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Introduction
Recently, it was agreed that the road configuration of Freeway and Urban environments which were specified in [1-2], should be adopted as part of the eV2X evaluation methodology [3]. However, these two environments lack in their ability to represent important aspects of real world traffic models.

For example, the Freeway environment is assembled of only 6 lanes (3 lanes at each direction). Yet, many of the Freeways/Highways systems around the world are much more elaborated and complicated than that. (They may include more lanes, adjacent roads with different heights as bridges, etc.). The Urban environment-the Manhattan grid, also has its disadvantages being designed according to a pattern which isn’t common outside Manhattan.

In this paper we propose additional environments which should assist in depicting a more complete picture of the real world transportation systems. Thus allowing better evaluation of the eV2X performance.  

New Test Environments Configuration
In this section we suggest 3 different simulation environments with road configuration specifications. Each suggested scenario is justified by existing road systems. 
High Volume Freeways
Motivation
So far, the simulated Freeway environment has been identified with relatively high velocities (not lower than 70km/h), equal velocity for all vehicles, low vehicles’ densities and a shape of a single long road which is assembled of 6 lanes [1-2]. However, this perspective ignores factors such as: 

· Roads with relatively high number of lanes (see for example Fig.1.a).
· Traffic jams (see for example Fig.1.c).
· Integration/Exit paths where vehicles’ velocity may be slower.
· Lanes for high speed.
· Road systems which includes bridges, making the environment to be of a 3D nature (see for example Fig.1.b). Notice that communication between two vehicular objects with significant height difference such bus/trucks vs. private vehicles also motivates this approach.
All of the factors above, suggest that vehicles’ density in the Freeway environment may be much higher than what was tested so far. 
	[image: Image result for images of freeways]Fig.1.a.: Los Angeles, Freeway with 6 Lanes per Direction.
	[image: Image result for images of freeways]Fig.1.b.: Los Angeles, Branched Roads and Bridges System.

	[image: Image result for images of freeways in china]










	Fig.1.c.: Beijing, 50 Lanes Traffic Jam.

	Fig.1: Examples for Freeway Configurations around the World.


 
Simulation Environment Configuration
To simulate a more elaborated version of the Freeway environment the following road configuration is suggested:

	[image: ]Fig.2: High Volume Freeway Road Configuration. 



The details of this configuration are given in Table 1:

	Parameter
	Value

	Road’s Length
	2[km]. Wrap around should be applied to the simulation area.

	Bridge’s Length
	2[km]. Wrap around should be applied to the simulation area.

	Lanes’ width
	4[m]

	Number of Road’s lanes
	8 in total:
· 3 regular lanes at each direction (6 in total)
· 1 fast lane
· 1 Exit/Integration lane

	Number of Bridge’s lanes
	2 lanes at each direction (4 in total)

	Bridge’s Height
	

	Bridge’s Location
	Parallel to the road with distance of  from bridge’s center to the closer side of the road.

	Vehicles’ Density
	Average inter-vehicle distance in the same lane is 

	Vehicles’ Speed
	Nominal State:
· Fast Lane: 140[km/h].
· Road: 140[km/h].
· Exit/Integration Lane: 60[km/h].
· Bridge: 100[km/h]

	
	Congested State:
· Fast Lane: 60[km/h].
· Road: 40[km/h].
· Exit/Integration Lane: 40[km/h].
· Bridge: 40[km/h]

	Vehicle antenna height
	1.5m – 60%, 1.8m – 20%, 3m – 20%

	PL Model
	Distance between vehicles would be given by  . 
FFS on how to model PL. Vehicles act as blockers and hence NLOS channels.

	FF Model
	The velocities of the vehicles corresponding to a single link vary. For every possible combination of velocities a corresponding samples string of the channel needs to be generated. For example, in nominal state, in order to evaluate the FF behavior of all links the channel samples need to be generated 6 times for the following combinations: 140km/h-to-140km/h, 100km/h-to-100km/h, 60km/h-to-60km/h, 140km/h-to-100km/h, 140km/h-to-60km/h, 100km/h-to-60km/h.
FFS fast fading model.


Table 1: Parameters of High Volume Freeway Scenario

Intersections
Motivation
One of the most crucial areas for V2X communication is intersection since it may combine different types of road users (such as pedestrians, cyclists, vehicles and infrastructure). It is a challenging scenario since the expected volume of road users is rather high and most likely it would include some (or much) NLOS links. While the Urban environment (Manhattan grid) which was used so far (see [1-2]) includes intersections and NLOS links, it has several problematic issues:

· Since the environment also includes streets and the PRR (Packet Reception Ratio) is calculated for all road users (those in the intersection and those which are far from it) it is unclear how reliable the communication is at the intersection area.
· Manhattan grid present a very unique layout. Many intersection don’t have severe blockage at every intersection’s corner. 
· In the current Urban environment all vehicles drive at the same velocity during the entire simulation. However, in reality at an intersection with 4 branches (which usually include traffic lights) only part of the vehicles are allowed to drive, others are required to hold. This may induce higher vehicles densities.
· Almost every building especially those which are located near central intersections has a parking lot. This may increase the amount of interferers and reduce the reliability of communication between the vehicles on the road.
All of these issues motivated designing an environment which focuses on the intersection area where part of the branches are at full stop.  
Simulation Environment Configuration
To simulate an intersection environment the following road configuration is suggested:

	Fig.3: Intersection Road Configuration.[image: ]




The details of this configuration are given in Table 2:

	Parameter
	Value

	Branches’ Length
	200[m]

	Lanes’ Width
	3.5[m]

	Sidewalk’s Width
	3[m]

	Parking Lot at North-East and South-West Corners’ Width
	7[m]

	Number of Road’s lanes
	2 lanes at each direction (4 in total per branch)

	Vehicles’ Density
	For Moving Vehicles: Average inter-vehicle distance in the same lane is 

	
	For Static Vehicles: 1 vehicle every 7[m].

	
	For Vehicles at the Parking Lot: 10 Vehicles randomly distributed at each parking lot.

	Vehicles’ Speed (for the moving vehicles)
	Nominal State: 60[km/h].

	
	Congested State: 30[km/h].

	Vehicle antenna height
	1.5m – 60%, 1.8m – 20%, 3m – 20%

	PL Model-LOS/NLOS Classification
	For every two vehicles draw the connecting straight line. If the line goes through an NLOS perimeter use NLOS model (FFS). Otherwise, LOS model (FFS). FFS on how to categorize each link as LOS/NLOS. Vehicles act as blockers, hence NLOS.

	FF Model
	The velocities of the vehicles corresponding to a single link vary. For every possible combination of velocities a corresponding samples string of the channel needs to be generated. For example, in nominal state, in order to evaluate the FF behavior of all links the channel samples need to be generated 2 times for the following combinations: 60km/h-to-60km/h, 60km/h-to-0km/h. For a link where both ends are static vehicles there will be no FF effect.


Table 2: Parameters of Intersection Scenario


Winding Road with Varying Elevation
Motivation
Both Freeway and Urban simulation environments (see [1-2]) are consisted of straight roads all located on the same plain. However there are many ‘real world’ scenarios where the road is winding and may include slopes. As the road’s shape becomes more twisted and challenging the driver’s visibility becomes poorer which increase the potential benefit of V2X communication. We bring here three different scenarios which may include the mentioned features:

· Rural Environment- Due to the landscape of this environment the shape of the road can be consisted of sharp turns combined with slopes (see example in Fig. 4.a). The environment may include constant blockages such rocks and cliffs which challenge obtaining reliable LOS with others road users. 
· Multilevel Parking Lot- This environment also includes sharp turns and slopes while switching through floors. In addition it is usually a closed space making it difficult to be aware of other road users. Notice that it can be expected that beside the road users there will be amount of cars on the verge of parking or leaving the parking lot which may substantially increase interference for the road users.
· Suburbs- This environment also includes turns (see Fig.4.b) and constant blockages such as houses. Notice that it can be expected that beside the road users there will be amount of cars on the verge of parking or leaving the parking lot which may add interferences.
All three environments suffer from poor visibility of the surroundings and can be simulated by similar road shape. Usually, there are no more than one lane at each direction and road is rather narrow. In addition, under normal circumstances vehicles’ speed and density shouldn’t be high. These similarities enables simulating the three environments using the same road configuration with relatively minor changes in roads’ parameters.
	Fig. 4.a: China, Rural Road.[image: Image result for winding roads in rural environments]
	Fig. 4.b: U.K., Suburbs [image: Image result for suburbs in britain]

	Fig.4: Examples for Winding roads Configurations around the World.



Simulation Environment Configuration
To simulate winding road environment the following road configuration is suggested:

	[image: ]Fig. 5.a: Above View.
	[image: ]Fig. 5.b: Side View.

	[image: ]









Fig. 5.c: Above View-Division to LOS\NLOS Areas.

	Fig.5: Winding Road with Varying Elevation Road Configuration



The details of this configuration are given in Table 3:

	Parameter
	Value

	plains’ Length
	Rural Environment
	600[m]

	
	Multilevel Parking Lot
	100[m]

	
	Suburbs
	600[m]

	Lanes’ Width
	3.5[m]

	Number of Plains
	 (the slalom would contain 5 turs)

	Curve’s Length
	10[m]

	Slope’s Length
	10[m]

	Slope’s Angle
	Rural Environment
	

	
	Multilevel Parking Lot
	

	
	Suburbs
	

	Number of Road’s lanes
	1 lane at each direction (2 in total)

	Moving Vehicle’s Density
	Average inter-vehicle distance in the same lane is 

	Side Road Vehicles’ Density (located at the side road’s LOS areas)
	Rural Environment
	None.

	
	Multilevel Parking Lot
	At each side of every plain 5 vehicles spread uniformly along the plain. (For example, 6 plains would induce 60 road side vehicles).

	
	Suburbs
	At each side of every plain 2 vehicles spread uniformly along the plain. (For example, 6 plains would induce 24 road side vehicles).

	Vehicles’ Speed (for the moving vehicles)
	Rural Environment
	60[km/h].

	
	Multilevel Parking Lot
	30[km/h].

	
	Suburbs
	50[km/h].

	Measurements of LOS\NLOS Areas

	Rural Environment
	

	
	Multilevel Parking Lot
	

	
	Suburbs
	

	LOS/NLOS Classification
	Rural Environment
	For every two vehicles draw the connecting straight line. If the line goes through an NLOS perimeter it is classified as NLOS. Otherwise, it is classified as LOS. FFS on how to categorize each link as LOS/NLOS. 

	
	Multilevel Parking Lot
	Same as for the Rural Environment.

	
	Suburbs
	For every two vehicles draw the connecting straight line. If the line goes through an  NLOS perimeters it is classified as NLOS with probability of  where . Otherwise, it is classified as LOS. FFS on how to categorize each link as LOS/NLOS and on the value of .

	PL Model
	For LOS links distance is calculated by . For NLOS links distances  are given by  and  respectively. FFS on how to generalize PL NLOS calculation for the 3D case.  

	SF model
	Rural Environment
	The shadowing standard deviation is set to be  for LOS links and  for NLOS links. Decorrelation distance is set to  FFS on the values of . 

	
	Multilevel Parking Lot
	For every two vehicles draw the connecting straight line. Each NLOS perimeter degrades the signal by  due to shadowing. FFS on the value of . 

	
	Suburbs
	FFS

	FF Model
	Rural Environment
	FFS

	
	Multilevel Parking Lot
	Since vehicles’ velocity is quite low FF can be disregard. FFS on the appropriate FF model for this scenario.

	
	Suburbs
	The velocities of the vehicles corresponding to a single link vary. For every possible combination of velocities a corresponding samples string of the channel needs to be generated. Here there are two combinations for which the channel samples need to be generated: 50km/h-to-50km/h, 50km/h-to-0km/h. For a link where both ends are static vehicles there will be no FF effect. The channel samples are FFS.


Table 3: Parameters of Winding Road Scenarios



Summary
Observation 1: Freeway and Urban environments aren’t sufficient to fully evaluate system performance in all crucial conditions.
 
In order to captivate more thoroughly the various scenarios one may encounter on the road, the following additional simulation environments are proposed:


Proposal 1: A Freeway environment with higher numbers of road users and elaborated roads system including bridges needs to be part of the evaluation methodology to improve understanding of V2X capabilities.

Proposal 2: An environment which focuses on the V2X performance around intersections needs to be part of the evaluation methodology to improve understanding of V2X capabilities at one of the most crucial scenarios the road has to offer.
 

Proposal 3: Winding roads with varying Elevation need to be part of the evaluation methodology since the V2X potential benefit at such scenarios can be high.
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