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1. Introduction
In RAN4#88bis meeting, a way forward [1] was approved with two agreements as below.
Agreement 1: WF on Parameter for Link Budget Evaluation
	　
	4Rx HHUE
(Outdoor browsing)
	4Rx HHUE
(Passenger Holding browsing)
	4Rx HHUE
(Dash board)
	2Rx VUE

	Antenna Configuration
	4Rx/2Tx
	4Rx/2Tx
	4Rx/2Tx
	2Rx/2Tx

	BS Antanna Gain1 [dBi]
	18
	18
	18
	18

	UE
Antenna
Gain
	Antenna system gain per element 2,5 [dBi]
	-7.5
	-7.5
	-4.5
	-3

	
	Penetration Loss3 [dB]
	0
	9
	9
	0

	
	Total [dB]
	-9.5
	-18.5
	-15.5
	-3

	Fading Margin [dB]
	[9]
	[9]
	[9]
	[9]

	Interference Margin [dB]
	3
	[3]
	[3]
	3

	DL
	BS Tx Power [dBm]
	46
	46
	46
	46

	
	UE REFSENS4 [dBm]
	-87.4
	-87.4
	-87.4
	-84.7

	
	
	d
	
	
	

	Note 1. E/// proposed during AH.
Note 2. Antenna system gain per element = (ant. efficiency + directivity) + cable/Body Loss
Note 3. O2I car penetration loss is based on TR38.901 7.4.3.2
Note 4. 4 Rx REFSENS = 2 Rx REFSENS (TS38.101-1 Table 7.3.2-1) + ΔRIB,4R (TS38.101-1 Table 7.3.2-2)
Note 5: To be confirmed by feedback from 5GAA on definition of the term ‘baseline’ for vehicle antenna performance 


Agreement 2: Conclusion on parameters for Link Budget Evaluation
In RAN 4 #88bis, -3dBi is initially used for vehicle UE antenna gain (as provided by 5GAA LS). Conclusion of RAN 4 study is subject to: 
· Provision of antenna system gain per element by means of TRP* measurements (with no stringent time budget, if possible RAN #82, per note 2) by OEMs in 3GPP or 5GAA
· TRP is used to infer gain of the system, although receiver link budgets are discussed
In note 2: Detailed values for n7/n41 are based on follows:
· HH-UE : https://www.gsma.com/newsroom/wp-content/uploads/TS-24-v3-01.pdf
· Vehicle UE : 5GAA LS (R4-1811528)

This document will discuss the link budget evaluation for coverage based on the parameters, and presents our observations.

2. Discussion
The performance of receiving signal is dependent on the SINR of received signal. The strength of wanted signal is calculated by:
S = eNB transmit power + transmit antenna gain – path loss – fading margin + receiver antenna gain + diversity gain
When we evaluate performance of 2Rx vehicle mounted UE compared to HH UE, the eNB transmit power, transmit antenna gain, propagation loss, and fading margin can be assumed as the same for 2Rx vehicle mounted UE or HH UE. The interfere and noise on receiver is also the same for 2Rx vehicle mounted UE and HH UE. So we only need to compare UE receiver antenna gain and diversity gain. we can assuming diversity gain of 2Rx vehicle mounted UE is 0dB, and get relative diversity gain of HH UE is 2.7dB from their REFSENS difference.
From the agreement parameters, the receiver antenna total gain is listed in following table. 
Agreement 1: Receiver antenna system gain
	　
	4Rx HHUE
(Outdoor browsing)
	4Rx HHUE
(Passenger Holding browsing)
	4Rx HHUE
(Dash board)
	2Rx VUE

	Antenna Configuration
	4Rx/2Tx
	4Rx/2Tx
	4Rx/2Tx
	2Rx/2Tx

	UE antanna Gain [dBi]
	-9.5
	-18.5
	-15.5
	-3

	Diversity gain [dB]
	2.7
	2.7
	2.7
	0

	Total gain [dB]
	-6.8
	-15.8
	-12.8
	-3



It is seen that the coverage performance of the 2Rx vehicle mounted UE is feasible compared to 4Rx HHUE based on the current parameters provided. However, provision of antenna system gain per element by means of TRP measurements is still pending. Further check on the link budget may be needed.
Observation: The coverage for 2 RX exception for vehicle mounted UE is comparable as the HH UE with 4 Rx based on the current parameters. Further check on the link budget based on TRP measurement may be needed. 
Another key issue left is whether vehicle type UE with 2Rx antennas can be differentiated from HH UE with 4Rx antennas. We propose that the type differentiation issue should be well considered before we allow vehicle UE with 2Rx antennas.
Proposal: The type differentiation issue should be well considered before we allow vehicle UE with 2Rx antennas.

3. Conclusion
This contribution discussed link budget evaluation for 2Rx vehicle mounted UE by comparing to HH UE. We have the following observations and proposals.
Observation: The coverage for 2 RX exception for vehicle mounted UE is comparable as the HH UE with 4 Rx based on the current parameters. Further check on the link budget based on TRP measurement may be needed. 
Proposal: The type differentiation issue should be well considered before we allow vehicle UE with 2Rx antennas.
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