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In 3GPP TR 38.802 (v0.1.0) [1], the agreements on UE antenna related evaluation assumptions are made for NR eV2X study, as shown below.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency
	Macro to/from vehicle/pedestrian UE : 4 GHz 
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz 
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz 
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
	Macro to/from vehicle/pedestrian UE : 2 GHz  or 4GHz
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

	UE Tx power
	Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm is not precluded
	Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm is not precluded

	UE antenna height
	Vehicle/pedestrian UE: 1.5m
UE-type-RSU: 5 m
	Vehicle/pedestrian UE: 1.5m
UE-type-RSU: 5 m

	UE antenna gain
	Vehicle UE: 3dBi
Pedestrian UE: 0dBi 
UE-type RSU: 3dBi
	Vehicle UE: 3dBi
Pedestrian UE: 0dBi 
UE-type RSU: 3dBi

	Number of UE antenna elements
	Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements
UE-type RSU: Up to 8 TX/RX antenna elements
	Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements. 
UE-type RSU: Up to 8 TX/RX antenna elements

	UE antenna element gain pattern
	Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction

Note: directional antenna pattern is not precluded 
Note: uniform antenna models should be used for 2-D channel models
	Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction

Note: directional antenna pattern is not precluded 
Note: uniform antenna models should be used for 2-D channel models



In this paper, we will revisit the UE antenna gain by different antenna pattern at a vehicle UE and at a UE-type RSU, respectively. The antenna pattern proposed in this paper applies to all carrier frequencies. Discussions about operating NR eV2X at high carrier frequencies e.g., 63GHz, are detailed in our company contribution [2].
Antenna pattern at a vehicle UE
In the current assumption, the antenna gain at a vehicle UE is 3dBi. In fact, this gain can be further improved by directional antenna pattern. Hence, we propose the following two alternatives for antenna deployment at a vehicle UE.
In Alt 1, there are 4 sets of antenna arrays that point to the front, rear, left, and right, respectively. Moreover, each antenna element irradiates with half spherical uniform distribution over a 90 degree azimuth angle. In this way, the antenna gain is obtained as 10*log10(2*4)=9dBi. For instance, when the number of antenna elements is 8, a deployment example is illustrated in Fig. 1. As shown in Fig. 1, there are 4 antenna arrays with 2 elements each and the arrays point to the front, rear, left, and right, respectively.
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Fig.1 Alt 1 of antenna pattern at a vehicle UE
In Alt 2, there are 2 sets of antenna arrays that point to the front and rear, respectively. Moreover, each antenna element irradiates with half spherical uniform distribution over a 180 degree azimuth angle. In this way, the antenna gain is obtained as 10*log10(2*2)=6dBi. For instance, when, when the number of antenna elements is 8, a deployments example is ullustrated in Fig. 2. As shown in Fig. 2, there are 2 antenna arrays with 4 elements each and the arrays point to the front and rear, respectively.
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Fig.2 Alt 2 of antenna pattern at a vehicle UE
Proposal 1: There are two options for antenna pattern at a vehicle UE.
· Alt 1: there are 4 sets of antenna arrays that point to the front, rear, left, and right, respectively. Moreovev, each antenna element irradiates with half spherical uniform distribution over a 90 deg azimuth angle.
· Alt 2: there are 2 sets of antenna arrays that point to the front and rear, respectively. Additionally, each antenna element irradiates with half spherical uniform distribution over a 180 deg azimuth angle.
· FFS: select between Alt 1 and Alt 2 based on the imput from automotive companies.
Antenna pattern at a UE-type RSU
In the current assumption, the antenna gain at a UE-type is 3dBi. Similarly, this gain can also be improved by directional antenna pattern. We propose the following antenna patter.
At a UE-type RSU, there are 4 sets of antenna arrays that point to the 4 streets in the intersection, respectively. Moreover, each element irradiates with half spherical uniform distribution over a 90 degrees azimuth angle. In this way, the antenna gain is obtained as 10*log10(2*4)=9dBi. When the number of antenna elements is 8, a deployment example is illustrated in Fig. 3. As shown in Fig. 3, there are 4 antenna arrays with 2 elements each and the array point to the 4 streets in the intersection, repectively. 
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Fig.3 antenna pattern at a UE-type RSU

Proposal 2: At a UE-type RSU, there are 4 sets of antenna arrays that point to the 4 streets in the intersection, respectively. Moreovev, each antenna element irradiates with half spherical uniform distribution over a 90 degrees azimuth angle.
Conclusions 
In this paper, we revisit and discuss the antenna pattern at a vehicle UE and at a UE-type RSU, and have proposed the following.
Proposal 1: There are two options for antenna pattern at a vehicle UE.
· Alt 1: there are 4 sets of antenna arrays that point to the front, rear, left, and right, respectively. Moreovev, each antenna element irradiates with half spherical uniform distribution over a 90 deg azimuth angle.
· Alt 2: there are 2 sets of antenna arrays that point to the front and rear, respectively. Additionally, each antenna element irradiates with half spherical uniform distribution over a 180 deg azimuth angle.
· FFS: select between Alt 1 and Alt 2 based on the imput from automotive companies.
Proposal 2: At a UE-type RSU, there are 4 sets of antenna arrays that point to the 4 streets in the intersection, respectively. Moreovev, each antenna element irradiates with half spherical uniform distribution over a 90 deg azimuth angle.
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