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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
The followings are conclusions in RAN1#103e.
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· 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
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type




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. 
[image: ]

[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. 
[image: ]
.
[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.

Information of inter UE coordination
From UE-A to UE-B, “a set of resources” is informed is considered for inter UE coordination to solve the hidden node and the half duplex issue. 

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. 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.

Proposal 2: The cast type to send "a set of resource" and the cast type to use resource "a set of resource" can be different.

We discuss different scenarios of the cast types to send "a set of resource" in the following.
[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. 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. From this traffic type information, UE-A can select suited resources for UE-B’s transition. 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" suitable 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.
· Not conflicted and one of UEs in the group reserved resources as preferred resources. The UE reserving resource transmits a data and other UEs in the group receive the data.
· 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.
In this scenario, who becomes UE-A and how to trigger/request "a set of resource" should be considered. It could be (pre)configured trigger condition. 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 reserved resource by one UE without conflict 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. 

[image: ]
[bookmark: _Ref61623275]Figure 5 Broadcast is used to send "a set of resource"

Collided resources in the past
"UE-A sends to UE-B the set of resource where the resource conflict is detected" is listed in the conclusion. Half duplex and post collision are indicated by PSFCH NACK was proposed [3]. How to identify "the collision" is difficult and the future resource usage can be not in the collision because retransmission can be different resources. When PSFCH is used to indicate half duplex and post collision, in order to have gain, multiple PSFCH should be transmitted simultaneously. The power of UE-A is enough or not should be considered.

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: 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 [2]. 
	· Option 1: MAC CE
· Option 2: PC5-RRC signaling 
· Option 3: New 2nd SCI format
· Option 4: PSCCH
· Option 5: PSFCH
· Option 6: Others (please specify it)



The new physical channel has large impact on the specification. It should be avoided. PC5-RRC is limited to unicast. Therefore, if groupcast or broadcast is supported, PC5-RRC is not the candidate. The signaling layer should be decided after the conclusion on how/what type of the information is exchanged.
Proposal 3: The signaling layer should be decided after the conclusion on how/what type of the information is exchanged.

Relation between “a set of resources” and resource pool
We think resource pools could be separated between pedestrian and vehicles in Release 17. Multiple carriers of sidelink may be supported. Then, if UE-B configured multiple resource pools, UE-A indicates “a set of resources” with sl-ResourcePoolID would be useful. 

Proposal 4: If UE-B configured multiple resource pools, UE-A indicates “a set of resources” with sl-ResourcePoolID.

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 5: 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 observation,
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: The cast type to send "a set of resource" and the cast type to use resource "a set of resource" can be different.
Proposal 3: The signaling layer should be decided after the conclusion on how/what type of the information is exchanged.
Proposal 4: If UE-B configured multiple resource pools, UE-A indicates “a set of resources” with sl-ResourcePoolID.
[bookmark: _GoBack]Observation: Some solution may be required to identify the same UE when multiple links are used from the same UE.
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