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Introduction
According to SI in RAN #81 [1], evaluation to allow exception on 2 RX vehicle mounted NR UE is currently being studied in RAN WG 4. This contribution would aim at focusing on aspects of link budget if 4 RX is deployed in vehicles integrated with 5G NR TCUs. This contribution takes into account the guidance provided by RAN #81 [2], where it was agreed to study coverage in terms of cell edge performance according to European Commission’s Broadband Europe vision of 30 Mbps downlink throughput.  
5G NR vehicular UE 
Link Budget for antenna systems with 4Rx equipped TCU 
As seen in [3], link budgets have been discussed to compare performance of 2 RX vehicle mounted UE and 4 RX HH UE (outdoor, passenger holding and dashboard). In this paper, a specific highlight on link budget extension for 4 RX vehicular UE based on consolidated view of all automotive OEMS in 5GAA [4] is discussed. 
Link Budget Analysis for n7/n41 (20MHz CBW) [3]
	　
	4Rx V-UE
	2Rx V-UE

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

	BS Antenna Gain1 [dB]
	13
	13

	UE
Antenna
Gain
	Antenna Gain2,6 [dB]
	-12
	-3

	
	Body Loss [dB]
	0
	0

	
	Penetration Loss3 [dB]
	0
	0

	
	Total [dB]
	-21
	-3

	Fading Margin [dB]
	9
	9

	Interference Margin [dB]
	3
	3

	DL
	BS Tx Power [dBm]
	46
	46

	
	UE REFSENS4 [dBm]
	-87.4
	-84.7

	
	MCLDL [dB]
	122.4
	128.7

	UL
	UE Tx Power [dBm]
	26
	26

	
	BS REFSENS5 [dBm]
	-95.3
	-95.3

	
	MCLUL [dB]
	110.3
	119.3

	Note 6: Based on 5GAA LS [4] for 4 RX V-UE antenna systems in majority of automotive


In many high end vehicles where implementation constraints do not exist, all 4 Rx antennas shall have good antenna gain performance around -3 dBi or better. 
This contribution would like to showcase only the worst case possibility.In the link budget table seen above, if 4 RX is used in vehicle, not in all vehicle types but in very specific implementations, all 4 antennas may have poor performance (corner case consideration) due to antenna positions discussed in [4]. 
In such corner cases, it is not practical to expect 2 out of 4 antennas in 4 RX vehicle UE have gain values around -3 dBi and the remaining 2 antennas out of 4 antennas in 4 RX vehicle UE have gain values around -12 dBi. This is because of the fact that telematics modules in automotive would not be built with distributed antennas at different locations but co-located for cabling and module functionality efficiency. 
Conclusion
Proposal 1: 5G NR vehicular UE with 4 RX antenna systems cannot perform better than 2 RX vehicular UE due to automotive implementation difficulties. It is therefore essential to consider 2 RX as exception for 5G NR vehicular UEs in Rel-15

****************** Start of the TP in Sub-clause 6 of TR38.826 ************************
6. Evaluation on the coverage related issue
As seen in [3], link budgets have been discussed to compare performance of 2 RX vehicle mounted UE and 4 RX HH UE (outdoor, passenger holding and dashboard). In this paper, a specific highlight on link budget extension for 4 RX vehicular UE based on consolidated view of all automotive OEMS in 5GAA [4] is discussed. 
Link Budget Analysis for n7/n41 (20MHz CBW) [3]
	　
	4Rx V-UE
	2Rx V-UE

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

	BS Antenna Gain1 [dB]
	13
	13

	UE
Antenna
Gain
	Antenna Gain2,6 [dB]
	-12
	-3

	
	Body Loss [dB]
	0
	0

	
	Penetration Loss3 [dB]
	0
	0

	
	Total [dB]
	-21
	-3

	Fading Margin [dB]
	9
	9

	Interference Margin [dB]
	3
	3

	DL
	BS Tx Power [dBm]
	46
	46

	
	UE REFSENS4 [dBm]
	-87.4
	-84.7

	
	MCLDL [dB]
	122.4
	128.7

	UL
	UE Tx Power [dBm]
	26
	26

	
	BS REFSENS5 [dBm]
	-95.3
	-95.3

	
	MCLUL [dB]
	110.3
	119.3

	Note 6: Based on 5GAA LS [4] for 4 RX V-UE antenna systems in majority of automotive



****************** End of the TP in Sub-clause 6  of TR38.826 ************************
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