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Introduction
In the RAN4#108 meetings, one way forward [1] were approved with the following assumptions to further discuss the minimum output power requirements. 

	
	Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	TBD
	TBD

	PL
	TBD
	TBD

	ATG BS antenna gain
	TBD
	TBD

	ATG UE antenna gain
	0dB
	TBD

	Thermal noise power density
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	-13dBm/MHz  TBD
	-17dBm/MHz TBD




In this paper, we’d like to share our views on this issue.
[bookmark: _Hlk141986425]Discussion on Minimum output power
Referring to the contribution [2], the following assumptions were proposed to further discuss the minimum output power requirements.
	1) ATG BS antenna gain:
Referring to Table 6.2.3.1-1 of TR 38.876, we have the following assumption for ATG BS antenna model.
	
	ATG

	Base Station Antenna Characteristics

	Antenna pattern
	TR 38.921

	Element gain (dBi) (Note 2)
	7.1

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	Antenna polarization 
	Linear ±45º

	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements

	Number of supported polarizations, P
	2

	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V

	Array Ohmic loss (dB) (Note 2)
	2

	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25

	Base station maximum coverage angle in the horizontal plane (degrees)
	120

	Base station vertical coverage range (degrees) (Note 1)
	25

	Mechanical uptilt (degrees)
	14 



Based on that, we can assume BS antenna gain = 10*log10(8*8) + 7.1 = 25.2dB

2) ATG BS maximum output power: (For ATG UE maximum input level evaluation)
53dBm sum of two polarizations for 4GHz
46dBm sum of two polarizations for 2GHz
3) ATG UE antenna gain
Referring to Table 6.2.3.2-1 of TR 38.876, we have the following assumption for ATG UE antenna model for 4GHz
	
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
90º for V 

	
	Element gain (dBi)
	5 dBi

	
	Horizontal/vertical front‑to‑back ratio (dB)
	30dBc

	
	Antenna polarization 
	Linear ±90º

	
	Antenna array configuration (Row × Column x Polarization) 
(Note 4)
	 (8x2x2) or  
(16x1x2) 

	
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V

	
	UE antenna orientation
	Single UE panel deployed on the abdomen of the airplane facing downwards and with the longest dimension of the array aligned with the direction of the flight route. The flight route is pointed at the BS.



4GHz ATG UE phased array antenna gain = 10*log10(16) + 5 = 17dB
2GHz ATG UE Omni-direction antenna gain = 0dB 

4) Pathloss model: Free space
Pathloss ( fc_GHz, MinimumDistance_m ) = 32.5 +20log10(fc_GHz)+20log10(MinimumDistance_m)

5) The assumption of minimum distance between ATG BS and ATG UE is 3km ~ 20km.
6) Minimum output power for ATG UE + antenna gain for ATG UE + antenna gain for BS – pathloss(MinDistance, Fc) >= RESENS of BS




Referring to the template in the WF [1], we can get the following calculations and results.
Table 1 the results for minimum output power requirements
	Parameters
	case 1
	case 2
	case 3
	case 4
	case 5
	case 6

	center frequency GHz
	2
	2
	2
	4
	4
	4

	Distance meter
	3000
	3000
	20000
	3000
	3000
	20000

	Pathloss dB
	108.063
	108.063
	124.5412
	114.0836
	114.0836
	130.5618

	ATG BS antenna gain
	25
	7
	25
	25
	7
	25

	ATG UE antenna gain
	0
	0
	0
	17
	5
	17

	Thermal noise power density dBm/MHz
	-114
	-114
	-114
	-114
	-114
	-114

	ATG BS Noise figure dB
	5
	5
	5
	5
	5
	5

	Minimum output power dBm/MHz
	-25.937
	-7.93697
	-9.4588
	-36.9164
	-6.91638
	-20.4382



Case 1 and case 4 can be considered as the worst cases. The minimum distance between ATG BS and ATG UE is 3000m and the maximum antenna gains for BS and UE are assumed. During the discussion in last meeting, some companies think that it’s impossible to assume the maximum antenna gain when the aircraft is over the ATG BS. Thus, the element gains for ATG BS and UE are assumed for case 2 and case 5.
20000 minimum distance is assumed for case 3 and case 6, so the minimum output power at dBm/MHz is -20.43 dBm/MHz. For 5MHz channel bandwidth, the minimum output power is -20+10*log10(5) = -13dBm.
Proposal 1: to use -20dBm/MHz to derive the minimum output power, so the minimum output power is -20+10*log10(5) = -13dBm for 5MHz channel bandwidth.

	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-13
	-13+10log10 (BWChannel /20)
	-13+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.





3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: to use -20dBm/MHz to derive the minimum output power, so the minimum output power is -20+10*log10(5) = -13dBm for 5MHz channel bandwidth.

	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-13
	-13+10log10 (BWChannel /20)
	-13+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.
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