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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
After deciding to continue specifying inter-UE coordination in RAN#91-eMeeting[1], RAN1 has discussed the technical issues for mode 2 enhancements based on inter-UE coordination as guided by WID for Rel-17 SL enhancement [2]. Based on the conclusions and agreements from RAN1#104bis-eMeeting [3] as shown in below table, we give our views on further technical issues that mode 2 enhancements need to address.
	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:
1. 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



[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Discussion
As described in WID, Rel-17 NR SL enhancements have been planned to support the various use cases and deployment scenarios, such as V2X services, critical D2D communication (i.e. ProSe) and commercial D2D services (e.g. wearable). However, in some sidelink operations (e.g. mode 2 UE), further technical enhancements are necessary to compensate the potential performance degradation especially reliability and latency point of view, because RAN1 has identified the technical problem already during past V2X/D2D SI/WI phase. Among potential technical enhancement schemes, the inter-UE coordination scheme for mode 2 has been considered for that and it has to be studied for providing further reliable and lower latency mode 2 resource allocation scheme especially for mode 2 sidelink UEs.
[bookmark: _Toc423020280][bookmark: _Ref37339923]Motivation and scenario of inter-UE coordination
In Rel-16 mode 2 resource allocation (RA), it has identified that there are some potential problems that be able to impact performance of the NR SL mode 2 RA during past mode 2 RA discussion in RAN1, such as half-duplex constraint, constant resource collision/interference (e.g. hidden node problem) and so on. 
Regarding half-duplex constraint, when a Tx UE performs the resource selection procedure for Mode 2 RA, it has been addressed that if the Tx UE does not receive a SCI format 1A in a slot due to half-duplex constraint during sensing procedure, time domain resources (i.e. slots) corresponding to all reservation periodicities (pre-)configured by higher layer parameter are excluded to avoid the potential resource collisions with other Tx UEs. Therefore, in that case, resource coordination scheme such as inter-UE coordination would be very helpful for efficient Mode 2 resource allocation scheme among UEs. For example, UE-A (coordination UE) may recommend coordinated resources with UE-B (Tx-UE), which are corresponding to resources to be excluded at Tx UE side due to half-duplex constraint, if not coordinated. 
For the resource collision caused by the hidden node problem, it may be difficult to perfectly avoid that problem if one Tx UE may not be aware of interference from other Tx UE during its sensing procedure because blocking and similar sensing timing may be happened. The potential resource collision in Rx UE perspective may be thus occur, which result in performance degradation of Mode 2 resource allocation. 
So, as long as the mode 2 resource allocation enhancement is considered in Rel-17, at least those identified problems should be resolved and improved so that mode 2 UEs can have reliable SL data communication by sharing the resource coordination information (e.g. interference-less resource, TDMed resources between UEs and so on).

According to following highlighted description in WID, we can find out the high-level concepts for “inter-UE coordination” that a coordination UE (i.e. UE-A) who provide “a set of resources” sends it to a Tx UE (i.e. UE-B) in mode 2, and the Tx UE takes this coordination information into account in the resource selection for its own transmission.
	2.  Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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].


[image: ]
Figure 1. Scenarios of inter-UE coordination
Under the concept of inter-UE coordination, we can further consider several scenarios of inter-UE coordination as shown in Figure 1.
· Left in Figure 1: it is assumed the Rx UE can become the C-UE (Coordination UE) who provides the Tx UE with the coordination message (CM). 
· Middle in Figure 1: it is assumed that the Rx UE is not operating as the C-UE while the C-UE can provide the coordination message to a Tx UE considering received resource reservation/allocation and channel measurement from SCI format 1-A of Tx UE and/or Rx UE in addition to other UEs
· Right of Figure 1: C-UE is operating in RA Mode 1 by gNB. In this case, the coordination message to be sent by Mode 1 C-UE may be provided according to the gNB’s scheduling information and relevant SL configurations, in order to help a Tx UE (Mode 2) perform its own resource selection.
Observation 1. In addition to Mode-2 UE, Mode-1 UE can perform inter-UE coordination as a coordination UE to help Mode-2 Tx UE’s resource selection procedure.

Furthermore, which cast type(s) are beneficial for using inter-UE coordination between UEs is carefully evaluating in RAN1. Compared to the both groupcast and broadcast, in case of unicast, it would be less happened the above problematic situations (e.g. hidden node issue, collision/interference) due to the presence of HARQ-feedback while it will be still benetifial to recognize the problems early. However, since the HARQ-feedback scheme for SL may not be always available even if that is supported by SL UEs, it will be at this stage quite fruitful to determine which cast types can be supported for the inter-UE coordination scheme.
Proposal 1. Decide which cast type(s) are supported in inter-UE coordination.
Triggering of inter-UE coordination
[image: ]As discussed in last RAN1-eMeetings, it needs to firstly discuss one of technical issue related to when/how to trigger the inter-UE coordination between UE-A and UE-B. In this regard, we have considered following options for the triggering of inter-UE coordination:
[image: ]Figure 2. Explicit signaling based inter-UE resource coordination
Figure 3. Conditioned based inter-UE resource coordination
1) Explicit signaling from a Tx UE (UE-B) to C-UE (UE-A). in this case, the Tx UE explicitly signal a C-UE to request an inter-UE coordination message.
· It requires a signaling format design for the request of inter-UE coordination which increases latency and signaling overhead.
2) Condition-based triggering. In this case, if a certain condition or combinations of several conditions is met, C-UE can initiate an inter-UE coordination by himself.
· It requires to define which conditions should be defined for inter-UE coordination.
3) Periodic transmission of the coordination message
· If periodic CM transmission is enabled/configured, the coordination message can be periodically transmitted without additional request signaling although unnecessary interference may be caused in the case where the periodic CM transmission is not needed.
4) gNB’s scheduling or signaling based CM transmission
· If C-UE is configured in mode 1, gNB may trigger the inter-UE coordination to the C-UE. Or depending on gNB’s scheduling, the C-UE may determine to perform the CM transmission procedure for other mode 2 Tx UEs.
Regarding an explicit signalling based approach for using the CR(Coordination Request), its signaling contents and format needs to be defined in the specification. First of all, to recognize what container (i.e. physical channels or signals) is beneficial, its content size and latency requirements (e.g. PDB) for CR’s transmission should be firstly clarified. For example, if we simply define 1 bit signaling for CR (i.e. using 1bit for either coordination request or not), the container delivering CR could be one of the existing SCI formats/physical channel, a new SCI format (e.g. 2nd SCI format C), new physical channel (e.g. PSFCH-like) or CRC/DMRS scrambling. However, if further more information related to CR (e.g. resource reservation information for CM transmission) is necessary, the signaling format for explicit signaling of CR might be a physical channel. Moreover, the size of information for explicit signaling of CR may be dependent on cast type, resource selection scheme for upcoming CM transmission, HARQ-feedback operation and so on. So, what contents of explicit signaling for CR should be delivered would need to be firstly clarified if the explicit signaling based approach is supported. Since the explicit signaling for CR would lead to efficient resource coordination whenever it is necessary by Tx UE who is trying to find SL resources for reliable SL data communication, we think it is beneficial to be considered as one of resource coordination schemes.
Proposal 2. Further consider the explicit signaling based on the coordination request in inter-UE coordination.

For condition-based triggering approach, it would be expected to provide the less signaling overhead and the reduced latency than the explicit signaling based approach, while it may not support on-demand inter-UE coordination from UE-A. In general, if a C-UE identifies post or pre-resource collision for Tx UE, the C-UE will trigger the inter-UE coordination scheme and generate the coordination messages. And finally, the C-UE will send the coordination message to the Tx UE who is associated with C-UE under the inter-UE coordination. However, in Tx UE perspective, it may be sometimes useful or not depending on Tx UE’s sensing results or channel environment. It may be accordingly unnecessary signaling and cause higher interference to around UEs. So it needs to carefully investigate the trigger condition(s). Followings can be candidates of the trigger condition for inter-UE coordination:
· Resource collision / Tx resource (e.g. Tx slot with half-duplex issue) 
· SL RSRP/CBR measurement
· Priority 
· Source ID/Destination ID
· SL HARQ feedback information
· Geo-metric location (distance)
Proposal 3. For condition-based triggering, further study which trigger condition(s) are beneficial to be supported in inter-UE coordination.

Furthermore, C-UE can periodically transmit the CM if configured by higher layer, in order to provide the less signaling overhead and the reduced latency. In this case, the periodic resource reservation would be useful for periodic CM transmission. In addition, gNB’s scheduling and signaling may be also useful for the reliable inter-UE coordination compared to the coordination between UEs.
Proposal 4. Periodic CM transmission and gNB’s scheduling/signaling based CM transmission would be useful for inter-UE coordination in some scenarios.

How to determine both resources of CM Transmission and coordination information
A C-UE provides the coordination message such as recommended set of resources to associated Tx UE for inter-UE coordination. To support it, one issue on how to determine the coordination information as well as resources for CM transmission at a C-UE side needs to be discussed. That is, in C-UE perspective, both coordinated resource selection as coordination information (e.g., a set of preferred resources) and the resource selection procedure for transmitting coordinated information should be performed.
More specifically, Figure 4 shows one example about this issue. Based on a slot n where resource selection procedure for transmitting CM would be triggered, the sensing window and resource selection window can be set with the relevant parameters (a, b, c, e and f in Figure 4) like Tproc,0, T1, T2 and so on, as defined in Rel-16 Mode 2 resource selection procedure. The resources for the transmission of coordination information may be selected within a separate resource selection window different from that for generating coordination information, or shared resource selection window may be applicable to both cases. The time position of coordination information window as seen in Figure 4 may depend on which time resources (e.g. slot) for the CM transmission is firstly determined, Tx UE’s packet delay budget (if available), UE processing time, L1 priority, SCS and so on. Based on the sensing results, C-UE can generate the coordination information (e.g. a set of preferred resources) and report it to the Tx UE on the selected CM resource.
Figure 4. Sensing and resource (re-)selection window for both resource selection for CM transmission and coordination information (a set of resources) [image: ]
To reduce latency, dedicated resources for CM transmission can be considered as in following Figure 5 (in slot n). In this example, the dedicated resource(s) may be reserved by a Tx UE by transmitting the CR (coordination request) if supported and then, the C-UE transmits the coordination information on the dedicated resource(s) indicated by the Tx UE.
[image: ]
Figure 5. Sensing and resource (re-)selection window for coordination information with dedicated resource of CM Tx

Proposal 5. Further study resource selection procedure for either CM transmission or coordination information for inter-UE coordination.

Resource selection procedure at Tx UE (UE-B)
According to the inter-UE coordination procedure, if the UE-B (i.e. Tx UE) has received the coordination information (e.g. a set of preferred resources) from UE-A (i.e. coordination UE), how the UE-B takes the coordination information into account during the resource selection procedure in Mode 2. Basically, in the context of current Mode 2 resource allocation procedure the coordination information can be additionally considered on top of the sensing results performed by the UE-B itself. In addition, the UE-B can also determine the Tx resource without sensing operation that is, the set of preferred resources provided by UE-A may be dedicated for the UE-B’s SL transmissions, while it is likely this approach seems to be applicable to some specific scenarios where for example, a RSU controls and allocates the SL resources to UE-B based on tighter resource coordination. 
If it is assumed that current Mode 2 resource allocation scheme with sensing operation is basically used taking the coordination information into account, further technical issues can be discussed with at least followings:
· Point 1: how to address the case where there is a conflict between the preferred resources from UE-A and the candidate single-slot resources that are associated to slots which is not monitored by UE-B
· Point 2: how to address the case where there is a conflict between the preferred resources from UE-A and the candidate single-slot resources that are reserved by the other UEs
· Point 3: how to address the case where there is a conflict between the periodic preferred resources from UE-A and the periodic reserved resources by the other UEs
[image: ]
Figure 6. Technical issue on resource conflict between the coordination resources and no monitored resources
For example, as seen in Figure 6, UE-B (Tx UE) has received the preferred candidate single-slot resources from UE-A while the UE-B cannot monitor a specific slot within a sensing window due to SL transmission (i.e. HD constraint) and thus, the candidate single-slot resources associated with the no monitored specific slot within a sensing window would be excluded according to Rel-16 Mode 2 RA procedure. However, in the Point 1 case, it should be clarified how to handle the conflicted resources between Rel-16 Mode 2 RA scheme and the preferred resource indication from UE A, which is corresponding to the Point 1 in the Figure 6. One of possible solutions may be that regardless of the conflicted resources, the preferred candidate single-slot resources are not considered for the final candidate resource set (i.e. Set A) reporting to higher layer since it may result in potential resource collision on those resources. Alternatively, depending on situation and scenario, for example, if UE-A is the intended Rx UE for UE-B’s SL data transmission, the preferred candidate single-slot resources from UE-A to UE-B may be prioritized that other conflicted candidate single-slot resources because it is likely that UE-A as Rx UE has better reliable channel information around him for SL receptions even compared to the UE-B. Similar with that of Point 1, resource selection related to either Point 2 or Point 3 case could be separately or similarly addressed and thus, those cases should be discussed when discussing how to perform for UE-B the resource selection procedure with the coordinated information.

Proposal 6. Further study Point 1, Point 2 and Point 3 cases for resource selection by UE-B in inter-UE coordination.
Conclusion
In this contribution, we focus on potential design issues for inter-UE coordination mechanism with following observations and proposals:
Observation 1. In addition to Mode-2 UE, Mode-1 UE can perform inter-UE coordination as a coordination UE to help Mode-2 Tx UE’s resource selection procedure.
Proposal 1. Decide which cast type(s) are supported in inter-UE coordination based on RAN1’s evaluation results.
Proposal 2. Further consider the explicit signaling based on the coordination request in inter-UE coordination.
Proposal 3. For condition-based triggering, further study which trigger condition(s) are beneficial to be supported in inter-UE coordination.
Proposal 4. Periodic CM transmission and gNB’s scheduling/signaling based CM transmission would be useful for inter-UE coordination in some scenarios.
Proposal 5. Further study resource selection procedure for either CM transmission or coordination information for inter-UE coordination.
Proposal 6. Further study Point 1, Point 2 and Point 3 cases for resource selection by UE-B in inter-UE coordination.
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