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Abstract: The eV2X TR (22.886 v15.0.0) contains several KPI’s. Among other, “connection density”  (or vehicle density) is the topic for this contribution which was described in several different ways in the TR (without numeric value, with numeric value (but different values, or extremely unrealistic)). This contribution proposes a discussion point on “connection density” with the layout of roads already considered in the TR and with some realistic considerations of vehicle-related numbers (e.g., inter-vehcile distance, vehicle length) into calculation. As the value of “connection density” can also affect the related work in other downstream WGs and also that for next release(s), if needed, it would be necessary to re-examine the value.
1. Introduction
a. What TR 22.886 contains (v15.0.0)

3GPP TR 22.886 v2.0.0 was approved with 95% completion at SA#74 (Dec.’16), which became v15.0.0 of the TR (3GPP Rel-15) [1]. In the TR, a variety of KPI’s were analysed with specific value(s) for these analysed KPI’s. By the nature of eV2X study performed in Rel-15 along with the ongoing SMARTER Work (also known as 5G Work in 3GPP Stage-1), TR 22.886 foresees the enhancement of 3GPP support for V2X, including not only short-term enhancement aspects (e.g., from Rel-14 V2X) but also mid-/longer-term enhancement aspects from the prior Release of V2X. For example, TR 22.886 includes a wide range of “automated driving”, such as NTHSA Level 3 automated driving and NTHSA Level 4 automated driving [2], which is referred to as fully automated driving. 
b. Why TR 22.886 comprehensive outcome is useful
V2X as a Service (VaaS) requires unified evolution in 3GPP: V2X as a Service from 3GPP perspectives includes both Rel-14 features, which are based on Rel-14 technology (architecture/protocols/etc.), and later releases (e.g., Rel-15 features). In Rel-14 V2X, it was already well identified that “future-proof” design of V2X features is critically important. Such a design consideration would be essentially required to avoid “non-interoperability” among different V2X technologies and to avoid “market fragmentation”. From 3GPP Rel-15 on, it comes out that new radio aspects and/or next generation aspects of 3GPP network have been introduced and being worked on throughout multiple WGs. Hence, a comprehensive study for V2X in the coming releases was considered very essential to rolling out the unified landscape of 3GPP V2X in the market and the first of such kind was put in Rel-15 eV2X.
c. What’s still needed 

Among others in TR 22.886, “density” of vehicles supporting V2X was one of the issues discussed since Rel-14 V2X, in which there was no clear reference value or a range of value for it from that release. In SA1#74, a value was proposed and agreed. However, since that time, it was not suitably taken care of although the use of some value may affect the related work/study in downstream WGs.
2. Observations
Inter-vehicle distance: In [1],[3], it is described that the distance between vehicles for normal density platooning and that for high density platooning are, respectively, 2 m and 1m.
a. Potential Requirements:
[PR.5.3-005] The 3GPP system shall support high connection density for congested traffic, estimate below is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps):

5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

[PR.5.5-010]
 The 3GPP system shall support high connection density for congested traffic.

Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

OBSERVATION: These two PRs, although intended to serve different Use Cases, are intended to describe statements for reliable operations of V2X even when the connection density is high. However, they need to be editorially modified:


SUGGESTION#1: In order to make a synchronised description on “connection density” throughout the TR, it is proposed to make a separation of “example value” out of the PR, respectively.
[PR.5.3-005] The 3GPP system shall support high connection density for congested traffic.

NOTE: Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 
5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

[PR.5.5-010]
 The 3GPP system shall support high connection density for congested traffic.

NOTE: Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.
b. 5.6 Collective perception of environment (sec. 5.6.1.1):
9.840 cars are considered per kilometre in the scenario with high vehicle density related to congested traffic road on US Freeway with 5 lanes in each direction (or 10 lanes total per highway), and up to 3 highways intersecting.
OBSERVATION: The value 9,840 in Use Case 5.6 and the value(s) in other Use Cases are different (e.g., 9,840 vs. 15,840 (cars)).
SUGGESTION#2: The value need to be chosen based on possible, realistic scenario so that the value can be referenced no matter which use cases are supported by the value. See next section.
c. The following sections contain statement(s) requiring the support of high connection density without suggested value for the density:
[PR.5.10-010]
The 3GPP system shall be capable of supporting a high connection density.
[PR.5.11-007]
The 3GPP system shall be capable of supporting a high connection density.
[PR.5.12-010]
The 3GPP system shall be capable of supporting a high connection density.
[PR.5.13-007]
The 3GPP system shall be capable of supporting a high connection density.
OBSERVATION: no specific reference value for “high connection density”
NO SUGGESTION:
d. The following sections contain statement(s) requiring the support of high connection density with suggested value for the density:
[PR.5.3-005]
The 3GPP system shall support high connection density for congested traffic, estimate below is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps):

5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars 
per mile.
[PR.5.5-010]
The 3GPP system shall support high connection density for congested traffic.

Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

[CPR.G-009]
The 3GPP system shall support high connection density for congested traffic.

NOTE:
Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

3. Considerations
In order to find an estimate on how many cars per (square) mile, we consider the same layout of road used in the current version of TR 22.886: 10 lanes, three roads, etc. One example is depicted in Fig. 1.
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Fig. 1: Layout of three roads with 10 lanes, respectively. Circle is an observation area of radius 0.5miles to count the number of cars (as an estimate).
For this type of layout, there are many different positions of observation circle. The observation circle is considered to first count the total length of roads covered by the circle (which has a radius of 0.5mi). Based on the total length, we want to normalise the total length with respect to square mile.

We consider two example cases as in Fig. 2 to see which one has more cars (within the observation circle), namely, which one has a greater sum of roads in length. It is obvious that case (a) has a greater sum than case (b), which can be explained by Fig. 3.
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	(a) The observation circle is positioned at the centre.
	(b) The observation circle is positioned with bias.


Fig. 2: Layouts of three roads w.r.t. the relative position of an observation circle.
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Fig. 3: Illustration – why (a) has a longer sum of roads than (b) within a circular area covered by the observation circle in Fig. 2. The line segment 1 (in green) is the longest among others.
Q1:
How long is the total distance of a linear road in a square mile?

A1
In an area of a circle with a radius of 0.5miles (Fig. 1), we have a length of 3 miles in total (3 (linear roads) * (2 * 0.5 miles);


If the area of a circle is normalized by a square with the side length of 1 mile, we can obtain the total distance in a square mile. We have [3 mi] * (4/3.14: square to circle ratio) = 3.82 miles;


3.82 miles

Q2:
If 10 lanes are assumed, how long would it be in total?


A2:
38.2 miles
Table 1: Car length distribution (body length of cars)

	Car length distribution

	inter-veh. Space (m) -->
	0.5
	
	

	
	
	
	
	

	
	body length (meters)
	body length incl. inter-veh. Space
	weight (%)
	weighted length

	PT Cruiser
	4.3
	4.8
	60
	2.76

	mini-van
	5
	5.5
	30
	1.59

	truck
	10
	10.5
	10
	1.03

	weighted sum
	
	
	5.38


Q3:
How many cars can be populated per sqmi?



A3: 
See Table 2.

Table 2: The Average number of cars per sqmi
	Inter-vehicle distance (m)
	Avg. no. cars /sqmi

	0.5
	10953.41

	1
	10052.63

	2
	8632.768


4. Proposals

Proposal #1: to agree SUGGESTION#1 (to make a separation of “example value” out of the PR, respectively)
[PR. 5.3-005], [PR.5.5-010]

 The 3GPP system shall support high connection density for congested traffic.

NOTE: Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

Proposal #2: to agree SUGGESTION#2 with one of the values listed in Table 2 and to reflect the modification in the related clauses in the TR.
The formal proposals are summarised in CR011 in S1-170110 (Revision number(s) will be advised).
References
[1] 3GPP TR 22.886 v15.0.0, TR for eV2X, Dec. 2016
[2] NTSHA Human Factors Evaluation of Level 2 and Level 3 Automated Driving Concepts, http://www.nhtsa.gov/DOT/NHTSA/NVS/Crash%20Avoidance/Technical%20Publications/2015/812182_HumanFactorsEval-L2L3-AutomDrivingConcepts.pdf

[3] 5G-PPP-White-Paper-on-Automotive-Vertical-Sectors
