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Introduction
In recent years the car industry is facing a big challenge finding a perfect position for the increasingly growing number of antennas. Even more challenging is finding an antenna location in the strategic rooftop area. As will be shown later in this contribution, different antenna locations generate different radiation patterns. We suggest using a more realistic vehicle antenna radiation pattern (see examples below) instead of an isotropic radiation pattern currently used in the evaluation simulation of eV2X systems. In this contribution, we simulated the radiation pattern of several different examples of antenna locations: car front bumper, front rooftop, middle rooftop, rear rooftop and car rear bumper. In addition, we examined the radiation pattern of the interesting case were using 2 transmit antennas on the roof.


 Radiation patterns of several vehicle antenna locations
In this section, we evaluate examples of several different antenna locations: car front bumper, front rooftop, middle rooftop, rear rooftop and car rear bumper. 

Simulation Setup
For each antenna location, we simulated the 3D radiation pattern using HFSS platform with the parameters described in the table below. The simulation output is plotted:
1. 3D radiation pattern on the car.
2. The azimuth radiation pattern in angles both above, at and below the horizon (i.e. θ=80, 85, 90, 95 and 100 degrees) 
3. The elevation radiation pattern at azimuth angle φ=0 and 90 degrees (2 orthogonal slices). 

	Simulation Parameter
	Value
	Comments

	Frequency
	5.9GHz
	

	Antenna Type
	Polar
	Commonly used in the automotive industry for V2X communication

	Vehicle Type
	Generic
	

	Bumper material
	Plastic
	

	Roof material
	Metal
	

	Platform
	HFSS
	

	Azimuth angles
	-180 to 180 degrees
		

	Zenith angles
	5 at θ={80,85,90,95,100} degrees
	

	Elevation slices
	2 at φ={0,90} degrees
	





The HFSS plots shown uses the following coordinates: φ indicate the azimuth angle and θ the zenith (while θ=90 is the horizon and θ=100 is 10 degrees below the horizon and θ=85 is 5 degrees above the horizon).
[image: http://images.elektroda.net/60_1344755551.png]
Figure 1: HFSS Plot coordinates


NOTE: It is emphasized that these 5 examples uses an arbitrary car model, antenna type (enclosure) and antenna location only for showing the effect and are not to be taken as suggested parameters for eV2X systems simulation. The antenna gains vary significantly with different car models and antenna types and enclosures.











Front bumper
	
	Antenna height [m]
	Ant x-axis [m]
	Ant y-axis [m]

	Front bumper
(plastic bumper)
	0.52
	0.85
(middle of bumper)
	0
(front of the car)
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Figure 2: Front bumper azimuth radiation pattern at θ=80,85,90,95,100 degrees relative to the zenith
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Figure 3: Front bumper elevation radiation pattern at φ=0 and 90 degrees


Front Rooftop

	
	Antenna height [m]
	Ant x-axis [m]
	Ant y-axis [m]

	Front Rooftop 
(metal roof)
	1.45
	0.85
(middle of car width)
	2.3
(front roof)
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[image: ]
Figure 4: Front rooftop azimuth radiation pattern at θ=80,85,90,95,100 degrees relative to the zenith
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Figure 5: Front rooftop elevation radiation pattern at φ=0 and 90 degrees
Middle Rooftop
	
	Antenna height [m]
	Ant x-axis [m]
	Ant y-axis [m]

	Middle Rooftop
(metal roof)
	1.45
	0.85
(middle of car width)
	3
(middle roof)
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[bookmark: _Hlk511070022]Figure 6: Middle rooftop azimuth radiation pattern at θ=80,85,90,95,100 degrees relative to the zenith
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[bookmark: _Ref511059755][bookmark: _Hlk511070076]Figure 7: Middle rooftop elevation radiation pattern at φ=0 and φ=90 degrees

Rear Rooftop
	
	Antenna height [m]
	Ant x-axis [m]
	Ant y-axis [m]

	Rear Rooftop
(metal roof)
	1.45
	0.85
(middle of car width)
	3.76
(rear roof)
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Figure 8: Rear rooftop azimuth radiation pattern at θ=80,85,90,95,100 degrees relative to the zenith
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Figure 9: Rear rooftop elevation radiation pattern at φ=0 and φ=90 degrees





Rear Bumper


	
	Antenna height [m]
	Ant x-axis [m]
	Ant y-axis [m]

	Rear bumper
(plastic bumper)
	0.51
	0.85
(middle of bumper)
	4.92
(rear of the car)
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Figure 10: Rear bumper azimuth radiation pattern at θ=80,85,90,95,100 degrees relative to the zenith
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Figure 11: Rear bumper elevation radiation pattern at φ=0 and φ=90 degrees



Two Antennas middle of rooftop
	Middle rooftop
(metal roof)
	Antenna height [m]
	Ant x-axis [m]
	Ant y-axis [m]

	ANT1
	1.45
	0.85
(middle of car width)
	*2.875


	ANT2
	1.45
	0.85
(middle of car width)
	*3.125



*Antennas are spaced 0.25 meters along the vehicle around the middle of roof
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Summary
Observation 1: 
Antenna placements in vehicles must be done in accordance with the vehicle design. Conformal and hidden antennas need to be considered.
Observation 2: 
Actual antenna patterns of antennas on vehicles differ significantly from an antenna on a ground plane.
Observation 3: 
Antenna gain of antennas mounted on vehicles is different from the gain of an antenna on a perfect ground plane.
Observation 4: 
Due to the wavelength compared to the metal details of the car we get a porcupine / hedgehog effect on the radiation pattern. 

Proposal 1: 
Incorporate the radiation pattern effect into the channel model. 3D channel model is one proposal.

Proposal 2: 
Add real world antenna patterns into the simulation methodology so the group's work better reflects real world performance.

Proposal 3: 
The effect of the porcupine / hedgehog antenna pattern is for FFS.
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