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1. Overall Description:
5GAA Working Group 2 (WG 2) would like to thank the 3GPP for considering usage of 2 RX antennas in vehicle mounted UE, as an exception, by starting a new Study Item [1], [2]. 
5GAA would like to provide collective car OEM inputs on the system impacts (coverage link budget and throughput) of 2 RX vehicle mounted NR rel-15 UE. 5GAA kindly requests 3GPP to consider following baseline (see also input in Annex) antenna gain values which actually impact the performance (and the simulations). 

· Baseline antenna gain including antenna cable loss of vehicle mounted UE with 2 RX antennas: - 3 dBi to – 4 dBi.
Some automotive implementations can actually perform better than baseline values mentioned above depending on implementation mechanisms. Section 5 (appendix) contain further details. 

Some companies in 5GAA observe that antenna gain values of handheld devices, considering measurements reported in section 6 (appendix), may differ from values which are commonly used in RAN4 simulations like 0 dBi. 

5GAA kindly requests 3GPP to use realistic values of antenna gains offered by UEs in live network. 
2. Actions 

To 3GPP RAN 4 WG: 5GAA kindly requests 3GPP RAN4 to consider the antenna gain including antenna cable loss mentioned in section 1 & 5 of this document within the scope of the new Study Item.
3. Date of Next 5GAA Meetings:

	5GAA F2F meeting #08 (WG & GA)
	October 22-25, 2018
	Japan (Tokyo)

	5GAA F2F meeting #09 (WG)
	January 2019
	Korea (Seoul)


4. References 

1. RP-181468, LS reply on minimum number of RX antennae for NR vehicular UEs

2. RP-181467, New SID: Evaluation for 2 RX exception in Rel-15 vehicle mounted UE

5. Appendix (Antenna Gain Values): Vehicle mounted UEs 
The following baseline antenna gain values are recommended by various automotive OEMs. 
5.1 Baseline Antenna Gain Values: OEM A
The cable loss depends on the chosen package and mounting concept of the telematics unit and the antenna. OEM A has chosen a concept which allows to eliminate the cable loss completely in nearly all cars. 

· The average gain of the 2x2 MIMO antenna is about -1 dBi at 2.6 GHz. 

· The average loss of a coax cable is about 1 dB/m.

This is an example for better performance than baseline antenna values including cable loss, mentioned in section 1 of this document. 

5.2 Baseline Antenna Gain Values: OEM B  

The following antenna gain (dBi) values are expected minimum in the frequency ranges until 3.8GHz:

2 RX scenarios:

· Antenna 1: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: 1 dBi, based on a rooftop antenna implementation

· Antenna 2: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: 0 dBi, based on a second radiator in  rooftop antenna implementation
This is an example for better performance than baseline antenna values including cable loss, mentioned in section 1 of this document.
Scenarios with more than 2 RX antenna positions result in lower gains due to shadowing and cable losses. 

· Antenna 3: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: -12 dBi, based on bumper antenna implementation in the front

· Antenna 4: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: -6 dBi, based on bumper antenna implementation in the back
5.3 Baseline Antenna Gain Values: OEM C
The cable loss depends on the chosen package and mounting concept of the telematics unit and the antenna.
· The average gain of the 2x2MIMO antennas is about -2/-3 dBi at 2.5 GHz. 

· The average loss of a coax cable is about 1 dB/m  at 2.5 GHz

Window antenna:

· Antenna Gain: -2 dBi

· Cable length: 2 m  
· Overall gain: -4 dBi

This is an example for performance which is closer to baseline antenna values including cable loss, mentioned in section 1 of this document. 

6. Appendix (Antenna Gain Values): Commercial handset maker A
The following findings in figure 1 from a commercial mobile phone provider (HH UE) showcase the average antenna gain values (passive) for Multi-band & Multi-mode supporting Antenna in the targeted frequency band.
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Fig. 1 Antenna performance of commercial HH UE at high frequency
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