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Details of inter-UE coordination mechanisms were discussed in RAN1 #104b-e meeting for consideration for specification and the following agreements are reached [3].
Agreement:
· 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
Agreements:
· 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
Agreement:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· 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
· 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
In this contribution, we examine further the procedural design aspects of the identified inter-UE coordination schemes to be considered for specification.   
Discussion
Support of Inter-UE Coordination Scheme 1 and 2
It has been observed [1] that both Inter-UE Coordination Scheme 1 and Scheme 2 achieve better reliability performance than R16 SL Mode 2 RA baseline.  The evaluation results also demonstrate that the performance gain provided by each scheme vary greatly in different SL operation scenarios in terms of SL typecast (unicast/groupcast/broadcast), traffic type (periodic/aperiodic) and signaling overhead.  Therefore, it is beneficial to further elaborate the support of each scheme for specific SL operation scenarios in which the scheme has shown clear benefit.  The clarification of the operation scenarios supported for each scheme will also provide context to advance discussions on design details of the schemes including e.g. conditions in which the scheme is used, conditions in which a UE becomes a UE-A, etc.  
The evaluation [1] shows that Inter-UE Coordination Scheme 1 improves the reliability of a transmission from UE-B for a unicast SL between UE-A and UE-B.  While the benefit using preferred resource set in the scheme is observed with both periodic and aperiodic SL traffic, the benefit using non-preferred resource set is ambiguous with aperiodic traffic. Considering one of the main reasons for the reliability enhancement in Mode 2 is to avoid persistent collisions associated with semi-persistent reservation, periodic traffic should be prioritized for Inter-UE Coordination Scheme 1.
Regarding Inter-UE Coordination Scheme 2 for unicast links, the evaluation results are very limited [1], but in our view its benefit can be comparable to the performance gain shown by R16 resource re-evaluation and pre-emption.  Note the premise of these mechanisms is that a UE itself detects a conflict within the resources determined or reserved by the UE.  Rather than the detection by the UE itself, Inter-UE Coordination Scheme 2 instead enables a UE (UE-B) to receive such conflict information from another UE (UE-A) and perform a subsequent re-selection.  
Proposal 1: For unicast transmission, support Inter-UE Coordination Scheme 1 and Scheme 2 with focus on periodic traffic. 
When the inter-UE coordination information applied to a unicast transmission of a UE-B, the intended RX UE of the unicast link can provide information directly applicable to address hidden node and conflict (e.g. half-duplex, UL/SL, etc.) issues.  In addition, the intended RX UE can be triggered for an inter-UE coordination based on the quality/status of the reception from the UE-B.  This important coordination information is specific to the unicast link and difficult to acquire by another UE other than the intended RX UE.  Thus, we consider the intended RX UE as the best candidate for UE-A for a unicast link.  
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For groupcast transmission, the evaluation of benefit of Inter-UE Coordination Scheme 1 is inconclusive due to of the limited data.  However, the simulations using Inter-UE Coordination Scheme 2 demonstrate performance gain for both periodic and aperiodic traffic, especially with HARQ Option 1.  Also, PC5 RRC signaling is not supported for groupcast transmission and the signaling and procedure of Inter-UE Coordination Scheme 1 can be more complex than Inter-UE Coordination Scheme 2.  Hence, we prefer to prioritize Inter-UE Coordination Scheme 2 for groupcast transmission. 
Proposal 3: For group cast transmission, prioritize Inter-UE Coordination Scheme 2 for both periodic and aperiodic traffic. 
A groupcast transmission is identified by a group destination ID.  An intended RX UE of the groupcast transmission is a group member UE and with HARQ Option 2, each of the member UE is designated with a member ID by higher layers.  Inter-UE Coordination Scheme 2 with a member UE as UE-A achieve improved reliability [1].  It is also conceivable with multiple UE-A in a group and the coordination information is received in a SFN manner.  In certain scenarios, it may be beneficial that a non-member UE, i.e. not an intended RX UE of the groupcast transmission, becomes UE-A.  Such non-member UE can be e.g., an RSU or a group leader configured by higher layers.  These scenarios can be further evaluated and discussed if performance benefit is observed.     
Proposal 4: Support at least the intended RX UE becomes UE-A for inter-UE coordination of groupcast transmission. 
· FFS: whether a UE not intended for UE-B’s group transmission becomes UE-A, e.g. RSU and/or higher layer-configured UE 
Regarding inter-UE coordination for broadcast transmission, only one evaluation for Inter-UE Coordination Scheme 1 is performed and benefit is observed [1].  In our view, more evaluations are required to provide sufficient data points to determine the support for broadcast transmission. It is also desired those future evaluations include the power saving performance, e.g., in an operation scenario in which UE-B does not perform sensing for power saving purpose.  In the meantime, the inter-UE coordination design should focus on a framework targeted at unicast and groupcast transmissions.  
Proposal 5: Down-prioritize design of inter-UE coordination schemes for broadcast transmission. 
Procedural considerations for Inter-UE coordination schemes 
Inter-UE Coordination Scheme 1 
In Inter-UE Coordination Scheme 1, UE-A may perform sensing to determine preferred/non-preferred resource set and a sensing-based preferred resource set can include candidate resources (e.g., Set A) and selected resources.  Note UE sensing result reporting to gNB is already supported in LTE V2X for the purpose of resource pool sharing and the related higher layer processing can be a starting point.  Selected resources can be resources resulted from both sensing and resource selection procedures.  The sensing performed by UE-A can be based on transmission parameters provided by UE-B or determined by UE-A.  A sensing-based preferred resource set can enable UE-B to determine transmission resources without performing its own sensing.  The resulting power saving can benefit certain types of UE-B, e.g. VRU with battery constraints. 
A non-preferred resource set can also include resources based on sensing, e.g. the excluded resources in the sensing procedure performed by UE-A.  The RSRP threshold applied for the exclusion can be set in accordance with the L1 priority of UE-B’s transmission that can be either provided by UE-B or determined by UE-A.  More importantly non-preferred resources can include resources within which UE-A will not be able to receive UE-B’s transmission due to a conflict.  For example, resources can be not preferred for UE-B’s transmission if they are reserved for UE-A’s SL transmissions, scheduled for UE-A’s UL transmissions, etc.    
One main difference between a preferred and non-preferred resource set is whether UE-A performs sensing to determine the resources.  In our view, the preferred resources based on sensing can offer additional power saving benefit.  Also, the final preferred resource set can be supplemented with above-discussed non-preferred resource information.  For example, resources in Set A overlapping with UE-A’s SL or UL transmissions can be removed from the preferred resource set.  Thus, an explicit preferred resource set based on both sensing and conflict information should be supported for inter-UE Coordination Scheme 1.   
Proposal 6: UE-A provides an explicit preferred resource set, based on sensing and conflict information for Inter-UE Coordination Scheme 1. 
Additional information can be appended to the preferred resource set, e.g., parameters used for sensing (L1 priority), UE-A’s location information (Zone ID), measured RSRP of UE-B’s transmissions, etc.  One benefit of the additional information is to enable UE-B’s determination on whether to apply the received resources.  For example, when the L1 priority of the TB to transmit by UE-B is higher than the L1 priority sent by UE-A, UE-B can determine not to use the provided resources, because some of these resources would have been excluded (thus not usable) if the L1 priority of UE-B’s TB were used in sensing.  
Proposal 7: Support additional coordination information, e.g. sensing parameter and location information for Inter-UE Coordination Scheme 1. 
With the above-discussed coordination information, the payload size of UE-A’s transmission can be large.  It is thus beneficial to explore solutions that can leverage the RRC signaling supported by unicast link to reduce the signaling overhead.  For example, the resources provided by UE-A can be indicated using a bitmap or using indexing based on resource configurations previously exchanged over the unicast link.  
Proposal 8: Support mechanisms to reduce signaling overhead, especially with sensing-based resource information. 
When above-discussed mechanisms including resource bitmap and indexing are applied, it is conceivable to use a new SCI-2 format to carry the coordination information.  However, PSSCH transmission can provide better reliability of the coordination information transmission if the PSSCH is HARQ-enabled and/or the PSSCH resource is from a dedicated resource allocation.  PSSCH transmission is also suitable for large payload when the resources are explicitly indicated.  Therefore, PSSCH is preferred as a container for the resource set for Inter-UE Coordination Scheme 1.  
Proposal 9: PSSCH to carry coordination information for Inter-UE Coordination Scheme 1. 
The signaling overhead of Inter-UE Coordination Scheme 1 can be further optimized by introducing request-based and condition-triggered UE-A transmission.  Request-based coordination can additionally benefit UE-B’s aperiodic transmissions with relaxed latency requirement. A request-based coordination includes an explicit transmission by UE-B to request coordination information and accordingly, UE-A’s transmission is only triggered when certain conditions are met at UE-B, e.g. priority of a TB, UE-B’s capability, UE-B’s battery status, etc.  On the other hand, condition-triggered UE-A transmission is triggered when certain conditions are met at UE-A, e.g. the reception status of UE-B’s transmissions, conflict detection, etc.  Both mechanisms should be supported and can be used in different scenarios, e.g., request-based coordination for an initial resource reservation and condition-triggered coordination for an on-going SP-based reservation.          
Proposal 10: Support both request-based and condition-triggered mechanisms for Inter-UE Coordination Scheme 1.
In a request-based coordination, it can be helpful to include sensing information specific to UE-B’s transmission intended for coordination, e.g. the L1 priority of the TB, TB size, number of sub-channels, etc.  Thus, PSSCH can be a suitable container of the request, e.g. using a MAC CE.  Another advantage of using PSSCH for the request is to re-use mechanisms applied to improve the reliability of PSSCH carrying the coordination information.  For example, a specific L1 priority can be assigned to the request and corresponding coordination information transmissions and dedicated resources can be applied for both transmissions, e.g. a resource pool or a set frequency resources.  Also, an implicit association can be configured between the resources used for the PSSCH carrying the request and corresponding coordination information.      
Proposal 11: Support Mode 2 mechanisms to improve reliability of the transmissions carrying the coordination information and/or the associated request (if supported). 
For sensing-based resource set, it is important that sensing is performed 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).  Thus, it is beneficial that the sensing configuration of UE-A are based on UE-B’s transmission parameters.  One option is as discussed above that UE-B provides explicitly the transmission parameters to UE-A.  For example, the information can be included in an explicit inter-UE coordination request transmission or a unicast link establishment signalling.  
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Another option is that the applicable sensing parameters are derived by UE-A based on received UE-B’s transmissions, 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 the Inter-UE Coordination Scheme 1 is triggered, UE-A can determine the sensing parameters including the number of sub-channels, priority and T2 parameters based on the L1 priority and reservation interval decoded from the previous UE-B transmissions.  
Proposal 13: UE-A determines sensing parameters applicable to a reserved semi-persistent transmission by UE-B based on the received SCI of the semi-persistent transmission.
As indicated above, in our view, the preferred resources set of Inter-UE Coordination Scheme 1 can provide UE-B with multiple options to apply the information in its sensing and/or resource selection procedure.  UE-B can determine the option based on the whether or not it performs its own sensing.  
With sensing, UE-B can improve transmission reliability by combining both its own sensing result and the received resource set for the resource selection, e.g., Option 1-1.  For example, the final resource set include only resources in both resource sets when the received resource set include preferred resources.  
Without sensing, UE-B can perform resource selection within the resource set provided to UE-B and achieve significant power saving, e.g., Option 1-2.  It is especially beneficial for VRU and/or UEs in certain DRX states.  Thus, it is desired to allow UE-B to select resources within a received resource set only.       
Also, when UE-A provides the coordination information applicable to an active SP-based resource reservation after the initial period, UE-B can perform a resource re-selection (Option 1-3) based on the received resource set, e.g., Option 1-3.  This can allow UE-B to skip pre-emption and thereby save power.   In our view, further details are necessary to evaluate Option 1-4, e.g., what additional information UE-B may need to determine whether/how to apply the received coordination information.  
Proposal 14: Support Option 1-1, Option 1-2 and Option 1-3 agreed in RAN1 #104bis meeting for Inter-UE Coordination Schem 1.  
Inter-UE Coordination Scheme 2
For Inter-UE Coordination Scheme 2, UE-A indicate that resources reserved by UE-B are subject to conflict based on determination of a conflict detected and/or expected in 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 can cause 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 to determine if the conflict is persistent before sending the conflict indication 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 therefore include the slots reserved for upcoming PSSCH and PSFCH transmissions by UE-A.  A such TX/RX conflict indication provided can enable UE-B to avoid selection of a transmission resource in which UE-A is not able to receive.  Also, in the slots scheduled for UL transmission by gNB, UE-A will not be able to receive from transmissions from UE-B.    
· 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 and can potentially drop a PSFCH transmission.  The power sharing among simultaneously PSFCH transmissions and potential drop of a PSFCH transmission leads to sub-optimal performance.  UE-A can mitigate this performance degradation by providing future TX/TX conflict indication so that UE-B can adjust the time resource of a PSSCH to ensure the corresponding PSFCH transmission from UE-A is within a slot with no or reduced TX/TX conflict.  
Proposal 15: Support indication of conflicts determined based on at least collision detection and half-duplex limitation.
It is understood that Inter-UE Coordination Scheme 2 is applicable to resources already reserved by UE-B.  The above-discussed conflicts can occur on a continuous base depending on UE-A’s Uu and SL transmission and reception activities.  As a result, it is desired that UE-A continuously monitors conflict information and inform UE-B of a detected or expected conflict without explicit request from UE-B.  For example, for a SP-based transmission by UE-B, Inter-UE Coordination Scheme 2 can be triggered by (pre)configured conditions including e.g. L1 priority of UE-B’s transmission,  
Proposal 16: Support condition-triggered mechanism for Inter-UE Coordination Scheme 2. 
The conflict indication can have a small payload and thus be delivered in a SL PHY channel, as both UE-A and UE-B know to which resources the indication applies.  For example, UE-A can use one-bit indication of a detected collision in a resource already semi-persistently reserved by UE-B.  Upon receiving the indication, UE-B will perform resource re-selection to resolve the collisions.  Also, UE-A can provide UE-B with an indication of its reserved future SL and/or UL transmissions to avoid missing transmissions from UE-B.  
When a conflict is detected in a resource, e.g., UE-A detects a SCI from another UE in a resource semi-persistently reserved by UE-B, UE-A can provide the conflict information to UE-B.  If UE-B does not transmit a TB in the resource, UE-B will perform resource re-selection upon receiving the coordination information.  If UE-B transmits a TB in this resource and HARQ is enabled, UE-B will re-transmit based on received DTX and re-select the resource based on the received coordination information.  If UE-B transmits a TB in this resource and HARQ is disabled, UE-B can also re-transmit the TB based on the received coordination information, e.g., Option 2-2.  However, it is conceivable that a number of blind re-transmissions are already configured for the TB and UE-B will re-transmit accordingly.  The performance benefit of an extra re-transmission based on received coordination information is uncertain.  Further evaluation can be helpful to determine the support of Option 2-2.     
Proposal 17: Support Option 2-1 agreed in RAN1 #104bis meeting for Inter-UE Coordination Schem 2.  
The physical layer signaling carrying the conflict indication can be based on PSFCH design.  The PSFCH format and resource configuration can be a baseline for a new PHY SL indication channel.  For example, the resources of the SL indication channel can be FDM:ed with PSFCH resources at the PSFCH symbols.  It is understood that Inter-UE Coordination Scheme 2 is applicable to resources already reserved by UE-B and the resource in conflict is not explicitly indicated in the coordination information transmission by UE-A.  One option for UE-B to identify the resource in conflict is based on implicit association between the resource of the received indication and the resource used for the PHY channel carrying the conflict indication.  Alternatively, the R16 PSFCH mechanism can be expanded to support additional indication, e.g. by adding new PSFCH formats.  
Proposal 18: Support PHY layer signaling for transmission of conflict indication for Inter-UE Coordination Scheme 2.  
Conclusion
In this contribution, we have examined procedural design details of the identified inter-UE coordination schemes.  We propose the following:
Proposal 1: For unicast transmission, support Inter-UE Coordination Scheme 1 and Scheme 2 with focus on periodic traffic. 
Proposal 2: Support only the intended RX UE becomes UE-A for inter-UE coordination of unicast transmission. 
Proposal 3: For group cast transmission, prioritize Inter-UE Coordination Scheme 2 for both periodic and aperiodic traffic. 
Proposal 4: Support at least the intended RX UE becomes UE-A for inter-UE coordination of groupcast transmission. 
· FFS: whether a UE not intended for UE-B’s group transmission becomes UE-A, e.g. RSU and/or higher layer-configured UE 
Proposal 5: Down-prioritize design of inter-UE coordination schemes for broadcast transmission. 
Proposal 6: UE-A provides an explicit preferred resource set, based on sensing and conflict information for Inter-UE Coordination Scheme 1. 
Proposal 7: Support additional coordination information, e.g. sensing parameter and location information for Inter-UE Coordination Scheme 1. 
Proposal 8: Support mechanisms to reduce signaling overhead, especially with sensing-based resource information. 
Proposal 9: PSSCH to carry coordination information for Inter-UE Coordination Scheme 1. 
Proposal 10: Support both request-based and condition-triggered mechanisms for Inter-UE Coordination Scheme 1.
Proposal 11: Support Mode 2 mechanisms to improve reliability of the transmissions carrying coordination information and/or the associated request (if supported). 
Proposal 12: UE-A receives, e.g. in a resource set request, sensing parameters applicable to the transmission intended for inter-UE coordination by UE-B.  
Proposal 13: UE-A determines sensing parameters applicable to a reserved semi-persistent transmission by UE-B based on the received SCI of the semi-persistent transmission.
Proposal 14: Support Option 1-1, Option 1-2 and Option 1-3 agreed in RAN1 #104bis meeting for Inter-UE Coordination Schem 1  
Proposal 15: Support indication of conflicts determined based on at least collision detection and half-duplex limitation.
Proposal 16: Support condition-triggered mechanism for Inter-UE Coordination Scheme 2. 
Proposal 17: Support Option 2-1 agreed in RAN1 #104bis meeting for Inter-UE Coordination Schem 2.  
Proposal 18: Support PHY layer signaling for transmission of conflict indication for Inter-UE Coordination Scheme 2.  
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