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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 
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
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 past RAN1#104b-e meeting [5], the following was decided:
· 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
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
· 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 give our view on the above raised issues related to inter-UE coordination, focusing on inter-UE coordination for mode 2 reliability enhancements. 

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 and scheme 2 applicability
Scheme 1 is particularly useful for reducing the collision probability for initial transmission and for retransmissions. It can be triggered explicitly (upon UE-B request) or implicitly (e.g. based on the period of the periodic traffic). UE-B benefits from prior knowledge from assisting UEs in order to correctly select the resource for initial transmission and/or retransmission and thus decreases the collision probability at the expense of signaling related to the transmission of the coordination message. 
Scheme 1 can apply to any cast type (with specificities described in the following sub-sections) and regardless of the sensing capabilities of UE-B. The only case where Scheme 1 seems to have limitations in comparison with Scheme 2 is the case of Type B UEs unable of processing sidelink signals other than S-SSB and PSFCH.
Scheme 1 should be supported as baseline scheme.
[bookmark: _Toc71622599][bookmark: _Toc71625747][bookmark: _Toc71645669][bookmark: _Toc71646930]Proposal 1: Inter-UE coordination scheme 1 is supported as baseline scheme.
The applicability of scheme 2 seems more limited. By its own definition, scheme 2 reports expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI. Scheme 2 cannot be applied to reduce collision probability of the initial transmission. Scheme 2 cannot be applied to transmissions where PSFCH is disabled. For scheme 2, if UE-A is part of the intended receivers of UE-B, there is no benefit from applying this scheme, since the same information is already provided as part of the current HARQ mechanism. For scheme 2, if UE-A is outside of the pool of intended receivers of UE-B, the interest of the scheme is limited to some corner cases not already detected by the HARQ mechanism. In this case, mimicking a NACK which detects collision cases not already detected by the intended receivers means that retransmissions are triggered although all intended receivers correctly received the packet, which causes unnecessary retransmissions. The associated overhead needs to be accounted when examining the performance of this scheme. 
Moreover, scheme 2 variants do not give any information on the number of conflicted resources, their identity, or the number of UEs impacted by the potential conflict. The potential gain is limited to the very short communication range in which a very limited number of UEs lie, but if UE-B has full sensing capabilities, UEs in the vicinity are unable of providing any extra information with respect to UE-B’s own sensing. When considering less limited ranges, the probability of having at least one UE detecting a potential conflict on any selected resource is highly increasing, which strongly limits the interest of such methods. To reap some gain, a method of selecting a very limited number of UEs acting as UE-A is necessary
[bookmark: _Hlk71625654]A clear use case where scheme 2 is beneficial is the case of Type B UEs unable of processing sidelink signals other than S-SSB and PSFCH, where the coordination message is “hidden” under a form understandable by such UEs with limited capabilities. It is debatable whether the details of such a scheme are a power saving issue or an inter-UE coordination issue, since the need seems to be common to the two topics.
[bookmark: _Toc71625748][bookmark: _Toc71645670][bookmark: _Toc71646931]Proposal 2: Support inter-UE coordination scheme 2 as complementary scheme limited to the case of Type B UEs unable of processing sidelink signals other than S-SSB and PSFCH.

On supported cast types for Scheme 1
As a first aspect, assistance should not be restricted to a cast type, since all cast types can achieve benefits with inter-UE coordination methods.
[bookmark: _Toc54362614][bookmark: _Toc54362651][bookmark: _Toc54365240][bookmark: _Toc54378733][bookmark: _Toc54378987][bookmark: _Toc54390920][bookmark: _Toc54391000][bookmark: _Toc54391062][bookmark: _Toc61626414][bookmark: _Toc61632026][bookmark: _Toc61647277][bookmark: _Toc61648094][bookmark: _Toc61648316][bookmark: _Toc61648461][bookmark: _Toc61880809][bookmark: _Toc61880823][bookmark: _Toc61883163][bookmark: _Toc61885514][bookmark: _Toc61885594][bookmark: _Toc68195891][bookmark: _Toc71622600][bookmark: _Toc71625749][bookmark: _Toc71645671][bookmark: _Toc71646932]Proposal 3: Support inter-UE coordination scheme 1 for all cast types.
For unicast transmission, coordination can be provided by the intended receiver. 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, as described in the following sub-section. 
For multicast/broadcast, a subset of the intended receivers is enough to provide useful coordination information. Simple subset selection methods are proposed in the following subsections.

On different categories of “a set of resources” for Scheme 1
The work item description generally mandates that a “A set of resources is determined at UE-A, […] sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission”, and RAN1 identified 3 types of possible sets of resources. The selection of the type of resources to be signaled has an important impact on the performance of the resource allocation scheme. 
Let us suppose that within inter-UE coordination scheme 1 only preferred resources are signaled, that is that UE-A sends to UE-B the set of resources decided as being unoccupied from UE-A perspective based e.g. on its own sensing. Limiting the number of resources to be signaled is an obvious need in order to keep related signaling under a reasonable limit. UE-B might perform its own sensing, or take into account several reports from different UEs (for example in a multicast scenario the intersection between the preferred lists of the transmitter (UE-B) and of the receiver (UE-A) often falls below 20% of the selection window resources. This leads to applying the RSRP thresholding step in NR V2X mode 2 resource allocation at the transmitter side (UE-B). This RSRP thresholding step often overwrites the receiver assistance report since the RSRP thresholding is done at the transmitter side only (UE-B side). Moreover, for aperiodic traffic, the reevaluation step together with the RSRP thresholding step can almost overwrite all the receiver assistance reports, rendering the assistance information useless and reducing the potential gain coming from inter-UE coordination. 
[bookmark: _Toc61626405][bookmark: _Toc61632018][bookmark: _Toc61647269][bookmark: _Toc61648086][bookmark: _Toc61648307][bookmark: _Toc61648452][bookmark: _Toc61880800][bookmark: _Toc61880814][bookmark: _Toc61883154][bookmark: _Toc61885505][bookmark: _Toc61885585][bookmark: _Toc68195882][bookmark: _Toc71622592][bookmark: _Toc71625740][bookmark: _Toc71645662][bookmark: _Toc71646921][bookmark: _Toc71647551]Observation 1: Inter-UE coordination scheme 1 based on “preferred list only” is inefficient in multicast/broadcast, because coordination information is systematically overwritten whenever RSRP thresholding /re-evaluation steps in V2X mode 2 resource allocation are necessary.
From that perspective, using a list of non-preferred resources alleviates the issue. Another reason for which non-preferred list reporting is interesting is because half duplex issues at the receiver side (resources onto which UE-A is not able to receive because it already decided to use them for its own transmission) can simply be reported as “non-preferred” resources. UE-B doesn’t need to know the reason for which a resource is non-preferred (half duplex issue, detected interference, past or future resource conflict, etc). A unified reporting procedure can be used regardless of the target that wants to be achieved (hidden node, half duplex at the receiver side, etc…).
[bookmark: _Toc61626406][bookmark: _Toc61632019][bookmark: _Toc61647270][bookmark: _Toc61648087][bookmark: _Toc61648308][bookmark: _Toc61648453][bookmark: _Toc61880801][bookmark: _Toc61880815][bookmark: _Toc61883155][bookmark: _Toc61885506][bookmark: _Toc61885586][bookmark: _Toc68195883][bookmark: _Toc71622593][bookmark: _Toc71625741][bookmark: _Toc71645663][bookmark: _Toc71646922][bookmark: _Toc71647552]Observation 2: Reporting the list of non-preferred resources allows unified reporting procedure regardless of the reason why the resource is not preferred and of the cast type.
If UE-B is informed about non-preferred resources only, and if after the non-preferred resource exclusion step the pool of candidates is still fairly large, UE-B cannot identify which are the best resources for transmission and may choose resources which are fairly interfered from UE-A point of view even when non-interfered resources from UE-A point of view are available. In this sense, in some scenarios there is some merit in also signaling preferred resources, especially in unicast (or groupcast with small number of users), or in the case where UE-B does not have full sensing capabilities.
Either “preferred” or “non-preferred” resources are to be interpreted by UE-B as a recommendation; UE-B with sensing capabilities will still have the possibility to override such recommendation in order to avoid blocking situations due to contradictory reports from different UE-A(s). 
[bookmark: _Toc54362615][bookmark: _Toc54362652][bookmark: _Toc54365241][bookmark: _Toc54378734][bookmark: _Toc54378988][bookmark: _Toc54390921][bookmark: _Toc54391001][bookmark: _Toc54391063][bookmark: _Toc61626413][bookmark: _Toc61632025][bookmark: _Toc61647276][bookmark: _Toc61648093][bookmark: _Toc61648315][bookmark: _Toc61648460][bookmark: _Toc61880808][bookmark: _Toc61880822][bookmark: _Toc61883162][bookmark: _Toc61885513][bookmark: _Toc61885593][bookmark: _Toc68195890][bookmark: _Toc71622601][bookmark: _Toc71625750][bookmark: _Toc71645672][bookmark: _Toc71646933]Proposal 4: “A set of resources” signaled by UE-A as assistance information consists of either non-preferred or a mix of preferred and non-preferred resources from UE-A perspective, possibly with ordered prioritization, that UE-B is recommended to avoid/use.

On how UE-B takes it into account in the resource (re)-selection for its own transmission
If UE-B performs sensing, there is no reason for UE-B to ignore its own sensing results and rely solely on feedback information. The cases where UE-B refrains from performing sensing for power saving reasons are not discussed here (in this case, we simply assume that UE-B has no available sensing information of its own).
[bookmark: _Toc71645673][bookmark: _Toc71646934]Proposal 5: UE-B performs resource selection and re-selection based on the received coordination information and (when available) on its own sensing results.
It is naturally understood that, if UE-B has no available sensing information up to date (due to its limited sensing capabilities, to power saving reasons, etc.), then UE-B relies on coordination information only

On selection of UEs acting as UE-A for scheme 1
Two different approaches of the meaning and role of UE-A and/or UE-B for inter-UE coordination seem to exist.
One approach is “UE-A centric”, since some proposed schemes assume that a restrained set of UEs with coordination capabilities have been somehow pre-determined (e.g. by the higher layers) and promoted to have coordinating power over the rest of the UEs. The rest of the UE-s are UE-Bs (who would potentially obey the coordination information for resource (re-)selection, even when it is contradictory to their own sensing results). The existence and determination of such UEs with coordinating/scheduling role is outside of the scope of RAN1. This is more of a new/hybrid resource allocation mode introducing a new level of hierarchy between the UEs than a mere “mode 2 enhancement” and is better fit to be discussed in future releases.
We prefer to concentrate within the current release on a “UE-B centric” approach. UE-B is the UE who needs to send a packet and can use coordination information in order to improve its mode 2-based resource selection/re-selection. For a given UE-B needing to transmit a packet, it remains to be determined which UEs can/should act as UE-A (a given UE-A being of course able of providing coordination information to several UE-Bs).

In the process of UE-A selection, the role of the higher layers is outside of RAN1 scope and not debated here. If some higher-layer pre-selection determining a pool of UE-A(s) exists, all selection method proposed here-below is assumed to be made within that pool of UEs.
[bookmark: _Toc71646923][bookmark: _Toc71647553]Observation 3: If higher-layer (pre-)selection determining a pool of UE-A(s) exists, all PHY layer selection methods are assumed to be made within that pool of UEs.

With the purpose of enhanced reliability, it makes sense that the most useful information for UE-B comes from its intended receivers. Let us take the example of a UE-B performing its own sensing and relying on coordination information to identify hidden nodes. Coordination from a UE which is not an intended receiver is not useful: if the UE is close to UE-B, it would have similar sensing results bringing no extra information; if the UE is far, but close to intended receiver UE(s), it would not provide extra information with respect to having coordination sent from an intended receiver; if the UE is far, and also far from the intended receiver UE(s), it would provide false/misleading information (picking up hidden nodes not interfering with the current transmission). Another example when feedback from the assisting UE is damageable is when UE-B with high priority traffic would take into account constraints corresponding to lower traffic priority based on coordination information coming from a UE other than its intended receivers.
The merits of having UEs other than intended receivers provide assistance can be limited to the purpose of power saving and debated in a different agenda item.
[bookmark: _Toc71646924][bookmark: _Toc71647554]Observation 4: Allowing UEs other than intended receiver UEs provide inter-UE coordination may be useless or even damaging in some scenarios, such as hidden node detection, or for some traffic requirements.

[bookmark: _Toc71645674][bookmark: _Toc71646935]Proposal 6: Only UE(s) selected among the intended receiver(s) of UE-B can be UE-A.

Systematically sending assistance info from all users in a multicast/broadcast scenario on a regular basis is counterproductive and overhead consuming. 
[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]Observation 5: In groupcast/broadcast inter-UE coordination, a selection mechanism needs to be introduced to select few assisting UEs (UE-As) to avoid excessive overhead and signaling loads.
[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]Proposal 7: Support methods achieving selection of UE-As among the intended receivers of UE-B based on, e.g., UE-B request, 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 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, 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]Observation 6: 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, 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

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 [7]. 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.
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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.
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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 arrived at the following conclusions:
Observation 1: Inter-UE coordination scheme 1 based on “preferred list only” is inefficient in multicast/broadcast, because coordination information is systematically overwritten whenever RSRP thresholding /re-evaluation steps in V2X mode 2 resource allocation are necessary.
Observation 2: Reporting the list of non-preferred resources allows unified reporting procedure regardless of the reason why the resource is not preferred and of the cast type.
Observation 3: If higher-layer (pre-)selection determining a pool of UE-A(s) exists, all PHY layer selection methods are assumed to be made within that pool of UEs.
Observation 4: Allowing UEs other than intended receiver UEs provide inter-UE coordination may be useless or even damaging in some scenarios, such as hidden node detection, or for some traffic requirements.
Observation 5: In groupcast/broadcast inter-UE coordination, a selection mechanism needs to be introduced to select few assisting UEs (UE-As) to avoid excessive overhead and signaling loads.
Observation 6: Receiver-assisted TX scheduling can achieve 10% PRR gain with respect to TX autonomous scheduling in unicast scenarios.
Observation 7: Receiver-assisted TX scheduling can achieve 5-7% PRR gain with respect to TX autonomous scheduling in multicast scenarios.
Observation 8: 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: _GoBack]Observation 9: 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.
Therefore, we propose the following:
Proposal 1: Inter-UE coordination scheme 1 is supported as baseline scheme.
Proposal 2: Support inter-UE coordination scheme 2 as complementary scheme limited to the case of Type B UEs unable of processing sidelink signals other than S-SSB and PSFCH.
Proposal 3: Support inter-UE coordination scheme 1 for all cast types.
Proposal 4: “A set of resources” signaled by UE-A as assistance information consists of either non-preferred or a mix of preferred and non-preferred resources from UE-A perspective, possibly with ordered prioritization, that UE-B is recommended to avoid/use.
Proposal 5: UE-B performs resource selection and re-selection based on the received coordination information and (when available) on its own sensing results.
Proposal 6: Only UE(s) selected among the intended receiver(s) of UE-B can be UE-A.
Proposal 7: Support methods achieving selection of UE-As among the intended receivers of UE-B based on, e.g., UE-B request, distance between UE-A and UE-B.
Proposal 8: 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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