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1. Introduction
The V2X study item has an objective of evaluating the new functionalities needed to operate LTE-based V2X. As part of this objective, an initial task to enable evaluation for the new functionalities is the definition of performance metrics, as defined in the detailed objectives of the SI scope [1]:
The detailed objectives are as follows:
1) To define the evaluation methodology for LTE-based V2V, V2I/N and V2P services to compare the performance of different technical options, including the following aspects: [RAN1]

a) Deployment scenarios, considering the above operating scenarios
b) Modeling of vehicle density and mobility 

c) Traffic models and performance metric

At least the aspects of the methodology relevant to PC5 for V2V shall target RAN#69, to enable completion of objective 2.
This document focusses on Sony’s views on aspects of the performance metrics and traffic models that are applicable to the V2X study item. The measured performance of the V2X system will also depend on the deployment scenario applied: this aspect is beyond the scope of this document and is considered in [2].
Determination of whether an LTE-based V2X system meets the performance requirements for the V2X uses cases can be performed at the conclusion of the study item, based on performance requirements defined in 3GPP and in external organisations. Section 2.3 of this document details some of the performance requirements that have been initially identified for V2X.
2. Performance Metrics
2.1 Performance Metrics
Table 1 identifies some performance metrics that are required for the 3GPP study on LTE-based V2X services. Our basic approach is that the performance metrics should be based on existing D2D performance metrics as much as possible [4]. The performance metrics should also be in line with the objectives of the study item scope and be measurable against V2X performance requirements from 3GPP and external organizations.
Table 1 – Performance metrics applicable to LTE-based V2X services
	Performance metric
	Definition

	Discovery latency
	Discovery latency is defined as the time at which the probability of discovery (see discovery performance) is equal to the performance requirement for discovery reliability.

	Discovery range
	Discovery range is defined as the distance at which the probability of discovery (see discovery performance) is equal to the performance requirement for discovery reliability

	Discovery performance
	Discovery performance is expressed as CDFs of the probability of a message being successfully received by the receiving node as a function of:

· Pathloss (or distance).
· Time

	Communication range
	Communication range is defined as the distance at which the probability of communication (see communication performance) is equal to the performance requirement for communication reliability

	Communication latency
	Communication latency is defined as the time at which the probability of communication (see communication performance) is equal to the performance requirement for communication reliability.

	Communication performance
	Communication performance is expressed as CDFs of the probability of a message being successfully received by the receiving node as a function of:

· Pathloss (or distance).

· Time

	Capacity
	Capacity is defined as the number of vehicles supported in the cell.
There are separate capacity measures for:
· Discovery latency
· Discovery range
· Communication latency
· Communication range
The latency / range is expected to degrade as the number of vehicles in the cell increases.
The capacity for each case (bulleted list above) is defined as the number of vehicles at which the performance metric meets the performance requirement.

	Resource efficiency
	When the system is operating at capacity, the resource efficiency is defined as the average number of resource elements per vehicle required to meet the performance requirements for:
· Discovery latency
· Discovery range
· Communication latency
· Communication range

	User throughput
	For each traffic model, mean, 5%, and CDF of user throughput

	Energy efficiency
	Battery lifetime using defined traffic model and power consumption model from [4]

	Impact on WAN performance
	Amount of resource used for V2X services in a cell when a fixed number [TBD] of vehicles is supported.


2.2 Performance Requirements
At the conclusion of the study item, the identified performance of LTE-based V2X should be compared to identified performance requirements. Table 2 provides an initial set of performance requirements that have been identified within 3GPP [3].
Table 2 – Identified Performance Requirements for V2X Services
	
	Effective range
	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%


3. Traffic modeling
From the perspective of latency and reliability, some of the most challenging use cases for V2X services revolve around driver assistance use cases (e.g. forward collision warning, control loss warning, emergency vehicle warning etc. [3]). These use cases are applicable for direct V2V communications and for some V2I communications (such as where messages are transmitted via V2X infrastructure at an intersection).
These driver assistance use cases have a common theme of a typical message size of 50-300 bytes (with a maximum of 1200 bytes) and periodic reporting of a maximum 10 V2V messages per second [3]. Hence it is proposed that, for V2X services, RAN1 uses a traffic model with:
· a statistical distribution of message size of between 50 and 300 bytes
· periodic transmission of messages with a periodicity of  100ms
· the message start times of vehicles are uncorrelated with one another 
If uses cases other than driver assistance are also considered in the study item, it is proposed that RAN1 uses an existing traffic model, such as the FTP2 traffic model defined in [4, clause A2.1.3]
4. Conclusion
This document has discussed the performance metrics that should be defined as part of the V2X study item. It is proposed that RAN1 define the following performance metrics in the RAN1 V2X TR:
· Discovery latency
· Discovery range
· Discovery performance
· Communication latency
· Communication range

· Communication performance
· Capacity
· Resource efficiency

· User throughput
· Energy efficiency

· Impact on WAN performance
It is also proposed that the traffic models for V2X include a traffic model that is appropriate for the driver assistance use cases.
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