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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 this contribution, we give our view on inter-UE coordination, focusing on high-level concepts 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, the hidden node problem 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. 
Not only distance but also 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.
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: ]
Figure 1 - General principle of RX assistance

[bookmark: _Toc45897768][bookmark: _Toc45897775][bookmark: _Toc45897903][bookmark: _Toc47547823][bookmark: _Toc47550208][bookmark: _Toc47550488]Observation 1: Sending sensing related assistance from the RX to the TX can help to mitigate the hidden node and the half duplex problems.
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.

Attainable gain
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 incipient evaluations, shown in a simplified scenario 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. 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 3 – PRR in function of TX-RX distance with and without assistance information

[bookmark: _Toc45897769][bookmark: _Toc45897776][bookmark: _Toc45897904][bookmark: _Toc47547824][bookmark: _Toc47550209][bookmark: _Toc47550489]Observation 2: Receiver-assisted TX scheduling can achieve PRR gain with respect to TX autonomous scheduling.

[bookmark: _Toc45897667][bookmark: _Toc45897778][bookmark: _Toc45897906][bookmark: _Toc47547826][bookmark: _Toc47550211][bookmark: _Toc47550491]Proposal 1: Support receiver-assisted TX scheduling.

Overhead evaluation
The upper bound of the attainable gains in reliability shown in the previous section were shown in an ideal situation where TX has full knowledge of the RX sensing. Depending on the realistic scheme chosen for providing sensing assistance information, there is a tradeoff to be achieved between reliability and overhead. Of course having full RX sensing information at the TX side would bring the highest reliability improvement, but the overhead of achieving such knowledge must be taken into account.
[bookmark: _GoBack]Figure 4 depicts the overhead needed to convey sensing related assistance information, considered here to be the same as the number of bits for Rel.16 resource reservation. Here, we considered that assistance information is sent under the form of a set of resources similar to Rel.16 mode 2 resource reservation scheme. The overhead is computed as in the current Rel.16 specifications:
· The maximum number of resources to be reserved within a selection window of length (W= 32 slots) is either Nmax=2 or Nmax=3 
· The number of bits needed to indicate the resource reservation in a window of length (W= 32 slots) with Nmax=2, where S is the number of subchannels, is given as follows:
· Frequency  bit
· Time 5 bits
· The number of bits needed to indicate the resource reservation in a window of length (W= 32 slots) with Nmax=3 is given as follows:
· Frequency  bit
· Time 9 bits
· Maximum of 27 subchannels, corresponding to a maximum allowed BW for V2X in FR1 of 50 MHz with minimum subcarrier spacing of 15 KHz, and a minimum number of RBs per subchannel of 10. 
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[bookmark: _Ref45893052]Figure 4 Overhead for resources indication vs number of subchannels (S)
For RX assisted scheduling where the RX indicates Nmax number of resources at the TX, the required overhead needed for Nmax= 2 is 14 bits and for Nmax=3 is 22 bits. However, in case the RX recommends a subset of more than 3 resources to the TX more bits can be needed.
[bookmark: _Toc45897770][bookmark: _Toc45897777][bookmark: _Toc45897905][bookmark: _Toc47547825][bookmark: _Toc47550210][bookmark: _Toc47550490]Observation 3: Receiver-assisted TX scheduling requires 14 bits of overhead for indicating a subset of 2 resources and 22 bits for indicating a subset of 3 resources.
[bookmark: _Toc45897907][bookmark: _Toc47547827][bookmark: _Toc47550212][bookmark: _Toc47550492]Proposal 2: Investigate methods of overhead reduction when providing assistance information.
These methods may be particularly interesting in a groupcast scenario, where conveniently selecting candidate RX UEs for assisting the TX scheduling can heavily reduce the amount of assistance information needed for the system to achieve good performance.
[bookmark: _Toc47550493]Proposal 3: Investigate methods of candidate selection for providing assistance information in a groupcast scenario.

Conclusions
We arrived at the following conclusions and proposals:
Observation 1: Sending sensing related assistance from the RX to the TX can help to mitigate the hidden node and the half duplex problems.
Observation 2: Receiver-assisted TX scheduling can achieve PRR gain with respect to TX autonomous scheduling.
Observation 3: Receiver-assisted TX scheduling requires 14 bits of overhead for indicating a subset of 2 resources and 22 bits for indicating a subset of 3 resources.

Proposal 1: Support receiver-assisted TX scheduling.
Proposal 2: Investigate methods of overhead reduction when providing assistance information.
Proposal 3: Investigate methods of candidate selection for providing assistance information in a groupcast scenario.
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Annex: Simulation assumptions

	Parameter
	Value

	Deployment
	Highway scenario

	UE drop
	Option A (140km/h) defined in 37.885

	Vehicle type
	Type 2 defined in 37.885 

	Carrier frequency
	6GHz (FR 1)

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	Traffic model
	Periodic traffic
· Model 2 (medium traffic intensity) defined in 37.885 

	Resource selection
	Semi-persistent resource allocation
· Similar to LTE mode 4 sensing and selection
· Selection period is 20ms

	Channel model
	NR highway channel model defined in 37.885 

	Transmission parameter
	Modulation order and code rate
64QAM 0.56 - 4 DMRS
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