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Introduction
In RAN#95e meeting, a new work item [1] on Air-to-ground network for NR was established. Some characteristics could to be considered for ATG network deployment scenarios
· Extremely large inter-site distance (ISD) and large coverage range: In order to control the network deployment cost and considering the limited number of flights, large ISD is preferred, e.g., about 100km to 200km. At the same time, when the plane is above the sea, the distance between the plane and the nearest base station could be more than 200km and even up to 300km. Therefore, ATG network should be able to provide up to 300km cell coverage range
· Utilizing non-disjoint frequency for deploying both ATG and terrestrial networks: Operators are interested to adopt the same frequency for deploying both ATG and terrestrial networks to save frequency resource cost, while interference between ATG and terrestrial networks becomes non-negligible and should be addressed. Especially, from China Mobile’s point of view, 4.8GHz is an interesting frequency for deploying both ATG and terrestrial NR network.
· Much powerful on-board ATG terminal capacity: On-board ATG terminal can be much powerful than normal terrestrial UE, e.g., with higher EIRP via much larger transmission power and/or much larger on-board antenna gain.
In this paper, we’d like to provide our views and assumptions according to the ATG scenarios.
Discussion on network layout for ATG scenario
Generally aircraft cruising altitude is about 33000 to 42000 feet (10~12.8km), so we should design the ATG network layout to cover this area (altitude 10~15km). ATG BS need a mechanical up tilt angle to communicate with airplane in the sky. Referring to figure 1, ATG BS can point obliquely upward. Assuming 22.5 degrees mechanical up tilt angle, the vertical coverage range (deg.) can be 55 ~ 80 degrees. From top view, a trapezoid area can be observed. The areas covered by two ATG BS can be combined into one parallelogram. 
According to the geometrical calculation in table 1, we can get the 196.4km long side and 74.1km short side of a trapezoid area covered by ATG BS assuming +/-60 degrees horizontal coverage range. This trapezoid area is big enough. The distance between two ATG BS is about 156.2km. The ATG base station network can be deployed along the flight route.
Proposal 1: it’s assumed that aircraft cruising altitude is about 10~15km when we design network layout for ATG scenario.
Proposal 2: In order to cover a big enough area, +/-60 degrees horizontal coverage range and 55 ~ 80 degrees vertical coverage range with 22.5 degrees mechanical up tilt angle can be assumed for ATG network layout.
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Figure 1 the illustration of curvature’s impacts of earth
Considering the curvature’s impact of earth, we assume the height of ATG BS is 60m and the maximum coverage range is 150km. Based on the following formula above, we can get the minimum flight height of airplane is about 1km, which can meet the assumption of ATG scenario.
Observation 1: If the 60m height of ATG BS and 150km maximum coverage range can be assumed, the minimum flight height of airplane is about 1km. There is no need to consider the curvature’s impact of earth.
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Figure 2 network layout for ATG scenario

Table 1 geometrical calculation for ATG scenario
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	The lowest angle () @10km:

	

	The largest distance (km) @10km:

	

	The horizontal distance (km) @10km:

	

	
	15

	The highest angle () @15km:

	

	The smallest distance (km) @15km:

	

	The horizontal distance (km) @15km:

	

	The horizontal coverage distance (km): 
 normal direction
	

	The horizontal coverage distance (km): tangential direction (long side)
 
	196.4

	The horizontal coverage distance (km): tangential direction (short side)
 
	74.1

	The largest horizontal distance for coverage:

	113.4

	The largest distance for coverage:

	114.4

	
	42.8

	ISD (km) =  = 
	156.2



Antenna and beamforming pattern modelling
Referring to clause 6.2.3.2 from NTN TR 38.863, the AAS antenna parameters can be baseline. According to our analysis above, the Mechanical uptilt and Base station vertical coverage range are modified.
Table 2: AAS antenna parameters for 4.9GHz Macro ATG
	
	
	Macro ATG

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	In clause 8.1.1 from TR 38.921[XX]

	1.2
	Element gain (dBi) (Note 2)
	6.4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements

	1.7
	Number of supported polarizations, P
	2

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.7 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

		1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25

	1.11
	Base station maximum coverage angle in the horizontal plane (degrees)
	+/- 60

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	55-80

	1.13
	Mechanical uptilt (degrees)
	22.5



Note 1:	The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.
Note 2:	The element gain in row 1.2 includes the loss given in row 1.9.
Note 3:	The conducted power per element assumes 8x8x2 elements (i.e. power per H/V polarized element).
Note 4: 8 × 8 means there are 8 vertical and 8 horizontal radiating elements.
Proposal 3: to adopt table 2 AAS antenna parameters as the assumption for 4.9GHz Macro ATG.
Discussion on Propagation model
For ATG scenario, free space path loss model can be assumed. The free space path loss (FSPL) in dB for a separation distance d in meter and frequency fc in GHz is given by

Besides, LOS scenario can be assumed and FFS whether shadow fading should be considered.
Proposal 4: free space path loss model and LOS can be assumed for ATG scenario between ATG BS and airplane. FFS whether shadow fading should be considered.
Discussion on Transmission power control model
For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.
-	CLx-ile = 88 + 10*log10(200/X) + 11 – Y, where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1
These parameters will result the UL targeted SNR is 15dB.
Proposal 5: For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.
-	CLx-ile = 88 + 10*log10(200/X) + 11 – Y, where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: it’s assumed that aircraft cruising altitude is about 10~15km when we design network layout for ATG scenario.
Proposal 2: In order to cover a big enough area, +/-60 degrees horizontal coverage range and 55 ~ 80 degrees vertical coverage range with 22.5 degrees mechanical up tilt angle can be assumed for ATG network layout.
Observation 1: If the 60m height of ATG BS and 150km maximum coverage range can be assumed, the minimum flight height of airplane is about 1km. There is no need to consider the curvature’s impact of earth.
Proposal 3: to adopt table 2 AAS antenna parameters as the assumption for 4.9GHz Macro ATG.
Proposal 4: free space path loss model and LOS can be assumed for ATG scenario between ATG BS and airplane. FFS whether shadow fading should be considered.
Proposal 5: For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.
-	CLx-ile = 88 + 10*log10(200/X) + 11 – Y, where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1
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