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Introduction
A work item on NR sidelink enchantment was approved [1]. One of objectives of this work item is to study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency. This document provides our view on enhancement of mode 2 for reliability and latency enhancements.
Discussion
Issues in mode 2
Our understanding is following issues are identified.
Hidden node issue
In example of related scenario, when UE-B transmits data to UE-A, UE-B cannot aware the UE-C also transmits data to UE-A as shown in Figure 1. To avoid collision with hidden node, UE-A inform “a set of resources” to UE-B and/or UE-C. To solve hidden node issue has merit to improve reliability. 
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[bookmark: _Ref54185174]Figure 1 Hidden node issue
Exposed node issue
In example of related scenario, UE-A transmits data to UE-C and UE-B transmits data to UE-D. UE-A and UE-B are close each other. UE-C and UE-D cannot recognize each other as shown in Figure 2. In this situation, although the link from UE-B to UE-D and the link from UE-A to UE-C are simultaneously possible as spatial reuse, because of the detection between UE-A and UE-B, only one of the link may be used and it is inefficient. To solve this issue has merit to improve the resource utilization. However, it does not contribute to improve the reliability. As the target of this WID is "enhanced reliability and reduced latency", it can be said as second priority. 
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[bookmark: _Ref54185140]Figure 2 Exposed node issue

Half duplex issue
When UE-A transmits data, UE-A cannot receive the data from other UEs because a UE is not able to receive and transmit simultaneously in the same band. UE-A cannot receive all SCI then, UE-A may not aware the reserved resources and it may cause the collision. To solve this issue, the reserved resources could be informed as “a set of resources”.

Consecutive packet loss (as described in WID)
For periodic traffic, multiple packets may collide consecutive coursed by hidden node problem and half duplex problem. The solution would be same as it for hidden node problem and half duplex problem.

In order to improve the reliability in mode 2, to solve hidden node and half duplex issue can reduce conflicted resource. However, if simulation results with realistic overhead assumption have no larger gain in PRR and PDR, to focus on power saving gain can be one way. In order to ensure higher reliability to Release 16 traffic, congestion control need to set lower resource utilization. When Release 16 UE and Release 17 UE share a resource pool, the impact of schemes for Release 17 UE to Release 16 UE should be carefully studied. 

Proposal 1: In order to improve the reliability in mode 2, to focus on hidden node and half duplex issue. It can reduce conflicted resource.

0. Hierarchical mechanism
Several companies showed PRR gain with signaling overhead and latency on hierarchical mechanism [2][3][4][5]. In [2], UE-A based on the centralized scheduling was assumed. In [3], hierarchical inter-UE coordination was assumed. In [4], RSU for inter-UE coordination is deployed in the center of each intersection was assumed. If UE-A as header UE schedules all other UE’s traffic, collisions are avoided. However, in RAN1, there is no common understanding of hierarchical mechanism.
WID[1] mentioned follows.
	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.



Our interpretation is Mode 2(d) in TR 38.885 is not scope of WID. Mode 2(d) needs gNB’s scheduling information as “UE-A to inform its serving gNB about members UE-B, UE-C, and so on of a group, and for the gNB to provide individual resource pool configurations and/or individual resource configurations to each group member through UE-A” according to TR38.885. gNB’s scheduling information is not the scope in rel.17.
The functionality to determine hierarchical mechanism is within RAN2 domain. To send LS to RAN2 to ask following points and the feasibility within Rel.17 could be one possibility if the discussion within RAN1 is not able to be concluded.
· Whether UE-A can be header UE or not.
· Whether UE-B can know UE-A is header UE or not.
· If UE-A can be header UE, how UE-A obtain the information of UEs in a group.
Proposal 2: If hierarchical mechanism is no conclusion, to send LS to RAN2 to ask following points can be one way as following points are RAN2 expertise.
· Whether UE-A can be header UE or not.
· Whether UE-B can know UE-A is header UE or not.
· If UE-A can be header UE, how UE-A obtain the information of UEs in a group.

 Scheme 1 and Scheme 2
Following are agreements in RAN1#104b-e.
	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




Scheme 1includes Type A(preferred resources) and Type B(non- preferred resources). For UE-B, there are "preferred resource set", "non-preferred resource set" and "neither preferred nor non-preferred resource set". When UE-A is header UE, preferred resource is reasonable to indicate scheduling information to member UEs. When UE-A is a receiver UE of UE-B, in order to reduce the signaling overhead, UE-A can select preferred resource or non-preferred resource based on payload size. 
Proposal 3: For Scheme 1, when UE-A is header UE, preferred resources is reasonable to indicate scheduling information to member UEs. When UE-A is receiver UE of UE-B, UE-A can choose "preferred resource" or "non-preferred resource" based on payload size in order to reduce the signaling overhead.
Scheme 2 includes Type B and Type C with lower signaling overhead. Several companies showed the PRR gains with small size of "a set of resource". "Expected/potential conflict" and "detected resource conflict"can be used for power saving UE type D without reception of PSCCH/PSSCH if the signaling is similar as PSFCH. In "expected/potential conflict", the UE-A transmits "a set of resource" for UE-B’s reserved resources and it is not preferred. For "expected/potential conflict", the resource for "a set of resources" should be separated from PSFCH for HARQ-ACK and only UE with the capability of inter-UE coordination can receive "a set of resource". "Expected/potential conflict" can avoid collision. Then we propose at least "expected/potential conflict" is supported. For "detected resource conflict", the PSFCH for HARQ-ACK could be used for indication of "a set of resource" and Rel.16 UEs might receive the indication without knowledge of "a set of resource" in unicast and groupcast. If specification effort is not so large, "detected resource conflict" could be supported.
Proposal 4: At least "expected/potential conflict" in Scheme 2 should be supported to avoid expected/potential collision.
Proposal 5: If specification effort is not so large, "detected resource conflict" is supported.

Procedure of inter-UE coordination
Capability exchange and how UE-A and UE-B are determined
The agreements in RAN1#104b-e are follows.
	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




[bookmark: _Hlk68519361]How UE-A and UE-B are determined is depending on whether UE-A and UE-B know UE-B and UE-A has capability of inter- UE coordination or not. The capability of inter-UE coordination could be exchanged by application layer and PC5-RRC. PC5-RRC is limited to unicast. 
When UE-A and UE-B exchange the capability by application layer or PC5-RRC, UE-A and UE-B can be determined by UE-A is the intended receiver of UE-B and application layer. When UE-A is the intended receiver of UE-B, UE-A could be determined by UE-B’s explicit trigger or UE-A’s event trigger.
When UE-A and UE-B don’t exchange the capability by application layer or PC5-RRC, UE-A and/or UE-B are pre-defined for exchange of inter-UE coordination could be considered. One option would be all UEs in the pre-defined resource pool or the pre-defined group have the capability of inter-UE coordination. UE without the capability cannot join the resource pool or the group. It is possible in both applications based (for ACK/NACK feedback option 2 case) and location based (for ACK/NACK feedback option 1 case). For location based, in addition to the distance, some request/trigger from UE-B can be indicated. Another option would be UE without capability of inter-UE coordination can also join the resource pool or the group. In this option, if UE-A or UE-B doesn’t have the capability of UE-inter coordination, signaling of "a set of resource" or "trigger/request" is wasted.  If UE(s) among the intended receiver(s) of UE-B can be a UE-A, when UE-A has the capability and UE-B doesn’t have the capability, UE-A transmits "a set of resource" but UE-B doesn’t receive "a set of resource". When UE-A doesn’t have the capability and UE-B has the capability, UE-B can transmit "trigger/request" to UE-A but UE-A doesn’t transmit "a set of resource". It is similar to the capability is exchanged by physical layer/MAC layer.
Observation 1: The capability of UE-inter coordination of UE-A and UE-B can be exchanged by application layer and PC5 RRC. PC5 RRC is limited to unicast. 
Proposal 6: If UE-A and UE-B are pre-configured is supported, following two options should be considered.
Option A) All UEs in the resource pool or group have the capability of UE-inter coordination.
Option B) UE without capability of inter-UE coordination can also join the resource pool or group. UE-B transmits "trigger/request" in the pre-defined resource pool or the pre-defined group. if UE-A doesn’t have inter UE coordination capability, there is no response as "a set of resource". It is similar to the capability is exchanged by physical layer/MAC layer.

When UE-A sends "a set of resources" to UE-B, including which UE(s) sends it
In feature lead summary [7], explicit trigger based coordination and event-trigger based coordination were discussed. 
Explicit trigger based coordination could be used for Scheme 1 and Scheme 2.  In Scheme 1, UE-B transmits "explicit trigger" as scheduling request to UE-A if "a set of resource" is scheduling information. In Scheme 2 with "expected/potential conflict", UE-B can request "a set of resource" to UE-A for reserve resources by UE-B. UE-A can transmit "a set of resource" when the reserved resource by UE-B is not preferred. In Scheme 2 with "detected resource conflict", it is unclear whether explicit trigger-based coordination is necessary or not. UE-B can request to transmit "a set of resource" to some UE has capability of UE inter coordination. In Scheme 2 with "detected resource conflict", UE-B doesn’t aware the NACK in PSFCH is transmitted by receiver UEs or "a set of resource" to indicated conflict is transmitted by UE-A. 
Proposal 7: Explicit trigger based coordination is supported in Scheme 1 and Scheme 2 with "expected/potential conflict".
Event trigger based coordination could be used for Scheme 2. In Scheme 1, UE-B needs to trigger the request to scheduling information since UE-A should know whether UE-B needs resource or not. In Scheme 2 with "expected/potential conflict", if UE-A knows the capability of UE-B or UE-A is pre-configured, UE-A may transmit "a set of resource" to UE-B with event trigger based. In Scheme 2 with "detected resource conflict", UE-A doesn’t need to know the capability of UE-B. The event would be the detection of resource conflict, congestion status and/or distance. 
Proposal 8: Event trigger based coordination is supported in Scheme 2.
Cast type is used to send "a set of resource"
The cast type to send "a set of resource" could be unicast, groupcast and broadcast in Scheme 1. Which cast type is useful should be considered. The cast type to send "a set of resource" and the cast type to use resource "a set of resource" can be different. For Scheme 2, PSFCH like signaling could be considered. In this channel, cast type to send "a set of resource" is not defined.
Proposal 9: The cast type to send "a set of resource" and the cast type to use resource "a set of resource" can be different in Scheme 1.
We discuss different scenarios of the cast types to send "a set of resource" in Scheme 1.
[Unicast is used to send "a set of resource"]
When the cast type to send "a set of resource" is unicast, UE-A sends "a set of resource" suited to UE-B as shown in Figure 3. UE-A may know the reserved resources by UE-B and other UEs by sensing procedure. UE-A can inform conflicted resources as not preferred resources to UE-B and preferred resources in Scheme 1. When UE-B triggers/requests "a set of resource" to UE-A, UE-B can inform UE-B’s traffic information like a cast type, periodic/aperiodic, destination ID and resource pool. In Scheme 1, UE-B transmits those information to UE-A in order to select suitable resources by UE-A. If this trigger/request indicates the destination ID of UE-B’s traffic is UE-A, UE-A can select (not)preferred resource of UE-A’s reception. This "a set of resource" in unicast is useful for the situation that UE-A and UE-B communicate via unicast. For power saving UE type D, "a set of resource" suited to power saving UE-D is useful to save the sensing time. However, it should be considered how to specify UE-A of power saving UE type D and whether power saving UE type D has unicast communion or not.
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[bookmark: _Ref61623207]Figure 3 Unicast is used to send "a set of resource"
[Groupcast is used to send "a set of resource"]
When the cast type to send "a set of resource" is groupcast, UE-A sends "a set of resource" for the group as shown in Figure 4. UE-A may know the reserved resources by UEs in a group and other UEs in other groups by previous sensing results. Following resources are candidates of "a set of resources" and it is not necessary to indicate all resources. 
· Conflicted resources as not preferred resources. UE-B in the group can reselect the resources. Other UEs may know the reserved resource by UE-B will be reselected. But UE-B may use the reserved resource by UE-B’s decision.
· Vacant and suitable resources for the group as preferred resources. UE-B in the group may select these resources for a groupcast traffic. UE-B may use this resource for unicast and broadcast traffic, but it is up to UE-B’s operation if UE-B can decide scheduling resources.
In this scenario, who becomes UE-A and how to trigger/request "a set of resource" should be considered as discussed above. UE-A could be pre-configured to be determined by application layer for a group. When UE-A detects higher resource utilization / higher error rate, UE-A starts to send "a set of resource" to the group. If some UE in the group triggers/requests "a set of resource", which UE answers it could be also (pre)configured in the group. For power saving UE type D, "a set of resource" for the group is useful to save the sensing time. 
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[bookmark: _Ref61623235]Figure 4 Groupcast is used to send "a set of resource"


[Broadcast is used to send "a set of resource"]
When the cast type to send "a set of resource" is broadcast, UE-A can indicate conflicted resources and vacant resources as shown in Figure 5. The difference from the groupcast is that the vacant resource is just vacant and there is no target UEs and target groups. How to use this information is up to UE-B operation. UE-B may use the vacant resource for unicast and groupcast also. In this scenario, who becomes UE-A and how to trigger/request "a set of resource" should be considered. In broadcast case, it would be (pre-)configured but the merit/incentive for UE-A is unclear. For power saving UE type D, "a set of resource" in broadcast is useful to save the sensing time to know vacant resources. 
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[bookmark: _Ref61623275]Figure 5 Broadcast is used to send "a set of resource"


The source ID identification issue 
The source ID of one link like groupcast and source ID of the other link like unicast of the same UE can be different since source ID might be different for each of link. In this case, the receiver UE cannot identify the same UE when different links are sent from the same UE. If UE-B reserves the resources for groupcast with different source ID and UE-B is informed from UE-A as the resource is “Not preferred for unicast source ID”, UE-B cannot know whether own reservation for groupcast is collided or not. Therefore, if different links are used, how to identify the same UE need to be handled. 
Observation 2: Some solution may be required to identify the same UE when multiple links are used from the same UE.

Signaling of “a set of resources”
In last RAN1 meeting, following candidates for signaling were discussed [7]. 
	1st SCI format
2nd SCI format 
MAC CE
PC5-RRC 
PSFCH format 



For Scheme 1, PC5-RRC is limited to unicast. Therefore, if groupcast or broadcast is supported, PC5-RRC is not the candidate.MAC CE has lesser spec impact. Then we propose MAC CE for scheme 1. For Scheme 2, PSFCH like signaling could be used. For Scheme 2 with “expected/potential conflict”, the timing to indicate “a set of resource” should be considered with the processing delay to stop transmit PSSCH on UE-B and processing delay to decode SCI/to prepare “a set of resource ” on UE-A. 
Proposal 10: For Scheme 1, signaling of “a set of resource” is MAC CE. For Scheme 2, signaling of “a set of resource” is based on PSFCH.

Resource pool sharing between UE with/without inter UE coordination operation
To share larger resource pool among different use cases has the merit to avoid resource fragmentation. It is one of the reasons to share the resource pool among unicast, groupcast and broadcast. Similarly, even when UE with inter UE coordination capability is introduced, the same resource pool can be shared with Release 16 UEs is useful to avoid resource fragmentation and also backward compatibility. Therefore, we propose following.
Proposal 11: UE with inter-UE coordination operation in Release.17 can share the resource pool with Release 16 UEs. Release 16 UEs resource selection performance should not be degraded by UE with inter-UE coordination operation.
Conclusion
This document provided our view on enhancement of mode 2 for reliability and latency enhancements. Based on the discussions, we have following proposals and observations,
Observation 1: The capability of UE-inter coordination of UE-A and UE-B can be exchanged by application layer and PC5 RRC. PC5 RRC is limited to unicast. 
Observation 2: Some solution may be required to identify the same UE when multiple links are used from the same UE.
Proposal 1: In order to improve the reliability in mode 2, to focus on hidden node and half duplex issue. It can reduce conflicted resource.
Proposal 2: If hierarchical mechanism is no conclusion, to send LS to RAN2 to ask following points can be one way as following points are RAN2 expertise.

· Whether UE-A can be header UE or not.
· Whether UE-B can know UE-A is header UE or not.
· If UE-A can be header UE, how UE-A obtain the information of UEs in a group.
Proposal 3: For Scheme 1, when UE-A is header UE, preferred resources is reasonable to indicate scheduling information to member UEs. When UE-A is receiver UE of UE-B, UE-A can choose "preferred resource" or "non-preferred resource" based on payload size in order to reduce the signaling overhead.
Proposal 4: At least "expected/potential conflict" in Scheme 2 should be supported to avoid expected/potential collision.
Proposal 5: If specification effort is not so large, "detected resource conflict" is supported.
Proposal 6: If UE-A and UE-B are pre-configured is supported, following two options should be considered.
Option A) All UEs in the resource pool or group have the capability of UE-inter coordination.
Option B) UE without capability of inter-UE coordination can also join the resource pool or group. UE-B transmits "trigger/request" in the pre-defined resource pool or the pre-defined group. if UE-A doesn’t have inter UE coordination capability, there is no response as "a set of resource". It is similar to the capability is exchanged by physical layer/MAC layer.
Proposal 7: Explicit trigger based coordination is supported in Scheme 1 and Scheme 2 with "expected/potential conflict".
Proposal 8: Event trigger based coordination is supported in Scheme 2.
Proposal 9: The cast type to send "a set of resource" and the cast type to use resource "a set of resource" can be different in Scheme 1.
Proposal 10: For Scheme 1, signaling of “a set of resource” is MAC CE. For Scheme 2, signaling of “a set of resource” is based on PSFCH.
Proposal 11: UE with inter-UE coordination operation in Release.17 can share the resource pool with Release 16 UEs. Release 16 UEs resource selection performance should not be degraded by UE with inter-UE coordination operation.
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