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1 Introduction
In last RAN4 meeting, parameters for coverage evaluation was discussed and captured in the WF [1]:
· Link budget based analysis will be assumed
· Reference parameters : [4] R4-1809930, Coverage related issues for 2Rx RF requirements of vehicle mounted NR UE as exception case, Samsung
· Parameters in which values need to be changed from [4]
· Antenna Gain + cable loss of device / Body loss / Penetration loss
· Antenna gain + cable loss : Values in 5GAA LS[3] are used in  initial analysis
· Body loss : 3dB(ref) ( TBD
· Penetration loss : TBD
· Penetration loss includes O2I loss e.g. building/ chassis / ….
· Deployment Scenario
· Hand-held UE(HH)
· 4Rx HH outdoor
· Browsing mode
· 4Rx HH in-vehicle
· Dashboard / Passenger Holding in browsing mode
· Charger position can be considered by interested company
· Vehicle mounted UE(V)
· 2Rx V outdoor
· Antenna gains and cable loss will be used for the roof and other typical locations
· Reference bands 
· Either n7 or n41

In this contribution, we gives some additional parameters that was not decided in last meeting as well as the coverage evaluation results.
2 Discussion

2.1 Parameter assumptions
Some parameters used in link budget evaluation are still open based on the WF in [1]. In this section, we provide our proposed values in link budget evaluation.
First, regarding the penetration loss, we can find reference in TR 38.901. According to below description, we propose to use the values in 90% confidence interval of penetration loss in the evaluation which is 0.8dB~17.2dB. 
The pathloss incorporating O2I car penetration loss is modelled as in the following:
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 is the basic outdoor path loss given in Subclause 7.4.1. μ = 9, and σP = 5. The car penetration loss shall be UT-specifically generated. Optionally, for metallized car windows, μ = 20 can be used. The O2I car penetration loss models are applicable for at least 0.6-60 GHz. 
Second, and the most important parameters are the antenna gain including cable loss for vehicle UE and body loss for handheld UE. For 2RX vehicle mounted UE, baseline antenna gain including cable loss is provided in 5GAA LS [3].
· Baseline antenna gain including antenna cable loss of vehicle mounted UE with 2 RX antennas: - 3 dBi to – 4 dBi.

However, as checking the content in the Annex of the LS, we can find that this antenna gain is evaluated only in a very small vertical range which is far enough to cover the whole coverage. Figure 1 illustrate the evaluation range of antenna gain provided by 5GAA.
· 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
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Figure 1 Illustration on the evaluation range of vertical antenna gain provided by 5GAA
From the Figure 1, we can observe that the vertical range of the antenna gain provided by 5GAA is not enough to cover all the directions in the coverage, when the horizontal distance between car and BS is larger than 17.3m, the antenna gain is not provided by 5GAA. Assuming that theta=60ºis the 3dB beam width, so antenna gains in all other directions are at least 3dB lower. Based on this, we roughly assume 3dB margin for average antenna gain in all covered directions. Then the average antenna gain including cable loss for car is -4dBi-3dB=-7dBi if the antenna is on the top of roof. If the antenna is on the bumper in the back, the average antenna gain including cable loss for car is -6dBi-3dB=-9dBi.
Observation 1: The vertical range of the average antenna gain provided by 5GAA is not enough to cover all the directions in the coverage, so we assume 3dB margin for average antenna gain in all covered directions. Then the average antenna gain including cable loss for car is -4dBi-3dB=-7dBi if the antenna is on top of the roof.
Regarding the handheld UE, based on our investigation, the average antenna gain for the whole sphere is not so pessimistic compare with the values provided in [3, 4]. For Band 41, a typical average antenna gain for the whole sphere is -5dBi. The body loss for browsing mode is around 1dB and the loss in dashboard is 0dB. It should be noted that these values are typical values and for a specific case, the value will vary according to some factors such as the relative location between the antenna in the handheld UE and the hand.
Regarding the SNR for 30Mbps downlink throughput [5], we run a simulation for required SNR based on following assumptions:
Table 1 Simulation assumption and result for required SNR

	Operating band
	n41(TDD)

	Center frequency(GHz)
	2.6

	Channel bandwidth(MHz)
	100

	Channel model
	"AWGN"

	Subcarrier spacing (kHz)
	30

	Total RB number
	273

	Number of slots per frame
	20

	UL/DL Pattern
	"D","D","D","S","U"

	The configuration of special slot
	10D 2G 2U

	Modulation Mapper
	"QPSK"

	Coding rate
	0.29

	TBS(per five slots)
	76320

	Throughput(Mbps)
	30.528

	SNR(dB) @BLER=0.1
	1T2R
	1T4R

	
	-4
	-6.6


In addition, to determine the fast fading margin, we also run a simulation for TDL-A channel model and obtain the following simulation results:
Table 2 Fast fading margin

	　
	1T2R
	1T4R

	SNR for AWGN (dB)
	-4.0 
	-6.6 

	SNR for TDL-A (dB)
	-0.9 
	-4.7 

	Fast Fading Margin (dB)
	3.1 
	1.9 


2.2 Link budget results
Based on the parameters in the WF and above section, link budget results for different deployment scenarios are provided as below:

Table 2 Link budget result without fast fading margin
	Deployment Scenario
	2RX Vehicle outdoor
	4RX Vehicle outdoor
	2RX Vehicle outdoor
	4RX Handheld outdoor
	4RX Handheld in vehicle
	4RX Handheld in vehicle

	Antenna location
	Roof
	Roof
	Bumper in the back
	Browsing mode
	Dashboard
	Browsing mode

	Data channel
	PDSCH
	PDSCH
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	Cell edge rate (Mbps)
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 

	Transmission Power
	TX Power(dBm)
	46.0 
	46.0 
	46.0 
	46.0 
	46.0 
	46.0 

	
	Total RB number
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 

	
	Scheduling RB number
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 

	
	Subcarrier spacing (kHz)
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 

	
	Tx Power/Subcarrier(dBm)
	10.8 
	10.8 
	10.8 
	10.8 
	10.8 
	10.8 

	System Margin
	TX Antenna Gain (dB)
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 

	
	Fast Fading Margin (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	
	Shadow Fading Margin(dB)
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 

	
	Interference Margin(dB)
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 

	
	Penetration Loss(dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.8~17.2
	0.8~17.2

	
	RX Average Antenna Gain (dB)
	-7.0 
	-7.0 
	-9.0 
	-5.0 
	-5.0 
	-5.0 

	
	RX cable/body Loss(dB)
	0.0 
	0.0 
	0.0 
	1.0 
	0.0 
	1.0 

	
	Total System Margin(dB)
	-1.0 
	-1.0 
	1.0 
	-2.0 
	-2.2~14.2
	-1.2~15.2

	Sensitivity
	Thermal Noise (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 

	
	Noise Figure (dB)
	7.0 
	7.0 
	7.0 
	7.0 
	7.0 
	7.0 

	
	Noise Power (dB)
	-122.2 
	-122.2 
	-122.2 
	-122.2 
	-122.2 
	-122.2 

	
	SNR (dB)
	-4.0 
	-6.6 
	-4.0 
	-6.6 
	-6.6 
	-6.6 

	
	Sensitivity (dB)
	-126.2 
	-128.8 
	-126.2 
	-128.8 
	-128.8 
	-128.8 

	Results
	Maximum path loss (dB)
	138.1 
	140.7 
	136.1 
	141.7 
	125.5~141.9
	124.5~140.9 


Table 3 Link budget result with fast fading margin
	Deployment Scenario
	2RX Vehicle outdoor
	4RX Vehicle outdoor
	2RX Vehicle outdoor
	4RX Handheld outdoor
	4RX Handheld in vehicle
	4RX Handheld in vehicle

	Antenna location
	Rooftop
	Rooftop
	Bumper in the back
	Browsing mode
	Dashboard
	Browsing mode

	Data channel
	PDSCH
	PDSCH
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	Cell edge rate (Mbps)
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 

	Transmission Power
	TX Power(dBm)
	46.0 
	46.0 
	46.0 
	46.0 
	46.0 
	46.0 

	
	Total RB number
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 

	
	Scheduling RB number
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 
	273.0 

	
	Subcarrier spacing (kHz)
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 
	30.0 

	
	Tx Power/Subcarrier(dBm)
	10.8 
	10.8 
	10.8 
	10.8 
	10.8 
	10.8 

	System Margin
	TX Antenna Gain (dB)
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 

	
	Fast Fading Margin (dB)
	3.1 
	1.9 
	3.1 
	1.9 
	1.9 
	1.9 

	
	Shadow Fading Margin(dB)
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 

	
	Interference Margin(dB)
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 

	
	Penetration Loss(dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.8~17.2
	0.8~17.2

	
	RX Average Antenna Gain (dB)
	-7.0 
	-7.0 
	-9.0 
	-5.0 
	-5.0 
	-5.0 

	
	RX cable/body Loss(dB)
	0.0 
	0.0 
	0.0 
	1.0 
	0.0 
	1.0 

	
	Total System Margin(dB)
	2.1 
	0.9 
	4.1 
	-0.1 
	-0.3~16.1
	0.7~17.1

	Sensitivity
	Thermal Noise (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 

	
	Noise Figure (dB)
	7.0 
	7.0 
	7.0 
	7.0 
	7.0 
	7.0 

	
	Noise Power (dB)
	-122.2 
	-122.2 
	-122.2 
	-122.2 
	-122.2 
	-122.2 

	
	SNR (dB)
	-4.0 
	-6.6 
	-4.0 
	-6.6 
	-6.6 
	-6.6 

	
	Sensitivity (dB)
	-126.2 
	-128.8 
	-126.2 
	-128.8 
	-128.8 
	-128.8 

	Results
	Maximum path loss (dB)
	135.0 
	138.8 
	133.0 
	139.8 
	123.6~140.0
	122.6~139.0


Based on above calculation results, it is can observed that:

Observation 2: Compare to the 4RX handheld UE outdoor, 2RX vehicle UE with rooftop antenna has nearly 5dB coverage loss due to SNR loss, diversity gain loss and also possible cable loss in the car.
Observation 3: 4RX handheld UE in vehicle may have coverage loss due to the penetration loss of the car, however, whether this two deployment scenarios should be comparative needs further consideration.
3 Conclusion
Based on the analysis in this contribution, we derive some observations as below:
Observation 1: The vertical range of the average antenna gain provided by 5GAA is not enough to cover all the directions in the coverage, so we assume 3dB margin for average antenna gain in all covered directions. Then the average antenna gain including cable loss for car is -4dBi-3dB=-7dBi if the antenna is on the roof.
Observation 2: Compare to the 4RX handheld UE outdoor, 2RX vehicle UE with rooftop antenna has nearly 5dB coverage loss due to SNR loss, diversity gain loss and also possible cable loss in the car.
Observation 3: 4RX handheld UE in vehicle may have coverage loss due to the penetration loss of the car, however, whether this two deployment scenarios should be comparative needs further consideration.
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