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1. Introduction
This contribution provides our view on the modeling of antenna radiation pattern for vehicle UE.

2. Discussion
In RAN1#92 meeting, for vehicle UE, it was agreed that an option for collocated antenna case is supported for both below and above 6 GHz. On the other hand, there was a comment that the collocated antenna model is not suitable for realistic V2X operation since its actual radiation pattern could not efficiently provide reasonable coverage in all necessary directions. Therefore, it needs to consider the distributed antenna model for vehicle UE. Looking at these aspects, we think that both antenna models can be defined, and the collocated and distributed antenna models are used for the purposes of calibration and technical solution evaluation respectively.
For the collocated antenna model (i.e., for calibration), it can be assumed that all the vehicle types have the same antenna radiation pattern for the simplicity of evaluation. In this sense, the following modeling can be considered.
Table 2-1: Radiation pattern of collocated antenna for vehicle UE
	
	For 6 GHz
	For 63 GHz

	Antenna element gain vertical pattern
	Half spherically uniform distribution with top direction
	






	Antenna element gain horizontal pattern
	

	


	Pattern combining method for 3D 
	

	


	Max direct. gain of the antenna element
	3 dBi
	5 dBi


For the distributed antenna model (i.e., for evaluating technical solution), it can be assumed that two antenna panels in different positions are considered, and the location of each antenna panel is different depending on the type of vehicle. To be specific, for Type 2 vehicle (i.e., passenger vehicle with higher antenna position) and Type 3 vehicle (i.e., truck), each antenna panel is located at the front rooftop and rear rooftop respectively. For Type 1 vehicle (i.e., passenger vehicle with lower antenna position), each antenna panel is located at the front bumper and rear bumper respectively. The detailed radiation pattern modeling for each antenna panel located in different position is provided in [1]. Also considering the simulation simplicity and the possibility of having different link state for each antenna panel, the separate channel modeling between different antenna panels can be assumed. For the potential impairment perspective of distributed antenna model (e.g., cabling loss, calibration error, etc.), the ideal case can be assumed at this moment. This issues can be discussed further during NR V2X SI and revisited after developing the precise modeling for such impairments.
Proposal 1: For vehicle UE, the following two antenna models can be defined with different purposes.
· Collocated antenna model for calibration
· Distributed antenna model for technical solution evaluation
Proposal 2: For modelling the radiation pattern of collocated antenna, the followings can used for all the type of vehicles.
	
	For 6 GHz
	For 63 GHz

	Antenna element gain vertical pattern
	Half spherically uniform distribution with top direction
	






	Antenna element gain horizontal pattern
	

	


	Pattern combining method for 3D 
	

	


	Max direct. gain of the antenna element
	3 dBi
	5dBi


Proposal 3: For the distributed antenna model, the followings can be assumed.
· Two antenna panels in different positions are considered, and the location of each antenna panel is different depending on the type of vehicle as below:
· For Type 2 vehicle (i.e., passenger vehicle with higher antenna position) and Type 3 vehicle (i.e., truck), each antenna panel is located at the front rooftop and rear rooftop respectively.
· For Type 1 vehicle (i.e., passenger vehicle with lower antenna position), each antenna panel is located at the front bumper and rear bumper respectively.
· Detailed radiation pattern modeling for each antenna panel located in different position is provided in [1].
· Separate channel modeling between different antenna panels is applied.
It is noted that for the potential impairment perspective of distributed antenna model (e.g., cabling loss, calibration error, etc.), it can be discussed further during NR V2X SI and revisited after developing the precise modeling for such impairments.

3. Conclusion
In this contribution, it was discussed on the modeling of antenna radiation pattern for vehicle UE. The following proposals were made:
Proposal 1: For vehicle UE, the following two antenna models can be defined with different purposes.
· Collocated antenna model for calibration
· Distributed antenna model for technical solution evaluation
Proposal 2: For modelling the radiation pattern of collocated antenna, the followings can used for all the type of vehicles.
	
	For 6 GHz
	For 63 GHz

	Antenna element gain vertical pattern
	Half spherically uniform distribution with top direction
	






	Antenna element gain horizontal pattern
	

	


	Pattern combining method for 3D 
	

	


	Max direct. gain of the antenna element
	3 dBi
	5dBi


Proposal 3: For the distributed antenna model, the followings can be assumed.
· Two antenna panels in different positions are considered, and the location of each antenna panel is different depending on the type of vehicle as below:
· For Type 2 vehicle (i.e., passenger vehicle with higher antenna position) and Type 3 vehicle (i.e., truck), each antenna panel is located at the front rooftop and rear rooftop respectively.
· For Type 1 vehicle (i.e., passenger vehicle with lower antenna position), each antenna panel is located at the front bumper and rear bumper respectively.
· Detailed radiation pattern modeling for each antenna panel located in different position is provided in [1].
· Separate channel modeling between different antenna panels is applied.
It is noted that for the potential impairment perspective of distributed antenna model (e.g., cabling loss, calibration error, etc.), it can be discussed further during NR V2X SI and revisited after developing the precise modeling for such impairments.
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