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1. Introduction

In RAN#68, RAN approved a new SID for Feasibility Study on LTE-based V2X Services [1].The target of the first RAN1 meeting is to define the evaluation methodology at least for LTE-based V2V. In this contribution, the performance metrics for PC5 V2V are discussed. Other relative perspectives can be found in the companion contributions [2]

 REF _Ref427135903 \r \h 
[3]

 REF _Ref427135906 \r \h 
[4].
2. Discussion
2.1. Metric according to service requirement
In SA1 TR 22.885[5], most V2V use cases are targeting on driving safety, i.e. crash avoidance. Basically the V2V crash-avoidance system is working as follows:

1) Each Tx vehicle periodically broadcasts its location/speed/status (constructed into a V2V broadcasting message) to surrounding vehicles;
2) The Rx vehicle estimates the Tx vehicle’s trace (also called neighbor vehicle awareness) by the received message, and compare them with its own trace. Correspondingly it will give warning to its driver if it has foreseen a crash risk
To achieve desired crash avoidance effect, the transmission of V2V message must satisfy three requirements:
1) Transmission to enough distance:  this is to leave enough reaction time to the driver

2) Transmission timely: this is to provide the up-to-date info to Rx vehicle 

3) Transmission must reach enough reliability: this is to make sure  “awareness”  and “warning”  function on a solid basis. 
In Table A.1 of  SA1 TR 22.885[5], those distance/ latency/ reliability are given as follows:

Table 1. Example parameters for V2X Services
	
	Effective distance
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability


	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


In RAN1 simulation evaluation, it is proposed to use Packet Delivery Ratio (PDR) metric to reflect such above transmission requirement. 
The Packet Delivery Ratio (PDR) is defined as follows:

1) Statistic for each app layer message sending by each UE/vehicle
2) For given distance, the PDR is calculated by X/Y, where Y is the number of UE/vehicles that located in [distance, distance+delta], and X is the number of UE/vehicle with successful reception among Y.

3) For Rx UE/vehicles, if latency larger than “Maximum tolerable latency”(100ms), it should not be seen as successful reception
4) For Rx UE/vehicles, if it cannot listen to Tx vehicle due to half duplex, it should not be seen as successful reception.

5) Requirement of PDR refers to some rows in Table 1, i.e. column “Minimum application layer message reception reliability” at column “Effective distance”. According to deployment scenarios proposed in [2], it is proposed to consider more cases for different combination of velocity and reliability as in Table 2:
a) Freeway with high velocity (corresponding to row #A1 in Table 1), the requirement is that PDR should >=80% at 320m; 
b) Freeway with median velocity (corresponding to row#A2 in Table 2), the requirement is that PDR should >=90% at 200m;
c) Urban with NLOS and intersection (corresponding to row #B in Table 1), the requirement is that PDR should >=95% at 50m.
It is open to have more cases as listed in Table 2 [6]. The calculation principle for reliability corresponds to velocity and effective distance, considering maximum reaction time of 4s.
Table 2. Proposals on V2X services and requirements for evaluation
	
	Effective distance
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability


	#A1 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#A2 (freeway)
	200m
	90kmph
	180kmph
	100ms
	90%

	#A3 (freeway)
	180m
	80kmph
	160kmph
	100ms
	90%

	#B (urban)
	50m
	50kmph
	100kmph
	100ms
	95%


It’s important to note that the statistic area is [distance, distance+delta], rather than [0, distance]. Because according to above mentioned, the communication distance in SA1 table is left to driver reaction, any transmission within this distance is useless because it is too late for driver to react.
Regarding the value of delta, in one hand, it should be short enough to exactly reflect the service requirement at desired distance, but on the other hand it should be long enough to get sufficient statistics samples in limited simulation scale (considering simulation time and/or number of UE). Based on our experience, 20m is an appropriate balance.
Here is an example. In following figure, the PDR for this packet at 100~120 meter is calculated as 10/14. 
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Figure 1 example of PDR vs. distance
Proposal 1: To adopt above defined “PDR vs. distance” as performance metrics for PC5 V2V evaluation.

2.2. Others
Additionally, to well compare technique schemes, it is suggested to provide resource allocation method and network impact in companies evaluation. 

Proposal 2: Resource allocation method and network impact in evaluation is suggested to be clarified by companies.

3. Conclusion 
Proposal 1: To adopt above defined “PDR vs. distance” as performance metrics for PC5 V2V evaluation.
Proposal 2: Resource allocation method and network impact in evaluation is suggested to be clarified by companies.
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