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The feasibility and benefit of inter-UE coordination has been discussed and evaluated in recent RAN1 meetings as a main candidate to enhance the reliability and reduce latency in Mode 2 operations.  As a result, a number of feasible and beneficial inter-UE coordination schemes are identified based on the corresponding type of “a set of resource” and summarized in a LS ([1]) to RAN plenary #90.  Furthermore, high-level design aspects of such schemes are presented for continued discussion in upcoming RAN1 meetings.  The conclusions included in the said LS are listed below.     
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

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



In this contribution, we discuss in details the concluded inter-UE coordination schemes and related design aspects.
Discussion
Cast types supported by inter-UE coordination
Mode 2 resource selection for data transmission is based on sensing performed by the transmitting UE.  The main purpose of the inter-UE coordination is to enhance the reliability and/or reduce the latency of the Mode 2 SL transmission, e.g. by mitigating consecutive packet loss due to persistent collisions.  It is therefore expected in certain SL operation scenarios that the resources sent by UE A to UE B result in better transmission performance than the resources selected by UE B based on its own sensing.  Examples of such SL operation scenarios include:
· A unicast link between UE A and UE B and UE A provides a resource set specific to the unicast link for UE B’s transmissions.  In this scenario, UE B’s transmissions are effectively based on receiver sensing, which can address “hidden node” issues.  
· A groupcast link between UE A and UE B and UE A provides a resource set including resources designated exclusively to the group transmission.  The resources in this group-specific resource set are less subject to collisions with other SL transmissions.
· A broadcast link between UE A and UE B and UE A provides a resource set suitable for UE B’s broadcast transmission.  In this scenario, the inter-UE coordination leads to power saving benefit, e.g. when UE B is a VRU device with battery constraint, since UE B can perform resource selection for transmission using the resource provided by UE A without performing own sensing.  
The feasibility and benefit of an inter-UE coordination for a broadcast transmission can be discussed, e.g. considering trade-off between the resulting signaling overhead and handling of potential multiple UEs providing assistance information (i.e. multiple UE A for a UE B).  For example, the assistance information intended for a broadcast transmission can be based on indication and thus has a small payload.  
Proposal 1: Support unicast, groupcast and broadcast PSSCH transmissions using resources based on a set of resources indicated by one or multiple peer UE(s). 
The inter-UE coordination of a unicast link can require a series of exchanges between the UEs and are more suitable for periodic traffic and aperiodic traffic with relaxed latency requirement.  Considering the reliability enhancement is mostly targeted at consecutive packet loss due to semi-persistent reservations, it is reasonable to start with discussions on inter-UE coordination for periodic traffic. 
Proposal 2: Support inter-UE coordination for at least periodic traffic.     
Inter-UE coordination schemes based on the resource type
As concluded in [1], a resource set provided by UE A can include resources as following.
· [bookmark: _Hlk61266714]Resources preferred for UE B’s transmissions
· Resources not preferred for UE B’s transmissions
· Resources where resource conflict is detected
Further details of inter-UE coordination mechanisms including e.g. the determination by UE A of the above-listed resources, the corresponding transmission of such resource set and UE B actions are discussed for each resource type.
Sensing-based resources
Sensing-based resources, i.e. resources determined as a result of sensing performed by UE A using sensing/transmission parameters indicated by UE B and/or determined by UE A, can be as following: 
· Candidate resources included in a final sensing result, e.g. Set A.  UE A performs the sensing based on sensing parameters provided by UE B or determined by UE A.  When receiving such resources, UE B can perform resource selection exclusively within the provided resource set without performing sensing.  Also, UE B can perform own sensing and combine the sensing result with the received resources into a final resource set for resource selection.  The signaling overhead can be large depending on the size of Set A and therefore it is more conceivable to apply such a resource set to a unicast transmission between UE A and UE B.  It should be noted that sensing result reporting is supported in LTE V2X in which a UE reports the final sensing result to the gNB for the purpose of pool sharing and the related higher layer processing of such sensing data can be a starting point.   
· Selected resources as a result of both sensing and resource selection procedures performed by UE A using transmission parameters provided by UE B or determined by UE A.  In this case, UE B can use the resources for its transmissions without performing sensing and resource selection and achieve significant power saving.  This power saving benefit can be useful for certain types of UE B, e.g. VRU with battery constraints. Due to the limited size of such resource set, L1 signaling can be considered to convey the preferred resources. 
· Excluded resources in the sensing procedure performed by UE A.  For example, the resources are excluded when the measured RSRPs are higher than a RSRP threshold.  The RSRP threshold is set in accordance with the priority of UE B’s transmission that can be either provided by UE B or determined by UE.  UE B can exclude these resources in its own sensing procedure.  The excluded resource set can also be large and thus it is more suitable to carry the information in PSSCH transmission.          
Proposal 3: A UE provides a set of sidelink resources, e.g. Set A, to the peer UE based on sensing in a PSSCH transmission for a unicast transmission. 
It is important that the sensing-based resources are obtained in accordance with the QoS requirements of UE B’s SL transmission, e.g. L1 priority (to determine the RSRP threshold) and delay packet budget (to determine the transmission window).  When a UE performs its own sensing, these parameters are included in the sensing and resource selection configuration.  Thus, it is desired that the sensing configuration of UE A are based on UE B transmission parameters in the inter-UE coordination.  
One option is that UE B provides explicitly the transmission parameters to UE A prior to the UE A sensing for the resources to be sent to UE B.  For example, such information can be included in an explicit inter-UE coordination request transmission or a unicast link establishment signaling.  
[bookmark: _Hlk61339608]Proposal 4: A UE receives, e.g. in a resource set request, sensing parameters applicable to a transmission by a peer UE.  
Another option is that the sensing parameters are derived by UE A based on a received UE B transmission, e.g. from the L1 priority and reservation interval information included in the associated SCI.  For example, when UE A receives a semi-persistently reserved transmission from UE B and triggers resource set transmission, UE A can determine the priority and T1/T2 parameters for sensing based on the L1 priority and reservation interval decoded from the previous UE B transmissions.  
Proposal 5: A UE determines sensing parameters applicable to a reserved semi-persistent transmission by a peer UE based on the received SCI of the semi-persistent transmission.
When UE A transmits such sensing-based resources to UE B, it is important to improve the reliability of the SL transmission carrying the resource set.  For example, a high priority can be assigned or dedicated resources can be applied, e.g. a resource pool or a set frequency resources configured exclusively for SL transmissions carrying the selected resource set information.    
Proposal 6: Support Mode 2 mechanisms to improve reliability of the unicast transmissions carrying the selected resource set information to the peer UE. 
As discussed above, the provided set of resources can be used for resource selection for a SL transmission by UE B either with or without performing its own sensing.  With sensing, UE B can improve reliability by combining both its own sensing result resource set and the received resource set for the resource selection.  For example, the final resource set include only resources in both resource sets when the received resource set include preferred resources.  
Proposal 7: Support UE combining of resources determined in its own sensing and received from another UE. 
Without performing sensing, the sensing-based resource provided to UE B can achieve significant power saving and can be beneficial for VRU and/or UEs in certain DRX states.  Thus, it is desired to allow a UE to select resources within a received resource set only.       
Proposal 8: A UE can be configured to perform resource selection solely within resources received from a peer UE.  
Conflict-based resources
In addition to resources based on sensing, UE A can indicate UE B whether resources are preferred or not preferred based on determination of a conflict over the resources.  The types of conflict can include:
· Resource reservation conflict between UE B and another UE.  When UE A detects a reservation by another UE for the resources reserved by UE B, which indicates a potential persistent collision between another UE and UE B.  Due to mobility, it is important to determine whether a detected conflict is transient or persistent, e.g. UE A can observe a number of reservation intervals and evaluate if the number of observed conflicts exceed a pre-configured threshold before sending the conflict information to UE B.         
· Resource use conflict between TX and RX by UE A.  Due to the half-duplex constraint, UE A is not able to receive within a slot reserved for its own SL transmission.  The conflict resources can include the time resources reserved for upcoming PSSCH and PSFCH transmissions by UE A.  UE A providing the TX/RX conflict information can enable UE B to avoid selection of a transmission resource in which UE A is not able to receive.  
· Resource use conflict between TX and TX by UE A.  When UE A performs multiple transmissions, e.g. PSFCHs, within the same slot, UE A will determine the number of the PSFCHs to transmit and related power sharing as specified.  A PSFCH can be potentially dropped too.  UE A can optimize the performance of a PSFCH to UE B by providing potential TX/TX conflict information so UE B can adjust the time resource of a PSSCH to ensure the associated PSFCH from UE A is transmitted in a resource without such conflict.  
In addition to a resource set including the resources specific to a conflict, the information can be sent to UE B in a format of an indication, provided that both UE A and UE B know to which resources the indication applies.  Indication-based assistance information can improve the reliability of SL transmissions with less required signalling on SL.  For example, instead of providing a set of resources, UE A can indicate a detected collision of a resource already semi-persistently reserved by UE B. Upon receiving the indication, UE B can perform pre-emption and re-select a resource to resolve the collisions. Also, UE A can provide UE B with an indication of its reserved future transmissions to avoid missing transmissions from UE B due to half-duplex constraints, i.e. UE B will avoid transmissions to UE A when UE A performs its own transmissions.
Proposal 9: A UE performs resource selection using indication-based information regarding e.g. collision detection or half-duplex limitation from a peer UE.
With the resource information including sensing-based and/or conflict-based resources and the application to periodic traffic, the inter-UE coordination can result in increased signaling overhead and congestion.  It is therefore important to consider additional mechanisms to reduce the required transmissions.  For example, the assistance transmission can only be performed when such coordination is requested or triggered by certain conditions.  The resources of an assistance request and its corresponding assistance transmission can be associated with each other within a dedicated resource allocation.  The triggering conditions can be (pre)configured and based on e.g. detection of collisions, PSSCH decoding status, QoS of the data, CBR, etc.
Proposal 10: An assistance transmission can be triggered on an assistance request transmission or (pre)configured conditions.     
Designation-based resources
A set of designated resources for exclusive use of a group transmission can become beneficial, e.g. when the resources are assigned by the network and used by group members operating SL transmissions in Mode 2.  Therefore, this type of resource set should be considered for inter-UE coordination.  These member UEs can be out-of-coverage or alternatively, they can be in-coverage and configured for Mode 2 for signalling efficiency, e.g. in a platoon application.  In this scenario, UE A can be a UE in coverage and assigned by higher layer to receive a set of resources from network for the group transmission and send them further a member UE, i.e. UE B.  
Proposal 11: A member UE in a group receive a set of resources from the network for use of the group.  
As UE A receives the set of resources for group use from the network, it is further helpful to receive a resource grant for the transmission of the received resource set to UE B.  This can ensure the reliability of the resource set transmission.  
Proposal 12: A member UE in a group transmits the resource set using resources granted by the network. 
The set of resources can be a resource pool or resources designated to the group.  Since the resources are granted by the network, they will lead to less collision compared to resources based on UE B’s own sensing.  UE B can further perform sensing within the resource set provided by UE A for resource selection.  
Proposal 13: A member UE in a group performs sensing and/or resource selection on the resources provided by another member UE.    
Conclusion
In this contribution, we discussed further details of the previously identified inter-UE coordination schemes and related design aspects.  We propose the following:
Proposal 1: Support unicast, groupcast and broadcast PSSCH transmissions using resources based on a set of resources indicated by one or multiple peer UE(s). 
Proposal 2: Support inter-UE coordination for at least periodic traffic.     
Proposal 3: A UE provides a set of sidelink resources, e.g. Set A, to the peer UE based on sensing in a PSSCH transmission for a unicast transmission. 
Proposal 4: Support a UE receives sensing parameters applicable to a transmission by a peer UE.  
Proposal 5: Support a UE determines sensing parameters applicable to a reserved semi-persistent transmission by a peer UE based on the received SCI of the semi-persistent transmission.  
Proposal 6: Support Mode 2 mechanisms to improve reliability of the unicast transmissions carrying the selected resource set information to the peer UE.     
Proposal 7: Support UE combining of resources determined in its own sensing and received from another UE.     
Proposal 8: Support a UE performs resource selection solely within resources received from a peer UE. 
Proposal 9: A UE performs resource selection using indication-based information regarding e.g. collision detection or half-duplex limitation from a peer UE.     
Proposal 10: An assistance transmission can be triggered on an assistance request transmission or (pre)configured conditions.     
Proposal 11: A member UE in a group receive a set of resources from the network for use of the group.  
Proposal 12: A member UE in a group transmits the resource set using resources granted by the network. 
Proposal 13: A member UE in a group performs sensing and/or resource selection on the resources provided by another member UE.    
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