sensing parameters provided by higher layer in Rel-16
	UE-A

	The resource pool from which the resources are to be reported
	Tx resource pool used by UE-B

	L1 priority, 𝑝𝑟𝑖𝑜𝑇𝑋
	L1 priority indicate by UE-B

	The remaining packet delay budget
	Remaining packet delay budget indicated by UE-B

	The number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, 𝐿subCH
	𝐿subCH indicated by UE-B

	Optionally, the resource reservation interval, 𝑃rsvp_TX, in units of msec
	𝑃rsvp_TX indicated by UE-B
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Proposal 4: The following parameters for sensing performed by UE-A to determine the set of resources should be provided by UE-B:
· The resource pool from which the resources are to be reported
· L1 priority, 𝑝𝑟𝑖𝑜𝑇𝑋 
· The remaining packet delay budget
· The number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, 𝐿subCH
· Optionally, the resource reservation interval, 𝑃rsvp_TX, in units of msec

Proposal 5: FFS whether (pre-)configured parameters for Rel-16 sensing could be used by UE-A to determine the set of resources based on sensing.

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. 

Proposal 6: When resource selection is triggered at UE-B, it transmits the parameters for sensing to UE-A via PSCCH/PSSCH.

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 7: 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”.

In Scheme 2, coordination information is based on expected resource conflict. In the last meeting following resource conflict were discussed [2]:
· PSSCH TX and PSSCH RX;
· PSSCH TX and PSSCH TX;
· PSFCH TX and PSFCH RX;
· PSFCH TX and PSFCH TX;
· SL TX and UL TX;
· SL RX and UL TX;
PSSCH TX and PSSCH RX conflict (i.e., half duplex between UE-A and UE-B) can be avoided by resource reselection at UE-A when it identified the problem, it is not so necessary to trigger resource reselection at UE-B. PSSCH TX and PSSCH TX conflict between UE-B and another UE may cause decoding failure at UE-A side if the estimated transmission power from the other UE is high, hence UE-A should indicate UE-B to reselect the resources with conflict. Conflict between PSFCH may cause unnecessary re-transmission, however the reliability of the associated transmissions may not degrade. SL TX and UL TX conflict at UE-B side should not be considered in Scheme 2, as UE-A cannot know the location of UE-B’s UL transmission. However, if UE-A needs to transmit PSFCH associated with PSSCH from UE-B, PSFCH TX and UL TX conflict may happen at UE-A side. Such conflict may lead to either SL re-transmission (PSFCH TX is dropped) or UL/DL re-transmission (UL transmission is dropped), in either case the SL reliability would not degrade. If UE-A performs sensing, SL RX and UL TX at UE-A side may happen as long as it has UL transmission, it seems that Scheme 2 cannot address this conflict. 

Proposal 8: In Scheme 2, UE-A sends the coordination information to UE-B if PSSCH TX and PSSCH TX conflict is identified by UE-A, FFS the other resource conflict.

When UE-A sends “a set of resources”

As discussed above UE-A may be requested by UE-B to send “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 in this case, 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 resource set when some problems are identified on some of these resources (i.e., event triggered). 

Proposal 9: 
· 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 “coordination information”

Another issue for inter-UE coordination is how to indicate the coordination information from UE-A to UE-B. For Scheme 1 the coordination information is a resource set. 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 resource set. And there are only 2-4 reserved bits in SCI 1-A, there is no room to indicate the resource set 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 resource set. 

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 10: 2nd stage SCI, PC5 RRC or PSFCH can be considered to indicate the “set of resources” in inter-UE coordination.

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 to transmit the sets of resources with a single signaling such as to avoid too frequent signaling transmission by UE-A.

Proposal 11: 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, and UE-A has no appropriate resource for the transmission, resource reselection should be triggered.

Proposal 12: 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

This issue was discussed in last meeting and several options are agreed for each scheme for further consideration. For Scheme 1, as discussed above, a set of resources could be sent to UE-B either when it has no selected resources (i.e., before initial resource selection) or when some selected/reserved resources of UE-B are not available. Hence both Option 1-1 and Option 1-3 should be supported for Scheme 1. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 13: For Scheme 1, both Option 1-1 and Option 1-3 are supported:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information.

If Option 1-1 is supported the “set of resources” could be taken into account in either physical layer or MAC layer. If in physical layer, UE-B could preclude the “set of resource” (assuming non-preferred resources are included in the set) when it generates the set SA to be reported to MAC layer. The physical layer could increase the SL-RSRP threshold to ensure that the percentage of remaining resources within SA is not smaller than X. However, if in MAC layer, although resource exclusion behavior of Rel-16 mode 2 can be kept, it may happen that the resources left are insufficient after MAC layer further precludes the “set of resources” from SA. 

Proposal 14: If Option 1-1 is supported the “set of resources” is taken into account in physical layer when UE-B generates the set SA to be reported to MAC layer.

In Scheme 2, UE-B should re-select the resources with conflict when it receives the coordination information from UE-A.

Proposal 15: For Scheme 2, Option 2-1 is supported:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information.

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, remaining 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 16: 
· UE-B should have packet with high reliability requirement and sufficient remaining PDB;
· 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 17: 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:
Observation 1: For Type C scheme (post collision indication), the post resource conflict is indicated by a third UE (i.e. not an intended receiver of UE-B) , and it is beneficial only when half duplex happens between UE-B and its receiver(s) and there is no NACK feedback.

Observation 2: Type B scheme could avoid the issue that Type C scheme aims to address, and Type C scheme could cause unnecessary re-transmission due to the ambiguity on Zone ID and PHY ID.

Observation 3: In Type C scheme, UE-A should not be mandated to indicate half duplex between UE-B and its intended receiver(s). 

Proposal 1: For inter-UE Coordination Scheme 1, the coordination information sent from UE-A to UE-B should be the set of resources non-preferred for UE-B’s transmission
· FFS the set of resource preferred for UE-B’s transmission.

Proposal 2: It is up to UE-A implementation to indicate half duplex between UE-B and its intended receiver(s) in groupcast with HARQ-ACK feedback option 1.

Proposal 3: In Scheme 1, “a set of resources” should be determined by UE-A when:
· Receiving a request from UE-B;
· Resources reserved/selected by UE-B are not available.

Proposal 4: The following parameters for sensing performed by UE-A to determine the set of resources should be provided by UE-B:
· The resource pool from which the resources are to be reported
· L1 priority, 𝑝𝑟𝑖𝑜𝑇𝑋 
· The remaining packet delay budget
· The number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, 𝐿subCH
· Optionally, the resource reservation interval, 𝑃rsvp_TX, in units of msec

Proposal 5: FFS whether (pre-)configured parameters for Rel-16 sensing could be used by UE-A to determine the set of resources based on sensing.
Proposal 6: When resource selection is triggered at UE-B, it transmits the parameters for sensing to UE-A via PSCCH/PSSCH.
Proposal 7: 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 8: In Scheme 2, UE-A sends the coordination information to UE-B if PSSCH TX and PSSCH TX conflict is identified by UE-A, FFS the other resource conflict.
Proposal 9: 
· 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 10: 2nd stage SCI, PC5 RRC or PSFCH can be considered to indicate the “set of resources” in inter-UE coordination.
Proposal 11: Using a single signaling to transmit one or multiple “set of resources” by UE-A to multiple UE-B should be supported.
Proposal 12: The transmission of “a set of resources” can trigger resource reselection at UE-A if it has no appropriate resource for the transmission.
Proposal 13: For Scheme 1, both Option 1-1 and Option 1-3 are supported:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information.

Proposal 14: If Option 1-1 is supported the “set of resources” is taken into account in physical layer when UE-B generates the set SA to be reported to MAC layer.
Proposal 15: For Scheme 2, Option 2-1 is supported:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information.

Proposal 16: 
· UE-B should have packet with high reliability requirement and sufficient remaining PDB;
· UE-A should be a target receiver of UE-B;
Proposal 17: Inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.
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