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[bookmark: _Ref534820708]Introduction
A Rel.17 work item on NR sidelink enhancements [1] was approved in RAN#86 meeting. One of the objectives of the work item is resource allocation enhancements, and more specifically 
· 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#89), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#88.
· 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 the past RAN1#102-e meeting [2], high level concepts for mode 2 reliability enhancements were discussed by email in thread [102-e-NR-SL_enh-02], without reaching any agreements.
In this contribution, we give our view on inter-UE coordination, focusing on inter-UE coordination for mode 2 reliability enhancements. 

Discussion
Extensive discussions on mode2 resource allocation, where the gNB does not assist the resource allocation process, took place during the Rel.16 work item on 5G V2X with NR sidelink. Starting from RAN1#94b [2], the following aspects about assistance information were tackled:
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
The issue of providing assistance information for resource allocation was firstly considered as a standalone (sub)mode (mode 2b), before being acknowledged as a set of features able to assist different flavors of a generic mode 2 resource allocation mechanism. 

General principles of inter-UE coordination for enhanced resource allocation
In a V2X sidelink communication scenario, inter-UE coordination may be beneficial in several scenarios. One example is the hidden node problem, which happens when some nodes are within the sensing range of the receiver (RX) but not in the sensing range of the TX. In this case, the TX can choose resources that are already used by the hidden nodes because the TX it is not aware of them in its own sensing procedure. Massive and generalized assistance information from all users is generating an important overhead and may not always be useful, especially in groupcast or broadcast scenarios. A reasonable method of candidate selection of users providing assistance information is necessary in order to reap the benefits of having assistance information all in keeping a reasonably low overhead engendered by distributing such assistance information.
Another example is the half-duplex issues can lead to mis-detection of a used resource in the TX sensing process, since a half-duplex TX is unable of performing sensing during periods when it is transmitting packets. This can be compensated by using assistance reports from RX side. Yet again, careful selection of the candidate users providing assistance is necessary.
Yet another example is power saving, since sharing sensing information among users would allow some users to reduce their own sensing effort. As in the previous examples, a selection method allowing to identify which users need to perform their own sensing and share the results is crucial for achieving performance enhancements.
The hidden node problem and half duplex issues can lead to packet collisions at the RX side and thus performance degradation. It is clear that RX assistance is useful for solving or at least alleviating these problems. Having assistance information at the TX side helps in decreasing the probability of collision (and thus the packet loss), and is also useful for reducing the latency by avoiding an unnecessary high number of retransmissions.

[image: ]
[bookmark: _Ref54379043]Figure 1 - General principle of RX assistance, exemplified for the hidden node problem

[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]Observation 1: 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.
The contents of assistance information itself was also discussed, and various types of assistance was identified as potentially useful, such as: sensing related information at the RX side, RSRP/RSRQ, pathloss, CSI/CQI/QoS reports, priority/service type, or even geo-location information or velocity. As per the agreed scope of the current work item on sidelink enhancements, we will concentrate in the following on assistance consisting on set of resources determined by a UE (for example a RX UE) and sent to another UE (such as the TX UE), who takes this into account in the resource selection for its own transmission.

High level issues relative to assistance information
While 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”, little detail about the exact meaning of what kind of set of resources can be addressed is given.
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]Proposal 1: Support inter-UE coordination for all cast types.
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 only “white list” 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 white list of the transmitter (UE-B) and the white list 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. Another reason for which black 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 “black list” resources. UE-B doesn’t need to know the reason for which a resource is black listed (half duplex issue or important interference detected, etc) and an unified reporting procedure can be used regardless of the target that wants to be achieved (hidden node, half duplex at the receiver side, etc…)
On the contrary, if only “black list” resources are signaled, that is that UE-A sends to UE-B the set of resources seen as strongly interfered from UE-A perspective based e.g. on its own sensing, and that UE-A would recommend to be avoided. 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 “white list” resources from UE-A point of view are available.
Either “white” or “black” listed resources are to be interpreted by UE-B as a recommendation; UE-B will still have the possibility to override such recommendation in order to avoid blocking situations in case of conflicting reports from different UEs for example.
[bookmark: _Toc54365237][bookmark: _Toc54378729][bookmark: _Toc54378982][bookmark: _Toc54390913][bookmark: _Toc54390994][bookmark: _Toc54391057]Observation 2: Using white list only for inter-UE coordination is inefficient as it can be overwritten by the RSRP thresholding and re-evaluation steps in V2X mode 2 resource allocation.
[bookmark: _Toc54362615][bookmark: _Toc54362652][bookmark: _Toc54365241][bookmark: _Toc54378734][bookmark: _Toc54378988][bookmark: _Toc54390921][bookmark: _Toc54391001][bookmark: _Toc54391063]Proposal 2: “A set of resources” signaled by UE-A as assistance information consists of a mix of “white list” and “black list” resources from UE-A perspective, possibly with ordered prioritization, that UE-B is recommended to use/avoid.
Systematically sending assistance info from all users on a regular basis is counterproductive and overhead consuming. Reasonable criteria of selecting which UEs are reasonable candidates to act as UE-A and of the events which trigger the sending of the assistance information are needed. Reasonable 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]Observation 3: 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]Proposal 3: Investigate methods achieving candidate selection of UEs to transmit assistance information (e.g. based on UE-B request, on distance between UE-A and UE-B, on timing restrictions).

Attainable gain
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 2 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. The simulation assumptions are summarized in the appendix. The corresponding communication range is around 410m. 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.
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[bookmark: _Ref47549783]Figure 2 – PRR in function of TX-RX distance with and without assistance information for unicast with periodic traffic, full duplex
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Our multicast 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. 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. We present results for 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. 
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. For example, with dmin=0.75 and dmax=1, UEs in the outer ring of the communication range at least 0.75*communication range away from the transmit UE are selected to provide assistance. 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. In the depicted example with the numerical values simulated in Figure 3, among 168UEs in the drop 38UEs are part of the multicast group. On average, 23.3 are in the communication range at a given time. The strategy (dmin,dmax)=(0.75,1) selects on average 4.92UEs to send assistance info (that is around 21.1% of the multicast users in the communication range at a given time), and (0.9, 1) selects in average 2.37UEs (around 10% of the multicast group in the communication range at a given time). In order to have a better UE distribution, we also simulated the following cases:
· (dmin, dmax)=(0.5,1) for a first selection step, and we further randomly select one front UE and one rear UE in a second selection step; this is labelled “2 vehicles”, and the number of candidates in the selection is chosen to be rather similar to the (0.9,1) case.
· 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); this is labelled as “4 vehicles”, and the number of candidates in the selection is chosen to be rather similar to the (0.75, 1) case.
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 amount of users is overhead consuming. An overhead analysis was performed in our previous contribution [4]. Distance based selection of UE candidates to act as UE-A allows to get significant gain with reduced overhead. Selecting 10% of the users procures a fair amount of the achievable gain, while selecting 20% of the users procures almost the full amount of the achievable gain. 
[bookmark: _Toc54390916][bookmark: _Toc54390997][bookmark: _Toc54391060]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]Observation 6: Distance based selection of UE candidates to act as UE-A allows to get significant gain with reduced overhead. Selecting 10% of the users procures a fair amount of the achievable gain, while selecting 20% of the users procures almost the full amount of the achievable gain.
[bookmark: _Toc54391003][bookmark: _Toc54391065]Proposal 4: Support distance-based candidate selection of UEs to transmit assistance information in a multicast/broadcast scenario.
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[bookmark: _Ref54379062]Figure 3 – 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
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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: 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.
Observation 2: Using white list only for inter-UE coordination is inefficient as it can be overwritten by the RSRP thresholding and re-evaluation steps in V2X mode 2 resource allocation.
Observation 3: 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 4: Receiver-assisted TX scheduling can achieve 10% PRR gain with respect to TX autonomous scheduling in unicast scenarios.
Observation 5: Receiver-assisted TX scheduling can achieve 5-7% PRR gain with respect to TX autonomous scheduling in multicast scenarios.
Observation 6: Distance based selection of UE candidates to act as UE-A allows to get significant gain with reduced overhead. Selecting 10% of the users procures a fair amount of the achievable gain, while selecting 20% of the users procures almost the full amount of the achievable gain.
Therefore, we propose the following:
Proposal 1: Support inter-UE coordination for all cast types.
Proposal 2: “A set of resources” signaled by UE-A as assistance information consists of a mix of “white list” and “black list” resources from UE-A perspective, possibly with ordered prioritization, that UE-B is recommended to use/avoid.
Proposal 3: Investigate methods achieving candidate selection of UEs to transmit assistance information (e.g. based on UE-B request, on distance between UE-A and UE-B, on timing restrictions).
Proposal 4: Support distance-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, initially 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

	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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