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Abstract: This paper discusses vehicle densities to be expected in V2X and proposes some worst case values.
Discussion
Up to now dimensioning aspects haven’t played a big role in SA1, if at all. When the amount of UE exceeded the amount of UEs the cell could handle the remedy was to increase the number of cells in the area until the system capacity matched up with the average traffic and numbers of UEs in the area.

For V2X, specifically V2V, however, the situation is different.  A V2X UE and thus the mechanisms specified by 3GPP have to be designed to handle a suitable and reasonable amount of other UEs within its range from the very beginning. Once such a UE is deployed there is no way to increase this number besides from replacing the UE. It is further obvious the common remedy by increasing the number of cells described above does not help in this case, and would be even counterproductive.
For 3GPP to specify suitable mechanisms there is the need to give some indication what numbers are to be expected in a certain area under worst case conditions. 

Without question the densities of vehicles – or better: traffic participants – is highest in urban areas due to the high numbers of pedestrians, but due to shielding effects by buildings the number of UEs in range is limited.

A real worst case scenario is the intersection of two highways, with distributors and slow moving traffic on all lanes, including distributors. See figure.

Source: Wikipedia

Let’s assume 4 lanes for each direction and two lanes on the distributors, all of them filled with cars using 10m of the highway each. The 10 m distance essentially means cars are stationary or moving at a very low speed. Let’s further assume the intersection covers 1km east-west and north-south. The distributors are assumed to be 750m each. The length of all lanes sums up to:
Highways: 8 km per highway, 16 km in total

Distributors: 12 km, Bypasses: 8km

Total: 36km

With the assumption of 10m per vehicle this gives 3600 vehicles on the area of one km².

Some add-on should be included to cater for situations like additional roads close by and other high traffic areas close by. As an example could serve a highway intersection close to the Frankfurt airport where an additional, highway-like federal road runs in parallel and the access roads of the airport are partly in the area of the intersection. An additional 50 % should cover this leaving us with 5400 traffic participants (Airport!) on one km²
It is proposed to include the following text into 22.885:

***** BEGIN CHANGE *****
5.x
Vehicle Density
5.x.1
Description

A worst case scenario in terms of vehicle density is an intersection of two highways and stopped traffic on all lanes, including distributors. See figure.
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Source: Wikipedia

Let’s assume 4 lanes for each direction and two lanes on the distributors, all of them filled with cars using 10m each. The 10 m distance essentially means cars are stationary or moving at a very low speed. Let’s further assume the intersection covers 1km east-west and north-south. The distributors with two lanes each are assumed to be 750m in length. 
The length of all lanes sums up to:

Highways (4 lanes): 8 km per highway, 16 km in total

Distributors (2 lanes): 12 km, Bypasses (2lanes): 8km

Total: 36km

With the assumption of 10m of road per vehicle this gives 3600 vehicles on the area of one km².

Some add-on should be included to cater for situations like additional roads close by and other high traffic areas close by. As an example could serve a highway intersection close to the Frankfurt airport where an additional, highway-like federal road runs in parallel and the access roads of the airport are partly in the area of the intersection. An additional 50 % should cover this leaving us with 5400 traffic participants (Airport!) on one km²

5.x.5
Potential Requirements
The 3GPP system (i.e. architecture, solutions) shall be designed to cope with a maximum number of 5400 V2X enabled traffic participants per square km.
***** END of CHANGE *****
