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1 Introduction
At the RAN #68 meeting, a SI on the  “Feasibility Study on LTE-based V2X Services”[1] was approved with the following scope:

The study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation.
One of the first tasks to accomplish in this SI is to define an appropriate evaluation methodology for V2X. In this paper, we discuss the general aspects related to the evaluation methodology needed for the evaluation of V2V services. Coverage range, operating scenarios, and density requirements are discussed to target “at least the aspects of the methodology relevant to PC5 for V2V." The target completion is RAN#69, so that "support of PC5 transport for V2V services can be completed by RAN#70 – December 2015” [1].
In a companion paper [4], system-level modelling aspects are discussed; in another companion paper [5], we discuss the traffic modelling.
2 Overview of issues

In coverage versus Out of coverage 

V2X is considered to provide road safety services. Any area with roads and vehicles should be supported. This includes both in-coverage areas and out-of-coverage area with road traffic. However, the in-coverage case should be prioritized as baseline:

· In-coverage is major case because LTE coverage had already reached over 80% of the population in developed economies by 2014 [2],[3], and the coverage will further expand over time. 
· Out-of-coverage would have lower vehicle density/traffic. Areas without network coverage when V2X deployed in the future would be limited (maybe desert, remote mountains, etc.) due to sparse population, with light or almost no road traffic. 
Proposal 1: LTE-based V2X supports in coverage as baseline.   
Operating scenario
The SID [1] covers both the case of dedicated carrier and shared licensed carrier between WAN and V2X. This coexistence issue is not a new problem for 3GPP and has been addressed in the past (e.g., in the D2D WI in Rel-12). Several techniques have already been derived for coexistence, such as power control, resource allocation, and collision resolution to resolve WAN-D2D co-existence issue. The same or similar techniques can be reused for V2X. Consequently, for this SI, we suggest to consider dedicated carrier only for V2X. This significantly simplifies the study and simulations. For example, WAN traffic and V2X traffic priority and proportion do not need to be taken into account. Given the tight time schedule, we suggest to consider dedicated carrier as a starting point in evaluation, and licensed WAN-V2X coexistent carrier can be a further step if a solution is particularly needed to be evaluated for coexistence case.
In most regions, it is reasonable to assume that dedicated bandwidth will be allocated to V2X operation. In North America, the 5.850-5.925GHz band is allocated for ITS (intelligent transport system). In Europe, 5.875-5.905GHz is reserved for V2V safety applications. Thus, we can work under the assumption that the V2X band could be deployed on dedicated carrier around 5.9GHz.

Another case to consider is whether the licensed V2X carrier is shared between operators. It is noted that from a RAN1 perspective, the impact of having a single or multiple carriers is relatively limited. The issues of multi-carrier are mostly higher layers and architecture issues. In addition, it is unclear what scenario will be deployed. This will be highly dependent on the government regulations and policies applying in a particular geographical area. As a result, in a first stage, RAN1 should assume that the carrier is operated by a single operator.
Proposal 2: A 5.9GHz dedicated carrier with single operator assumption is used for the V2X evaluation.
Generally, networks are built with a given capacity. The operator will further increase the capacity when data volume requirement mandates it as the number of users increases. More bandwidth can be used, or cell splitting can be done to support a higher density of users. 

In 3GPP simulation, 10MHz bandwidth is commonly assumed to evaluate various schemes. The performance of larger bandwidth can be estimated by scaling. We suggest to have a similar approach for V2X, with 10MHz as the bandwidth assumption.

Vehicle density

Vehicle density is correlated with other aspects: UE speed, and traffic model. In this section, we show how speed affects car density.
Different speeds are defined for different scenarios in SA1[2]. This affects the car density. For instance, at 160km/h, with a safety distance between 2 successive cars of 3s (133m), the density would be 1000m/133m=7.5 vehicles/km/lane. 
All the supported speeds and their corresponding density are shown for two cases: a reasonable safety distance, and an aggressive (dangerous), extremely short distance between 2 successive vehicles are shown in table 1. below highlighted in yellow:
Table 1 5 scenarios from SA1[2] and density 
	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Safety distance (3s x speed)

· Density(vehicles/ km/lane)
	Extremely short distance 

(1s x speed)

· density(vehicles/ km/lane)

	#1 (suburban)
	200m
	50kmph
	100kmph
	41.6m – 24 veh
	13.8m – 72 veh

	#2 (freeway)
	320m
	160kmph
	280kmph
	133m – 7 veh
	44.4m – 22 veh 

	#3 (autobahn)
	320m
	280kmph
	280kmph
	
233m – 4 veh
	77.7m – 13 veh

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	41.6m – 24 veh
	13.8m – 72 veh

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	41.6m – 24 veh
	13.8m – 72 veh


Since the vehicle density is highly correlated with the UE speed, it cannot be discussed independently of UE speed. (The only exception may be for roads with autonomous, self-driving cars which are out of scope of this SI.) The higher a vehicle speed is, the lower the car density is, as clearly shown in Table 1. 

A companion paper [5] discusses the relation between a vehicle V2V message rate and its speed. Generally speaking, a vehicle with higher speed (e.g., 160kmph) will transmit messages more frequently than a vehicle moving at lower speed (50kmph): at 160km/h, a message is sent every 100ms, whereas at 50km/h, it is sent every 300ms.

This effect could be captured in the traffic model. However, if a single traffic model with one message rate is used (i.e., a 10 Hz message rate), this traffic model will send three times as many messages for 50km/h as necessary, effectively tripling the vehicular density (for simulation purposes). 
Observation: The message rate, vehicle speed, and vehicle density need to be jointly considered.
3 Conclusions
In this contribution, in coverage and out of coverage, operating scenario, and vehicle density are discussed. we propose:
Proposal 1: LTE-based V2X supports in coverage as baseline.
Proposal 2: A 5.9GHz dedicated carrier with single operator assumption is used for the V2X evaluation.
Observation: The message rate, vehicle speed, and vehicle density need to be jointly considered.
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