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1 Introduction

Vehicle-centric communications network is one of the key enabling technologies for the emerging ‘connected car’ ecosystem, supporting a broad range of new services and applications, including automotive safety, autonomous vehicles, telematics, traffic control, and infotainment. 3GPP is initiating studies on the use of LTE mobile networks to enable connectivity between vehicles (V2V), between vehicles and roadway infrastructure (V2I), and between vehicles and pedestrians (V2P) or other mobile users, jointly known as LTE V2X.

In RAN Plenary #68 the following study item was initiated: “Feasibility Study on LTE-based V2X Services” [1]:

The objectives of this study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in [2]. 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.
The study should utilise output from SA1 as a baseline, where available, and should aim to re-use information available from external fora such as ETSI ITS, SAE (DSRC TC J2945/1), and CCSA. 
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.
In this contribution, we discuss remaining details of V2X deployment scenarios and vehicle density and mobility modelling based on the evaluation methodology captured in [3]. 
2 Mobility modelling and handovers
As mentioned in the study item description, LTE-based V2X should support both deployments with and without network coverage as shown in Figure 1. While this requirement can cover a large range of deployment scenarios from suburban to rural, with varying densities of vehicles, this section focuses on two key scenarios which are important for capturing key characteristics of some of the more challenging propagation environments: highway and urban scenarios.
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Figure 1. Network coverage and outside network coverage V2X deployment scenarios
Based on the deployment scenarios considered, this section discusses different vehicle density and mobility modelling approaches. As before these values are based on the recommendations from the CCSA study.
To accurately model the mobility aspects of different V2X deployment scenarios, handovers should be considered, at least in terms of delay and resources used to understand potential impact of V2X on the Uu interface as well as the potential design implications for any V2V techniques which rely on eNB-assisted resource allocation (e.g. PC5 Mode 1 communication). However for V2V techniques based on distributed resource allocation (e.g. PC5 Mode 2 communication), such modeling can be neglected for simplicity.
Proposal 1: Handover overhead should be considered, at least in terms of delay and resources used for V2X techniques which have potential impact on the Uu interface, but can be neglected for simplicity for those based on distributed resource allocation approaches such as PC5 Mode 2.
3 Traffic models and performance metrics for V2X
This section considers the relevant traffic models and corresponding performance metrics for V2X.

3.1 V2X traffic models
Traffic for V2X safety applications can consist of both periodically broadcasted safety messages (e.g. vehicle trajectory sharing) as well as event-triggered messages (e.g. emergency stop warning). Currently the following is captured in the TR [3] regarding the evaluation assumptions for the different traffic models:

For Periodic traffic, working assumption of message size is that one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles. Note that it is allowed not to consider message size in calculating the performance metric.
For Event-triggered traffic, event arrival follows Poisson process with the arrival rate X (up to company choice) per second for each vehicle. Once event triggered, 6 messages are generated with space of 100ms. Working assumption of message size for Event-trigger traffic at L1 is 800bytes.
The working assumptions should be confirmed based on input from SA working groups regarding the message size and overhead, considering security aspects. In addition to evaluating both types of traffic models, certain vehicles may be simulated to generate messages of one traffic type, while another group of vehicles transmit a different type (e.g. with different size or transmission frequency). The probability of a given vehicle to transmit periodic traffic type is given by probability ptraffic and event-triggered traffic by 1- ptraffic. For example, ptraffic = .2 may be one possible value for evaluations.
Proposal 2: Both periodic and event-triggered traffic models should be considered for V2X with a traffic type probability given by ptraffic and 1- ptraffic respectively.
3.2 Performance Metrics
While per-user or system throughput are always important metrics for consideration, for V2X, especially for safety applications, reliability and latency can be considered as the primary metrics for evaluation. One key metric is the packet reception ratio (PRR), which is useful in identifying the scalability of a resource allocation approach at different vehicle densities. 
Delay is the statistic which can capture the performance given the strict latency requirements defined for critical vehicle safety applications [2]. Delay can be characterized by inter-packet delay statistics. For example, the time elapsed between two successive successful receptions of two different packets transmitted from one transmitting node to the same receiving node can be recorded and additionally can be characterized by range as is done for the PDR along with the CDF.

Proposal 3: Inter-packet delay statistics should be used for the performance evaluation of V2X.

4 Conclusions
In this contribution, we discussed remaining details of V2X evaluation methodology. The following proposals were made:

Proposal 1: Handover overhead should be considered, at least in terms of delay and resources used for V2X techniques which have potential impact on the Uu interface, but can be neglected for simplicity for those based on distributed resource allocation approaches such as PC5 Mode 2.
Proposal 2: Both periodic and event-triggered traffic models should be considered for V2X with a traffic type probability given by ptraffic and 1- ptraffic respectively.
Proposal 3: Inter-packet delay statistics should be used for the performance evaluation of V2X.
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