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Introduction
The RAN WG approved work item on NR Sidelink Enhancements [1] with the following objective:
	· Study the feasibility and benefit of solution(s) on 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(s) if deemed feasible and beneficial [RAN1, RAN2]
· 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.
· 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.


In this contribution, we discuss design aspects for sidelink inter-UE coordination solutions considering agreements made at the previous meetings. Our view on sidelink power saving objectives is provided in companion contribution [2].
Inter-UE Coordination for Mode-2 Sidelink Communication
Mode-2 Sidelink Communication Conflicts
From the single TX UE perspective, the Rel.16 Mode-2 sidelink communication design may have the following conflicts that can be addressed by inter-UE coordination signaling:
Half-duplex in transmission (HD-TX)
· TX UE1 and TX UE2 transmitted in the same slot. UE1 is a target RX of UE2 and/or UE2 is a target RX of UE1.
Half-duplex in reservation (HD-RSV)
· TX UE1 and TX UE2 reserved resource in the same slot. UE1 is a target RX of UE2 and/or UE2 is a target RX of UE1.
Half-duplex in reception (HD-RX)
· TX UE1 reserved resource for transmission to UE2. UE2 prioritized its own transmission over reception from TX UE1.
Co-channel collision in transmission (CC-TX)
· TX UE1 and TX UE2 transmitted in the same slot on overlapped frequency resources. UE1 is not a target RX of UE2 and UE2 is not a target RX of UE1.
Co-channel collision in reservation (CC-RSV)
· TX UE1 and TX UE2 reserved resource in the same slot on overlapped frequency resources. UE1 is not a target RX of UE2 and UE2 is not a target RX of UE1.
Each of the above described sidelink conflicts can be mitigated using inter-UE coordination scheme considered in this document. Table 1provides status of RAN1 work according to the latest agreements made by RAN1.
[bookmark: _Ref82076197]Table 1: Status of RAN1 work on sidelink inter-UE coordination
	Sidelink Communication Conflict (from RX UE Perspective)
	Inter-UE Coordination Scheme 1
	Inter-UE Coordination Scheme 2

	Half-duplex in transmission (HD-TX)
	Scheme 1 can implicitly facilitate mitigation of sidelink co-channel collisions in transmission and reservations but by default does not address half-duplex in transmission and reservations on orthogonal in frequency resources
	FFS
(FFS: Whether to additionally support the presence of detected resource conflict on the resources indicated by UE-B’s SCI)

	Half-duplex in reservation (HD-RSV)
	Scheme 1 can implicitly facilitate mitigation of sidelink co-channel collisions in transmission and reservations but by default does not address half-duplex in transmission and reservations on orthogonal in frequency resources
	TBD
Needs to be clarified if presence of expected/potential resource conflict includes orthogonal in frequency resources in the same slot.

	Half-duplex in reception (HD-RX)
	FFS
· FFS Condition 1-A-2 (preferred set): Resource(s) excluding slot(s) where UE-A, when it is an intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Condition 1-B-2 (non-preferred set): 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
	WA: 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

	Co-channel collision in transmission (CC-TX)
	Scheme 1 can implicitly facilitate mitigation of sidelink co-channel collisions in transmission and reservations
	FFS
(FFS: Whether to additionally support the presence of detected resource conflict on the resources indicated by UE-B’s SCI)

	Co-channel collision in reservation (CC-RSV)
	Scheme 1 can implicitly facilitate mitigation of sidelink co-channel collisions in transmission and reservations
· Condition 1-A-1 (preferred set): Resource(s) excluding those overlapping with reserved resource(s) of other UE identified by UE-A whose RSRP measurement is larger than a RSRP threshold
· Condition 1-B-1 (non-preferred set): Reserved resource(s) of other UE identified by UE-A from other UEs’ SCI (including priority field) and RSRP measurement
	Is expected to be addressed for dynamic and semi-persistent transmissions
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI is supported.
· 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


Based on analysis presented in above table we have following observations:

Observation 1: (Inter UE Coordination Scheme 1)
· Based on current RAN1 agreements, inter-UE coordination scheme 1
· can implicitly facilitate mitigation of sidelink co-channel collisions in transmission and reservations
· does not address half-duplex in transmission and reservations on orthogonal in frequency resources
· does not support mechanisms for resolution of half-duplex in reception

Observation 2: (Inter-UE Coordination Scheme 2)
Based on current RAN1 agreements, the inter-UE coordination scheme 2 can be used only for two out of five sidelink communication conflicts:
· Co-channel collision in reservation (CC-RSV)
· CC-RSV intended to be mitigated by scheme 1 and can be also autonomously detected by TX UEs
· Half-duplex in reception (HD-RX) 
· The following sidelink conflicts are not addressed by scheme 2
· Sidelink half-duplex conflict in reservation on orthogonal frequency resources (HD-RSV)
· Sidelink co-channel collision conflict in transmission (CC-TX)
· Sidelink half-duplex conflict in transmission (HD-TX)

Observation 3: (Half-duplex conflicts)
Sidelink half-duplex conflicts in transmission and reception can be addressed by inter-UE coordination schemes, if additional agreements are made by RAN1

On half-duplex mitigation using inter-UE coordination feedback
The following solutions can be applied to mitigate half-duplex problems in considered inter-UE coordination schemes:
Scheme 1:
· To mitigate sidelink half-duplex conflicts source & destination ID information associated with non-preferred resources can be reported so that TX UEs can determine sidelink half-duplex conflict in reservation and determine the need to reselect resources.
Scheme 2:
· Half-duplex conflicts in transmission and reservations can be detected by UE-A and thus fast feedback can be generated and sent to TX UE(s) so that it can use it to determine the need for retransmissions and resource reselections respectively.

Proposal 1: 
· Define solutions to address half-duplex conflicts by inter-UE coordination scheme 1 and scheme 2

Inter-UE Coordination Information and Signalling
The following signaling options can be considered to be agreed by RAN WG1 inter-UE coordination schemes:
Scheme 1: Higher layer signaling over PSSCH for sidelink conflict avoidance
· Feedback of preferred/non-preferred resource sets aids information for TX UE in resource (re)-selection to facilitate a reduction of sidelink communication conflicts.
Scheme 2: Physical layer signaling over PSFCH for sidelink conflict resolution
· Feedback aids information for dynamic conflict resolution during transmission of a given TB and can be used to mitigate impact of the following sidelink conflicts: half-duplex in transmission, reservation, reception, and co-channel collisions in transmission, reservation.

Proposal 2: 
· For inter-UE coordination scheme 1, support higher layer signaling for feedback
· Feedback is provided over PSSCH using MAC CE
· For inter-UE coordination scheme 2, support physical layer signaling for feedback
· PSFCH design is considered as a starting point and enhanced for physical layer inter-UE coordination feedback design

Scheme 1: Higher Layer Signalling for Sidelink Collision Avoidance
The inter-UE coordination scheme 1 (sidelink conflict avoidance) can be useful to improve resource selection for sidelink transmission and reduce various sidelink conflicts. The defined in Rel.16 sensing and resource selection procedure can be reused with some modifications discussed in this section. More specifically, the resource sets reported as a part of inter-UE coordination feedback can be generated following the principles of the sensing and resource selection procedure defined in clausa 8.1.4 of [7] (38.214).

On dynamic and semi-persistent transmission for inter-UE coordination feedback
First, RAN1 needs to discuss whether procedure for generation of preferred/non-preferred resource sets considers:
Option 1: Semi-persistent transmissions only
Option 2: Dynamic and semi-persistent transmissions
According to our analysis, major benefits from inter-UE coordination scheme 1 are observed for semi-persistent transmissions. It can be explained by the fast aging of resource set/feedback, if it is constructed based on dynamic transmissions.

SL-RSRP thresholds used for the construction of the preferred resource set
If the preferred resource set is generated based on a request from a TX UE, then the RX UE can use an adaptive SL-RSRP threshold to determine a pre-defined minimum number of preferred resources for inter-UE coordination feedback.
For condition-based inter-UE coordination feedback, the pre-configured fixed SL-RSRP thresholds can be used to determine the set of preferred resources. The use of the fixed SL-RSRP threshold is beneficial to have a unified and simplified procedure for treatment of resources by all TX UEs since all resources will meet the same SL-RSRP criteria. Otherwise, a UE will need to report value of SL-RSRP threshold used for the construction of the resource set and a TX UE may need to use additional logic to process resource sets (e.g., use resource set associated with maximum SL-RSRP threshold).

SL-RSRP thresholds used for the construction of the non-preferred resource set
The non-preferred set of resources reported as part of inter-UE coordination feedback can be also generated based on sensing and the resource selection procedure. The non-preferred resource set may include resources satisfying either one or both of the following conditions:
Low RX power: 
· Resources occupied by transmissions with low RX power (e.g., resources with SL-RSRP ≤ SL-RSRPlow)
High RX power: 
· Resources occupied by transmissions with high RX power (e.g., resources with SL-RSRP > SL-RSRPhigh)
The SL-RSRP thresholds (SL-RSRPlow, SL-RSRPhigh) can be pre-configured (e.g., per priority pair), fixed or autonomously adjusted (incremented/decremented) by the UE to determine the set of non-preferred resources. The same logic for request- or condition- based inter-UE coordination feedback can be applied.

Reserved resources & preferred resource set
RAN1 made the following agreement on Condition 1-A-2 to determine a set of resources preferred for UE transmission
	· UE-A considers any resource(s) satisfying all the following condition(s) as set of resource(s) preferred for UE-B’s transmission
· FFS: 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
· FFS: Other details (if any)


Target RX UE can exclude from the preferred resource set (generated based on sensing), sidelink resources/slots reserved for its own transmission to reduce probability of half-duplex problem with TX UE.
If inter-UE coordination feedback from RX UE is also expected to be received and applied by non-target TX UEs (e.g., delivered in broadcast mode) then exclusion from the preferred resource set, sidelink resources/slots pre-selected or reserved for transmission may lead to biased and unfair treatment of resources at system level.
The more unified and general solution is to indicate reserved resources independently as a part of inter-UE coordination feedback (e.g., as an additional type of non-preferred resources, associated with resources reserved by RX UE).

Reserved resources & non-preferred resource set
RAN1 made the following agreement on Condition 1-B-2 to determine a set of resources non-preferred for UE transmission
	· UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
· FFS: 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
· FFS: Other details (if any)


A target RX UE can include sidelink resources/slots pre-selected or reserved for its own transmission to reduce probability of half-duplex problem with the TX UE requesting feedback to the non-preferred resource set.
If inter-UE coordination feedback from a RX UE is also expected to be received and applied by non-target TX UEs (e.g., delivered in broadcast mode) then it may lead to biased and unfair treatment of resources from system perspective and thus should be avoided. The more unified solution is to indicate reserved resources independently from preferred and non-preferred or as an additional non-preferred resource set (e.g., as an additional type of non-preferred resources – type 2, associated with resources reserved by RX UE).

Parameters for the construction of preferred / non-preferred resource sets
For the generation of the resource sets (preferred/non-preferred), based on the Rel.16 procedures, reference configuration settings such as priority, resource size, min resource selection window, sensing window, periodicity of transmissions, etc. need to be configured for the UE providing inter-UE coordination feedback. Part of these parameters can be pre-configured while some of them can be dynamically acquired from the TX UEs.
For the construction of preferred/non-preferred resource sets the sensing and resource exclusion/selection procedure is used and therefore UEs providing inter-UE coordination feedback need to be initialized with a set of values for the following list of parameters:
Resource Pool ID
Sidelink priority (L1 priority, 
PDB – Remaining packet delay budget
Number of subchannels
TX resource reservation period
Minimum resource selection window
SL-RSRP thresholds
Reference Signal – indicator
Set of allowed resource reservation periods
Sensing window duration
Threshold for percentage of resources
To simplify TX UE behavior when it processes condition-based and request-based feedback as well as performs TX based sensing, it is desirable to have common settings for above list of parameters. We noticed that from system perspective the following scenarios may be supported:
Scenario 1: TX sensing + Enabled request-based inter-UE coordination feedback
· In this scenario, it is desirable to have aligned parameters used for sensing and resource selection by TX UE and the assisting UE providing inter-UE coordination feedback
· In this case, it is beneficial for the TX UE to configure at least the following parameters for generation of inter-UE coordination feedback:
· Resource Pool ID
· Sidelink priority (L1 priority, 
· PDB – Remaining packet delay budget
· Number of subchannels
· TX resource reservation period
· Minimum resource selection window
· Other parameters can be pre-configured for sidelink communication system-wide by gNB or in the resource-pool configuration, etc.
· The PC5-RRC or MAC CE signaling can be used for configuration of parameters by the TX UE
Scenario 2: TX sensing + Enabled condition-based inter-UE coordination feedback
· In this case, TX UE may or may not use some of the parameters configured for condition-based feedback, although these parameters can be considered as a recommended for TX UE sensing and resource selection behavior
Scenario 3: TX sensing + Enabled request-based & condition-based inter-UE coordination feedback
· Scenario 3A: Parameters for request-based and condition-based inter-UE coordination feedback are aligned. In this case, assisting UE can share request-based feedback with all TX UEs
· Scenario 3B: Parameters for request-based and condition-based inter-UE coordination feedback are not aligned.
Translation procedure from request- and condition-based feedback to TX UE candidate resource format may be needed for resource selection procedure if parameters used for generation of preferred/non-preferred resource set were not aligned.
Based on discussion above we have following proposals for inter-UE coordination scheme 1:

Proposal 3: 
· For inter-UE coordination scheme 1, 
· Resource pool (pre)-configuration includes enable/disable signaling for the following types of inter-UE coordination feedback
· request based inter UE coordination feedback of preferred resource set(s)
· request based inter UE coordination feedback of non-preferred resource set(s)
· condition based inter UE coordination feedback of preferred resource set(s)
· condition based inter UE coordination feedback of non-preferred resource set(s)
· For feedback generation (construction of preferred/non-preferred resource sets)
· Sensing and resource exclusion procedure is re-used with pre-configured fixed SL-RSRP thresholds (i.e., except SL-RSRP threshold adaptation steps)
· SL-RSRP thresholds are separately pre-configured for generation of preferred and non-preferred resource sets
· Select one of the following alternatives
· Alt.1: Sensing and resource exclusion procedure considers only semi-persistent transmissions for construction of inter-UE coordination feedback
· Alt.2: Sensing and resource exclusion procedure considers both semi-persistent and dynamic transmissions

[bookmark: _Ref82706058]Scheme 2: Physical Layer Signalling for Sidelink Conflict Resolution
The inter-UE coordination scheme 2 (sidelink conflict resolution) can be designed to address all mentioned conflicts but will be primarily useful for HD-TX, CC-TX, and HD-RX.
The described above sidelink conflicts can be differentiated at the RX UE side through SCI processing and (pre)-configured or pre-defined criteria / conditions. The differentiation of conflict types may be essential from the perspective of prioritization of feedback transmissions. In addition, TX UEs utilizing inter-UE coordination feedback may apply different behaviors to handle different types of conflicts when inter-UE coordination feedback is provided.

Proposal 4: 
· For inter-UE coordination scheme 2, 
· Feedback signaling supports indication of sidelink conflict type including
· differentiation of sidelink half-duplex conflict from co-channel collision conflicts at TX UE side based on received feedback
· [bookmark: _Hlk68028681]differentiation of sidelink conflict in transmission from conflict in reservation at TX UE side based on received feedback
· Sidelink conflict types that can be indicated are pre-configured

Determination of UEs for Inter-UE Coordination Feedback
RAN1 made the following agreement to determine the conditions for UEs to become/serve as UEs providing inter-UE coordination feedback:
	· 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



Conditions to Serve as UE-A in Case of Scheme 1
The following options were agreed as conditions to serve as assisting UE (UE-A):
	● Option 1 (request based): A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
● Option 2 (condition based): A UE that satisfies the condition (other than explicit request reception) and sends inter-UE coordination information is UE-A



In this section we discuss additional conditions for the following procedures:
Transmission of request for feedback (conditions for TX UE-B)
Transmission of request-based feedback (conditions for UE-A)
Transmission of condition-based feedback (conditions for UE-A)

Conditions for transmission of request for the case of request-based feedback
The following conditions can be used for request-based inter-UE coordination feedback in scheme 1 by TX UE
UE supports inter-UE coordination scheme 1
UE has data/TB for transmission (i.e., no standalone feedback request)
Resource (re-)selection is expected / triggered for TB transmission (e.g., transmission of the next TB in case of semi-persistent transmission or new TB in the TX buffer)
UE does not have valid inter-UE coordination feedback information from the destination UE
Elapsed time from the previous inter-UE coordination feedback request exceeds a pre-configured value

Conditions for request-based feedback
For request-based inter-UE coordination scheme 1, it was agreed as a working assumption that a destination UE of a TB transmitted can provide inter-UE coordination feedback. In our view, the following additional conditions should be applicable to transmit request-based feedback:
UE supports inter-UE coordination scheme 1
· This aspect is up to UE capability
Semi-persistent transmissions are enabled (allowed) per sidelink resource pool with a set of periodicities
· It is assumed that feedback in scheme 1 considers only semi-persistent transmissions
Request based inter-UE coordination scheme 1 is enabled per sidelink resource pool and request for feedback was received
· Condition to have valid request for feedback
UE has full sensing information (sufficient sensing information) to generate inter-UE coordination feedback
· Otherwise (even if request is received), UE is not expected to generate/provide feedback (e.g., if a UE was transmitting most of the time and does not have sufficient sensing information)
Feedback was not transmitted for a certain amount of time (pre-configured amount of time)
· To control the amount of standalone feedback transmissions, if it is agreed that transmission of standalone feedback is supported

Conditions for condition-based feedback
For condition-based feedback the same conditions are applicable to transmit inter-UE coordination feedback except the condition to receive request for feedback. Instead, the condition that a UE has data intended for sidelink transmission (a TB including inter-UE coordination payload) can be introduced:
· Feedback is multiplexed with sidelink data transmissions (i.e., non-standalone feedback)

Based on discussions in this section we have following proposal

Proposal 5: 
· For inter-UE coordination scheme 1,
· the request for feedback is transmitted subject to the following conditions
· UE supports inter-UE coordination scheme 1
· UE has data/TB for transmission that can be multiplexed with request (i.e., standalone feedback request is not supported)
· Resource (re-)selection is expected / triggered for TB transmission (e.g., transmission of the next TB in case of semi-persistent transmission or new TB in the TX buffer)
· UE does not have valid inter-UE coordination feedback information from any destination UE
· Elapsed time from the previous inter-UE coordination feedback request exceeds pre-configured value
· [bookmark: _Hlk83969883]the request-based feedback is provided subject to the following conditions
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE supports request-based feedback generation for inter-UE coordination scheme 1
· Request based feedback is enabled in a sidelink resource pool
· UE has full sensing information to generate and provide feedback. Feedback was not transmitted for a pre-configured amount of time
· UE received request from target TX UE(s) to provide feedback for scheme 1
· For inter-UE coordination scheme 1, the condition-based feedback is provided subject to the following conditions
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE supports condition-based feedback generation for inter-UE coordination scheme 1
· Condition-based feedback is enabled in a sidelink resource pool
· UE has full sensing information to generate and provide feedback
· Feedback was not transmitted for a certain amount of time, e.g., pre-configured amount of time
· UE has data for intended sidelink transmission which is multiplexed with feedback payload
· e.g., data for broadcast transmissions, FFS other cast types

Conditions to Serve as UE-A in Case of Scheme 2
The following agreements were made for inter-UE coordination scheme 2
	○ 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



For scheme 2, all intended receivers (e.g., destination UEs) of each of the sidelink transmission in conflicts are agreed as candidates for feedback generation. In our view, additional criteria, such as distance or SL-RSRP range from TX UE can be used to serve as UE-A for a given TX UE.

For inter-UE coordination scheme 2, a UE can provide inter-UE coordination feedback subject to the following conditions:
UE supports feedback generation for inter-UE coordination scheme 2
Feedback for scheme 2 is enabled per sidelink resource pool
Feedback is requested by TX UE for a given transmission and sidelink conflict is detected by destination UE of conflicting TBs
UE is within pre-configured SL-RSRP or distance range from TX UE, if pre-configuration is provided
Feedback was not transmitted for a pre-configured amount of time
· This condition can be restricted for broadcast or groupcast transmissions to control the loading in feedback channel or to achieve UE power saving tradeoffs

For inter-UE coordination scheme 2, the request for feedback can be considered as one of the conditions for feedback generation. Additional condition for feedback generation is detection of sidelink conflict.
For inter-UE coordination scheme 2, the feedback can be requested by TX UEs. The request is needed to make sure that TX UE can use it to resolve sidelink conflict or improve the resource selection procedure. To support request of inter-UE coordination feedback for scheme 2, SCI signaling can be used to trigger feedback. Jointly with a request of feedback, the type of requested inter-UE coordination feedback can be indicated (feedback for sidelink conflict).

Proposal 6: 
· For inter-UE coordination scheme 2,
· SCI signaling is used to request inter-UE coordination feedback
· For inter-UE coordination scheme 2, the feedback is provided subject to the following additional conditions
· UE supports feedback generation for inter-UE coordination scheme 2
· Feedback for scheme 2 is enabled per sidelink resource pool
· UE received request from target TX UE(s) to provide feedback for scheme 2 and sidelink conflict is detected 
· By pre-configuration the condition can be applicable only to subset of sidelink TX priority levels
· UE is within pre-configured SL-RSRP or distance range from TX UE, 
· By pre-configuration this condition can be limited to a subset of cast types of sidelink transmissions, e.g., broadcast or groupcast
· Feedback was not transmitted for a pre-configured amount of time
· By pre-configuration this condition can be limited to a subset of cast types of sidelink transmissions e.g., broadcast or groupcast

Conditions and Content of Inter-UE Coordination Feedback
In this section, we provide our views on content of inter-UE coordination feedback.
Conditions and Content of Inter-UE Coordination Feedback in Scheme 1
The following agreements were made by RAN1 for the determination of preferred and non-preferred resource sets in inter-UE coordination feedback.
Preferred resource set
	● In scheme 1, at least the following is supported to determine inter-UE coordination information of preferred resource set:
○ UE-A considers any resource(s) satisfying all the following condition(s) as set of resource(s) preferred for UE-B’s transmission
♦ Condition 1-A-1:
□ Resource(s) excluding those overlapping with reserved resource(s) of other UE identified by UE-A whose RSRP measurement is larger than a RSRP threshold
▪ FFS: Other details (if any)
♦ FFS: 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
▪ FFS: Other details (if any)
♦ FFS: Condition 1-A-3:
□ Resource(s) satisfying UE-B’s traffic requirement (if available)
▪ FFS: Other details (if any)
♦ FFS: Other condition(s)
○ FFS: Other details (if any)


For generation of the preferred resource set, it is sufficient to support Condition 1-A-1. The Condition 1-A-2 can be additionally considered if resources where UE does not expect to perform SL reception are separately indicated. For instance, UE can optionally indicate its own semi-persistent configuration(s) at least for the case of request-based feedback. However, it seems to be more appropriate to have such indication together with the non-preferred resource set.
Regarding Condition 1-A-3, we agree with the motivation that the resources should satisfy the UE’s traffic requirements, but we do not see the need to have such condition for feedback generation, especially for the case when it is shared with multiple UEs that may have different requirements. In our view, it is primarily the transmitter responsibility to make sure that selected resources meet traffic requirements, while feedback itself can provide information according to common pre-configured settings and thus be applicable to multiple UEs.
Non-preferred resource set
	● In scheme 1, at least the following is supported to determine inter-UE coordination information of non-preferred resource set:
○ UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
♦ Condition 1-B-1:
□ Reserved resource(s) of other UE identified by UE-A from other UEs’ SCI (including priority field) and RSRP measurement
▪ FFS: Other details (if any) 
♦ FFS: 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
▪ FFS: Other details (if any)
♦ FFS: Other condition(s)
○ FFS: Other details (if any)


For the generation of the non-preferred resource set, support of Condition 1-B-1 is sufficient. The reserved resources need to additionally satisfy SL-RSRP condition and priority condition if it is configured.
The Condition 1-B-2 can be additionally considered if resources where the intended receiver does not expect to perform SL reception are separately indicated. For instance, a UE can optionally indicate its own semi-persistent configuration(s) at least for the case of request-based feedback.
Beside resource sets, at least the following additional information can be signaled as a part of inter-UE coordination feedback:
· Start/end time of resource selection window for feedback (e.g., start / end slot index)
· This information is needed to determine aging time of feedback and whether provided feedback can be used for resource selection by the TX UE
· Source ID(s) associated with transmissions on non-preferred resources
· This information can be useful to mitigate the half-duplex problem
· Destination ID(s) for feedback information
· This information can be useful to determine target receivers for feedback information
· SL-RSRP measurements associated with non-preferred resources and priority level of sidelink transmissions associated with non-preferred resources
· Beneficial to predict SL-SINR on reserved resource and improve resource selection considering priority of transmissions
· Periodicity of reservation associated with non-preferred resources (at least indication dynamic or semi-persistent reservation)
· Beneficial for enhanced resource selection and from aging consideration perspective

Proposal 7: 
· For inter-UE coordination scheme 1, at least the following information is used to generate non-preferred resource set 
· 
· Reserved sidelink resources within pre-determined resource selection window for feedback are within pre-configured SL-RSRP range
· Priority of sidelink transmission on reserved resources meets pre-configured set of priority levels
· Optionally for selected cast cases (e.g., unicast/groupcast) UE can separately indicate
· Resources reserved for its own sidelink transmissions and priority level of transmission
· Resources assigned for UL transmissions
· The following additional information can be provided as part of inter-UE coordination feedback
· Start/end time of resource selection window for feedback (e.g., start / end slot index)
· Applicable for both the preferred and the non-preferred resource set
· Source ID(s) associated with transmissions on non-preferred resources
· Destination ID for feedback information
· FFS the following additional information to optimize resource selection
· SL-RSRP measurements associated with non-preferred resources and priority level of sidelink transmissions 
· Periodicity of reservation associated with non-preferred resources (at least indication dynamic or semi-persistent reservation)

 Conditions and Content of Inter-UE Coordination Feedback in Scheme 2
The following agreements were made by RAN1 for determination of inter-UE coordination feedback information in scheme 2.
	● 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)


The agreed conditions for scheme-2 can only address HD-RX and CC-RSV sidelink conflicts. In our view, performance losses due to HD-TX and HD-RSV sidelink conflicts are also significant and should be mitigated by scheme 2. Therefore, corresponding conditions should be added:
Condition 3-A-1:
· UE-A identified that both source and destination UEs have transmitted in the same slot on non-overlapped resources
Condition 3-A-2:
· UE-A identified that both source and destination UEs have reserved resource on non-overlapped resources

Proposal 8: 
· For inter-UE coordination scheme 2, add at least the following conditions to generate inter-UE coordination feedback
· Condition 3-A-1:
· UE-A identifies that both source and destination UEs have transmitted in the same slot on non-overlapped frequency resources
· Condition 3-A-2:
· UE-A identifies that both source and destination UEs have reserved resource on non-overlapped frequency resources
· The following information is used for feedback generation based on SCI processing and sidelink measurements
· Information on resources used or reserved for transmission (including allocation and periodicity)
· Priority of sidelink transmissions
· Source / Destination IDs
· Feedback request (including HARQ feedback request)
· Target communication range and TX coordinate information
· SL-RSRP measurement and measurement range

Aging of Inter-UE Coordination Feedback
Aging of Feedback Information for Scheme 1
Generation of inter-UE coordination feedback at assisting UE is expected to be associated with the reference time instance, associated with the feedback generation time instance or the last sensed slot used for feedback generation tgen or resource selection window start time. For each generated feedback, the aging time can be defined as follows tagging = tcurr - tgen where tcurr is a current time / slot index. The aging time can be used to decide whether the specific inter-UE coordination feedback can be considered for resource allocation procedure.
For scheme 1, the maximum allowed feedback aging time may depend on how it was constructed (e.g., whether only dynamic transmissions were considered for construction of the preferred and non-preferred resource set or only semi-persistent transmissions were considered and allowed sets of resource reservation periods).

Proposal 9: 
· For inter-UE coordination scheme 1,
· Feedback is associated with a reference feedback time (feedback timestamp)
· Introduce feedback aging time (feedback delay) as an elapsed time since a reference feedback time
· Feedback aging time is used to decide on whether feedback can be considered by TX UE in resource allocation procedure for transmission

Aging of Feedback Information for Scheme 2
In scheme 2, the similar definition of aging time can be used. However, for scheme 2, feedback is generated per detected sidelink conflict for transmission of a given TB. Upon reception of such feedback, TX UE is expected to immediately take actions and thus there is no motivation to define aging time in case of scheme 2.

Resources for Transmission of Inter-UE Coordination Feedback
TX Resources for Scheme 1
Resource for transmission of inter-UE coordination feedback can be determined based on the Mode-2 resource allocation framework, including potential Rel.17 enhancements. RAN1 may need to discuss the priority associated with transmissions carrying inter-UE coordination feedback. Different priority determination mechanism can be used for request-based feedback and condition-based feedback. For instance, priority for request-based feedback can be determined based on indication from UE requesting feedback. For condition-based feedback, priority level can be pre-configured.

Proposal 10: 
· For scheme 1, the Mode-2 resource allocation procedure (including Rel.17 enhancements) is used for transmission of inter-UE coordination feedback
· Separately discuss priority of sidelink transmissions carrying feedback for inter-UE coordination scheme 1 in case of request-based and condition-based inter-UE coordination feedback 

TX Resources for Scheme 2
For PSFCH-like inter-UE coordination feedback, the timing / slot for inter-UE coordination feedback should be separately discussed for each type of sidelink collision. The selected resource should at least be associated with information about Source ID, sidelink conflict type (e.g., conflict in transmission or reservation), so that TX UEs can distinguish inter-UE coordination feedback directed to him and its type. Please refer for additional details of scheme-2 design in Section 2.13.2.

Proposal 11: 
· In case of physical layer inter-UE coordination feedback, the PSFCH-like resource (time/frequency/code) selected for feedback is associated at least with Source ID, sidelink conflict type

Cast Types / Destination UEs for Feedback Request
In this section, we discuss how to determine candidate UEs for transmission of inter-UE coordination feedback.
Inter-UE Coordination Feedback in Scheme 1
It was agreed that at least destination UEs of a TB can provide request-based inter-UE coordination feedback. Whether request for feedback is applicable for all cast types of sidelink transmission needs to be further discussed.
In our view, it should be applicable at least for unicast transmissions and can be also extended to groupcast and broadcast transmissions, if TX UE determines and indicates candidate UE(s) to provide inter-UE coordination feedback.

Proposal 12: 
· For inter-UE coordination scheme 1, 
· Request for inter-UE coordination feedback is supported at least for sidelink unicast transmissions
· For sidelink groupcast and broadcast transmissions, request for inter-UE coordination feedback is supported only if TX UE indicates destination ID(s) of candidate UEs for feedback transmission among destination UEs

Inter-UE Coordination Feedback in Scheme 2
It was agreed that candidate UEs for transmission of feedback for scheme 2 are destination UEs of conflicting TBs. In our view, this is acceptable condition to determine candidate UEs for feedback transmission. It needs to be further discussed whether request for feedback is applicable for all cast types of sidelink transmission. Given that feedback for scheme 2 can be potentially transmitted in SFN like mode, we do not see motivations to limit request for feedback to certain cast types.

Proposal 13: 
· For inter-UE coordination scheme 2, 
· Request for feedback is supported for all cast types of sidelink transmissions

Cast Types / Destination UEs for Inter-UE Coordination Feedback
In this section, we discuss how to determine cast type / destination IDs for sidelink transmission carrying inter-UE coordination feedback.
Inter-UE Coordination Feedback in Scheme 1
From system perspective, inter-UE coordination feedback is beneficial for all UEs and thus it’s transmission should be shared to all UEs and independent of sidelink communication cast types. To avoid increase in cochannel collisions and half-duplex issues, the inter-UE coordination feedback can be multiplexed with data in a single transmission. In the general case, destinations for feedback and data can be different and therefore in case of multiplexing, the procedure how to support various destination IDs for data and feedback transmission in a single sidelink transmission need to be defined.
In our view, RAN1 needs to discuss and make decision among the following options:
Option 1: Inter-UE coordination feedback can be shared with all UEs 
· This option assumes that request- and condition- based feedback can be broadcasted, and all UEs can apply it to improve resource selection
Option 2: Inter-UE coordination feedback is provided as follows
· Request-based inter-UE coordination feedback is provided to UE requesting it for unicast transmission or group members in case of groupcast transmissions
· Condition-based inter-UE coordination feedback is shared with all UEs
Option 1 is more universal and efficient as it can bring more benefits from inter-UE coordination framework. On the other hand, it may require definition of new procedures for determination of cast type / destination ID for feedback transmissions multiplexed with data, having different cast type and destination ID.
Option 2 may not be so efficient but may require less specification efforts for inter-UE coordination feedback. One of the straightforward options to determine the destination IDs / UEs for feedback applications is as follows:
Request-based inter-UE coordination feedback is provided to UE requesting it for unicast transmission or group members in case of groupcast transmissions, i.e., source ID of request is used as a destination ID for feedback
Condition-based inter-UE coordination feedback is shared with all UEs, i.e., broadcast destination ID is used for feedback
In our view, option 1 is more technically attractive since it can provide more reach information from receivers for resource selection at transmitter side.

Proposal 14: 
· Strive for design of solutions that support sharing and processing of request- and condition-based inter-UE coordination feedback by all UEs

Inter-UE Coordination Feedback in Scheme 2
For scheme 2, the feedback is always provided to TX UE(s) for which agreed sidelink conflicts were identified. Selection of TX UE to provide feedback is discussed in section 2.10.2.

Multiplexing of Inter-UE Coordination Feedback and Data
Multiplexing of Inter-UE Coordination Feedback in Scheme 1
For inter-UE coordination feedback scheme 1, support of feedback and data multiplexing is important for the overall system performance. In general, target destination IDs for data and feedback can be different. The following options can be considered to support multiplexing of inter-UE coordination feedback and data:
Option 1: Cast type / destination ID of multiplexed transmission is determined by cast type / destination ID of feedback
· This option can work, if the feedback destination ID has broadcast destination ID, otherwise data can be missed by target RX UEs
Option 2: Cast type / destination ID of multiplexed transmission is determined by cast type / destination ID of data
· This option can work, if the data has broadcast destination ID, otherwise feedback can be missed by UEs that have a different destination IDs
Option 3: Cast type / destination ID for inter-UE coordination feedback and data in case of multiplexing are indicated separately
· In this case both feedback and data can be received and processed by corresponding target UEs
Based on analysis of the above options, we can see the following potential universal solutions:
Alt.1: Use of broadcast destination ID if data and feedback are multiplexed in the same transmission
Alt.2: Separate indication of destination ID for data and inter-UE coordination feedback
· In this case the minimum information that may need to be indicated is that sidelink data transmission contains multiplexed inter-UE coordination feedback and possibly its type.
Given that Alt.1 may have limitations in terms of HARQ feedback support and may not be always suitable for request-based inter-UE coordination feedback in terms of cast type, our preference is to support for Alt.2.

Proposal 15: 
· For scheme 1,
· Multiplexing of request- and condition-based inter-UE coordination feedback with data is supported
· Condition-based inter-UE coordination feedback is associated with broadcast destination ID
· Request-based inter-UE coordination feedback is associated with either of the following destination ID options that can be enabled by pre-configuration
· Broadcast destination ID
(a) e.g., at least for the case of standalone inter-UE coordination feedback and feedback multiplexing with broadcast data
· Source ID of the UE requesting inter-UE coordination feedback 
(a) e.g., at least for the case when only unicast inter-UE coordination feedback is enabled
· Groupcast destination ID of the UE requesting inter-UE coordination feedback 
(a) e.g., at least for the case when groupcast inter-UE coordination feedback is enabled
· Request- and condition- based inter-UE coordination feedback can be multiplexed with data having different destination ID
· In this case destination IDs for data and feedback can be separately indicated

Multiplexing of Inter-UE Coordination Feedback in Scheme 2
For inter-UE coordination scheme 2, the multiplexing of data and inter-UE coordination feedback is not supported.

Prioritization of Inter-UE Coordination Feedback Transmission
Feedback Transmission Priority for Scheme 1
For inter-UE coordination scheme 1, the inter-UE coordination feedback can be associated with the sidelink transmission priority level. When feedback is multiplexed with sidelink data, the highest priority level among multiplexed components can be used. If a UE needs to multiplex multiple feedbacks priority rules for feedback multiplexing can be introduced.

Proposal 16: 
· For scheme 1,
· Inter-UE coordination feedback is associated with sidelink transmission priority level
· For request-based feedback, priority level of feedback is derived from transmitter requesting feedback signaling (e.g., derived from SCI or higher layer signaling) 
· For condition-based feedback, priority level of sidelink feedback is either pre-configured or set to the highest priority level
· For sidelink transmission with multiplexed inter-UE coordination feedback, the priority level is set according to the highest priority among the multiplexed components (e.g., data and feedback priorities)

[bookmark: _Ref84001995]Feedback Transmission Priority for Scheme 2
For scheme 2, inter-UE coordination feedback is provided to specific TX UE(s) with identified sidelink conflicts. Depending on the number of detected conflicts, a UE may need to deliver feedback to multiple TX UEs. A UE may have limitations in terms of max number of feedbacks that can be transmitted in one slot and thus may need to determine subset of feedbacks.
Priority rules need to be discussed by RAN1 for inter-UE coordination feedback transmission. Given that UE is aware about priorities of sidelink transmissions signaled in the SCI by TX UEs as well as about type of detected sidelink conflict, these parameters can be used to define priority rules for inter-UE coordination feedback transmission. The priority rules for inter-UE coordination feedback should also consider HARQ feedback from coordinating UE and necessity of UL transmission, if any.

Proposal 17: 
· For scheme 2, define priority rules for transmission of inter-UE coordination feedbacks considering sidelink transmission priority signaled by TX UEs and detected type of sidelink conflict
· Further discuss behavior in case of tie break (i.e., in case of conflict among sidelink transmission with equal priority)

Pre-Processing of Inter-UE Coordination Feedback by TX UE
In this section, we discuss steps of inter-UE coordination feedback processing by TX UE for inter-UE coordination scheme 1. The described steps are not applicable for inter-UE coordination scheme 2.

Filtering of Inter-UE Coordination Feedbacks
In general, a UE may receive inter-UE coordination feedback from multiple UEs. The inter-UE coordination feedbacks may have different types request-based and condition-based feedback. Each feedback information is associated with feedback timestamp, that can be used to extract information on corresponding feedback resource selection window. The feedback can be also provided from UE having different SL-RSRP ranges and geographical locations. One of the first steps that needs to be done by UE is filtering of the available inter-UE coordination feedback information to determine which one is valid for current iteration of resource selection procedure. The filtering of inter-UE coordination feedback can be done at least based on the following feedback attributes:
Feedback type (request- or condition- based, preferred- or non-preferred resource set)
· UE can sort and prioritize request-based feedback over condition-based and keep relevant resource sets separate
Feedback source ID
· For each transmission a UE can use feedback source ID to determine whether feedback comes from target RX (TRX) or from non-target RX (nTRX). Priority in resource selection can be given to resources indicated by target RXs
Feedback delay / aging time
· UE can ignore/drop feedback with aging time which exceeds a pre-configured amount of time
Overlap ratio of resource selection windows used for generation of feedback and TX sensing results
· UE can ignore/drop feedback if TX resource selection window overlaps with feedback resource selection window on less that X% of slots/resources
SL-RSRP measurement range (or pathloss range) or geographical distance range from UE providing inter-UE coordination feedback
· UE can ignore / drop feedback if it is provided by UE outside of the pre-configured SL-RSRP / pathloss range or distance range
Priority level used for feedback generation and feedback transmission
· UE can ignore / drop feedback if it was generated for priority level higher that priority level used for transmission 

Proposal 18: 
· At least the following validity criteria can be pre-configured to determine whether UE can apply given inter-UE coordination feedback for resource selection 
· Feedback type (e.g., request- or condition- based, preferred or non-preferred resource sets)
· Feedback source ID
· Feedback aging time condition and overlap ratio with feedback resource selection window
· Radio range or geographical distance from the source of inter-UE coordination feedback
· Priority level used for generation of inter-UE coordination feedback

Format Translation of Inter-UE Coordination Feedback
In general case, TX UE sensing results and inter-UE coordination feedback (that meet validity criteria) can be generated using different parameters. For instance, number of sub-channels used to form the candidate resource set by the TX UE and provided in inter-UE coordination feedback can be different. To simplify format translation, the inter-UE coordination feedback can be provided assuming a single sub-channel (or fixed pre-configured number of subchannels) for feedback generation. Other aspect that needs to be discussed is whether/how translation procedure should also consider resource reservation period and priority for feedback generation.

Proposal 19: 
· Construction of preferred and non-preferred resource set for inter-UE coordination feedback is based on the following assumptions
· Single subchannel resource size (or pre-configured resource size)
· Zero resource reservation period (or pre-configured reference resource reservation period)
· Lowest priority value (or pre-configured priority value)
· Resource sets from inter-UE coordination feedback are reformatted to align them with the resource set physical structure used by TX UE for resource selection.

Classification / Ranking of Feedback Resources
Each candidate resource for selection in terms of inter-UE coordination feedback can be a part of preferred (SF_PR1) or non-preferred resource set (SF_NP1) from target RX as well as part of preferred (SF_PR2) or non-preferred resource set (SF_NP2) from non-target RX. We assume that a resource cannot be a part of preferred and non-preferred resource set at the same time from the same UE. Therefore, there are only 9 out of 16 combinations characterizing whether resource is a part of preferred / non-preferred resource sets by target RX and preferred / non-preferred resource sets by non-target RX (please refer to Table 2), where:
SF_PR1 – preferred resource set from feedback of target receiver/destination (e.g., provided by request-based feedback)
SF_PR2 – preferred resource set from feedback of non-target receiver/destination (e.g., provided by condition-based inter-UE coordination feedback)
SF_NP1 – non-preferred resource set feedback of target receiver/destination (e.g., provided by request-based feedback)
SF_NP2 – non-preferred resource set from feedback of non-target receiver/destination (e.g., provided by condition -based feedback)
From inter-UE coordination feedback perspective, the following ranking/prioritization rules can be defined to classify each resource in terms of inter-UE coordination feedback information (please refer to Table 2) and rank each resource in terms of priority for resource selection based on feedback information:

[bookmark: _Ref83537930]Table 2. Ranking of resources according to feedback information
	Category
	Priority / ranking for resource selection
	Part of preferred resource set SF_PR1
 by target RX
	Part of non-preferred resource set (SF_NP1)
by target RX
	Part of preferred resource set SF_PR2
 by non-target RX
	Part of non-preferred resource set (SF_NP2) 
by non-target RX

	C1
	1 (High)
	Yes
	No
	Yes
	No

	C2
	2
	Yes
	No
	No
	No

	C3
	3
	Yes
	No
	No
	Yes

	C4
	4
	No
	No
	Yes
	No

	C5
	5 (Medium)
	No
	No
	No
	No

	C6
	6
	No
	No
	No
	Yes

	C7
	7
	No
	Yes
	Yes
	No

	C8
	8
	No
	Yes
	No
	No

	C9
	9 (Low)
	No
	Yes
	No
	Yes

	
	NA*)
	Yes
	Yes
	No
	No

	
	NA*)
	Yes
	Yes
	Yes
	No

	
	NA*)
	Yes
	Yes
	No
	Yes

	
	NA*)
	No
	No
	Yes
	Yes

	
	NA*)
	Yes
	No
	Yes
	Yes

	
	NA*)
	No
	Yes
	Yes
	Yes

	
	NA*)
	Yes
	Yes
	Yes
	Yes


*) Resource cannot belong to preferred and non-preferred resource set respectively – This is not a valid combination

In Table 2, the highest rank is associated with resource which is preferred by both target and non-target RXs. The lowest rank is associated with resource which are in the non-preferred set of both target and non-target RXs. Overall, it assumes that feedback from target receivers is prioritized over feedback from non-target receivers. The Table 2 can be used to classify and rank resources based on feedback information. It can be also modified for the case if feedback information of certain type is not available. The basic principle is to strike out column(s) with type of feedback which is not available and remove repeating rows by keeping the one with the highest ranking for resource selection based on feedback information.
If feedback from target RX or non-target RX is not available at the TX UE or is not enabled by system configuration then Table 2 and ranking procedure simplifies to the ones shown in Table 3 and Table 4 respectively.
[bookmark: _Ref83540131]Table 3. Ranking of resources according to feedback information from target RX only
	Resource Category
	Priority / ranking for resource selection
	Part of preferred resource set SF_PR1 
by target RX
	Part of non-preferred resource set (SF_NP1) 
by target RX

	C1
	1 (High)
	Yes
	No

	C2
	2 (Medium)
	No
	No

	C3
	3 (Low)
	No
	Yes

	
	NA*)
	Yes
	Yes


*) Resource cannot belong to preferred and non-preferred resource set respectively – This is not a valid combination

[bookmark: _Ref83540132]Table 4. Ranking of resources according to feedback information from non-target RX only
	Resource Category
	Priority / ranking for resource selection
	Part of preferred resource set SF_PR2
by non-target RX
	Part of non-preferred resource set (SF_NP2) 
by non-target RX

	C1
	1 (High)
	Yes
	No

	C2
	2 (Medium)
	No
	No

	C3
	3 (Low)
	No
	Yes

	
	NA*)
	Yes
	Yes


*) Resource cannot belong to preferred and non-preferred resource set respectively – This is not a valid combination

If feedback for preferred or non-preferred sets is not available at a given TX UE or is not enabled by system configuration then Table 2 and ranking procedure simplifies to the one shown in Table 5 and Table 6 respectively.
[bookmark: _Ref83540761]Table 5. Ranking of resources according to feedback information from preferred resource set only
	Resource Category
	Priority / ranking for resource selection
	Part of preferred resource set SF_PR1 
by target RX
	Part of preferred resource set SF_PR2 
by non-target RX

	C1
	1 (High)
	Yes
	Yes

	C2
	2
	Yes
	No

	C3
	3
	No
	Yes

	C4
	4 (Low)
	No
	No



[bookmark: _Ref83540763]Table 6. Ranking of resources according to feedback information from non-preferred set only
	Resource Category
	Priority / ranking for resource selection
	Part of non-preferred resource set (SF_NP1) 
by target RX
	Part of non-preferred resource set (SF_NP2) 
by non-target RX

	C1
	1 (High)
	No
	No

	C2
	2
	No
	Yes

	C3
	3
	Yes
	No

	C4
	4 (Low)
	Yes
	Yes



Table 2 classifies resource in terms of whether it belongs or does not belong to the following resources sets {SF_PR1, SF_NP1, SF_PR2, SF_NP2} for the case when all types of feedback information are available at TX UE.
Each inter-UE coordination feedback may provide information on different resources. For instance, M out of N (N ≥ M) valid feedbacks may indicate that resource belongs to set SF_X and (N-M) out of N may indicate that given resource does not belong to SF_X, here SF_X is one of the resources sets {SF_PR1, SF_NP1, SF_PR2, SF_NP2}. In this case, resource can be associated with a soft metric PF_X defined as PF_X = M/N. The soft metric characterizes confidence/reliability or probability that resource belongs to the SF_X.
The soft metric can be used to make a decision on whether resource belongs to set of resources:
if (PF_X ≥ ThresholdF_X),
resource R belongs to the resource set SF_X
otherwise
resource R does not belong to the resource set SF_X
here, ThresholdF_X is a configurable threshold for resource set SF_X with the condition that the threshold is always larger than 0.5 to prevent that case that the resource is reported as part of the preferred as well as the non-preferred resource set.
The resources classified to categories can be ordered according to rank of the resource category. The ordering of resources inside each category can be based on weighted sum of PF_X soft metrics.
In summary, each of the resources can be associated with the specific feedback resource set using corresponding soft metric that can be used to classify resource to one of the ranking categories for resource selection as well as rank resources within classified resource selection categories.
	
	Feedback Resource Sets

	
	SF_PR1
	SF_NP1
	SF_PR2
	SF_NP2

	Resources
	R1
	PF_PR1(R1)
	PF_NP1(R1)
	PF_PR2(R1)
	PF_NP2(R1)

	
	R2
	PF_PR1(R2)
	PF_NP1(R2)
	PF_PR2(R2)
	PF_NP2(R2)

	
	…
	…
	…
	…
	…

	
	RQ-1
	PF_PR1(RQ-1)
	PF_NP1(RQ-1)
	PF_PR2(RQ-1)
	PF_NP2(RQ-1)

	
	RQ
	PF_PR1(RQ)
	PF_NP1(RQ)
	PF_PR2(RQ)
	PF_NP2(RQ)



As a result of classification and ranking for feedback resources, TX UE forms candidate resource set based on feedback information, i.e., set SF. The feedback resource set is ordered according to the rank for resource selection (e.g., the first resource in the set SF is the most recommended for resource selection and the last resource in the set SF is the less recommended resource for selection based on feedback information).

Proposal 20: 
· TX UE combines multiple inter-UE coordination feedbacks to form the following types of the feedback resource sets based on feedback availability:
· SF_PR1 – preferred resource set based on feedback from target RX
· SF_NP1 – non-preferred resource set based on feedback from target RX 
· SF_PR2 – preferred resource set based on feedback from non-target RX 
· SF_NP2 – non-preferred resource set based on feedback from non-target RX
TX UE checks whether potential resource for transmission belongs to the available feedback resource sets 
· e.g., {SF_PR1, SF_NP1, SF_PR2, SF_NP2} if the full feedback information is available or e.g., {SF_PR1, SF_NP1}, if feedback from non-target receivers is not available, etc.
TX UE forms the set of resources SF, where resources are classified into categories based on available feedback information as indicated in Table 2 and ordered / ranked in terms of resource selection priority
· Note: If feedback information is not available for certain column in Table 2 then associated column is deleted and among remaining repeating rows only the rows with max rank for resource selection are kept

Resource Allocation Behaviour by TX UE
When TX UE has its own sensing information and received inter-UE coordination feedback, its behavior in terms of resource allocation/selection needs to be determined. In this section, we discuss corresponding procedure of TX UE.

TX UE Behaviour for Inter-UE Coordination Scheme 1
The following agreements were made by RAN1 for resource allocation procedures for inter-UE coordination scheme 1.
	● In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
○ For preferred resource set, the following two options are supported:
♦ Option A): 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
□ UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result
▪ UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met
(1) FFS: Details of condition(s)
▪ This option is supported when UE-B performs sensing/resource exclusion
▪ FFS: Other details (if any) 
♦ Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
□ UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set
▪ This option is supported at least when UE-B does not support sensing/resource exclusion
(1) FFS: Whether the support is conditional or UE capability
▪ FFS: Other details (if any)
□ FFS: Other option(s), and other details (if any)
○ For non-preferred resource set, 
♦ 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 
□ UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
▪ FFS: Details including
(1) Whether/how UE-B can use in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, definition of the overlap, and other details (if any)
(2) When UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
□ FFS: UE-B reselects in its resource (re-)selection, resource(s) to be used for its transmission when the resource(s) are fully/partially overlapping with the non-preferred resource set
♦ FFS: Other option(s), and other details (if any)



Scenario 1: Sensing and inter-UE coordination feedback is available at TX UE
In this section, we describe basic principle / procedure how to select resources based on TX UE sensing information and inter-UE coordination feedback information. We assume that TX UE has formed two candidate resource sets:
SA – sensing-based candidate resource set generated by TX UE of size MA, without feedback considerations
SF – feedback-based candidate resource set of size MF, available at TX UE and ordered in descending order in terms resource selection preference/rank from feedback perspective
For each resource of the resource set SF (starting from the first one), the TX UE checks whether it belongs to the resource set SA and if it is the case then resource is added to the set SAF (set of resources constructed based on TX sensing and feedback information). This step is repeated for all resources in the set SF. The described procedure is equivalent to intersection of the set SA and SF is found in set SAF
If size of the resource set SAF exceeds or equal to the preconfigured value MAF, then UE can randomly pre-select resources for transmission among the first MAF resources of the set SAF, otherwise resources are selected from the resource set SA. Another possible behavior, if the size of the resource set SAF is less than the preconfigured value MAF, then UE adds to the set SAF resources taken from set SA until the size of the resource set SAF does not exceeds the preconfigured value MAF. Then the UE randomly pre-selects resources for transmission among the MAF resources of the set SAF.
The described above TX UE behavior can be applied for resource selection and re-evaluation. The condition for resource re-evaluation can be updated considering inter-UE coordination feedback as follows:
UE performs re-evaluation of pre-selected resource for transmission, if pre-selected resource is not a part of the re-evaluation resource set SE which is a difference of resource sets SA and SF_NP1.

Proposal 21: 
· For the case when both TX sensing-based candidate resource set SA and feedback-based candidate resource set SF are available at TX UE, the following TX UE behavior is supported
· TX UE forms resource set SAF by intersection of the resource sets SA and SF
· The resources in the resource set SAF are ordered according to priority for resource selection
· If the size of the resource set SAF exceeds the pre-configured number or ratio of resources - MAF, 
· UE randomly selects resources for transmission from the first MAF resources of the SAF, 
· Otherwise, resources are randomly selected from the resource set SA
· The described above TX UE behavior is applied for both resource selection and re-evaluation
· The condition for resource re-evaluation is updated considering inter-UE coordination feedback
· UE performs re-evaluation of pre-selected resource for transmission, if pre-selected resource is not a part of the re-evaluation resource set SE which is a difference of resource sets SA and SF_NP1

Scenario 2: Inter-UE coordination feedback is available at TX UE without sensing information
The procedure described for Scenario 1 can be reused for Scenario 2 with minor modifications. In particular, the set of resources SA can be initialized with all resources from resource selection window or simply assuming that resources are randomly selected among the first MAF resources from the resource set SF. If the set of resources SF does not have enough resources, then resources can be randomly selected from resource selection window.
The described above TX UE behavior can be applied for both resource selection and re-evaluation procedures. The condition for resource re-evaluation can be introduced considering inter-UE coordination feedback as follows:
UE performs re-evaluation of pre-selected resource for transmission, if pre-selected resource is a part of the resource set SF_NP1 (i.e., non-preferred resource set from target RX UEs), if it is available

Proposal 22: 
· For the case when only feedback-based candidate resource set SF is available at TX UE, the following TX UE behavior is supported
· If the size of the resource set SF exceeds the pre-configured number or ratio of resources - MF, 
· UE randomly selects resources for transmission from the first MF resources of the SF,
· Otherwise, resources are randomly selected from the resource in the selection window, if random resource selection is supported and enabled by pre-configuration
· The described above TX UE behavior is applied for both resource selection and re-evaluation
· The condition for resource re-evaluation is introduced considering inter-UE coordination feedback
· UE performs re-evaluation of pre-selected resource for transmission, if pre-selected resource is a part of the resource set SF_NP1 (i.e., non-preferred resource set from target RX UEs), if it is available
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Scenario 1: Expected/potential resource conflict
The following agreements for resource allocation procedures were made by RAN1 for inter-UE coordination scheme 2.
	· In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 


In general, the TX UEs can autonomously detect expected/potential resource conflicts in reservations. This is already possible for Rel.16 UEs. However, Rel.16 UEs do not reselect resources unless preemption is enabled by configuration and preemption event is detected. If preemption is disabled UEs are not expected to reselect resources. The reason for such behavior is that frequent reselections of reserved resources diminish the gains from sensing. Therefore, RAN1 needs to identify conditions when resource reselection due to detection of expected/potential resource conflicts in reservations can be beneficial. In addition, mechanisms such as inter-UE coordination feedback to improve detection of such conflicts can be considered.
In our view, resource reselection due to detection of the expected/potential conflict can be considered for limited set of scenarios that may lead to potential losses in the system:
Case 1: Expected/potential conflict is identified in semi-persistent reservations
Case 2: Expected/potential conflict is identified for TX UEs which are close to each other
Case 3: Expected/potential conflict is identified, and pre-emption is enabled
In general, all the above cases can be addressed by TX UEs autonomously in the majority of situations, except the following exceptional situations/conditions (i.e., when expected/potential resource conflict in reservations may not be identified):
Half-duplex on sidelink transmissions in the same slot reserving resources with expected/potential conflict
· This problem can be potentially solved by inter-UE coordination feedback for resource reselection
PSCCH processing delay
· Case 1: Reservation is made before identification of expected/potential conflict 
· This problem can be potentially solved by inter-UE coordination feedback
· Case 2: Reservation is detected after transmission on reserved resources
· This problem cannot be solved by inter-UE coordination feedback for resource reselection (i.e., only feedback to determine retransmission behavior can be used)
Failure to decode the control channel and thus identify expected/potential resource conflict (e.g., due to being out of communication range or experiencing high interference)
· This problem can be potentially solved by inter-UE coordination feedback
Some of the above problems can be resolved by inter-UE coordination feedback for resource re-selection only if there is a sufficient time to react on feedback.
Beside expected/potential resource conflict, the scheme 2 can be also applied for the case of expected/potential half-duplex on overlapping or non-overlapping resources. In our view, these conflicts should be also considered and addressed by scheme 2. 
Based on discussion, we have following proposal to support resource reselection under selected conditions for the case when expected/potential resource conflict is detected by TX UE through PSCCH monitoring or through inter-UE coordination feedback:

Proposal 23: 
· Inter-UE coordination feedback for expected/potential resource conflict is generated and send to a UE with lower or equal transmission priority, subject to either of the following conditions
· Expected/potential resource conflict is detected among semi-persistent transmissions
· Expected/potential resource conflict is detected among TX UEs within pre-configured range from each other (e.g., located in the same zone)
· Expected/potential resource conflict is detected for the case of pre-emption
· Expected/potential half-duplex conflict is detected
· Resource re-selection is triggered, if the TX UE has detected an expected/potential resource conflict subject to either of the following conditions
· Expected/potential resource conflict is detected among semi-persistent transmissions
· Expected/potential resource conflict is detected among TX UEs within pre-configured range from each other (e.g., located in the same zone)
· Expected/potential half-duplex conflict is detected
· TX UE has detected that it has the lower or equal transmission priority than other UE with the expected/potential resource conflict

Scenario 2: Detected transmission conflict
Inter-UE coordination scheme 2 can be also efficient to address sidelink conflicts in transmission (either half-duplex or co-channel collision). In this case the TX UE can determine a necessity of retransmission based on the received inter-UE coordination feedback. In our view, at least half-duplex conflicts in transmission needs to be addressed. The detection of half-duplex conflict can be supported at least for unicast and groupcast transmissions or their combinations.
If feedback is provided for the half-duplex conflict in transmission, the only possible TX UE behavior is to adjust retransmission behavior, i.e., increase number of retransmissions planned for a given TB. The further details of UE behavior can be left up to UE implementation.
Based on discussion, we have following proposal:

Proposal 24: 
· For scheme 2, support inter-UE coordination feedback for detected half-duplex conflict at least for the case of unicast and groupcast transmissions, i.e., for the following cases:
· Source and destination UEs have transmitted in the same slot on overlapped or orthogonal frequency resources
· Source and destination UEs have reserved resources for transmission in the same slot on overlapped or orthogonal frequency resources
· If detected half-duplex conflict is identified, the feedback is provided to the UEs experiencing the conflict
· TX UE behavior to determine a necessity of retransmission is left up to UE implementation

[bookmark: _Ref82703866]Feedback Channel Design for Inter-UE Coordination

Feedback Channel for Scheme 1
There could be different design considerations in terms of feedback channel design for inter-UE coordination scheme 1. In our view, the reuse of PSSCH is the most straightforward option. The more details on PC5 MAC CE or RRC signaling can be discussed at a later stage and possibly directly in RAN2.
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There could be different design considerations for different collision types, namely: Half-duplex in transmission (HD-TX), Half-duplex in reservation (HD-RSV), Half-duplex in reception (HD-RX), Co-channel collision in transmission (CC-TX), Co-channel collision in reservation (CC-RSV). So far, the group explicitly confirmed only to indicate CC-RSV and HD-RX. Additionally, HD-RSV may be covered if orthogonal in frequency collisions are also considered for CC-RSV.

Payload considerations
From the agreements so far, it seems the two different conflicts may require to be distinguished in physical layer signalling so that the transmitting UE can adjust resource allocation to properly avoid/mitigate the collision, as discussed in section 2.12.2.
Thus, the indication should be able to carry more than one bit information:
Table 7. Potential Scheme 2 indication states and UE actions
	Indication state
	Payload
	UE action

	No indication
	No conflict
	No action

	A first state
	HD-RX
	Resolve half-duplex (e.g., reselect slot)

	A second state
	CC-RSV
	Resolve co-channel collision (e.g., reselect sub-channel/slot)

	A third state
	[]
	[]

	…
	…
	…



Furthermore, if both “detected” and “expected” collision types reporting is supported, the indication may also deliver whether the expected or the detected collision is identified. In this case, the different feedback states may be used to carry the collision indication type.

Proposal 25: 
· Scheme 2 conflict indication physical channel supports at least two states:
· Half-duplex collision in reservation
· Co-channel collision in reservation
· If “detected” collision indication is supported, then the following additional states are supported:
· Half-duplex collision in transmission

Physical structure considerations
For two-bit information based on the agreed conflicts, the most suitable physical channel design would be to reuse PSFCH structure. PSFCH-like design can greatly limit specification efforts since it only requires changes in resource pool allocation and in timing relationship. If the information to be sent requires more than two bits, additional physical channel design considerations are needed. For example, in Figure 1 it is illustrated that different frequency shifts ‘m’ can be applied to a 12-length sequence. The base sequence for Scheme 2 conflict indication may be separately (pre-)configured from PSFCH base sequence for additional control.


[bookmark: _Ref83364330]Figure 1: PSFCH-like physical structure for Scheme 2 conflict indication

Proposal 26: 
· PSFCH physical structure is reused for Scheme 2 conflict indication with the following
· Length 12 sequence is used mapped to one PRB and repeated in two symbols
· Base sequence is separately (pre-)configured per resource pool
· Depending on payload indicating X different conflicts, X different frequency shifts ‘m’ are used

PRB allocation
Furthermore, different conflict indications may be mapped to different PRB resource sets.
With respect to resource set used for Scheme 2 conflicts indication, there are potentially two different approaches:
· Alt.1 Reuse PRB-set provided for PSFCH carrying HARQ-ACK, i.e. the PRB sets fully overlap.
· Alt.2 Configure a separate PRB-set from PSFCH carrying HARQ-ACK. The PRB sets may partially overlap, fully overlap, or not overlap.




Figure 2: PRB set allocation for Scheme 2 conflict indication and PSFCH for HARQ-ACK

In our view, Alt.2 is more backward compatible with Rel.16 where the new indication may interfere / confuse the regular HARQ-ACK indication. Furthermore, this may avoid the issues of channel selection/prioritization when both the feedback and the Scheme 2 indications need to be sent in the same PRB.

Proposal 27: 
· For Scheme 2 conflict indication
· PRB set is separately (pre-)configured per resource pool

Time resource allocation
With respect to time resources for Scheme 2 conflict indication, similar to frequency resources consideration, there are different options:
Alt.1 Scheme 2 conflict indication may be transmitted in any slot irrespective of PSFCH configuration
Alt.2 Scheme 2 conflict indication may be transmitted in a sub-set (including full set) of slots with PSFCH
Here, Alt.1 assumes an independent configuration. However, it may cause backward compatibility issue for UEs which are not aware of Scheme 2 indication allocation in a slot. From that consideration, Alt.2 is a safer choice, and Rel.16 UEs can co-exist with Scheme 2 indication enabled in the same resource pool without issues.
It may be considered that the timing for Scheme 2 collision indication follows one of the two options:
Alt. 1 Consider time offset determined using the periodicity of the indication and the processing time calculated with respect to the slot where PSCCH indicating the reservation is received. In this case, for the expected collision it may be difficult to indicate which resource is in the collision since no timing relation is kept with the resource in collision.
Alt. 2 Consider time offset determined using the periodicity of the indication and the processing time calculated with respect to the slot where PSCCH/PSSCH collision is expected (or detected, if supported). To realize this, the timing equation which is based on periodicity N and the minimum gap K may be updated with an offset “to past”, i.e., using the same principle but with the Scheme 2 indication slot counted back from the slot with the collision.
Apparently, for “detected” collision it is natural to reuse Alt. 1 which is identical to PSFCH resource determination, since the collision already happened and can be informed as soon as possible. For “expected” collision, Alt. 2 is preferred, because it may be uncertain how to determine from which UE / SCI to in collision to calculate the offset, thus only Alt. 2 seems reasonable.

 
Figure 3: Scheme 2 collision indication timing.

Proposal 28: 
· For Scheme 2 conflict indication
· If PSFCH is configured in the resource pool, the time domain resource pool is a sub-set (including full set) of slots configured with PSFCH

Proposal 29: 
· For Scheme 2 conflict indication
· For expected collision, Scheme 2 conflict indication is transmitted in the latest S2CI slot ‘s’ fulfilling the following condition
· s ≤ n – Tproc_x, where ‘n’ is the slot with the expected collision and Tproc_x is the S2CI processing time defined in specification
· For detected collision, Scheme 2 conflict indication is transmitted in the earliest S2CI slot ‘s’ fulfilling the following condition
· s ≥ n + Tproc_y, where ‘n’ is the slot with the detected collision and Tproc_y is the S2CI preparation time defined in specification

Processing time aspects
Tproc_x and Tproc_y may be derived from the existing processing time values.
Tproc_x, there is a similar value already available in specification: Minimum time gap between PSCCH/PSSCH reception and corresponding PSFCH transmission which may take the values of 2 or 3 slots by configuration. To account for additional invocation of resource identification procedures etc., a delta value can be introduced.
Tproc_y, there are two values already available in specification related to this:
· T3 which is equal to Tproc1, which has the meaning of resource (re-)selection and PSCCH/PSSCH preparation time
· Tprep+0.5 ms which was introduced as the minimum gap between PSFCH and PSCCH/PSSCH for retransmission of the corresponding TB to help gNB scheduling in Mode-1

The timing relation between the collision event (detected or expected) needs to take into consideration the processing/preparation times. There are two potential alternatives for the situations when the processing time could not be respected by the Scheme 2 conflict indication.
For the “expected” collision:
Alt.1 The Scheme 2 conflict indication for expected collision is not sent when the time gap between the last transmission opportunity to send it and the PSCCH/PSSCH resource(s) with the detected conflict is smaller than a predetermined Tproc_y, which accommodates Scheme 2 collision indication processing and re-selection / preparation time for PSCCH/PSSCH.
Alt.2 The Scheme 2 conflict indication for expected collision is sent even when the time gap between the last transmission opportunity to send it and the PSCCH/PSSCH resource(s) with the detected conflict is smaller than a predetermined Tproc_x, which accommodates Scheme 2 collision indication processing and re-selection / preparation time for PSCCH/PSSCH.
· In this case, it is up to UE implementation to consider such a feedback in resource selection
For the “detected” collision:
The timing relation could follow PSFCH procedure and count the S2CI slot in future after the detected collision taking into account T_proc_y and S2CI periodicity

Proposal 30: 
· Define Scheme 2 conflict indication processing time as Tproc_x,
· Tproc_x is a function of T3 and Tprep, FFS details
· Define Scheme 2 conflict indication preparation time as Tproc_y,
· Tproc_y is 2 or 3 slots, FFS whether to (pre-)configure or to select one

Resource allocation procedure
The frequency and code resource in the (pre-)configured PRB set may be determined using the same 1:1 mapping rule as for PSFCH but with necessary changes. The L1 source ID and cast-type indicated in SCI format of the colliding UE may be used to determine the particular PRB and sequence (frequency shift) in the sub-set of PRBs determined from the slot and sub-channel index of the colliding resources.
sl-PSFCH-RB-Set is replaced with S2CI PRB set and  is replaced with the number of PRBs for S2CI indication in a slot
 is replaced with S2CI slot periodicity
The number of different frequency shifts may depend on total S2CI payload, as discussed above
 may be considered to be equal to 1 in the procedure for S2CI resource determination
 is reused to be L1 source ID
 may either be fixed to one value or separate values e.g. for different collision types

For the granularity of indication in terms of collided number of sub-channels, there are different options:
Alt. 1 Collision in at least one sub-channel is signalled. Which sub-channel is collided is not explicitly indicated. In this case, the starting sub-channel may be used for determining the sub-set of PRBs for Scheme 2 conflict indication.
Alt. 2 Collision in each sub-channel can be signalled. In this case, the sub-channel with collision can be used to determine the sub-set of PRBs for Scheme 2 conflict indication. When multiple sub-channels collide, each collision can be indicated by a separate transmission of a Scheme 2 conflict indication.

Our preference is Alt. 1, since it limits the potential number of indications, although does not provide complete information on which sub-channels are in collision.

Proposal 31: 
· For Scheme 2 conflict indication, PRB and sequence frequency shift for indication is determined using the same procedure as for PSFCH with the following modifications
· A starting sub-channel of PSCCH/PSSCH with expected/detected collision is used for S2CI resource determination
· A sub-set of PRBs in the determined S2CI is derived from the S2CI periodicity and the total number of PRBs in S2CI set reusing PSFCH procedure
· A particular PRB and frequency shift in the sub-set of PRBs is determined from L1 source ID and the type of collision indication, also depending on total number of frequency shifts available in a PRB

Proposal 32: 
· For Scheme 2 conflict indication, 
· When collision in multiple sub-channels is detected, only the starting sub-channel is utilized to determine Scheme 2 conflict indication resource

[bookmark: _Ref82703825]NACK as Feedback for Inter-UE Coordination Scheme 2
For the case of detected sidelink conflict in transmission, the NACK signaling can be used to trigger retransmission by the TX UE. The benefit of this solution is that it is transparent and consistent with Rel.16 UE behavior. Therefore, should be considered as a primary candidate to address half-duplex or co-channel collision issues in transmission.

Proposal 33: 
· Adopt sidelink NACK signaling as inter-UE coordination feedback to address sidelink conflicts in transmission at least for groupcast communication with NACK only transmission

Evaluation of Inter-UE Coordination Solutions
Performance Evaluation of Inter-UE Coordination Scheme 1
In this section, we provide system-level analysis of the inter-UE coordination scheme 1 for broadcast (i.e., w/o HARQ Feedback) and unicast communication. 
The following inter-UE coordination scheme 1 implementation is used for evaluation:
Feedback generation and transmission
We assume, that inter-UE coordination information is transmitted by each UE with non-standalone feedback which is multiplexed with data transmissions. Feedback information is generated right before initial transmission of each packet. For resource set generation, 50ms selection window is used and predefined X% of resources are reported. 
Feedback application at TX UE
TX UE takes feedback received from target receiver UE. If feedback resource selection window overlaps with TX selection window > 20 slots it is selected for further processing. Indicated non-preferred resources are excluded from TX UE candidate resource set generated based on TX UE sensing information. If combined candidate resource set does not have sufficient number of resources, then TX UE candidate resource set is used for selection.
Broadcast communication scenario (No HARQ Feedback).
In a case of broadcast communication, feedbacks generated by a set of assisting UEs in [200..300]m range from TX UE for periodic traffic and [200..400]m for aperiodic traffic are processed. Up to 6 assisting UEs are used (3 in front and 3 behind of TX UE).
Figure 4 provides evaluation results of inter-UE coordination scheme 1 for feedback with non-preferred resource set for the case of periodic and aperiodic traffic cases.
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[bookmark: _Ref79144558]Figure 4. Performance analysis of broadcast communication with periodic and aperiodic traffic using inter-UE coordination scheme 1 and non-preferred resource set sharing

Provided analysis shows that inter-UE coordination scheme 1 is beneficial for periodic traffic, while for aperiodic traffic there is no gain observed from inter-UE coordination feedback. In case of aperiodic traffic, assistance information is generated using limited amount of information caused by short SCI signaling window of 32 slots.

Unicast communication (No HARQ Feedback)
In a case of unicast communication, feedback from single target RX UE is considered.
The following scenarios of inter-UE coordination are analyzed for unicast communication:
Scenario 1: Rel.16 design w/ blind retransmissions
Scenario 2: Rel.16 design w/ inter-UE coordination feedback for preferred resource set
Scenario 3: Rel.16 design w/ inter-UE coordination feedback for preferred resource set and non-preferred resource set, where non-preferred set included only resources that were selected and reserved for sidelink transmission by UE providing feedback
Scenario 4: Rel.16 design w/ inter-UE coordination feedback with non-preferred resource set (constructed based on sensing data)
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Figure 5. Performance analysis of unicast communication with inter-UE coordination scheme 1 

Based on analysis of the presented results we have the following observations:

Observation 4: 
· Non-standalone inter-UE coordination feedback is beneficial for periodic traffic in broadcast and unicast communication scenarios
· Inter-UE coordination feedback with both preferred and non-preferred resource set indication provides performance gains for periodic traffic
· No noticeable performance gains are observed in case of broadcast aperiodic traffic

Performance Evaluation of Inter-UE Coordination Scheme 2
In this section, we provide analysis of the inter-UE coordination scheme 2 for groupcast communication with NACK only feedback and target communication range of 200m:
Reference 1: Rel.16 design w/o HARQ feedback (blind retransmissions)
Reference 2: Rel.16 design with HARQ NACK feedback
· Note: Rel.16 design, if it is not corrected, is sensitive to half-duplex [4]-[6]
Inter-UE coordination feedback for half-duplex in transmission HD-TX (feedback by RX UEs in range 200m)
Inter-UE coordination feedback for co-channel collision in reservation CC-RSV (feedback by RX UEs in range 200m from TX UE; collision is detected if TX UEs are located within 400 m from each other)
Inter-UE coordination feedback for half-duplex in transmission HD-TX (feedback by RX UEs in range 200m) & co-channel collision in reservation CC-RSV (feedback by RX UEs in range 200m from TX UE; collision is detected if TX UEs are located within 400 m from each other)
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[bookmark: _Ref71637260]Figure 6: Analysis of inter-UE coordination feedback for NACK only groupcast 
and comparison with the Rel.16 design
Based on provided results we have the following observations:	

Observation 5: 
· Rel.16 design for groupcast communication with HARQ NACK only feedback is sensitive to half-duplex problem
· Rel.16 design for groupcast communication with HARQ NACK only feedback can be substantially improved by inter-UE coordination feedback indicating conflicts of half-duplex in transmission and outperforms Rel.16 design with blind retransmissions
· In considered evaluation scenario, inter-UE coordination feedback indicating both sidelink conflicts: co-channel collisions in reservations and half-duplex in transmission does not provide significant incremental gain over inter-UE coordination feedback indicating half-duplex in transmissions only

Conclusions
In this contribution, on enhancements of Mode-2 sidelink communication by means of inter-UE coordination feedback. In summary, we have following proposals:

Proposal 1: 
· Define solutions to address half-duplex conflicts by inter-UE coordination scheme 1 and scheme 2
Proposal 2: 
· For inter-UE coordination scheme 1, support higher layer signaling for feedback
· Feedback is provided over PSSCH using MAC CE
· For inter-UE coordination scheme 2, support physical layer signaling for feedback
· PSFCH design is considered as a starting point and enhanced for physical layer inter-UE coordination feedback design
Proposal 3: 
· For inter-UE coordination scheme 1, 
· Resource pool (pre)-configuration includes enable/disable signaling for the following types of inter-UE coordination feedback
· request based inter UE coordination feedback of preferred resource set(s)
· request based inter UE coordination feedback of non-preferred resource set(s)
· condition based inter UE coordination feedback of preferred resource set(s)
· condition based inter UE coordination feedback of non-preferred resource set(s)
· For feedback generation (construction of preferred/non-preferred resource sets)
· Sensing and resource exclusion procedure is re-used with pre-configured fixed SL-RSRP thresholds (i.e., except SL-RSRP threshold adaptation steps)
· SL-RSRP thresholds are separately pre-configured for generation of preferred and non-preferred resource sets
· Select one of the following alternatives
· Alt.1: Sensing and resource exclusion procedure considers only semi-persistent transmissions for construction of inter-UE coordination feedback
· Alt.2: Sensing and resource exclusion procedure considers both semi-persistent and dynamic transmissions
Proposal 4: 
· For inter-UE coordination scheme 2, 
· Feedback signaling supports indication of sidelink conflict type including
· differentiation of sidelink half-duplex conflict from co-channel collision conflicts at TX UE side based on received feedback
· differentiation of sidelink conflict in transmission from conflict in reservation at TX UE side based on received feedback
· Sidelink conflict types that can be indicated are pre-configured
Proposal 5: 
· For inter-UE coordination scheme 1,
· the request for feedback is transmitted subject to the following conditions
· UE supports inter-UE coordination scheme 1
· UE has data/TB for transmission that can be multiplexed with request (i.e., standalone feedback request is not supported)
· Resource (re-)selection is expected / triggered for TB transmission (e.g., transmission of the next TB in case of semi-persistent transmission or new TB in the TX buffer)
· UE does not have valid inter-UE coordination feedback information from any destination UE
· Elapsed time from the previous inter-UE coordination feedback request exceeds pre-configured value
· the request-based feedback is provided subject to the following conditions
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE supports request-based feedback generation for inter-UE coordination scheme 1
· Request based feedback is enabled in a sidelink resource pool
· UE has full sensing information to generate and provide feedback. Feedback was not transmitted for a pre-configured amount of time
· UE received request from target TX UE(s) to provide feedback for scheme 1
· For inter-UE coordination scheme 1, the condition-based feedback is provided subject to the following conditions
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE supports condition-based feedback generation for inter-UE coordination scheme 1
· Condition-based feedback is enabled in a sidelink resource pool
· UE has full sensing information to generate and provide feedback
· Feedback was not transmitted for a certain amount of time, e.g., pre-configured amount of time
· UE has data for intended sidelink transmission which is multiplexed with feedback payload
· e.g., data for broadcast transmissions, FFS other cast types
Proposal 6: 
· For inter-UE coordination scheme 2,
· SCI signaling is used to request inter-UE coordination feedback
· For inter-UE coordination scheme 2, the feedback is provided subject to the following additional conditions
· UE supports feedback generation for inter-UE coordination scheme 2
· Feedback for scheme 2 is enabled per sidelink resource pool
· UE received request from target TX UE(s) to provide feedback for scheme 2 and sidelink conflict is detected 
· By pre-configuration the condition can be applicable only to subset of sidelink TX priority levels
· UE is within pre-configured SL-RSRP or distance range from TX UE, 
· By pre-configuration this condition can be limited to a subset of cast types of sidelink transmissions, e.g., broadcast or groupcast
· Feedback was not transmitted for a pre-configured amount of time
· By pre-configuration this condition can be limited to a subset of cast types of sidelink transmissions e.g., broadcast or groupcast
Proposal 7: 
· For inter-UE coordination scheme 1, at least the following information is used to generate non-preferred resource set 
· 
· Reserved sidelink resources within pre-determined resource selection window for feedback are within pre-configured SL-RSRP range
· Priority of sidelink transmission on reserved resources meets pre-configured set of priority levels
· Optionally for selected cast cases (e.g., unicast/groupcast) UE can separately indicate
· Resources reserved for its own sidelink transmissions and priority level of transmission
· Resources assigned for UL transmissions
· The following additional information can be provided as part of inter-UE coordination feedback
· Start/end time of resource selection window for feedback (e.g., start / end slot index)
· Applicable for both the preferred and the non-preferred resource set
· Source ID(s) associated with transmissions on non-preferred resources
· Destination ID for feedback information
· FFS the following additional information to optimize resource selection
· SL-RSRP measurements associated with non-preferred resources and priority level of sidelink transmissions 
· Periodicity of reservation associated with non-preferred resources (at least indication dynamic or semi-persistent reservation)
Proposal 8: 
· For inter-UE coordination scheme 2, add at least the following conditions to generate inter-UE coordination feedback
· Condition 3-A-1:
· UE-A identifies that both source and destination UEs have transmitted in the same slot on non-overlapped frequency resources
· Condition 3-A-2:
· UE-A identifies that both source and destination UEs have reserved resource on non-overlapped frequency resources
· The following information is used for feedback generation based on SCI processing and sidelink measurements
· Information on resources used or reserved for transmission (including allocation and periodicity)
· Priority of sidelink transmissions
· Source / Destination IDs
· Feedback request (including HARQ feedback request)
· Target communication range and TX coordinate information
· SL-RSRP measurement and measurement range
Proposal 9: 
· For inter-UE coordination scheme 1,
· Feedback is associated with a reference feedback time (feedback timestamp)
· Introduce feedback aging time (feedback delay) as an elapsed time since a reference feedback time
· Feedback aging time is used to decide on whether feedback can be considered by TX UE in resource allocation procedure for transmission
Proposal 10: 
· For scheme 1, the Mode-2 resource allocation procedure (including Rel.17 enhancements) is used for transmission of inter-UE coordination feedback
· Separately discuss priority of sidelink transmissions carrying feedback for inter-UE coordination scheme 1 in case of request-based and condition-based inter-UE coordination feedback 
Proposal 11: 
· In case of physical layer inter-UE coordination feedback, the PSFCH-like resource (time/frequency/code) selected for feedback is associated at least with Source ID, sidelink conflict type
Proposal 12: 
· For inter-UE coordination scheme 1, 
· Request for inter-UE coordination feedback is supported at least for sidelink unicast transmissions
· For sidelink groupcast and broadcast transmissions, request for inter-UE coordination feedback is supported only if TX UE indicates destination ID(s) of candidate UEs for feedback transmission among destination UEs
Proposal 13: 
· For inter-UE coordination scheme 2, 
· Request for feedback is supported for all cast types of sidelink transmissions
Proposal 14: 
· Strive for design of solutions that support sharing and processing of request- and condition-based inter-UE coordination feedback by all UEs
Proposal 15: 
· For scheme 1,
· Multiplexing of request- and condition-based inter-UE coordination feedback with data is supported
· Condition-based inter-UE coordination feedback is associated with broadcast destination ID
· Request-based inter-UE coordination feedback is associated with either of the following destination ID options that can be enabled by pre-configuration
· Broadcast destination ID
(a) e.g., at least for the case of standalone inter-UE coordination feedback and feedback multiplexing with broadcast data
· Source ID of the UE requesting inter-UE coordination feedback 
(a) e.g., at least for the case when only unicast inter-UE coordination feedback is enabled
· Groupcast destination ID of the UE requesting inter-UE coordination feedback 
(a) e.g., at least for the case when groupcast inter-UE coordination feedback is enabled
· Request- and condition- based inter-UE coordination feedback can be multiplexed with data having different destination ID
· In this case destination IDs for data and feedback can be separately indicated
Proposal 16: 
· For scheme 1,
· Inter-UE coordination feedback is associated with sidelink transmission priority level
· For request-based feedback, priority level of feedback is derived from transmitter requesting feedback signaling (e.g., derived from SCI or higher layer signaling) 
· For condition-based feedback, priority level of sidelink feedback is either pre-configured or set to the highest priority level
· For sidelink transmission with multiplexed inter-UE coordination feedback, the priority level is set according to the highest priority among the multiplexed components (e.g., data and feedback priorities)
Proposal 17: 
· For scheme 2, define priority rules for transmission of inter-UE coordination feedbacks considering sidelink transmission priority signaled by TX UEs and detected type of sidelink conflict
· Further discuss behavior in case of tie break (i.e., in case of conflict among sidelink transmission with equal priority)
Proposal 18: 
· At least the following validity criteria can be pre-configured to determine whether UE can apply given inter-UE coordination feedback for resource selection 
· Feedback type (e.g., request- or condition- based, preferred or non-preferred resource sets)
· Feedback source ID
· Feedback aging time condition and overlap ratio with feedback resource selection window
· Radio range or geographical distance from the source of inter-UE coordination feedback
· Priority level used for generation of inter-UE coordination feedback
Proposal 19: 
· Construction of preferred and non-preferred resource set for inter-UE coordination feedback is based on the following assumptions
· Single subchannel resource size (or pre-configured resource size)
· Zero resource reservation period (or pre-configured reference resource reservation period)
· Lowest priority value (or pre-configured priority value)
· Resource sets from inter-UE coordination feedback are reformatted to align them with the resource set physical structure used by TX UE for resource selection.
Proposal 20: 
· TX UE combines multiple inter-UE coordination feedbacks to form the following types of the feedback resource sets based on feedback availability:
· SF_PR1 – preferred resource set based on feedback from target RX
· SF_NP1 – non-preferred resource set based on feedback from target RX 
· SF_PR2 – preferred resource set based on feedback from non-target RX 
· SF_NP2 – non-preferred resource set based on feedback from non-target RX
TX UE checks whether potential resource for transmission belongs to the available feedback resource sets 
· e.g., {SF_PR1, SF_NP1, SF_PR2, SF_NP2} if the full feedback information is available or e.g., {SF_PR1, SF_NP1}, if feedback from non-target receivers is not available, etc.
TX UE forms the set of resources SF, where resources are classified into categories based on available feedback information as indicated in Table 2 and ordered / ranked in terms of resource selection priority
· Note: If feedback information is not available for certain column in Table 2 then associated column is deleted and among remaining repeating rows only the rows with max rank for resource selection are kept
Proposal 21: 
· For the case when both TX sensing-based candidate resource set SA and feedback-based candidate resource set SF are available at TX UE, the following TX UE behavior is supported
· TX UE forms resource set SAF by intersection of the resource sets SA and SF
· The resources in the resource set SAF are ordered according to priority for resource selection
· If the size of the resource set SAF exceeds the pre-configured number or ratio of resources - MAF, 
· UE randomly selects resources for transmission from the first MAF resources of the SAF, 
· Otherwise, resources are randomly selected from the resource set SA
· The described above TX UE behavior is applied for both resource selection and re-evaluation
· The condition for resource re-evaluation is updated considering inter-UE coordination feedback
· UE performs re-evaluation of pre-selected resource for transmission, if pre-selected resource is not a part of the re-evaluation resource set SE which is a difference of resource sets SA and SF_NP1
Proposal 22: 
· For the case when only feedback-based candidate resource set SF is available at TX UE, the following TX UE behavior is supported
· If the size of the resource set SF exceeds the pre-configured number or ratio of resources - MF, 
· UE randomly selects resources for transmission from the first MF resources of the SF,
· Otherwise, resources are randomly selected from the resource in the selection window, if random resource selection is supported and enabled by pre-configuration
· The described above TX UE behavior is applied for both resource selection and re-evaluation
· The condition for resource re-evaluation is introduced considering inter-UE coordination feedback
· UE performs re-evaluation of pre-selected resource for transmission, if pre-selected resource is a part of the resource set SF_NP1 (i.e., non-preferred resource set from target RX UEs), if it is available
Proposal 23: 
· Inter-UE coordination feedback for expected/potential resource conflict is generated and send to a UE with lower or equal transmission priority, subject to either of the following conditions
· Expected/potential resource conflict is detected among semi-persistent transmissions
· Expected/potential resource conflict is detected among TX UEs within pre-configured range from each other (e.g., located in the same zone)
· Expected/potential resource conflict is detected for the case of pre-emption
· Expected/potential half-duplex conflict is detected
· Resource re-selection is triggered, if the TX UE has detected an expected/potential resource conflict subject to either of the following conditions
· Expected/potential resource conflict is detected among semi-persistent transmissions
· Expected/potential resource conflict is detected among TX UEs within pre-configured range from each other (e.g., located in the same zone)
· Expected/potential half-duplex conflict is detected
· TX UE has detected that it has the lower or equal transmission priority than other UE with the expected/potential resource conflict
Proposal 24: 
· For scheme 2, support inter-UE coordination feedback for detected half-duplex conflict at least for the case of unicast and groupcast transmissions, i.e., for the following cases:
· Source and destination UEs have transmitted in the same slot on overlapped or orthogonal frequency resources
· Source and destination UEs have reserved resources for transmission in the same slot on overlapped or orthogonal frequency resources
· If detected half-duplex conflict is identified, the feedback is provided to the UEs experiencing the conflict
· TX UE behavior to determine a necessity of retransmission is left up to UE implementation
Proposal 25: 
· Scheme 2 conflict indication physical channel supports at least two states:
· Half-duplex collision in reservation
· Co-channel collision in reservation
· If “detected” collision indication is supported, then the following additional states are supported:
· Half-duplex collision in transmission
Proposal 26: 
· PSFCH physical structure is reused for Scheme 2 conflict indication with the following
· Length 12 sequence is used mapped to one PRB and repeated in two symbols
· Base sequence is separately (pre-)configured per resource pool
· Depending on payload indicating X different conflicts, X different frequency shifts ‘m’ are used
Proposal 27: 
· For Scheme 2 conflict indication
· PRB set is separately (pre-)configured per resource pool
Proposal 28: 
· For Scheme 2 conflict indication
· If PSFCH is configured in the resource pool, the time domain resource pool is a sub-set (including full set) of slots configured with PSFCH
Proposal 29: 
· For Scheme 2 conflict indication
· For expected collision, Scheme 2 conflict indication is transmitted in the latest S2CI slot ‘s’ fulfilling the following condition
· s ≤ n – Tproc_x, where ‘n’ is the slot with the expected collision and Tproc_x is the S2CI processing time defined in specification
· For detected collision, Scheme 2 conflict indication is transmitted in the earliest S2CI slot ‘s’ fulfilling the following condition
· s ≥ n + Tproc_y, where ‘n’ is the slot with the detected collision and Tproc_y is the S2CI preparation time defined in specification
Proposal 30: 
· Define Scheme 2 conflict indication processing time as Tproc_x,
· Tproc_x is a function of T3 and Tprep, FFS details
· Define Scheme 2 conflict indication preparation time as Tproc_y,
· Tproc_y is 2 or 3 slots, FFS whether to (pre-)configure or to select one
Proposal 31: 
· For Scheme 2 conflict indication, PRB and sequence frequency shift for indication is determined using the same procedure as for PSFCH with the following modifications
· A starting sub-channel of PSCCH/PSSCH with expected/detected collision is used for S2CI resource determination
· A sub-set of PRBs in the determined S2CI is derived from the S2CI periodicity and the total number of PRBs in S2CI set reusing PSFCH procedure
· A particular PRB and frequency shift in the sub-set of PRBs is determined from L1 source ID and the type of collision indication, also depending on total number of frequency shifts available in a PRB
Proposal 32: 
· For Scheme 2 conflict indication, 
· When collision in multiple sub-channels is detected, only the starting sub-channel is utilized to determine Scheme 2 conflict indication resource
Proposal 33: 
· Adopt sidelink NACK signaling as inter-UE coordination feedback to address sidelink conflicts in transmission at least for groupcast communication with NACK only transmission
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Annex – A: Evaluation Assumptions
In this section in Table 8 and Table 9 we provide evaluation assumptions used for Inter-UE coordination Scheme 1 and Scheme 2 studies. In all studies resource selection window of 32 slots length is used for data resource selection.
[bookmark: _Ref54381537]
[bookmark: _Ref61877705][bookmark: _Ref71661728]Table 8: System level evaluation assumptions for Scheme 1 (Higher Layer Signalling for Sidelink Collision Avoidance) studies
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 70 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth: 40 MHz

	Subcarrier spacing
	30 kHz

	Tx/Rx Antenna Ports
	1Tx/2Rx

	Communication Mode(s)
	Broadcast, Unicast

	Traffic model
	Periodic variable packet size traffic:
· Packet size: [800, 1200] Byte with probabilities [0.8, 0.2] accordingly
· Inter-packet arrival time: 50 ms
· Latency requirement: 50 ms

Aperiodic variable packet size traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] B with quantization step of 200 B 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
Latency requirement: 50 ms

	TTI structure
	NR Slot TTI: 
· Slot w/o PSFCH zone: 1 AGC symbol, 1 GAP symbol, 2 PSSCH symbols w/ pilots
· Slot w/ PSFCH zone: 1 AGC symbol, 2 GAP symbol, 2 PSSCH symbols w/ pilots, 2 symbols for PSFCH

	PSFCH Zone Allocation
	Enabled, in every 2nd slot

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB
· PSSCH: 35 PRB

	SCI/Data time resource allocation
	· PSCCH: 3 Symbols
· PSFCH: 2 Symbols
· PSSCH: Remaining symbols in slot

	Data Packet Tx parameters
	Periodic variable packet size evaluations: 
· 800 B packet: 16-QAM, 2 TTI
· 1200 B packet: 64-QAM, 2 TTI

Aperiodic variable packet size evaluations: 
· 200 B packet: QPSK, 4 TTI 
· 400 B packet: 16-QAM, 4 TTI 
· 600 B packet: 16-QAM, 4 TTI 
· 800 B packet: 16-QAM, 4 TTI 
· 1000 B packet: 16-QAM, 4 TTI 
· 1200 B packet: 16-QAM, 4 TTI 
· 1400 B packet: 64-QAM, 4 TTI 
· 1600 B packet: 64-QAM, 4 TTI 
· 1800 B packet: 64-QAM, 4 TTI 
2000 B packet: 64-QAM, 4 TTI 

	HARQ Feedback
	Disabled 




[bookmark: _Ref79169115]Table 9: System level evaluation assumptions for Scheme 2 (Physical Layer Signalling for Sidelink Conflict Resolution) studies
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 70 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth: 40 MHz

	Subcarrier spacing
	30 kHz

	Tx/Rx Antenna Ports
	1Tx/2Rx

	Communication Mode(s)
	Groupcast, connection-less

	UE-to-UE Association
	· UE is considered as member of the group based on location principle
· Each UE may be a member of a multiple groups

	Traffic model
	Aperiodic variable packet size traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] B with quantization step of 200 B 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms

	TTI structure
	NR Slot TTI: 
· Slot w/o PSFCH zone: 1 AGC symbol, 1 GAP symbol, 2 PSSCH symbols w/ pilots
· Slot w/ PSFCH zone: 1 AGC symbol, 2 GAP symbol, 2 PSSCH symbols w/ pilots, 2 symbols for PSFCH

	PSFCH Zone Allocation
	Enabled, in every 2nd slot

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB
· PSSCH: 35 PRB

	SCI/Data time resource allocation
	· PSCCH: 3 Symbols
· PSFCH: 2 Symbols
· PSSCH: Remaining symbols in slot

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 B packet: QPSK, 4 TTI Max
· 400 B packet: 16-QAM, 4 TTI Max
· 600 B packet: 16-QAM, 4 TTI Max
· 800 B packet: 16-QAM, 4 TTI Max
· 1000 B packet: 16-QAM, 4 TTI Max
· 1200 B packet: 16-QAM, 4 TTI Max
· 1400 B packet: 64-QAM, 4 TTI Max
· 1600 B packet: 64-QAM, 4 TTI Max
· 1800 B packet: 64-QAM, 4 TTI Max
· 2000 B packet: 64-QAM, 4 TTI Max

	HARQ Feedback
	Enabled, NACK-only

	HARQ Feedback reporting distance
	UEs within 200 m range report feedback

	HD-TX Inter-UE coordination feedback reporting distance
	UEs within 200 m range report feedback

	CC-RSV Inter-UE coordination feedback reporting distance
	UEs within 200 m range report feedback

	CC-RSV Maximum collision Distance
	Resource collision between TX UEs within 400 m range is reported
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