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1 Introduction
This TP is prepared based on the analysis in [1].
2 References
[1] R4-1814810, Evaluation on coverage for 2RX vehicle UE, Huawei, HiSilicon
TP for TR 38.826 v0.2.0
6
Evaluation on the coverage related issue

6.1 Link budget simulation assumption
RAN4 agreed the NR vehicle mountd UE RF parameters to evaluate the coverage related issues as shown in Table 6.1-1 [8].

Table 6.1-1: RF parameters for Link budget evaluation
	　
	4Rx HHUE
(Outdoor browsing)
	4Rx HHUE
(Passenger Holding browsing)
	4Rx HHUE
(Dash board)
	2Rx V-UE

	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]
	-7.5
	-16.5
	-13.5
	-3

	Fast Fading Margin [dB]
	1.9
	1.9
	1.9
	3.1

	Shadow 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

	Note 1. Ericsson proposed value during AH meeting in RAN4 #88BIS.
Note 2. Antenna system gain per element = (ant. efficiency + directivity) + cable/Body Loss. The detail values for n7/n41 are based on follows 

- HH UE : HH-UE : https://www.gsma.com/newsroom/wp-content/uploads/TS-24-v3-01.pdf
- Vehicle UE: LS (R4-1811528) from 5GAA
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 


6.2 System simulation
In the typical network, the performance is interference limited rather than noise limited, because the multiple cells are deployed in the network. The achieved SINR at Rx of UE can be denoted as
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Where S is the signal power, In is the received power of the n-th interfering cell signal power, and N denotes the thermal noise. This SINR will impact the receiver performance.

For the vehicular UE, both signal and interferences pass the antenna at the same time and thus the similar antenna gain applies for both of them because the antenna gain is almost kept the same in the horizontal angle of 0~360º given the same elevation angle for arrival. For the 4Rx UE inside the car, the similar penetration loss will apply for both signal and interferences. So the SINR-s for the vehicular UE and handheld UE inside the car can be denoted by
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Where G is the antenna gain along the signal arrival direction, Gn is the antenna gain along the n-th interference signal arrival direction, and L is the penetration loss which is equal to -9dB. Gn ≈ G.

As mentioned above the performance is dominated by interference level in the practical network, the interference level In would be much higher than the thermal noise N. So in terms of the achieved SINR at Rx it is expected that SINR for the vehicular UE with 2Rx and directional antenna are quite similar as SINR for the handheld UE with 4RX and omnidirectional antenna at the same location.

We run the system simulation to show the geometry. The simulation assumption is provided in Table 2.

Table 6.2-1: System simulation assumptions

	Parameter
	Value

	Channel model
	UMa_A

	ISD
	500 m

	Carrier Frequency
	2.6GHz

	BS antenna height
	25 m

	System bandwidth
	10MHz

	Subcarrier spacing
	15 kHz

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	32Tx cross-polarized antennas

(M,N,P,Mg,Ng) = (8,2,2,1,1)

	Number of TXRU per TRxP
	4TXRU: Vertical 1-to-8

	Number of antenna elements per UE
	1Rx

	Transmit power per TRxP
	46 dBm

	TRxP number per site
	3

	UE speeds
	30 km/h

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Electronic tilt
	100deg in LCS

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Antenna gain for vehicular UE
	-3dB for elevation angle 0~30º from the ground to sky for horizontal arrival angle 0-360 º [3]

-6dB for elevation angle 30~90º from the ground to sky for horizontal arrival angle 0-360 º

	Antenna gain for handhold UE
	-7.5dB in all the directions

	Penetration loss through window
	-9dB


Figure 6.2-1 shows the concept for this analysis. The SINR CDF is provided in Figure 6.2-2 according to the system simulation. The SINR is achieved at each receiving antenna element. 
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Figure 6.2-1: Concept for the coverage analysis in the interference-limited scenario
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Figure 6.2-2: CDF curves of SINR achieved per receiving antenna (“In-car antenna” stands for the 4Rx HHUE inside the car, “Out-car antenna” stands for the 2Rx Vehicular UE on the roof-top)
It is observed that quite similar SINR-s are achieved for both 2Rx V-UE and 4Rx HHUE inside the car. Take the 5% point which corresponds to the cell edge users. Both 2Rx V-UE and 4Rx HHUE inside the car observe the -3dB SINR per Rx. Given the more combination gain for 4Rx HHUE, the performance of 4Rx HHUE inside the car is expected to be the better than 2Rx V-UE although there is the extra antenna gain for V-UE compared to HHUE inside the car.

· Observation 1: The achieved SINR-s at each receiver antenna element are almost the same for the vehicular UE with 2Rx and extra antenna gain and 4Rx handheld UE inside the car in the practical interference-dominant network.

· Observation 2: Considering the more combination gain, the performance of 4Rx handhold UE inside the car is expected to be better than the 2Rx vehicular UE.
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