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Abstract: This contribution proposes vehicle density requirement for V2X service, covering values both for in-coverage and out-of-coverage cases. 
1 Introduction
In this paper, we propose an important performance metric for V2X service: vehicle density, and propose different density values for in-coverage and out-of-coverage scenarios. 
2 Discussion

System capacity is an important parameter that guides 3GPP system design. To enable LTE-based V2X services, vehicle density also needs to be considered as an important system performance parameter. 

Wireless operators deploy networks in a way that targets traffic density in addition to ubiquity of coverage. Therefore, it is reasonable to expect that

· Areas with high traffic density are almost certainly in-coverage;
· Out-of-coverage scenario is expected to have lower population density (e.g. rural road or hilly area) without strong demand of accessing telecommunication service, and therefore lower vehicle density is expected. 
For these reasons, we propose separate density requirements for in-coverage and out-of-coverage use cases. 
1) In coverage case
We explore traffic data statistics in many countries and select China, UK, and the US as three examples:

· In China, the department of transportation published the road vehicle design standard [1] which provides regular vehicle density in typical highway road to be 1600 vehicle/h/lane with the design speed of 120km/h, i.e., 13 vehicle/km/lane.
· In UK, the vehicle density of Great Britain can be found in [2] where the traffic volumes of peak hour in the main streets of Great Britain from 2000 to 2010 are given. The densest traffic flow over Great Britain appears in Glasgow LACode S12000043 in 2010, with the peak hour vehicle density of 11904 vehicle/h. Considering the 8 lane road, the maximum vehicle density is approximately 1500 vehicle/h/lane. In Britain, the speed limit in highway is 112km/h, we can approximate the vehicle density with 13 vehicle/km/lane.
· In US, the traffic flow of peak hour in New York is considered [3]. The highest traffic volume in peak hour is 4357 vehicle/h, with RcID 41104 with a 6 lane street in 2013. With 105 km/h (65mph) speed limit, the maximum vehicle density is approximately 720 vehicle/h/lane with the speed of 105km/h, i.e. approximately 7 vehicle/km/lane. 
In addition, we also encounter higher density cases during the data survey. For instance, in peak hour California highway in 2013 [4], the densest road appeared in SANTA ANA, JCT. RTES. 22 AND 57, at a highway junction with 16 lanes. The peak hour traffic count is 31000 vehicles/hour, i.e., 1900 vehicle/h/lane. This appears to be an extreme case not widely expected around the world. 
To accommodate the most typical vehicle density condition in typical urban in-coverage scenario, we propose that the highest allowed vehicle density is 1600 vehicle/h/lane, with the speed of 120km/h, i.e., 13 vehicle/km/lane.
2) Out-of-coverage case
In [6], US DoT provides the average daily traffic flow comparison between urban and rural areas. The latest data of 2013 shows that the urban area’s daily traffic flow is 13072 vehicle/h, which more than doubles the flow of 5124 vehicle/h in rural area. This again justifies the fact that lower vehicle density is expected for areas without network coverage. 

For out-of-coverage, according to China DoT road vehicle design standard [1], typical road for rural area is two-lane road, and the designed capacity is 800 vehicle/h with the speed of 60km/h, i.e. approximately 400 vehicle/h/lane, and 7 vehicle/km/lane.
To accommodate the vehicle density for out-of-coverage scenario, we propose that the highest allowed vehicle density is 400 vehicle/h/lane, with the speed of 60km/h, i.e. approximately 7 vehicle/km/lane. 

3 Text proposal
The contribution proposes to add a subsection for the consideration of vehicle density in TR:

***** 1st CHANGE *****
(fully new section)
6.X
Consideration on vehicle density
The supported vehicle densities for V2X service are as follows:

· In-coverage scenario: 1600 vehicle/h/lane, with the speed of 120km/h, i.e., 13 vehicle/km/lane.
· Out-of-coverage scenario: 400 vehicle/h/lane, with the speed of 60km/h, i.e., 7 vehicle/km/lane.
***** END of CHANGE *****
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