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1. Introduction

In this contribution, we provide our initial simulation results and its analysis regarding vehicle antenna pattern for V2X.

2. Simulation assumption and related parameters 
Assuming co-located antenna deployment on the roof-top of a vehicle, we observe antenna radiation pattern with different operating frequency (i.e., below and above 6 GHz) and antenna placement (especially for height of the antenna) through HFSS simulation. [1]
2.1. Assumption on vehicle
In this simulation, a typical sedan style vehicle is considered as shown in the figure 1 and the related parameters are listed as below:
	Parameters
	Values [meters]

	Width
	1.7

	Length
	5

	Height
	1.2
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Figure 1. Vehicle
2.2. Assumption on antenna
From the antenna perspective, we assume a single antenna element with omni-directional radiation pattern with operating frequency range of 5.9 GHz & 63 GHz. Parameters and radiation patterns of antenna used in this simulation can be listed as follows:
	Parameters
	Values

	Carrier frequency
	5.9 GHz, 63 GHz

	Number of antenna element
	Single

	Maximum antenna gain
	2.15dBi

	Radiation pattern of antenna element
	Omni-directional, Vertical polarization

· 3D radiation pattern
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· 2D radiation pattern
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2.2.1. Scenarios related to antenna placement

Considering co-located antenna deployment, we assume that a single antenna element is located at conventional shark antenna position on the roof-top. With this assumption, we set up two antenna placement scenarios with different height from the surface of roof-top to the antenna element where the height is defined as d. For the first scenario, we consider that an antenna element is located “on the surface of roof-top with d = 0 cm”. For the second scenario, an antenna element is deployed above roof-top with d = 10 cm. Figure 2 presents two scenarios considered in this simulation. Also, it should be noted that the conventional shark antenna is located at 7 cm lower position than the peak of roof-top, and the same setting has adopted for this simulation.

[image: image5]
Figure 2. Antenna placement scenarios
2.3. Preliminary simulation results and analysis
Since the main objective of this simulation is to observe how large area surrounded by a vehicle can be covered horizontally by an antenna element focusing on V2V environment, we focus on horizontal experimental results and its analysis. In addition, in each figure, “A” and “R” denote angle in horizontal domain and antenna gain, respectively.
2.3.1. Simulation result at 5.9 GHz frequency band
Figure 3 shows antenna radiation pattern with Scenario 1 where d=0 [cm]. From the horizontal performance perspective, it is observed that the front side antenna radiation coverage is reduced by 4.4 dB than the rear side antenna radiation coverage due to the lower position of shark antenna from the peak of roof-top. However, this level of irregularity of radiation pattern seems acceptable as the antennas of commercial V2X module operating at 5.9 GHz can be embedded in the shark antenna.
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Figure 3. Antenna radiation pattern (Horizontal aspect, 5.9 GHz with d=0)
Observation 1: For below 6 GHz frequency band, in terms of antenna radiation coverage of vehicle antenna design for V2X, co-located antenna deployment would have reduced coverage for front side but show acceptable radiation pattern to cover all the directions.

2.3.2. Simulation result at 63 GHz frequency band

For 63 GHz frequency band, Figure 4-(a) and (b) present simulation results with two different antenna placement scenarios where d=0 and 10 [cm], respectively. For comparison, we also plotted the performance at 5.9 GHz frequency band with red line. 
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Figure 4-(a) d=0 [cm]

    Figure 4-(b) d=10 [cm]
Figure 4. Antenna radiation pattern (Horizontal aspect, 63 GHz with different antenna heights)
As can be shown in Figure 4-(a), when a vehicle antenna is deployed on roof-top surface with d=0 [cm] as in scenario 1, the front side antenna gain at high frequency band is decreased more than 4dB compared to that of low frequency band. We expect that forward radiation would be partially blocked and reflected by body of the vehicle since the antenna element is located at 7 cm lower position compared to the peak point of roof-top as we mentioned at Section 2.2.1, and this may lead to degradation of forward side antenna radiation gain.

In Figure 4-(b), by considering antenna deployment “above roof-top” with Scenario 2, we also depict antenna radiation pattern with d=10 cm. By increasing antenna height at 63 GHz, the forward side antenna gain degradation can be reduced. However, feasibility of higher antenna height is subject to the vehicle design issues.
Observation 2: At 63 GHz frequency band, when the vehicle antenna is deployed on a roof-top surface with d=0, the decrease of forward side antenna gain is more severe compared to that of 5.9 GHz due to blockage and reflection from vehicle body.
Observation 3: By increasing antenna height at 63 GHz, the forward side antenna gain degradation can be reduced. However, the feasibility of higher antenna height is subject to the vehicle design issues. 
3. Conclusion

In this contribution, we have provided our preliminary simulation results and analysis regarding vehicle antenna pattern for V2X. Following observations are given:
Observation 1: For below 6 GHz frequency band, in terms of antenna radiation coverage of vehicle antenna design for V2X, co-located antenna deployment would have reduced coverage for front side but show acceptable radiation pattern to cover all the directions.
Observation 2: At 63 GHz frequency band, when the vehicle antenna is deployed on a roof-top surface with d=0, the decrease of forward side antenna gain is more severe compared to that of 5.9 GHz due to blockage and reflection from vehicle body.
Observation 3: By increasing antenna height at 63 GHz, the forward side antenna gain degradation can be reduced. However, the feasibility of higher antenna height is subject to the vehicle design issues. 
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