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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
 Resource pool sharing between UE with/without inter-UE coordination capability
For both Scheme 1 and Scheme 2, to share larger resource pool among different use cases has the merit to avoid resource fragmentation, similar 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 necessary to avoid resource fragmentation and also backward compatibility. We propose that both UE with and without inter-UE coordination capability can share the resource pool.
Proposal 1: For both Scheme 1 and Scheme 2, UE with and without inter-UE coordination capability can share a resource pool.

 Scheme 1 
The supported options (preferred/non-preferred and explicit/event based)
Following are agreements on the mechanisms to trigger inter-UE coordination information transmission in RAN1#106-e.
	Agreement
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B



Which combinations(s) is preferred to be supported was discussion in FLS[2].
	· Types of inter-UE coordination information signaling
· Option A: Set of resources preferred for UE-B’s transmission
· Option B: Set of resources non-preferred for UE-B’s transmission
· Mechanisms to trigger inter-UE coordination information transmission
· Option 1: Triggered by an explicit request
· Option 2: Triggered by a condition other than explicit request reception



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. If the selection is up to UE implementation choice, preferred resource and non-preferred resource could be seen as one solution.
For trigger mechanism, the explicit request was agreed in scheme 1. The feature can be enabled or disabled or controlled by (pre-)configuration. As discussed in section 2.1, UE with and without inter-UE coordination capability should share the resource pool. In this condition, for scheme 1 with explicit request, UE-B may transmit "request" to UE-A without inter-UE coordination capability.  In this case, there is no response from UE-A. We propose to clarify this. For explicit request, the cast type of “explicit request” and “inter-UE-coordination” should be limited to unicast. If groupcast and broadcast of “explicit request” are supported, multiple UE-A receive “explicit request” and multiple UE-A transmit inter-UE coordination. It causes increased signaling overhead. 
For event trigger (condition other than explicit request reception), there is no strong motivation to support event trigger in scheme 1. If there is no request form UE-B, UE-A cannot know whether UE-B has TB or not. The use case of event trigger might be UE-A broadcast/groupcast preferred resources that is not overlapping with reserved resource(s) (Condition 1-A-1) or non-preferred resources that is reserved rescues (Condition 1-B-1). If event trigger is supported, the condition should be (pre-)configured and the signaling granularity is the resource pool. When only broadcast and groupcast are supported in event trigger, UE-A is not necessary to know whether all UE-Bs in the resource pool have the capability of inter-UE coordination. UE-B has the capability of inter-UE coordination can receive inter-UE coordination from UE-A.
If event trigger is supported, all combination of option A/B and option 1/2 could be supported.
Proposal 2: For Scheme 1, when UE-A is receiver UE of UE-B, UE-A can choose "preferred resource" or "non-preferred resource" based on UE implementation at least to take into account to reduce the signaling overhead.
Proposal 3: For the explicit request in scheme 1, UE-A without inter-UE coordination capability should not have no response even when UE-B transmits "request" to UE-A.
Proposal 4: For the explicit request in scheme 1, the cast type of “explicit request” and “inter-UE-coordination” should be limited to unicast.
Proposal 5: For the other than explicit request reception in scheme 1, the cast type of “inter-UE-coordination” should be limited to broadcast and groupcast.

Which resource to be reported
Following are working assumption on the condition 1-A-2 of preferred resource set and condition 1-B-2 of non-preferred resource set in RAN1#106bis-e.
	Working Assumption
For Scheme 1 with preferred resource set, support following condition:
· Condition 1-A-2:
· Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· This can be disabled by RRC (pre-)configuration

Working Assumption
For Scheme 1 with non-preferred resource set, support following condition:
· Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation




We propose to support both condition 1-A-2 and condition 1-B-2 in order to solve half duplex issue. When the resources are overlapped with UE-A’s PSCCH/PSSCH Tx and UL Tx, the resources are excluded from preferred resources and included in non-preferred resources.
Proposal 6: Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B are excluded from preferred resources and included in non-preferred resources.
Following is working assumption on the condition 1-B-1 of non-preferred resource set in RAN1#106bis-e.
	Working Assumption
For Condition 1-B-1 of Scheme 1, the following two options are supported
· Option 1: Reserved resource(s) of other UE(s) identified by UE-A whose RSRP measurement is larger than a (pre)configured RSRP threshold which is determined by at least priority value indicated by SCI of the UE(s)
· Option 2: Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is smaller than a (pre)configured RSRP threshold which is determined by at least priority value indicated by SCI of the UE(s) when UE-A is a destination of a TB transmitted by the UE(s)




In option1, UE-A informs larger interference from other UE by inter-UE coordination to UE-B and in option 2, UE-A informs smaller interference from other UE by inter-UE coordination to UE-B as shown in Figure 1.  Option 2 can solve hidden node issue since UE-A can inform existence of other UE’s reserved resources when UE-B cannot receive other UE’s SCI/PSSCH. Both options may have merit in different condition. Two options should be supported, and which option is used is (pre-)configured.
[image: ]
[bookmark: _Ref86748344]Figure 1 Condition 1-B-1 of non-preferred resource set.

Proposal 7: Working assumption of condition 1-B-1 of scheme 1 should be confirmed.  

Source ID
The source ID of the same UE for groupcast link and unicast link can be different. In this case, UE-A 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 with other resources or not. Therefore, if different links are used, the same UE cannot be identified but just to accept the situation may be only feasible option for Rel.17 as the meeting time is limited. 
Observation 1: Although to identify the same UE of multiple different links are not possible, this is not addressed in Rel.17.

Container to send the information
Following candidates for signaling of inter-UE coordination and explicit request in scheme 1 were discussed [3]. 
	SCI format 1-A on a PSCCH transmission
New 2nd-stage SCI format 
MAC CE on a PSSCH transmission
PC5-RRC signaling



PC5-RRC is limited to unicast. Therefore, if groupcast or broadcast is supported in other than explicit request, PC5-RRC is not the candidate for the container of inter-UE coordination.  When the container of inter-UE coordination is MAC CE, MAC layer of UE-B directly knows the preferred resources and non-preferred resources in scheme 1.  MAC CE has lesser spec impact for both signaling of inter-UE coordination and explicit request. SCI format 1-A and New 2nd-stage SCI format have larger spec impact. Then we propose MAC CE for both inter-UE coordination and explicit request in scheme 1. Inter-UE coordination information can be multiplexed with data other than coordination information if there is other data. 
Proposal 8: In Scheme 1, MAC CE on a PSSCH transmission is the container for sending inter-UE coordination information and explicit request.

Scheme 2
 Condition for UE to send inter-UE coordination information
Following are agreements on who becomes UE-A and UE-B in scheme 2 in RAN1#106-e.
	Agreement
In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B
· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Definition of expected/potential resource conflict(s) and other details (if any)




We think "a non-destination UE of a TB transmitted by UE-B can be UE-A" should be supported. It is suitable to protect higher priority resources and to reduce latency.  The case UE-A is a destination UE of a TB transmitted by UE-B and the case UE-A is a non-destination UE of a TB transmitted by UE are shown in Figure 2. There are 4 UEs as UE#1 is a destination UE of TB transmitted by UE#2 and UE#3 is a destination UE of TB transmitted by UE#4. UE#3 can receive SCI from UE-#2 and resources reserved by UE#2 and UE#4 are conflicted. When TB transmitted by UE#2 is higher priority than TB transmitted by UE#4, UE#3 transmits inter-UE coordination to UE#4 and UE#3 called UE-A and UE#3 called UE-B as shown in  Figure 2(1). When TB transmitted by UE#4 is higher priority than TB transmitted by UE#2, UE#3 transmits inter-UE coordination to UE#2 and UE#3 called UE-A and UE#2 called UE-B as shown in  Figure 2(2). Whether this behavior is enabled or not could be (pre-)configured for the resource pool. When this behavior is not enabled, only destination UE of a TB transmitted by UE-B can be UE-A as shown in Figure 2(1). 
As discussed in section 2.1, to share the resource pool between UE with and without inter-UE coordination capability should be supported. UE-B without inter-UE coordination might ignore the inter-UE coordination information from UE-A in scheme 2.  For broadcast and groupcast, the number of candidates of UE-A would be large. The UE transmits inter-UE coordination can be selected based on member ID and/or random value.
Proposal 9: "A non-destination UE of a TB transmitted by UE-B can be UE-A " should be supported in scheme 2.
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[bookmark: _Ref83819614][bookmark: _Hlk86748162]Figure 2 	UE-A is destination UE and non-destination UE of a TB transmitted by UE-B 

For details of condition 2-A-1, following are agreed in RAN1#106bis-e
	Agreement
For Condition 2-A-1 of Scheme 2, down-select one or more of following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· Option 1: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations 
· Strive to reuse Rel-16 specification wherever possible
· Option 2: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is within a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· FFS: Whether the threshold depends on priority
· Option 3: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) and the other UE is within a distance threshold of UE-B as determined by both UEs’ SCIs.
· Option 4: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· FFS: Whether the threshold depends on priority
· FFS: In case of collisions of resources for two UEs having TBs with UE A as destination UE, if needed




When "a non-destination UE of a TB transmitted by UE-B can be UE-A" is enabled, before details of condition 2-A-1 is checked, UE-A decides who is UE-B (the receiver of inter-UE coordination) as discussed in above. When UE-B is non-destination UE, TB from UE-B is lower priority than TB form other UE. The conditions of Option 1, Option 2, Option 3, and Option 4 are shown in Figure 3.  is RSRP value form UE-X to UE-Y. 

[image: ]
[bookmark: _Ref86923263]Figure 3

In option 1, the value of  is not checked. When is larger than threshold, UE-A indicates inter-UE coordination to UE-B. When only destination UE of a TB transmitted by UE-B can be UE-A, it is simple solution. In case that a non-destination UE of a TB transmitted by UE-B can be UE-A and TB from UE-B is lower priority, UE-A should transmit inter-UE coordination when .
Option 2 is similar as SINR is within a value. When both and  are small value, it can solve hidden node issue. However, Option 3 cannot solve two interference cases. First case is that  is larger than  and second case is same condition in option 4 as   is larger than  . In the first interference case, when a non-destination UE of a TB transmitted by UE-B can be UE-A and TB from UE-B is lower priority, UE-A cannot transmit inter-UE coordination to protect to TB transmitted by other UE with higher priority. In the second case, UE-A cannot transmit inter-UE coordination to avoid TB transmission with lower SINR from UE-B to UE-A. 
Option 3 is useful for groupcast option 1 with zone ID. We support to use zone ID in groupcast option 1. 
Option 4 is similar as SINR is smaller value. Depending on the threshold value, option 4 can include option 2 situations. However, option 4 also cannot solve the first interference case that a non-destination UE of a TB transmitted by UE-B can be UE-A and TB from UE-B with lower priority. UE-A cannot transmit inter-UE coordination to protect to TB transmitted by other UE with higher priority. In this case, we propose to use .
For only destination UE of a TB transmitted by UE-B can be UE-A, we support original option 4 since UE-A only consider protecting TB from UE-B to UE-A.  For non-destination UE of a TB transmitted by UE is enabled and TB from UE-B is lower priority than TB from other UE, enhanced option 4 as  is used. 

Proposal 10: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) and the other UE is within a distance threshold of UE-B as determined by both UEs’ SCIs in groupcast option 1. With zone ID
Proposal 11: For only destination UE of a TB transmitted by UE-B can be UE-A, the resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource.
Proposal 12: For a non-destination UE of a TB transmitted by UE-B can be UE-A, the resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) and RSRP measurement of UE-B’s reserved resource is larger a (pre)configured RSRP threshold compared to the RSRP measurement of other UE’s reserved resource.

Following are agreements about condition scheme 2 in RAN1#106-e.
	Agreement
In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-2: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)



We propose to confirm the working assumption of Condition 2-A-2 in order to solve half duplex issue. When the resources are overlapped with UE-A’s PSCCH/PSSCH Tx and UL Tx, UE-A can inform it. 
Proposal 13: UE-A can transmit inter-UE coordination to UE-B when condition 2-A-2 (Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation) is satisfied. 

Container to send the information
Following ware agreed in RAN1#106bis-e.
	· Agreement: 
· For Scheme 2, PSFCH format 0 is used to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI
· Agreement: 
· For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 
· Agreement: 
· For Scheme 2, 
· Index of a PSFCH resource for inter-UE coordination information transmission is determined in the same way according to Rel-16 TS 38.213 Section 16.3 with at least following modification
· P_ID is L1-Source ID indicated by UE-B’s SCI
· M_ID is 0
· FFS: How to set m_CS
· FFS: How to set m_0
· FFS: Whether M_ID can be (pre)configured



PSFCH resource in Scheme 2 can be (pre-)configured separately from those for SL HARQ-ACK feedback. It means, PSFCH resource in Scheme 2 can be overlapped with PSFCH for SL HARQ-ACK feedback. If it is allowed, m_CS could be used to divide two PSFCH resources. So, we propose to m_CS can be (pre-)configured. It is useful when rel.16 UE shares the resource pool with rel.17 UEs and the current PSFCH resource’s (pre-)configuration is almost all PRBs in the resource pool.
Proposal 14: m_CS of PSFCH resource in Scheme 2 can be (pre-)configured.

In FLS[3] PSFCH locations were discussed as follows.
	For determining PSFCH occasion in Scheme 2, which option(s) are supported? Companies are encourage to provide further details that should be clarified for the preferred option(s).
· Option 1: PSFCH occasion is derived by a slot where UE-B’s SCI is transmitted
· Option 2: PSFCH occasion is derived by a slot where expected/potential resource conflict occurs on PSSCH resource indicated by UE-B’s SCI



We support Option 2. If other UE reserves same resource later, option 1 cannot avoid conflict.  PSFCH occasion could be located with enough time duration to stop UE-B’s transmission and processing delay to decode SCI/to prepare “inter-UE coordination” on UE-A.
Proposal 15: For determining PSFCH occasion in Scheme2, PSFCH occasion is derived by a slot where expected/potential resource conflict occurs on PSSCH resource indicated by UE-B’s SCI.
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,
Proposal 1: For both Scheme 1 and Scheme 2, UE with and without inter-UE coordination capability can share a resource pool.
Proposal 2: For Scheme 1, when UE-A is receiver UE of UE-B, UE-A can choose "preferred resource" or "non-preferred resource" based on UE implementation at least to take into account to reduce the signaling overhead.
Proposal 3: For the explicit request in scheme 1, UE-A without inter-UE coordination capability should not have no response even when UE-B transmits "request" to UE-A.
Proposal 4: For the explicit request in scheme 1, the cast type of “explicit request” and “inter-UE-coordination” should be limited to unicast.
Proposal 5: For the other than explicit request reception in scheme 1, the cast type of “inter-UE-coordination” should be limited to broadcast and groupcast.

Proposal 6: Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B are excluded from preferred resources and included in non-preferred resources.
Proposal 7: Working assumption of condition 1-B-1 of scheme 1 should be confirmed.  
Proposal 8: In Scheme 1, MAC CE on a PSSCH transmission is the container for sending inter-UE coordination information and explicit request.
Proposal 9: "A non-destination UE of a TB transmitted by UE-B can be UE-A " should be supported in scheme 2.
Proposal 10: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) and the other UE is within a distance threshold of UE-B as determined by both UEs’ SCIs in groupcast option 1. With zone ID
Proposal 11: For only destination UE of a TB transmitted by UE-B can be UE-A, the resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource.
Proposal 12: For a non-destination UE of a TB transmitted by UE-B can be UE-A, the resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s)  and  RSRP measurement of UE-B’s reserved resource is larger a (pre)configured RSRP threshold compared to the RSRP measurement of other UE’s reserved resource.
Proposal 13: UE-A can transmit inter-UE coordination to UE-B when condition 2-A-2 (Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation) is satisfied. 

Proposal 14: m_CS of PSFCH resource in Scheme 2 can be (pre-)configured.
Proposal 15: For determining PSFCH occasion in Scheme2, PSFCH occasion is derived by a slot where expected/potential resource conflict occurs on PSSCH resource indicated by UE-B’s SCI.
Observation 1: Although to identify the same UE of multiple different links are not possible, this is not addressed in Rel.17.
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