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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.


At the RAN1#104bis-e meeting, the support of the following inter-UE coordination schemes was agreed by RAN WG1:
	· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1:
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2:
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used


In this contribution, we express our views on details of the agreed inter-UE coordination schemes. 
Our views on sidelink power saving objectives are 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 potentially 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 described above sidelink conflicts can be semi-persistent or dynamic depending on transmission mode. The described above sidelink conflicts can be mitigated by means of inter-UE coordination feedback signaling, further considered in this document.

Proposal 1: 
· RAN WG1 to discuss which of the following sidelink conflicts should be addressed by inter-UE coordination signaling
· 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)

Inter-UE Coordination Information and Signalling
Two types of inter-UE coordination schemes were agreed by RAN WG1. The following inter-UE coordination signaling options can be considered for NR sidelink communication:
· Scheme 1: Higher layer signaling over PSSCH for sidelink conflict avoidance
· Pros:
· Flexible payload size
· Cons:
· Relatively high latency
· Scheme 2: Physical layer signaling over PSFCH for sidelink conflict resolution
· Pros:
· Low latency dynamic feedback, that can mitigate sidelink conflict during transmission of a given TB
· Similarity with HARQ ACK/NACK feedback mechanism
· Cons:
· Relatively small payload
The physical layer signaling can dynamically address sidelink conflicts 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.
The higher layer signaling should be considered as assistance information for TX UE resource selection and should mainly target enhancements for semi-persistent resource (re)-selection by TX UE.

Proposal 2: 
· For inter-UE coordination scheme 1, support higher layer signaling 
· Feedback is provided over PSSCH using MAC CE
· For inter-UE coordination scheme 2, support physical layer signaling
· 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
In our view, the inter-UE coordination scheme 1 (sidelink conflict avoidance) can be designed to address the following conflicts: HD-RSV, CC-RSV, HD-RX and can be useful to improve resource selection for initial transmission.
The higher layer signaling can be used as inter-UE coordination feedback to TX UEs to assist in semi-persistent resource selection. For that purpose, assisting UEs may share information about candidate resources for resource selection (preferred resource set(s)) or resources for resource exclusion (non-preferred resource set(s)), i.e. not recommended for sidelink transmission. Our analysis for semi-persistent transmission shows that both options can benefit NR-V2X system performance assuming that inter-UE coordination feedback is multiplexed with basic sidelink transmissions.  Both of resource sets can be formed by reusing Rel.16 resource allocation procedure as much as possible. 
RAN1 needs to discuss whether resource sets generated by assisting UEs should consider:
Option 1: Dynamic transmissions only
Option 2: Semi-persistent transmissions only
Option 3: Dynamic and semi-persistent transmissions
Our analysis shows that the use of inter-UE coordination scheme-1 provides major benefits for semi-persistent transmissions, that can be explained by the fast aging of resource set/feedback constructed based on dynamic transmissions and thus our preference is to support Option 2.  To support it, the only change that needs to be done is filtering out dynamic transmissions, since only of semi-persistent ones should be considered for inter-UE coordination feedback preparation, otherwise it may be better to report separate resource sets constructed based on dynamic and semi-persistent transmissions. In terms of higher layer signaling, the MAC CE design option seems to be a reasonable approach considering that MAC handles resource allocation aspects.
To generate candidate resource set for resource exclusion or (re-)selection, based on Rel.16 procedures, the reference configuration settings such as priority, resource size, min resource selection window, sensing window, periodicity of transmissions, etc. need to be configured to UE providing inter-UE coordination feedback. Part of these parameters can be preconfigured while some of them can be dynamically acquired from TX UEs.

Proposal 3: 
· For inter-UE coordination scheme 1, 
· Feedback signaling supports (up to configuration) indication of either one or both
· Preferred resource set
· Non-preferred resource set
· FFS if UE can report multiple resource sets for each type of resource set and additional feedback content
· Sensing and resource exclusion procedure is re-used for feedback generation of resource sets 
· Separate SL-RSRP thresholds are used for preferred and non-preferred resource sets
· FFS other details, including the following potential changes
(a) Pre-configured or adaptive SL-RSRP thresholds are used for generation of preferred/non-preferred resource sets
(b) Whether detection of dynamic sidelink transmission is considered for preparation of resource sets for feedback
(c) Parameters applied for sensing and resource exclusion procedure by assisting UE to generate feedback
· Feedback is associated with a reference feedback timestamp, e.g., the last physical sidelink slot used to generate feedback

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 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 conflicts types may be essential from the perspective of prioritization of feedback transmission. 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
· Indicated sidelink conflict types can be pre-configured

Inter-UE Coordination Feedback Request
[bookmark: _Hlk78804585]Feedback Request for Scheme 1
For inter-UE coordination scheme 1, feedback can be either requested by TX UEs or transmitted based on pre-configured conditions. The feedback request can be sent by TX UE at least for the case of unicast and groupcast communication. To support request of inter-UE coordination feedback for scheme 1, either SCI or higher layer signaling can be used for feedback request.

Proposal 5: 
· For scheme 1,
· Support feedback transmission with and without feedback request signaling from TX UEs
· FFS whether SCI or higher layer signaling are defined to request inter-UE coordination feedback

Feedback Request for Scheme 2
For inter-UE coordination scheme 2, 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 resource selection procedure. To support request of inter-UE coordination feedback for scheme 2, the SCI signaling can be used to trigger feedback.

Proposal 6: 
· For scheme 2,
· SCI signaling is used to request inter-UE coordination feedback

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
For inter-UE coordination scheme 1, any UE can be a UE-A providing inter-UE coordination feedback subject to the following conditions:
UE supports inter-UE coordination scheme 1 
3. This aspect is up to UE capability and NR release
Semi-persistent transmissions are enabled (allowed) per sidelink resource pool with a set of periodicities
3. This condition may not be needed if feedback in scheme 1 is defined only for semi-persistent transmissions
Inter-UE coordination scheme 1 is enabled (allowed) per sidelink resource pool
3. This is configuration aspect to enable / disable inter-UE configuration feedback for scheme 1
UE intends to transmit data (a TB including inter-UE coordination payload)
3. Feedback is multiplexed with sidelink data transmissions (i.e., non-standalone feedback)
Feedback was not transmitted for a certain amount of time (pre-configured amount of time)

In addition, scenario when target RX UE provides feedback based on request from target TX UE can be supported for unicast and groupcast communication. In this case, similar conditions can be applied possibly except the presence of data and amount of time since the last feedback.

Proposal 7: 
· For inter-UE coordination scheme 1, support two scenarios
· Scenario 1: Any UE can provide inter-UE coordination feedback subject to following conditions
· UE supports feedback generation for inter-UE coordination scheme 1
· Feedback for scheme 1 is enabled per sidelink resource pool
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE has data for sidelink transmission with multiplexed feedback
· Feedback was not transmitted for a certain amount of time, e.g., pre-configured amount of time
· Scenario 2: UE provides inter-UE coordination feedback to target TX UE subject to following conditions
· UE is a target RX UE
· UE supports feedback generation for inter-UE coordination scheme 1
· Feedback for scheme 1 is enabled per sidelink resource pool
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE received request from target TX UE(s) to provide feedback for scheme 1
· FFS condition for feedback multiplexing with data and timer-based condition

Conditions to Serve as UE-A in Case of Scheme 2
For scheme 2, intended receivers (e.g., group members) are primary candidates for feedback generation. From system perspective, limiting the feedback only to group members is too restrictive and therefore additional criteria can be discussed. For instance, distance or SL-RSRP range from TX UE can be used as additional criteria to serve as UE-A for a given TX UE.

For inter-UE coordination scheme 2, in our view any 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
UE is within pre-configured SL-RSRP or distance range from TX UE, if pre-configuration is provided
Feedback was not transmitted for a certain amount of time (pre-configured amount of time)

In addition, scenario when target RX UE provides feedback based on request from target TX UE can be supported for any communication type. In this case, similar conditions can be applied possibly except conditions on amount of time since the last feedback, distance and SL-RSRP range.

Proposal 8: 
· For inter-UE coordination scheme 2, support two scenarios
· Scenario 1: Any UE can provide inter-UE coordination feedback subject to 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
· UE is within pre-configured SL-RSRP or distance range from TX UE, if pre-configuration is provided
· Feedback was not transmitted for a certain amount of time (pre-configured amount of time)
· Scenario 2: UE provides inter-UE coordination feedback to target TX UE subject to following conditions
· UE is a target RX UE
· 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
· Conditions on SL-RSRP range, distance and time from last feedback can be optionally supported

Information for Inter-UE Coordination Feedback
Information used for inter-UE coordination feedback was discussed but not agreed by RAN WG1 and left for further discussion. In this section we provide our views on this aspect.
	· For inter-UE coordination in Mode 2, consider at least one of the following information (with details FFS) 
· For Scheme 1 to determine by UE-A the set of resources preferred and/or non-preferred for UE-B’s transmission:
· Other UEs’ reserved resources based on UE-A’s sensing result and/or coordination information (e.g., non-preferred resource set) received from other UEs 
· Coordination information (e.g., preferred resource set) received from other UEs 
· Information on UE-B’s traffic requirements (e.g., conveyed via triggering information from UE-B, if any)
· Location information on UE-B and other UEs
· Subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
· Resource set selected by UE-A for other UE-Bs’ transmissions
· PSFCH transmission and/or reception
· UE-A’s candidate resource set based on UE-A’s sensing
· UE-B’s ability to use coordination information
· Etc.
· For Scheme 2 to determine by UE-A the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI:
· Other UEs’ reserved resources and/or existing transmission (i.e. used resources) based on UE-A’s sensing result (e.g., measurement, information extracted from SCI)
· Information on UE-B’s traffic requirements 
· Location information on UE-B and other UEs
· Subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
· PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
· Etc.



Information for Inter-UE Coordination in Scheme 1
To determine by UE-A the set of resources preferred and/or non-preferred for UE-B’s transmission, the following information can be used in case of Scheme 1:
· Other UEs’ reserved resources based on UE-A’s sensing result (i.e. information extracted from SCI processing and SL-RSRP measurements) 
· Subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s) (i.e. can be excluded from candidate resource set report)
· UE-A’s scheduled/configured resources for UL (i.e. can be excluded from candidate resource set report)
· UE-A’s candidate resource set based on UE-A’s sensing
· Information for resource exclusion and/or resource selection procedure used for inter-UE coordination feedback (reference configuration)

Proposal 9: 
· For inter-UE coordination scheme 1, at least the following information is used for 
· Non-preferred resource set
· Sidelink resources indicated as reserved in resource selection window for feedback and associated with SL-RSRP measurements above threshold 
· Optionally for selected cast cases (e.g., unicast/groupcast) UE can separately indicate
(a) Resources selected or reserved for sidelink transmissions and priority
(b)  Resources assigned for UL transmissions
· Preferred resource set
· Sidelink resources indicated as reserved in resource selection window for feedback and associated with 1) SL-RSRP measurements below threshold
· Non-reserved resources w/o SL-RSRP measurements
· FFS additional feedback content for preferred and/or non-preferred resource sets

Information for Inter-UE Coordination in Scheme 2
The following information can be potentially used to determine by UE-A the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI:
· Other UEs’ reserved resources and/or existing transmission (i.e., used resources) based on UE-A’s sensing result (e.g., measurement, information extracted from SCIs – occupied/reserved resources, priority, source / destination IDs)
· It is needed to determine sidelink conflict and its type
· Information on UE-B’s traffic requirements
· We assume sidelink transmission priority should be used and can be extracted directly from SCI
· SL resources selected for UE-A’s transmission(s) of TB(s)
· It is needed to address potential HD-RX sidelink conflict if UE-A is intended receiver of UE-B
· UE-A’s scheduled/configured resources for UL
· It is needed to address potential HD-RX sidelink conflict if UE-A is intended receiver of UE-B
· PSFCH transmission and/or reception 
· This aspect can be further considered and evaluated for inter-UE coordination scheme 2
· Location information on UE-B and other UEs
· It is needed to determine sidelink conflict type (HD-TX/RSV or CC-TX/CC-RSV) at least in groupcast NACK only sidelink communication. Can be also used to prioritize inter-UE coordination feedback
· UE-B’s ability to use coordination information
· It is needed to determine whether feedback is requested

Proposal 10: 
· For inter-UE coordination scheme 2, at least the following information is used for feedback generation based on SCI processing and sidelink measurements
· Resources used for transmission and reserved resources (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. 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 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 11: 
· 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 for resource allocation procedure

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 some actions and thus there is no strong motivation to use 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 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.

Proposal 12: 
· For scheme 1, the Mode-2 resource allocation procedures (including Rel.17 enhancements) are used for transmission of inter-UE coordination feedback
· Further discuss priority of sidelink transmissions carrying feedback for inter-UE coordination scheme 1

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 carry 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.

Proposal 13: 
· In case of physical layer inter-UE coordination feedback using PSFCH-like resources, the PSFCH resource (time/frequency/code) selected for feedback is associated at least with Source ID, sidelink conflict type
· PSFCH like channel is used for scheme 2
· Each transmission carries N > 1 bit
· FFS details

Communication Cast Types for Inter-UE Coordination Feedback 

Scheme 1
For scheme 1, three cast types can be supported for inter-UE coordination feedback: unicast, groupcast and broadcast. The following UE behaviors can be supported for feedback transmissions:
1) Unicast and groupcast of inter-UE coordination feedback based on request from TX UE(s)
2) Broadcast inter-UE coordination feedback w/o request from TX UE(s)
To reduce cochannel collisions and half-duplex issues inter-UE coordination feedback can be multiplexed with data transmissions. In general case, destinations for feedback and data can be different and therefore for the case of data and feedback multiplexing the procedure how to support various destination IDs for data and feedback transmission in a single sidelink transmission need to be defined.

Proposal 14: 
· For scheme 1,
· Feedback is associated with cast type / destination ID
· Feedback can be multiplexed with data transmissions for the same or different destination IDs and cast types in single sidelink transmission
· Feedback can be multiplexed with unicast, groupcast or broadcast sidelink data transmission
· Unicast and groupcast inter-UE coordination feedbacks are generated based on request from TX UE(s)
· Broadcast inter-UE coordination feedbacks are generated w/o request from TX UEs

Scheme 2
The PSFCH like signaling can be used for sidelink feedback transmission. The feedback is always provided to specific TX UE.

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

Proposal 15: 
· For scheme 1, 
· Inter-UE coordination feedback is associated with sidelink transmission priority level
· FFS details
· For sidelink transmission with multiplexed inter-UE coordination feedback, the priority level is set according to the highest priority of multiplexed components

Feedback Transmission Priority for Scheme 2
For scheme 2, UE coordination feedback is provided to specific TX UE(s). Depending on number of detected conflicts, UE may need to deliver feedback to multiple TX UEs. 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 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 16: 
· 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)

Inter-UE Coordination Feedback & TX UE Behaviour
When UE-B receives the inter-UE coordination information from UE-A, its transmission behavior needs to be determined.

Scheme 1: TX UE Behaviour for Higher Layer Inter-UE Coordination Feedback

The following options were identified in terms of UE-B’s behavior at the previous RAN WG1 meetings.
	· For scheme 1:
· Option 1-1: 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
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information 
· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information


In our view, Option 1-1 is more general. If TX UE has received inter-UE coordination feedback using higher layer signaling it may use it for enhanced resource (re)-selection/exclusion in case of dynamic and semi-persistent processes on top of Rel.16 sensing and resource selection procedures.
For instance, TX UE may exclude resources provided in inter-UE coordination feedback or prioritize selection of resources from the inter-section of candidate resource sets generated by TX UE and provided by coordinating UE.

Proposal 17: 
· Option 1-1 is supported for inter-UE coordination scheme 1:
· 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

Scheme 2: TX UE Behaviour for Physical Layer Inter-UE Coordination Feedback
The following options were identified in terms of UE-B’s behavior at the previous RAN WG1 meetings.
	· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information



Depending on sidelink conflict addressed by inter-UE coordination feedback the TX UE behavior can be different. In this section, we assume that all types of physical layer feedback are supported: i.e. feedback indicating half-duplex in transmission/reservation/reception and co-channel collisions in transmission / reservations.
Conflicts in transmission
If feedback is provided for the 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.
Conflicts in reservation
If feedback is provided for the conflict in reservation, the potential TX UE behaviors are:
· Perform resource reselection
· Exclude resource/slot under conflict and perform resource re-selection/re-evaluation
· Continue transmission on reserved resource
· Skip transmission on reserved resource under conflict and use other reserved resource
In addition, UE can also adjust retransmission behavior/strategy (e.g. increase number of intended retransmissions or increment max number of retransmissions per priority level).
Conflicts in reception
If conflict in reception occurs and is conveyed by inter-UE coordination feedback, then it seems the most reasonable TX UE behavior is to skip transmission, since it is not expected to be processed by RX UE anyway. Besides dropping of transmission TX UE may perform resource reselection or increase number of intended retransmissions.

Based on discussion, we have following proposal:
Proposal 18: 
· For scheme 2, support the following options for UE-B’s behaviour
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information
· Further discuss and define details of TX UE behavior depending on type of physical layer inter-UE coordination feedback:
· Half-duplex and/or co-channel collision in transmission
· Increase amount of intended (re)-transmission or increment max number of retransmissions
· Half-duplex and/or co-channel collision in reservation
· Perform resource (re)-selection
· Exclude resource and perform resource reselection
· Continue transmission on reserved resource
· Skip transmission on reserved resource with detected conflict and use other reserved resource
· Half-duplex in reception
· Skip transmission on reserved resource with detected conflict

In all above cases, UE can also adjust its sidelink retransmission behavior.

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 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 19: 
· 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 transmitted data. 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 1 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 1. 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 2. Performance analysis of unicast communication with inter-UE coordination scheme 1 

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

Observation 1: 
· 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 3: 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 2: 
· 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: 
· RAN WG1 to discuss which of the following sidelink conflicts should be addressed by inter-UE coordination signaling
· 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)
Proposal 2: 
· For inter-UE coordination scheme 1, support higher layer signaling 
· Feedback is provided over PSSCH using MAC CE
· For inter-UE coordination scheme 2, support physical layer signaling
· 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, 
· Feedback signaling supports (up to configuration) indication of either one or both
· Preferred resource set
· Non-preferred resource set
· FFS if UE can report multiple resource sets for each type of resource set and additional feedback content
· Sensing and resource exclusion procedure is re-used for feedback generation of resource sets 
· Separate SL-RSRP thresholds are used for preferred and non-preferred resource sets
· FFS other details, including the following potential changes
(a) Pre-configured or adaptive SL-RSRP thresholds are used for generation of preferred/non-preferred resource sets
(b) Whether detection of dynamic sidelink transmission is considered for preparation of resource sets for feedback
(c) Parameters applied for sensing and resource exclusion procedure by assisting UE to generate feedback
· Feedback is associated with a reference feedback timestamp, e.g., the last physical sidelink slot used to generate feedback
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
· Indicated sidelink conflict types can be pre-configured
Proposal 5: 
· For scheme 1,
· Support feedback transmission with and without feedback request signaling from TX UEs
· FFS whether SCI or higher layer signaling are defined to request inter-UE coordination feedback
Proposal 6: 
· For scheme 2,
· SCI signaling is used to request inter-UE coordination feedback
Proposal 7: 
· For inter-UE coordination scheme 1, support two scenarios
· Scenario 1: Any UE can provide inter-UE coordination feedback subject to following conditions
· UE supports feedback generation for inter-UE coordination scheme 1
· Feedback for scheme 1 is enabled per sidelink resource pool
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE has data for sidelink transmission with multiplexed feedback
· Feedback was not transmitted for a certain amount of time, e.g., pre-configured amount of time
· Scenario 2: UE provides inter-UE coordination feedback to target TX UE subject to following conditions
· UE is a target RX UE
· UE supports feedback generation for inter-UE coordination scheme 1
· Feedback for scheme 1 is enabled per sidelink resource pool
· Semi-persistent transmissions are enabled per sidelink resource pool
· UE received request from target TX UE(s) to provide feedback for scheme 1
· FFS condition for feedback multiplexing with data and timer-based condition
Proposal 8: 
· For inter-UE coordination scheme 2, support two scenarios
· Scenario 1: Any UE can provide inter-UE coordination feedback subject to 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
· UE is within pre-configured SL-RSRP or distance range from TX UE, if pre-configuration is provided
· Feedback was not transmitted for a certain amount of time (pre-configured amount of time)
· Scenario 2: UE provides inter-UE coordination feedback to target TX UE subject to following conditions
· UE is a target RX UE
· 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
· Conditions on SL-RSRP range, distance and time from last feedback can be optionally supported
Proposal 9: 
· For inter-UE coordination scheme 1, at least the following information is used for 
· Non-preferred resource set
· Sidelink resources indicated as reserved in resource selection window for feedback and associated with SL-RSRP measurements above threshold 
· Optionally for selected cast cases (e.g., unicast/groupcast) UE can separately indicate
(a) Resources selected or reserved for sidelink transmissions and priority
(b)  Resources assigned for UL transmissions
· Preferred resource set
· Sidelink resources indicated as reserved in resource selection window for feedback and associated with 1) SL-RSRP measurements below threshold
· Non-reserved resources w/o SL-RSRP measurements
· FFS additional feedback content for preferred and/or non-preferred resource sets
Proposal 10: 
· For inter-UE coordination scheme 2, at least the following information is used for feedback generation based on SCI processing and sidelink measurements
· Resources used for transmission and reserved resources (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 11: 
· 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 for resource allocation procedure
Proposal 12: 
· For scheme 1, the Mode-2 resource allocation procedures (including Rel.17 enhancements) are used for transmission of inter-UE coordination feedback
· Further discuss priority of sidelink transmissions carrying feedback for inter-UE coordination scheme 1
Proposal 13: 
· In case of physical layer inter-UE coordination feedback using PSFCH-like resources, the PSFCH resource (time/frequency/code) selected for feedback is associated at least with Source ID, sidelink conflict type
· PSFCH like channel is used for scheme 2
· Each transmission carries N > 1 bit
· FFS details
Proposal 14: 
· For scheme 1,
· Feedback is associated with cast type / destination ID
· Feedback can be multiplexed with data transmissions for the same or different destination IDs and cast types in single sidelink transmission
· Feedback can be multiplexed with unicast, groupcast or broadcast sidelink data transmission
· Unicast and groupcast inter-UE coordination feedbacks are generated based on request from TX UE(s)
· Broadcast inter-UE coordination feedbacks are generated w/o request from TX UEs
Proposal 15: 
· For scheme 1, 
· Inter-UE coordination feedback is associated with sidelink transmission priority level
· FFS details
· For sidelink transmission with multiplexed inter-UE coordination feedback, the priority level is set according to the highest priority of multiplexed components
Proposal 16: 
· 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 17: 
· Option 1-1 is supported for inter-UE coordination scheme 1:
· 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
Proposal 18: 
· For scheme 2, support the following options for UE-B’s behaviour
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information
· Further discuss and define details of TX UE behavior depending on type of physical layer inter-UE coordination feedback:
· Half-duplex and/or co-channel collision in transmission
· Increase amount of intended (re)-transmission or increment max number of retransmissions
· Half-duplex and/or co-channel collision in reservation
· Perform resource (re)-selection
· Exclude resource and perform resource reselection
· Continue transmission on reserved resource
· Skip transmission on reserved resource with detected conflict and use other reserved resource
· Half-duplex in reception
· Skip transmission on reserved resource with detected conflict
Proposal 19: 
· 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 1 and Table 2 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 1: 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 2: 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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