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[bookmark: _Ref534820708]Introduction
The Rel.17 work item on NR sidelink enhancements, approved in RAN#86 meeting, was updated in RAN#90 [1]. One of the objectives of the updated work item is resource allocation enhancements, and more specifically, to study and -if deemed feasible and beneficial- specify 
· 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.
In RAN1#104-e meeting [4], RAN1 evaluated different flavors of the three types of sets of resources and concluded that inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature. 
In the RAN1#104b-e meeting [5], it was decided to support two inter-coordination schemes, but left all details on how to select UE-A(s)/ UE-B(s) and how to process the inter-coordination information for later discussion. The two inter-coordination families agreed in RAN1#104b are classified as:
· Scheme 1, where coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission 
· Scheme 2, where 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
No agreement was reached in RAN1#105-e meeting, and plenary RAN#92-e concluded to let RAN1 continue the work for now without imposing any specific down-selection or guidance.
In RAN1#106-e meeting, it was decided to support at least:
· For scheme 1:
· set of resources preferred and set of resources non-preferred for UE-B’s transmission
· inter-UE coordination information transmission triggered by explicit request and (working assumption) by a condition other than explicit request
· resource (re)selection by UE-B with preferred resource set based on 
· both UE-B’s sensing result (if available) and the received coordination information
· only on the received coordination information
· resource (re)selection by UE-B with non-preferred resource set based on 
· both UE-B’s sensing result (if available) and the received coordination information
· For scheme 2
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· (working assumption) At least a destination UE of one of the conflicting TBs can be UE-A
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
In the past RAN1#107-e meeting, decisions concentrated on how to determine the set of resources used for inter-UE coordination for both schemes, and on some details of the container for scheme 2. 
For both scheme 1 and scheme 2, many different implementations are still possible. Although the latest RAN#93e plenary did not agree to give any specific guidance for inter-UE coordination, it is preferable that RAN1 limits to the strict minimum the number of solutions to be specified in order to ensure timely completion of Rel.17 inter-UE coordination.
In this contribution, we give our view on the main issues related to inter-UE coordination

Discussion
[bookmark: _Toc45897768][bookmark: _Toc45897775][bookmark: _Toc45897903][bookmark: _Toc47547823][bookmark: _Toc47550208][bookmark: _Toc47550488][bookmark: _Toc54362611][bookmark: _Toc54362648][bookmark: _Toc54365236][bookmark: _Toc54378728][bookmark: _Toc54378981][bookmark: _Toc54390912][bookmark: _Toc54390993][bookmark: _Toc54391056][bookmark: _Toc61626404][bookmark: _Toc61632017][bookmark: _Toc61647268][bookmark: _Toc61648085][bookmark: _Toc61648306][bookmark: _Toc61648451][bookmark: _Toc61880799][bookmark: _Toc61880813][bookmark: _Toc61883153][bookmark: _Toc61885504][bookmark: _Toc61885584]In a V2X sidelink communication scenario, inter-UE coordination may be beneficial in several scenarios. 
Sending sensing related assistance from the RX to the TX can help to mitigate the hidden node and the half duplex problems and may be used to achieve power saving.
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[bookmark: _Ref54379043]Figure 1 - General principle of RX assistance, exemplified for the hidden node problem

On scheme 1 specific issues
In RAN1#106-e, the following was agreed:
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B

· [bookmark: _Hlk83404235][bookmark: _Hlk83403109][bookmark: _Hlk87025705]Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B

On RAN1#106b-e the following working assumptions were made:
· Working Assumption
· For Condition 1-B-1 of Scheme 1, the following two options are supported
· Option 1: Reserved resource(s) of other UE(s) identified by UE-A whose RSRP measurement is larger than a (pre)configured RSRP threshold which is determined by at least priority value indicated by SCI of the UE(s)
· Option 2: Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is smaller than a (pre)configured RSRP threshold which is determined by at least priority value indicated by SCI of the UE(s) when UE-A is a destination of a TB transmitted by the UE(s)

· Working Assumption
· For Scheme 1 with non-preferred resource set, support following condition:
· Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation

On scheme 1 with inter-UE coordination information transmission triggered by a condition other than explicit request
Both explicit request and condition-triggered schemes are beneficial. While scheme 1 with explicit request can control the signaling overhead through the explicit request mechanism itself, the condition-triggered scheme benefits from a lower latency since assistance information is available more rapidly to UE-B. 
[bookmark: _Toc83738155][bookmark: _Toc83743542][bookmark: _Toc83750196]Proposal 1: Confirm the working assumption on support of scheme 1 with inter-UE coordination information transmission triggered by a condition other than explicit request reception.
A number of possible triggers at UE-A side were discussed in the past meeting, including detecting overlapping resources, CBR measurements, number of failed decoding attempts, priority etc.. One of the proposals was to leave the trigger up to UE implementation. Not having a controlled list of possible triggers leaves the door open to improper triggers or even malicious behavior that can severely degrade the system performance.  

Proposal 3: For scheme 1 inter-UE coordination information transmission triggered by a condition other than explicit request, support a list of specified possible triggers (not up to UE implementation).

Destination UEs of a TB transmitted by UE-B are the most appropriate to provide useful inter-UE coordination.
Proposal 3: For scheme 1 inter-UE coordination information transmission triggered by a condition other than explicit request, support that UE A is among the destination UE(s) of a TB transmitted by UE-B.

On scheme 1 with inter-UE coordination information transmission triggered by an explicit request

Allowing UEs other than destination UEs of a TB transmitted by UE-B to provide preferred/non-preferred resources for a transmission they are not destined to receive puts too much constraint onto the resource selection process at UE-B and may lead to insufficient number of candidate resources, which automatically leads to re-inclusion of some excluded resources and thus to overriding part of the inter-UE assistance information. UE-B should prioritize its own sensing and assistance from intended receivers when selecting the best fit resource for transmission.
[bookmark: _Toc83738156][bookmark: _Toc83743543][bookmark: _Toc83750197]Proposal 2: Confirm the working assumption on UE-A being a destination UE of a UE transmitted by UE-B for scheme 1 with explicit request.
Proposal 3: Confirm the working assumption on support of condition 1-B-2 (slots where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation)for  scheme 1 inter-UE coordination information with explicit request.

On cast types
Assistance should not be restricted to a cast type, since all cast types can achieve benefits with inter-UE coordination methods.
[bookmark: _Toc83738158][bookmark: _Toc83743545][bookmark: _Toc83750199]Proposal 4: Support that UE-B uses inter-UE coordination for the resource selection for transmission of a TB regardless of the TB’s cast type.
If UE-B has limited or no sensing capabilities, the set of preferred resources or a mix of preferred/non-preferred resources from UE-A perspective is beneficial. If UE-B has full sensing capabilities, the non-preferred resources of UE-A offer more useful information, especially for mitigating hidden node problems. 
For multicast/broadcast, a subset of the intended receivers is enough to provide useful coordination information. Subset selection methods are proposed in the following subsections.
For the cast type of the transmission of the inter-UE coordination, we propose the following:
Proposal 3: For scheme 1 inter-UE coordination information triggered by UE-B’s explicit request, if UE-A is a destination UE of a TB transmitted by UE-B, support unicast and multicast for the cast type of the explicit request signaling from UE-B to UE-A. For multicast, the multicast group receiving the explicit request may be different (a subset) of the multicast group who is the destination of the transmitted TB.
Proposal 3: For scheme 1 inter-UE coordination support unicast for the cast type of the transmission of inter-UE coordination from UE-A to UE-B.


On signaling the preferred/non-preferred resources
Concerning the container itself, some proposals such as having inter-coordination information sent over 1st stage SCI or PC5 RRC have some limitations, since they require either important redesign/spec impact, or some limitations in terms of supported cast types, or potential backwards compatibility issues. Having PSSCH as a container is a more convenient solution.
[bookmark: _Toc83743548][bookmark: _Toc83750202]Proposal 7: Inter-UE coordination information is carried over PSSCH transmission (2nd stage SCI or MAC CE).

On UE-A behavior to determine whether to transmit inter-UE coordination
It was discussed in the past meeting whether there a possibility of that UE-A does not transmit the inter-UE coordination information even though it received an explicit request. There are a number of scenarios where UE-A should refrain from sending inter-UE coordination even if it correctly detected the explicit request, such as:
· Unreliable/invalid coordination information
· Prioritization of other transmission (such as UL concurrent transmission)
· Congestion control at UE-A side
· Distance between UE-A and UE-B (UEs very close or very far should not send inter-UE coordination)
This also applies to trigger-based transmission when UE-A and can be either included in the trigger determination or listed as exception cases where UE-A does not perform inter-UER coordination transmission although the trigger is fulfilled.
Proposal 3: For scheme 1 UE-A does not transmit inter-UE coordination even if the explicit request is received/trigger is fulfilled based on at least of one of the following exception cases at UE-A side:
- -	Unreliable/invalid coordination information	
-	Prioritization of other transmission (such as UL concurrent transmission)	
-	Congestion control at UE-A side	
-	Distance between UE-A and UE-B below/above certain limits (UEs very close or very far should not send inter-UE coordination).

On scheme 2 specific issues
[bookmark: _GoBack]Concerning how to select UE-A/B, the following was agreed:
In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B
· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Definition of expected/potential resource conflict(s) and other details (if any)

Having UEs not impacted by an expected collision send collision flags is unnecessary and potentially harmful in dense environments, where any selected resource has a high probability of causing a potential conflict for at least one UE in the communication range of the transmitter.

[bookmark: _Toc83750205]Proposal 10: For scheme 2, confirm the working assumption that a destination UE of one of the conflicting TBs can be UE-A. A non-destination UE of a TB transmitted by UE-B can be UE-A only if (pre-)configured.

Concerning how to determine inter-UE coordination information, the following was agreed:
In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-2: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)

Since we believe that the case when UE-A is the intended receiver of UE-B should be supported, it is straightforward that UE-B should avoid transmitting TBs to UE-A onto resources where UE-A is unavailable for reception.
[bookmark: _Toc83750206]Proposal 11: Support conditions 2-A-2 for scheme 2.

On further selection of UEs acting as UE-A for schemes 1 and 2
Systematically sending assistance info from all users in a multicast/broadcast scenario on a regular basis is counterproductive for scheme 2 (especially in dense traffic situations), and potentially overhead consuming for scheme 1 (although the explicit triggering may somehow limit this effect). 
[image: ]
[bookmark: _Ref61648333]Figure 2– Illustration figure of assistance information provided by a set of selected UEs from a multicast group with different selection ranges 
Reasonable criteria of selecting which UEs are fit to act as UE-A and of the events which trigger the sending of the assistance information are needed. It is intuitive to deduce in Figure 2 that, with a full-duplex assumption, orange ”UE-A”-type UEs close to the blue UE-B Tx would provide redundant assistance with respect to what UE-B is already sensing. Groups of UEs (e.g. groups of green UEs) in the outer communication detect similar hidden nodes and need not simultaneously report assistance information. A selection criterion is needed.
Reasonable selection criteria can include, for example, distance-based criteria, since UEs close to each other will produce similar sensing results, at least for the full duplex case. For example, only users in zones situated at a distance between configurable dmin and dmax distances from UE-B provide assistance, possibly with further down-selection to one user per zone. This is particularly beneficial to eliminate hidden node problems all in keeping the associated overhead low.
Time interval restrictions may be applied on top of that to address half duplex issues. For example, a first UE selection is performed based on distance as here-above. Among the users in zones closer than dmin from UE-B, only UEs able to sense during blind intervals of UE-B are allowed to send assistance information. Such a strategy mitigates both half duplex issue at the transmitter and hidden nodes problem.

[bookmark: _Toc54378730][bookmark: _Toc54378983][bookmark: _Toc54390914][bookmark: _Toc54390995][bookmark: _Toc54391058][bookmark: _Toc61626409][bookmark: _Toc61632022][bookmark: _Toc61647273][bookmark: _Toc61648090][bookmark: _Toc61648311][bookmark: _Toc61648456][bookmark: _Toc61880804][bookmark: _Toc61880818][bookmark: _Toc61883158][bookmark: _Toc61885509][bookmark: _Toc61885589][bookmark: _Toc68195886][bookmark: _Toc71622594][bookmark: _Toc71625742][bookmark: _Toc71645664][bookmark: _Toc71646925][bookmark: _Toc71647555][bookmark: _Toc77951316][bookmark: _Toc83738150][bookmark: _Toc83743537][bookmark: _Toc83750191]Observation 3: In groupcast/broadcast inter-UE coordination, a selection mechanism needs to be introduced to select few assisting UEs (UE-As).
[bookmark: _Toc54362616][bookmark: _Toc54362653][bookmark: _Toc54365242][bookmark: _Toc54378735][bookmark: _Toc54378989][bookmark: _Toc54390922][bookmark: _Toc54391002][bookmark: _Toc54391064][bookmark: _Toc61626415][bookmark: _Toc61632027][bookmark: _Toc61647278][bookmark: _Toc61648095][bookmark: _Toc61648317][bookmark: _Toc61648462][bookmark: _Toc61880810][bookmark: _Toc61880824][bookmark: _Toc61883164][bookmark: _Toc61885515][bookmark: _Toc61885595][bookmark: _Toc68195892][bookmark: _Toc71622602][bookmark: _Toc71625751][bookmark: _Toc71645675][bookmark: _Toc71646936][bookmark: _Toc77951327][bookmark: _Toc83738163][bookmark: _Toc83743551][bookmark: _Toc83750207]Proposal 12: Support methods achieving selection of UE-As among the intended receivers of UE-B based on, e.g., UE-B request to a limited subset of the target receivers, distance between UE-A and UE-B.

Performance evaluations
Performance for unicast transmission
Let us take the example of the hidden node problem. It is intuitive to say that the number of nodes hidden to the TX that a certain RX experiences collision from is dependent on the TX-RX distance. Indeed, when TX and RX are close together, they have similar sensing information. When the RX is in the outer part of the communication range, the sensing information at the receiver side can be significantly different from the one at the transmitter side, and in this case it is expected that receiver assistance information is useful to the transmitter in order to reduce the collision probability. When the TX-RX distance approaches or surpasses the communication range, the interference becomes a secondary issue since the link budget vanishes anyhow, so trying to solve the hidden node problem would probably not bring too much benefit at system level.
Our unicast evaluations in Figure 3 show the potential PRR gains that can be achieved by using RX assisted scheduling with scheme 1 instead of TX scheduling for unicast transmissions with periodic traffic and when the TX has full knowledge of the RX sensing. 
[image: ]

[bookmark: _Ref47549783]Figure 3 – PRR in function of TX-RX distance with and without assistance information for unicast with periodic traffic, scheme 1, non-preferred resource set, full duplex

The simulation assumptions are summarized in the appendix. The corresponding communication range is around 420m. UE-A sends to UE-B the ordered list of non-preferred resources based on RSRP criterion. UE-B excludes them from its candidate list. In the case of blocking situation (not enough remaining resources), RSRP-based thresholding at UE-B may re-integrate some of the excluded resources in the inverse order from the ordered list provided by UE-A. A gain of up to  can be achieved in the simulated scenario, different results can be obtained with other parameters. It is clear that the PRR gain of the RX assisted scheme increases with the communication distance, until a certain limit where the communication becomes noise limited rather than interference limited; when the distance approaches the communication range, both schemes suffer mainly from the pathloss effect and exhibit similarly bad PRR. The gain of RX assisted scheduling over TX scheduling mainly comes from overcoming the hidden node effect loses in the interference-limited scenarios, where the advantage lies in predicting and eliminating hidden nodes.
[bookmark: _Toc45897769][bookmark: _Toc45897776][bookmark: _Toc45897904][bookmark: _Toc47547824][bookmark: _Toc47550209][bookmark: _Toc47550489][bookmark: _Toc54362612][bookmark: _Toc54362649][bookmark: _Toc54365238][bookmark: _Toc54378731][bookmark: _Toc54378984][bookmark: _Toc54390915][bookmark: _Toc54390996][bookmark: _Toc54391059][bookmark: _Toc61626410][bookmark: _Toc61632021][bookmark: _Toc61647272][bookmark: _Toc61648089][bookmark: _Toc61648310][bookmark: _Toc61648455][bookmark: _Toc61880803][bookmark: _Toc61880817][bookmark: _Toc61883157][bookmark: _Toc61885508][bookmark: _Toc61885588][bookmark: _Toc68195885][bookmark: _Toc71622595][bookmark: _Toc71625743][bookmark: _Toc71645665][bookmark: _Toc71646926][bookmark: _Toc71647556][bookmark: _Toc77951317][bookmark: _Toc83738151][bookmark: _Toc83743538][bookmark: _Toc83750192]Observation 4: Receiver-assisted TX scheduling can achieve 10% PRR gain with respect to TX autonomous scheduling in unicast scenarios.

Performance evaluation of inter-UE coordination in multicast
As previously discussed, and as it can also be seen from Figure 4 and Figure 6, few users reasonably selected can provide the most important part of the significant assistance information. 
One strategy of selecting users is to pick them in function of the distance from the transmitter UE, in a similar manner as for Rel.16 distance based HARQ. In the following dmin and dmax are understood as normalized with respect to the communication range. In our proposed simulation scenario, the communication range is . For example, with dmin=0.5 and dmax=1.1, UEs in the outer ring of the communication range at least 0.5*communication range away from the transmit UE are selected to provide assistance. We use dmax=1.1*communication range to account for the vehicles’ displacement in the 1 second between each groupcast formation, this displacement in 1s is  of the communication range. In the chosen highway scenario, and since dmin is usually higher than the lane width, this is equivalent to choosing some front vehicles and some rear vehicles at least dmin and at most dmax away from the transmitter. 
For example, in Figure 4, 5 vehicles are selected (the figure takes into account the fact that the communication range is significantly higher than the road width). With the numerical values simulated in Figure 7 and Figure 8, among 168UEs in the drop 35 UEs are part of the multicast group. On average, 35 are in the communication range at a given time. The strategy (dmin,dmax)=(0.25,1.1) selects on average 27.5UEs to send assistance info, and (0.5, 1.1) selects in average 18.5UEs . The strategy (0.75,1.1) selects on average 7.6UEs to send assistance info, and (0.9, 1.1) selects in average 3.5UEs. In order to have a better UE distribution, we also simulated the following cases:
· “2 UEs (1 front – 1 back”): (dmin, dmax) = (0.5,1.1) for a first selection step, and we further randomly select one front UE and one rear UE in a second selection step, as in Figure 5; 
· “4 UEs (2 front – 2 back)”: 4 vehicles selection by picking one front and one rear vehicle in each range from (dmin, dmax) = (0.5, 0.75) and (0.75, 1.1), as in Figure 6.
We evaluated the different strategies of user selection to provide assistance. The extreme cases where TX UE has either no assistance or has full assistance information from all UEs in the multicast group are presented as reference. 
Our multicast evaluations in Figure 7 show the potential PRR gains that can be achieved by using RX assisted scheduling instead of TX scheduling for groupcast/multicast transmissions with periodic traffic and when the TX has full knowledge of the RX sensing. In our simulation, the selected UE A candidates share an assistance report encompassing a prioritized list of non-preferred resources to the TX (UE B). This list of non-preferred resources is determined based on a given (predefined/pre-configured) RSRP threshold. Then, the ordering of prioritization of such non-preferred resources list is done based on the received RSRP. When the TX (UE B) receives these assistance reports from the candidate UE As, it carries out a second round of prioritization of the non-preferred resources based on the number of occurrences of such resource in the received assistance reports. In such a way, a resource which is declared as non-preferred resource in multiple assistance reports is to be excluded with a higher probability than a resource declared as not preferred in one report.

[image: ]
[bookmark: _Ref61883280]Figure 4 – Illustration figure of assistance information provided by a set of selected UEs from a multicast group with different selection ranges

[image: ]
[bookmark: _Ref61883979]Figure 5 – Illustration figure of assistance information provided by a set of selected UEs from a multicast group with different selection ranges – 2 UEs (1 front – 1 back)

[image: ]
[bookmark: _Ref61647473]Figure 6 – Illustration figure of assistance information provided by a set of selected UEs from a multicast group with different selection ranges – 4 UEs (2 front – 2 back)


[image: ]
[bookmark: _Ref61648415]Figure 7 – PRR in function of TX-RX distance with assistance information provided by a set of selected UEs from a multicast group with different selection strategies, scheme 1 with non-preferred resource set, full duplex

[image: ]
[bookmark: _Ref61648398]Figure 8 – PRR in function of TX-RX distance with assistance information provided by a set of selected UEs from a multicast group with different selection strategies over different delays, full duplex, scheme 1, non-preferred resource set

The list of receiver UEs from the multicast group is updated every 1 second to keep only UEs within the communication range as RXs UEs. The simulation assumptions are summarized in the appendix. Only a part of the users in the multicast group provide assistance information to UE-B. UE-A candidate selection is performed on distance-based criteria: only UEs lying in zones at a distance between dmin and dmax from the transmitter (UE-B) are selected as UE-A candidates. 
Results show that RX assistance is also beneficial to the multicast case. Although the attainable gain is a bit inferior to the unicast case, assistance can still provide around  PRR gain. Having assistance information from a large number of users is overhead consuming. An overhead analysis was performed in our previous contribution [8]. Distance based selection of UE candidates to act as UE-A allows to get significant gain with reduced overhead. Selecting only 4 UEs in a well distributed manner procures almost the full amount of the achievable gain as shown in the results in Figure 7. This is intuitively explained in the setting in Figure 6, where it can be seen that 4 selected UEs can in some cases provide the full amount of significant assistance information for e.g. hidden node discovery.
[bookmark: _Toc54390916][bookmark: _Toc54390997][bookmark: _Toc54391060][bookmark: _Toc61648312][bookmark: _Toc61648457][bookmark: _Toc61880805][bookmark: _Toc61880819][bookmark: _Toc61883159][bookmark: _Toc61885510][bookmark: _Toc61885590][bookmark: _Toc68195887][bookmark: _Toc71622596][bookmark: _Toc71625744][bookmark: _Toc71645666][bookmark: _Toc71646927][bookmark: _Toc71647557][bookmark: _Toc77951318][bookmark: _Toc83738152][bookmark: _Toc83743539][bookmark: _Toc83750193]Observation 5: Receiver-assisted TX scheduling can achieve 5-7% PRR gain with respect to TX autonomous scheduling in multicast scenarios. 
[bookmark: _Toc54390917][bookmark: _Toc54390998][bookmark: _Toc54391061][bookmark: _Toc61648313][bookmark: _Toc61648458][bookmark: _Toc61880806][bookmark: _Toc61880820][bookmark: _Toc61883160][bookmark: _Toc61885511][bookmark: _Toc61885591][bookmark: _Toc68195888][bookmark: _Toc71622597][bookmark: _Toc71625745][bookmark: _Toc71645667][bookmark: _Toc71646928][bookmark: _Toc71647558][bookmark: _Toc77951319][bookmark: _Toc83738153][bookmark: _Toc83743540][bookmark: _Toc83750194]Observation 6: Distance based selection of UE candidates to act as UE-A allows to get significant gain with reduced overhead. Selecting 4 UEs over different directions and distances out of all the users procures almost the full amount of the achievable gain.
[bookmark: _Toc54391003][bookmark: _Toc54391065][bookmark: _Toc61648318][bookmark: _Toc61648463][bookmark: _Toc61880811][bookmark: _Toc61880825][bookmark: _Toc61883165][bookmark: _Toc61885516][bookmark: _Toc61885596][bookmark: _Toc68195893][bookmark: _Toc71622603][bookmark: _Toc71625752][bookmark: _Toc71645676][bookmark: _Toc71646937][bookmark: _Toc77951328][bookmark: _Toc83738164][bookmark: _Toc83743552][bookmark: _Toc83750208]Proposal 13: Support distance/zone-based candidate selection of UEs to transmit assistance information in a multicast/broadcast scenario.

In Figure 8, we present the results of the assistance-based multicast scenario when the latency in delivering the assistance is simulated in a realistic manner. We assume that a possible delay for assistance report can be N=1,2, or 4 slots, in a similar approach to Rel.16 based HARQ feedback, in order to account for possible delays that may arise due to assistance container limitations and RXs (UE As) processing. Also, the assistance report is decoded at the TX (UE B) side using a given MCS as shown in the simulation assumptions in the appendix. It is shown in Figure 8 that, in case only 4 UEs are selected as UE A to send assistance reports to the TX (UE B), although performance is declining with the latency increase (because the assistance information becomes outdated), a delay of up to 4 slots still shows gain over the case where no assistance is used.
[bookmark: _Toc61648314][bookmark: _Toc61648459][bookmark: _Toc61880807][bookmark: _Toc61880821][bookmark: _Toc61883161][bookmark: _Toc61885512][bookmark: _Toc61885592][bookmark: _Toc68195889][bookmark: _Toc71622598][bookmark: _Toc71625746][bookmark: _Toc71645668][bookmark: _Toc71646929][bookmark: _Toc71647559][bookmark: _Toc77951320][bookmark: _Toc83738154][bookmark: _Toc83743541][bookmark: _Toc83750195]Observation 7: The gain achieved by assistance in multicast scenarios depends on the delay of sending such assistance reports. A latency of up to 4 slots still provides gain over the case where no assistance is used.


Conclusions
The contribution investigates inter-UE coordination, focusing on inter-UE coordination for mode 2 reliability enhancements. Based on our analysis and simulation results, we make the following proposals:
Proposal 1: Confirm the working assumption on support of scheme 1 with inter-UE coordination information transmission triggered by a condition other than explicit request reception.
Proposal 2: Confirm the working assumption on UE-A being a destination UE of a UE transmitted by UE-B for scheme 1 with explicit request.
Proposal 3: For scheme 1 inter-UE coordination information transmission triggered by a condition other than explicit request, support that UE A is among the destination UE(s) of a TB transmitted by UE-B.
Proposal 4: Support inter-UE coordination scheme 1 for all cast types.
Proposal 5: Support conditions 1-A-2 and 1-B-2..
Proposal 6: “A set of resources” signaled by UE-A as assistance information consists of an ordered list of either preferred or non-preferred resources.
Proposal 7: Inter-UE coordination information is carried over PSSCH transmission (2nd stage SCI or MAC CE).
Proposal 8: For preferred resource set, option B (resource (re)selection based only on the received coordination information) is supported only when UE-B does not support sensing/resource exclusion.
Proposal 9: For scheme 2, presence of detected resource conflict is not supported.
Proposal 10: For scheme 2, confirm the working assumption that a destination UE of one of the conflicting TBs can be UE-A. A non-destination UE of a TB transmitted by UE-B can be UE-A only if (pre-)configured.
Proposal 11: Support conditions 2-A-2 for scheme 2.
Proposal 12: Support methods achieving selection of UE-As among the intended receivers of UE-B based on, e.g., UE-B request to a limited subset of the target receivers, distance between UE-A and UE-B.
Proposal 13: Support distance/zone-based candidate selection of UEs to transmit assistance information in a multicast/broadcast scenario.
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Annex: Simulation assumptions
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario [TR 37.885]
· Vehicle speed= 140 km/hr

	Channel model
	NR V2X channel model (LoS and NLoSv components) [TR 37.885]

	Vehicle density
	7 vehicles/km/lane

	Spectrum allocation
	· Carrier frequency: 6 GHz
· Simulated bandwidth: 20 MHz

	Vehicle type
	Type 2 [TR 37.885] (omnidirectional antenna)

	Subcarrier spacing
	15 KHz

	Communication mode
	Unicast, Groupcast

	UE-to-UE association
(Unicast)
	· UEs are randomly paired, within the transmitter communication range initially
· Each UE may participate only in a single pair
· Only one UE in each pair transmit data

	UE-to-UE association
(Groupcast)
	· A given Tx UE selects all UEs, dynamically within its communication range, to be receivers for its groupcast transmissions

	Traffic model
	Periodic variable packet size traffic [TR 37.885]:
· Packet size: [800,1200] Byte with probabilities [0.8,0.2] respectively
· Inter-packet arrival time: 20 ms
· Latency requirement: 20 ms  

	TTI structure
	NR slot: 10 symbols for data, 4 symbols total overhead (DMRS, SCI, etc.)

	Sidelink control TX parameters
	· 64 bits
· QPSK modulation, polar coding

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB (per sub-channel)

	SCI/Data time resource allocation
	· PSCCH: 2 symbols
· PSSCH: 10 symbols

	Data packet TX parameters
	· 800 Byte packet: 16-QAM, LDPC (CR=0.5) -  2 sub-channels
· 1200 Byte packet: 16-QAM, LDPC (CR=0.5) -  2  sub-channels

	Assistance Parameters
	· 16-QAM, LDPC (CR=0.5)

	HARQ feedback
	· Disabled

	Resource selection
	· Semi-persistent resource allocation (Similar to LTE mode 4 sensing and selection, with considering the NR additional procedures)
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