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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 details of V2X deployment scenarios and vehicle density and mobility modelling. 
2 V2X deployment scenarios
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
2.1 Highway
As mentioned in the V2X SI, CCSA has conducted a feasibility study for vehicle applications using LTE in 2014. A typical highway scenario in that study is shown in Figure 2 which considers a 6-lane roadway with two-way traffic and three lanes in each direction. The width of each lane is 3.75 m and have a length of 2400m. The vehicles travel forward from the edges of the highway in the centers of the lane with a density of vehicles and distribution of trajectories randomly distributed as described later in the next section.
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Figure 2. Highway roadway scenario
One important consideration when using the highway scenario is how to evaluate the performance of vehicles near the edges of the roadway. In a typical cellular simulation, so-called wrap-around can be utilized to ensure interference generated within the simulated area can be shifted in a deterministic way to the edges to avoid an underestimation bias of results from the users near the edge.  For the highway scenario a similar wrap-around approach can be defined but the size of the wrap around should carefully consider factors such as the size of roadway and speed of the vehicles.
2.2 Urban
Another important deployment scenario is the dense urban scenario where vehicles are traveling on a grid of roadways surrounded by buildings. The popular Manhattan model can be used as a baseline. For example, the CCSA study considers 600x600m blocks with building length of 560 meters and building spacing of of 40 m. The roadways between the buildings are four-lane, with two-way traffic and each lane having a width 3.75 m. In this case if four adjacent blocks are used this results in a simulation area size of 2400x 2400 m. Again wraparound should be considered by sub-dividing the blocks into regional areas which can be used to mirror interference in the other regions of the simulation area.
Proposal 1: Both a multi-lane highway scenario and an urban scenario with a grid of roadways should be considered as the baseline V2X deployment scenarios.

3 Vehicle density and mobility modeling
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 distribution of vehicle traffic flows, different vehicle densities and speeds should be considered. For simplicity the vehicles can be modeled as traveling in a straight trajectory from one edge of the simulation area to the other without considering lane changes. 

In the highway scenario a vehicle density of  25 vehicles/km/lane can be considered. However different lanes can support different vehicle traffic flows by varying the distribution of the simulated inter-departure times of the vehicles from the edges of the simulation area. For example, from the inside to the outside three lanes in each direction of traffic, the intervals can vary from 2seconds to 5 seconds.

For the urban scenario a smaller density of 18 vehicles/km/lane, may be used with a larger departure interval of 7 seconds for example to model the lower speeds in the roadways. 
Once the vehicle has departed, an independently drawn uniformly randomly distributed velocity v from U(a,b) can be applied to each vehicle. Again for the highway scenario this distribution can vary across lanes. For example an outer lane may consider a distribution of a and b of [100 120], while the inside lane may be between [60 80]. The urban scenario may consider a smaller and narrower range of speeds, for example [50,60].
Proposal 2: Different inter-departure times and a uniform distribution of the vehicle velocities can be used to model different traffic densities for the highway and urban V2X deployment scenarios.

4 Conclusions
In this contribution, we discussed details of V2X deployment scenarios and vehicle density and mobility modelling. The following proposals were made:

Proposal 1: Both a multi-lane highway scenario and an urban scenario with a grid of roadways should be considered as the baseline V2X deployment scenarios.

Proposal 2: Different inter-vehicle departure times and a uniform distribution of the vehicle velocities can be used to model different traffic densities for the highway and urban V2X deployment scenarios.
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