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Introduction
In RAN#95e meeting, a new work item [1] on Air-to-ground network for NR was established. A CPE type of UE mounted in the aircraft was proposed in the WID. RAN4 need to evaluate the differences between conventional UE and CPE mounted in the aircraft. And some key characteristics need to be identified and studies, e.g. maximum output power and antenna model.

In this paper, we’d like to provide our general views on CPE mounted in the aircraft.
Discussion on UE maximum output power
As it’s aimed to reuse existing requirements for UE as soon as possible in this WID, 29dBm maximum output power can be considered. The 4T4R architecture is the first priority to achieve the maximum 29dBm output power as 23dBm per element. For 4T4R antenna architecture, 10dBi antenna gain can be assumed. Thus, we can evaluate the UL link budget as below.
	Deployment Scenario
	4T4R UE

	Data channel
	UL PUSCH

	Cell edge rate (Mbps)
	　

	Transmission Power
	BS/UE TX Power(dBm)
	29.0 

	
	Total RB number
	273.0 

	
	Scheduling RB number
	273.0 

	
	Subcarrier spacing (kHz)
	30.0 

	
	Tx Power/Subcarrier(dBm)
	-6.2 

	System Margin
	BS/UE TX Antenna Gain (dB)
	10.0 

	
	Fast Fading Margin (dB)
	0.0 

	
	Shadow Fading Margin(dB)
	0.0 

	
	Interference Margin(dB)
	0.0 

	
	Penetration Loss(dB)
	0.0 

	
	UE/ BS RX Average Antenna Gain (dB)
	23.0 

	
	RX cable/body Loss(dB)
	0.0 

	
	Total System Margin(dB)
	-33.0 

	Sensitivity
	Thermal Noise (dBm/Hz)
	-174.0 

	
	UE/BS Noise Figure (dB)
	5.0 

	
	Noise Power per subcarrier (dBm)
	-124.2 

	
	SNR (dB)
	-1.0 

	
	Sensitivity per subcarrier(dBm)
	-125.2 

	Results
	Maximum path loss (dB)
	152.1 

	FSPL
	Center frequency (GHz)
	4.9 

	
	Maximum distance (km)
	195.0 



If -1dB SNR in cell edge is pursued for UL, the maximum UL coverage distance is 195km. Thus, 29dBm with 4T4R CPE mounted in the aircraft can be a baseline for ATG scenario. In addition, this kind of CPE can fully utilize the existing IMT industry ecosystem and corresponding UE RF requirements.
Proposal 1: Based on the ATG UL link budget evaluation, 29dBm with 4T4R CPE mounted in the aircraft can be considered for ATG scenario to fully utilize existing IMT industry ecosystem and corresponding UE RF requirements.
Discussion on UE antenna model for ATG
As 4T4R CPE mounted in the aircraft can be assumed for ATG scenario, it’s proposed to adopt the following UE antenna model.
Table 1 UE array antenna pattern and parameters
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi


	Peak gain normalized element radiation pattern
	

	Composite array radiation pattern
	
, where



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

	(dv, dh)
	(0.5λ, 0.5λ)

	LE  (dB)
	2.0 dB

	UE orientation
	UE orientation is perpendicular to the ground

	Note 1:	MxN means there are M vertical and N horizontal elements
Note 2:	LE is included in GE,max.



Proposal 2: It’s recommended to adopt Table 1 UE array antenna pattern and parameters for ATG scenario.
RAN4 can further study whether the beamforming is allowed for CPE mounted in the aircraft. If it’s assumed that there is no beamforming, we can still consider the UE antenna model above but assume  and  as fixed values.
Proposal 3: If beamforming is not allowed for CPE mounted in the aircraft,  and  can be assumed as fixed values. Otherwise, there is no need to restrict Horizontal / Vertical coverage angle.
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: Based on the ATG UL link budget evaluation, 29dBm with 4T4R CPE mounted in the aircraft can be considered for ATG scenario to fully utilize existing IMT industry ecosystem and corresponding UE RF requirements.
Proposal 2: It’s recommended to adopt Table 1 UE array antenna pattern and parameters for ATG scenario.
Table 1 UE array antenna pattern and parameters
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi


	Peak gain normalized element radiation pattern
	

	Composite array radiation pattern
	
, where



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

	(dv, dh)
	(0.5λ, 0.5λ)

	LE  (dB)
	2.0 dB

	UE orientation
	UE orientation is perpendicular to the ground

	Note 1:	MxN means there are M vertical and N horizontal elements
Note 2:	LE is included in GE,max.



Proposal 3: If beamforming is not allowed for CPE mounted in the aircraft,  and  can be assumed as fixed values. Otherwise, there is no need to restrict Horizontal / Vertical coverage angle.
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