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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
In Release 17 WID [1], followings are described.
	· 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 until RAN#90.
· 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.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].



The followings are the last version of proposals shared in the reflector [2]. 
	Proposal 1:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission
· FFS: whether the “resource set” in above candidates can individually refer to the resources in the past, in the future, or in both past and future.       
· FFS details on how UE-A determines “a set of resources” in the above definitions of “a set of resources”.
· FFS details on signaling of “a set of resources”, including container used for carrying it either at the physical or at higher layers and including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS relation between “a set of resources” and resource pool.
· FFS how/when UE-B takes “a set of resources” into account in the resource selection for its own transmission.
· FFS whether/how to support other assistance and/or coordinating information.
· FFS if “inter-UE coordination” is supported in all cast types.
· Note: further discussion is necessary on what definitions of “a set of resources” will be finally specified.
· FFS whether/how to handle an impact, if any, caused by the functionality of power consumption reduction to be introduced.

Proposal 2:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· for the condition when UE-A sends “a set of resources” to UE-B, at least followings can be considered:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
· FFS details on UE-A behavior of transmitting “a set of resources” when the above option is satisfied, including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS details of signaling in 1st option.
· FFS details of 2nd option.
· Note: further discussion is necessary on what options will be finally specified.

Proposal 3 for conclusion: 
· Companies are encouraged to consider at least the following aspects when studying the feasibility and benefit of the enhancement(s) in mode 2
· Hidden-node problem
· Exposed-node problem
· [bookmark: _Hlk54185340]Half duplex problem
· Consecutive packet loss (as described in WID)
· [Resource collision (i.e., Time-frequency resource overlapping [and/or Time resource overlapping] caused by the reason other than hidden-node problem]




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.

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

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. 
UE-A's assumption to determine a set of resource to be sent to UE-B 
Following two cases are considered in last RAN1 meeting.
Case 1) a set of resource informed from UE-A is used by UE-B as only for the transmission to UE-A.
Case 2) a set of resource informed from UE-A is used by UE-B as not limited to the transmission to UE-A
For both Case 1 and Case 2, UE-A informs “a set of resource” to UE-B and UE-A may know the reserved resources by UE-B for unicast in previous sensing results.
Case 1 focused on the link between UE-A and UE-B. It is useful for the situation that UE-A and UE-B communicate via unicast. A set of resource could be based on RSRP/CSI measurement of UE-B, UE-A's Tx/Rx slot status for half duplex issue and/or sensing results of other UE’s reservation in UE-A. The Table 1 shows the indication from UE-A to UE-B in case 1. UE-A selects the resources to satisfy following conditions as preferred resources.
- not reserved with higher RSRP measurement from resource in UE-A’ Rx slot.
- reserved by UE-B without collision from resources in UE-A’ Rx slot. 
[bookmark: _Ref54190864]Table 1 Indication from UEA to UE-B in Case 1
	
	
	Resource #0
	Resource #1
	Resource #2
	Resource #3
	Resource #4
	Resource #5
	Resource #6

	Conditions in UE-A
	Sensing results of other UE’s reservation in UE-A
	Not reserved
	Not reserved
	Reserved by UE-C
	Reserved by UE-B to UE-A
	Reserved by UE-B to UE-D
	Reserved by UE-C and UE-B
	Not reserved

	
	UE-A Tx slot or Rx slot
	Rx
	Rx
	Rx
	Rx
	Rx
	Rx
	Tx

	
	RSRP or CQI between UE-A and UE-B 
	Higher
	Lower
	
	Higher
	
	
	

	Indication from UE-A to UE-B as “Preferred or Not preferred”.
Information in () is not indicated explicitly. 
	Preferred
	Not preferred
(lower RSRP)
	Not preferred
(to indicate collision.)
	Preferred
	Not preferred
(But UE-B doesn’t intend to transmit to UE-A, UE-B can use it to UE-C)
	Not preferred (to indicate collision.)
	Not preferred (by half duplex issue.)



Case 2 is the usage is not limited to the transmission from UE-B to UE-A. UE-B may send to other than UE-A or send broadcast/groupcast. In case 2, the resource could be related to the detected resource by UE-A to solve the collision. If just reserved resources regardless of RSRP are informed from UE-A to UE-B, the resources are reserved more than necessary for UE-B perspective. Therefore, only higher RSRP reserved resource, which can be the issue to UE-B need to be informed to UE-B. Table 2 shows the indications from UE-A to UE-B in case 2. In this table, RSRP between UE-A and UE-E is lower and RSRP between UE-A and UE-C is higher are assumed. In type A, UE-A only indicates “(not) preferred resource” in Table 2. UE-A can include resource reserved by UE-E to preferred resources since UE-E’s transmission would not impact on UE-B’s transmission. In type B, UE-A can indicate 3 states as “Preferred”, “Reserved with higher RSRP”, “Reserved with lower RSRP” in Table 2. The preferred resources include non- reserved resource and UE-B reserved resources without collision. In case 2, how to handle the resources in UE-A's Tx slot needs further study. When UE-B targets to other than UE-A, UE-B can use this resource.
[bookmark: _Ref54191308]Table 2 Indications from UEA to UE-B in Case 2
	
	
	Resource #0
	Resource #1
	Resource #2
	Resource #3
	Resource #4
	Resource #5
	Resource #6

	Conditions in UE-A
	Sensing results of other UE’s reservation in UE-A
	Not reserved
	Reserved by UE-E
	Reserved by UE-C
	Reserved by UE-B to UE-A
	Reserved by UE-B to UE-D
	Reserved by UE-C and UE-B
	Not reserved

	
	UE-A Tx or Rx
	Rx
	Rx
	Rx
	Rx
	Rx
	Rx
	Tx

	
	RSRP or CQI between UE-A and UE which reserves the resource.
	
	Lower
	Higher
	Higher
	Higher
	Higher
	

	Type A
Indication from UEA to UE-B as “Preferred or Not preferred”.
Information in () is not indicated explicitly
	Preferred
	Preferred
	Not preferred
(to indicate collision)
	Preferred
	Preferred
	Not preferred
(to indicate collision
	?

	Type B
Indication from UEA to UE-B with RSRP information
	Preferred
	Reserved with lower RSRP
	Reserved with higher RSRP
	Preferred
	Preferred
	Reserved with higher RSRP
	?



Proposal 2: both two cases as follows should be studied.
Case 1) a set of resource informed from UE-A is used by UE-B as only for the transmission to UE-A.
Case 2) a set of resource informed from UE-A is used by UE-B as not limited to the transmission to UE-A
Proposal 3: Only higher RSRP reserved resource, which can be the issue to UE-B need to be informed to UE-B. 

Collided resources in the past
Whether the “resource set” can individually refer to the resources in the past, in the future, or in both past and future was discussed [3]. The “resource in the past” can be collided resources in the past and it is indicated as “post-collision indication” in order to retransmit different resources. We don't see the specific merit to indicate past resource collision as how to identify "the collision" is difficult and the future resource usage can be not in the collision because retransmission can be different resources. 
Proposal 4: collided past resource indication would not be necessary

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” in above case 1, 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]. 
· PSSCH
· MAC message
· PC5-RRC signaling
· New 2nd SCI format
· New physical channel
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 5: 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 6: 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 7: UE with inter-UE coordination operation 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. 
Proposal 2: both two cases as follows should be studied.
Case 1) a set of resource informed from UE-A is used by UE-B as only for the transmission to UE-A.
Case 2) a set of resource informed from UE-A is used by UE-B as not limited to the transmission to UE-A
Proposal 3: Only higher RSRP reserved resource, which can be the issue to UE-B need to be informed to UE-B. 
Proposal 4: collided past resource indication would not be necessary
Proposal 5: The signaling layer should be decided after the conclusion on how/what type of the information is exchanged.
Proposal 6: If UE-B configured multiple resource pools, UE-A indicates “a set of resources” with sl-ResourcePoolID.
Proposal 7: UE with inter-UE coordination operation 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.
Observation: Some solution may be required to identify the same UE when multiple links are used from the same UE.
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