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Introduction
In the RAN4#106bis meeting, a way forward [1] was approved with the following way forward. 
	Sub-topic 2-1 Maximum input level
<Way forward>: Further to discuss whether we need to specify two sets of RF requirements for maximum input level.
<Way forward>: FFS the assumption of minimum distance between ATG BS and ATG UE to derive the maximum input level.
<Agreement>: Pinterference for ACS case 2 should align with the maximum input level



In the RAN4#107 meeting, RAN4 doesn’t have too much progress on Rx requirements. In this paper, we’d like to provide our views on ATG UE Rx requirements for the other requirements.
Discussion on maximum output power requirements
1) Maximum input level:
In previous meeting, some companies provided the technical analysis [2, 3, 4] about maximum input level. It seems that the results are different from different companies. Thus, we should align the assumption and model when specifying ATG UE maximum input level requirements. Referring to the clause 7.4 of TR 36.807 [5], it’s clearly clarified where -25dBm maximum input level came from.
The maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet. And the purpose of this test is to verify the dynamic range of a UE front end (including LNA, AGC and mixer). For Rel-8/9 UE, the maximum input level of -25 dBm is calculated by the following formula: 
Maximum input level = eNB Tx power – MCL – Body loss,
in which eNB Tx power is assumed to be 46 dBm, MCL between UE to eNB is 70 dB and the body loss is 1 dB.
When maximum input level requirements of handheld UE are derived, it can be observed that 
1) 46dBm BS output power is assumed.
2) 70dB MCL between UE and BS is assumed based on FSPL(2GHz, 35m) without considering antenna gain in both UE and BS side.
3) 1dB body loss is assumed in UE side.
However, for ATG scenario, the antenna gains from both BS and UE sides should be considered, and 3km minimum distance can be considered.
Proposal 1: when deriving the maximum input level for ATG scenario, the antenna gains from both BS and UE sides should be considered. 3km minimum distance between BS and UE and 2GHz centre frequency can be assumed.
BS output power can be assumed as 46dBm.
3km minimum distance between BS and ATG UE can be assumed. The path loss (FSPL: 32.44+20log10(D)+20log10(fc) ) is 108dB at (2GHz, 3km).
BS antenna gain can assume 23dB.
ATG UE antenna gain can assume 10dB.
1dB body loss is assumed in ATG UE side
Then, the maximum input level for ATG UE is (46+23-108+10-1) = -30dBm
Based on the simulation results, the CDF of Received Signal for ATG UE, 4GHz is shown below with 20km minimum distance between ATG BS and ATG UE.
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It can be observed that the maximum input level with 20km minimum distance between ATG BS and ATG UE is -43dBm. If 3km minimum distance between ATG BS and ATG UE is considered, the maximum input level will be increased as -23dBm. As a compromise, to use -30dBm as the maximum input level for ATG UE.
Proposal 2: to use -30dBm as the maximum input level for 4GHz ATG UE.
For 2GHz ATG UE, we can assume 0dB Antenna gain. Thus, the maximum input level for 2GHz ATG UE can be specified as -40dBm.
Proposal 3: to use -40dBm as the maximum input level for 2GHz ATG UE.
Since -40dBm maximum input level was specified for NTN UE, the requirements for ATG UE can’t be smaller than NTN UE due to the closer minimum distance.
Observation 1: the maximum input level for ATG UE can’t be smaller than the requirements specified for NTN UE due to the closer minimum distance.
If RAN4 can’t reach an agreement on the Minimum output power requirements, in order to make progress, the following assumptions are proposed to further derive the minimum output power requirements.
Proposal 4: If RAN4 can’t reach an agreement on the Maximum input level requirements, the following assumptions are proposed to further derive the Maximum input level 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) The maximum input level = ATG BS output power + ATG BS antenna gain – FSPL(Distance, Fc) + ATG UE antenna gain.



2) In-band blocking requirements
Proposal 5: It’s proposed to reuse the existing in-band blocking requirements in TS 38.101-1 for ATG UE.
3) Out-of-Band blocking requirements/ Spurious response:
Referring to the ITU-R M.2059-0 [6], Tables 1 and 2 of ITU-R M.2059-0 provide technical characteristics for representative analogue and digital FMCW radio altimeters. They are summarized below.
	
	Radio altimeter A1
	Radio altimeter A2
	Radio altimeter A3
	Radio altimeter A4
	Radio altimeter A5
	Radio altimeter A6
	Units

	Transmitter

	Nominal centre frequency
	4 300
	4 300
	4 300
	4 300
	4 300
	4 300
	MHz

	Transmitted power 
	0.600
	1
	0.1 to 0.25
	100
	5
	40
	W (peak)

	Modulation (FMCW or Pulsed)
	FMCW
	FMCW
	FMCW
	Pulsed
	Pulsed
	Pulsed
	

	Pulse width
	Not applicable
	Not applicable
	Not applicable
	130
	200
	75
	ns

	3 dB emission bandwidth
	110
	162.8
	171
	8
	7
	15
	MHz

	Transmitted PSD (dBm/MHz)
	7.4
	7.9
	1.65
	41
	28.5
	34.3
	(dBm/MHz)




	
	Radio altimeter D1
	Radio altimeter D2
	Radio altimeter D3
	Radio altimeter D4
	Units

	Transmitter

	Nominal centre frequency
	4 300
	4 300
	4 300
	4 300
	MHz

	Transmitted power (peak)
	0.400
	0.100
	0.1 to 1
	5
	W (peak)

	Modulation
	FMCW
	FMCW
	FMCW
	Pulsed
	

	Pulse width
	Not applicable
	Not applicable
	Not applicable
	30 or 225
	ns

	3 dB emission bandwidth
	150
	177
	175
	5 or 31
	MHz

	Transmitted PSD (dBm/MHz)
	4.3
	-2.5
	7.6
	30
	(dBm/MHz)



It can be observed that the Transmitted PSD for FMCW radio altimeters is about -2.5dBm/MHz ~ 7.9dBm/MHz. And the Transmitted PSD for Pulsed radio altimeters is about 28.5dBm/MHz ~ 41dBm/MHz. As the Radio altimeters and ATG UE could be installed together on the bottom of aircraft cabin, the OOB blocking should be considered as co-collocation scenario.
Generally, It’s assumed 30~40dB minimum coupling loss. Thus, we can get the OOB blocking requirement is 41dBm/MHz – 40 (minimum coupling loss) – 4dB (body loss) = -3dBm/MHz.
[bookmark: _Hlk142144643]Since band filter for ATG UE is even much better than the general filter for smartphone without size restriction, it’s proposed to improve the requirements for OOB blocking as -3dBm/MHz in order to suppress the interference from radio altimeters. FFS whether spurious response specified in TS 38.101-1 can be reused for ATG UE. 
Proposal 6: Since band filter for ATG UE is even much better than the general filter for smartphone without size restriction, it’s proposed to improve the requirements for OOB blocking as -3dBm/MHz in order to suppress the interference from radio altimeters. FFS whether spurious response specified in TS 38.101-1 can be reused for ATG UE.
4) Intermodulation characteristics:
Proposal 7: to reuse Intermodulation characteristics requirements specified in TS 38.101-1 for ATG UE.

3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: when deriving the maximum input level for ATG scenario, the antenna gains from both BS and UE sides should be considered. 3km minimum distance between BS and UE and 2GHz centre frequency can be assumed.
Proposal 2: to use -30dBm as the maximum input level for 4GHz ATG UE.
Proposal 3: to use -40dBm as the maximum input level for 2GHz ATG UE.
Observation 1: the maximum input level for ATG UE can’t be smaller than the requirements specified for NTN UE due to the closer minimum distance.
Proposal 4: If RAN4 can’t reach an agreement on the Maximum input level requirements, the following assumptions are proposed to further derive the Maximum input level requirements.
	7) 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

8) 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
9) 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 

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

11) The assumption of minimum distance between ATG BS and ATG UE is 3km ~ 20km.
12) The maximum input level = ATG BS output power + ATG BS antenna gain – FSPL(Distance, Fc) + ATG UE antenna gain.



Proposal 5: It’s proposed to reuse the existing in-band blocking requirements in TS 38.101-1 for ATG UE.
Proposal 6: Since band filter for ATG UE is even much better than the general filter for smartphone without size restriction, it’s proposed to improve the requirements for OOB blocking as -3dBm/MHz in order to suppress the interference from radio altimeters. FFS whether spurious response specified in TS 38.101-1 can be reused for ATG UE.
Proposal 7: to reuse Intermodulation characteristics requirements specified in TS 38.101-1 for ATG UE.
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