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Introduction
In the RAN4#108 meetings, one way forward [1] were approved with the following assumptions to further discuss the maximum input level requirements. In addition, out-of-band blocking requirements are still FFS. In this paper, we’d like to share our views on these issues.

	
	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




Discussion on maximum output power requirements
Referring to the contribution [2], the following assumptions were proposed to further discuss 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.



Referring to the template in the WF [1], we can get the following calculations and results.
Table 1 the results for maximum input level 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 output power dBm
	46
	46
	46
	53
	53
	53

	ATG BS antenna gain
	25
	7
	25
	25
	7
	25

	ATG UE antenna gain
	0
	0
	0
	17
	5
	17

	ATG UE body loss
	1
	1
	1
	1
	1
	1

	maximum input level dBm
	-38.063
	-56.063
	-54.5412
	-20.0836
	-50.0836
	-36.5618



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 maximum input level is -36.6 dBm for 4GHz and -54.5 for 2GHz.
Proposal 1: to use -35dBm (case 6) to derive the maximum input level for 4GHz and use -50dBm (case 3) as baseline to derive the maximum input level for 2GHz.
	Rx Parameter
	Units
	ATG UE Types
	Reference measurement channel

	
	
	Receiver characteristics specified at the antenna connector(s)
	Receiver characteristics specified at transceiver array boundary (TAB) connectors
	

	Power in Transmission Bandwidth Configuration
	dBm
	-50
	-35
	A.3.2.3 or A.3.3.3 for 64 QAM

	
	
	-52
	-37
	A.3.2.4 or A.3.3.4 for 256 QAM

	The applicable channel bandwidths
	MHz
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table [7.3.2-3] with PCMAX_L,f,c as defined in clause [6.2.4].



Discussion on out-of-band blocking requirements
Referring to the ITU-R M.2059-0 [3], 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.
If we take 29 dBm/MHz as the transmitted power, then we can get the OOB blocking requirement is 29 dBm/MHz - 40 (minimum coupling loss) – 4dB (body loss) = -15dBm/MHz
Proposal 2: RAN4 discuss whether the band filter for ATG UE is even much better than the general filter for smartphone without size restriction. If so, that means the OOB blocking requirements for ATG UE can be tighten than smart phone from implementation perspective.
Proposal 3: RAN4 can further trade off the following options for OOB blocking requirements.
Option 1: if 41dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -3dBm/MHz (41dBm/MHz – 40 minimum coupling loss – 4dB body loss)
Option 2: if 29dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -15dBm/MHz (29dBm/MHz – 40 minimum coupling loss – 4dB body loss)
Proposal 4: Spurious response requirements can be scaled based on the OOB blocking requirements.
			e.g. general UE: -15dBm OOB blocking requirements =>-44dBm Spurious response requirements
			e.g. ATG UE: -3dBm OOB blocking requirements =>-32dBm Spurious response requirements
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: to use -35dBm (case 6) to derive the maximum input level for 4GHz and use -50dBm (case 3) as baseline to derive the maximum input level for 2GHz.
	Rx Parameter
	Units
	ATG UE Types
	Reference measurement channel

	
	
	Receiver characteristics specified at the antenna connector(s)
	Receiver characteristics specified at transceiver array boundary (TAB) connectors
	

	Power in Transmission Bandwidth Configuration
	dBm
	-50
	-35
	A.3.2.3 or A.3.3.3 for 64 QAM

	
	
	-52
	-37
	A.3.2.4 or A.3.3.4 for 256 QAM

	The applicable channel bandwidths
	MHz
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table [7.3.2-3] with PCMAX_L,f,c as defined in clause [6.2.4].



Proposal 2: RAN4 discuss whether the band filter for ATG UE is even much better than the general filter for smartphone without size restriction. If so, that means the OOB blocking requirements for ATG UE can be tighten than smart phone from implementation perspective.
Proposal 3: RAN4 can further trade off the following options for OOB blocking requirements.
Option 1: if 41dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -3dBm/MHz (41dBm/MHz – 40 minimum coupling loss – 4dB body loss)
Option 2: if 29dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -15dBm/MHz (29dBm/MHz – 40 minimum coupling loss – 4dB body loss)
Proposal 4: Spurious response requirements can be scaled based on the OOB blocking requirements.
			e.g. general UE: -15dBm OOB blocking requirements =>-44dBm Spurious response requirements
			e.g. ATG UE: -3dBm OOB blocking requirements =>-32dBm Spurious response requirements
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