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1. Introduction
In RAN4#108, the ATG UE RF requirements had been discussed and the WF was approved in [1]. This paper will focus on some issue we concerned.
2. Discussion
[bookmark: _Hlk131889382][bookmark: _Hlk134913516][bookmark: OLE_LINK6]2.1. Maximum input level 
After the last meeting discussion, companies agreed to use the following table as a template to capture the assumption, and we will focus on the issue for ATG UE maximum input level first.
[bookmark: OLE_LINK10]Table 1. Table of Maximum input level
	
	Omni-direction antenna
	Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	TBD
	TBD

	Path Loss (dB)
	TBD
	TBD

	BS output power (dBm)
	46
	53

	BS antenna gain  (dBi)
	TBD
	TBD

	ATG UE antenna gain (dBi)
	0
	TBD

	Maximum input level (dBm)
	TBD
	TBD



Distance: In the ATG network aircraft altitude to derive a cell is 3km, and this distance is the vertical distance and 0 degree when UE and BS antennas are pointing to each other. Considering the direction of the beam, the minimum distance for the non sub-array model is 6.7 km, and the minimum distance for the sub-array model is 15.1 km.
Table 2. Minimum distance between ATG UE and BS
	[bookmark: _Hlk127403669]
	Non Sub-array model
	[bookmark: OLE_LINK7]Sub-array model

	Angle of aircraft at minimum altitude and maximum distance from ATG BS
	1.5°
	1.5°

	BS vertical coverage range
	25°
	10°

	Mechanical uptilt
	14°
	6.5°

	The minimum distance (km)
	6.7
	15.1


[bookmark: OLE_LINK1][bookmark: _GoBack]According to the calculation in the above table, using 20km as the minimum distance to calculate max input power seems reasonable for the sub-array model, But 20km is not the best choice for non sub-array model. In addition, considering that the possibility of ATG serving the aircraft directly above in the future still exists, we could use 3km as the minimum distance between ATG UE from BS.
[bookmark: OLE_LINK8]Proposal 1: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS. 
Path Loss: If we use 3km as the minimum distance between ATG UE and BS, path loss for 2GHz and 4GHz could be calculated by the following model.
[bookmark: OLE_LINK9]PL = 32.5 + 20×log( d(km) ) + 20×log( f (MHz) )
[bookmark: OLE_LINK15][bookmark: OLE_LINK17]For omni-direction antenna model, PL = 32.5 + 20×log(3) + 20×log(2000) ≈ 108 (dB).
[bookmark: OLE_LINK16]For antenna array model, PL = 32.4 + 20log(3) + 20log(4000) ≈ 114 (dB)
Observation 1: The pass loss of the omni-direction antenna model is 108dB, and the pass loss of the antenna array model is 114 dB.
BS output power: Considering the maximum input power of ATG UE, we should select the maximum output power of ATG BS to calculate. The ATG BS max output power in TR 38.876 is shown below, this requirement should be reused in this calculation.
Table 6.2.2.1-1: system parameters for ATG BS
	...
	...

	[bookmark: OLE_LINK11]ATG BS maximum output power
	46dBm sum of two polarizations for 2GHz
53dBm sum of two polarizations for 4GHz

	...
	...



[bookmark: OLE_LINK18][bookmark: OLE_LINK13]Observation 2: BS output power for 2GHz (omni-direction antenna model) is 46dBm, BS output power for 2GHz (antenna array model) is 53dBm
[bookmark: OLE_LINK19][bookmark: OLE_LINK4]BS antenna gain: Considering simulation results from companies, we choose antenna parameters for the non sub-array model in TR 38.876 as baseline, and the table is shown as below. We select element gain as 7.1dBi and Antenna array configuration as 8×8 elements to calculate. For both omni-direction antenna model and antenna array model, the BS antenna gain = 7.1 + 10×log(8×8) = 25.16 ≈ 25.2 (dBi).
[bookmark: OLE_LINK12]Table 6.2.3.1-1: AAS antenna parameters for non sub-array 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 



Observation 3: For both the omni-direction antenna model and antenna array model, the BS antenna gain is 25.2dBi.
ATG UE antenna gain: For 2GHz, we assume an omni-directional antenna model for ATG UE, and there is no ATG UE antenna gain. For 4GHz, UE is equipped with a directional antenna, and the parameters are shown below. Using 5dBi element gain and 8×2×2 Antenna array configuration, the ATG UE antenna gain (Antenna array) could be calculated as 5 + 10×log(8×2) = 17.04 ≈ 17(dBi).
Table 6.2.3.2-1:  antenna parameters for phase antenna array
	
	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.



Observation 4: ATG UE antenna gain for the omni-direction antenna model is 0dBi, and ATG UE antenna gain for the antenna array model is 17dBi.
Based on the above analysis, we could use the following model to calculate the Maximum input level. 
Maximum input level = ATG UE antenna gain + BS antenna gain + BS output power - Path Loss
For omni-direction antenna model, maximum input level = 0+25.2+46-108 = -36.8(dBm)
For antenna array model, maximum input level = 17+25.2+53-114 = -18.8(dBm)
[bookmark: OLE_LINK2]Table 3. Table of Maximum input level
	
	Omni-direction antenna
	[bookmark: OLE_LINK5]Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	3
	3

	Path Loss (dB)
	108
	114

	BS output power (dBm)
	46
	53

	BS antenna gain  (dBi)
	25.2
	25.2

	ATG UE antenna gain (dBi)
	0
	17

	Maximum input level (dBm)
	36.8
	18.8



[bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Considering the situation that ATG BS serving the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in the table. The maximum input power could be smaller than the result listed in Table 3.
[bookmark: OLE_LINK14]Observation 5: When ATG BS serves the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in Table 3.
Proposal 2: Based on the above analysis, the parameters of maximum input level are shown in Table 3. Considering the antenna gain of the sidelobes, the maximum input power could be assumed smaller than -37dBm for the omni-direction antenna model and -19dBm for the antenna array.  
2.2. Blocking requirements
[bookmark: OLE_LINK20]Out of band blocking of ATG UE is different from the legacy UE. Because ATG UE would be set on the bottom of aircraft, some other radio systems such as FMCW radio altimeters could cause out of band blocking. We could set the out of band blocking requirement in TS 38.101-1 as the baseline, and consider interference from other radio systems to improve the out of band blocking requirements for ATG UE.
[bookmark: OLE_LINK24]Proposal 3: The out of band blocking requirements in TS 38.101-1 could be reused as the baseline, and consider other interference to improve it.
[bookmark: _Hlk115470282]3. Conclusions
In this contribution, ATG UE requirements are discussed with the following proposals:
Proposal 1: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS. 
Observation 1: The pass loss of the omni-direction antenna model is 108dB, and the pass loss of the antenna array model is 114 dB.
Observation 2: BS output power for 2GHz (omni-direction antenna model) is 46dBm, BS output power for 2GHz (antenna array model) is 53dBm
Observation 3: For both the omni-direction antenna model and antenna array model, the BS antenna gain is 25.2dBi.
Observation 4: ATG UE antenna gain for the omni-direction antenna model is 0dBi, and ATG UE antenna gain for the antenna array model is 17dBi.
Observation 5: When ATG BS serves the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in Table 3.
Proposal 2: Based on the above analysis, the parameters of maximum input level are shown in Table 3. Considering the antenna gain of the sidelobes, the maximum input power could be assumed smaller than -37dBm for the omni-direction antenna model and -19dBm for the antenna array.    
Table 3. Table of Maximum input level
	
	Omni-direction antenna
	Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	3
	3

	Path Loss (dB)
	108
	114

	BS output power (dBm)
	46
	53

	BS antenna gain  (dBi)
	25.2
	25.2

	ATG UE antenna gain (dBi)
	0
	17

	Maximum input level (dBm)
	36.8
	18.8



Proposal 3: The out of band blocking requirements in TS 38.101-1 could be reused as the baseline, and consider other interference to improve it.
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