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Introduction
In RAN4#104bis meeting, a way forward [1] on the ATG co-existence study was approved with some consensus and agreements. However, we still have some open issues. In this paper, we’d like to provide our views on network layout, antenna model and so on.
Discussion on antenna model of ATG BS
Firstly, we’d like to clarify the difference between TN scenario and ATG scenario. Since we have agreed that the UE altitude of commercial aircraft flight can be from lower boundary (3~7km) to upper boundary 10km and ATG network need to coverage 100km, that means the upper boundary of vertical coverage range need to reach 85º~ 89º. Generally, the BS vertical coverage range is about 25º, so the lower boundary of vertical coverage range can be 60º~ 64º. (Note 1: The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as in ITU-R M.2101.) Thus, the corresponding mechanical up-tilt can be 17.5º~ 13.5º. For maximum coverage angle in the horizontal plane, +/- 60º can be reused for ATG BS.
Proposal 1: For maximum coverage angle in the horizontal plane, +/- 60º can be reused for ATG BS.
Proposal 2: In order to reuse the existing requirements and industry eco-system, 25º maximum coverage angle range in the vertical plane can be reused for ATG BS.
Proposal 3: For ATG BS mechanical up-tilt angle, we can further choose one value from 17.5º~ 13.5º range considering the lower boundary of commercial aircraft altitude and the cell range.
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Figure 1 Illustration between the coverage and mechanical up-tilt angle
Discussion on the network layout
Referring to the discussion in last meeting, RAN4 need to assume the lower boundary of the commercial aircraft altitude from the candidate range 3km~7km. Maybe the median value 5km can be a compromise.
Proposal 4: it’s proposed to assume 5km as the lower boundary of the commercial aircraft altitude.
As we have agreed to use one ATG site, there are two options for ATG network layout.
Option 1: we can assume three sectors for one ATG site as below.
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Figure 2 Illustration on one ATG site with three sectors
Option 2: we can assume one sector for one ATG site as below.
[image: ]
Figure 3 Illustration on ATG site with one sector

As the scenario of ATG BS non-co-located with TN BS is included in last meeting, considering uncoordinated scenario, the heterogeneous scenario with both ATG network (three sectors) and Macro terrestrial network is shown as below.
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Figure 4 Illustration on the heterogeneous scenario with both ATG network (three sectors) and Macro terrestrial network (Option 1)
The heterogeneous scenario with both ATG network (one sector) and Macro terrestrial network is shown as below.
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Figure 5 Illustration on the heterogeneous scenario with both ATG network (one sector) and Macro terrestrial network (Option 2)
The terrestrial network can be 19 macro sites / 3 sectors per site with wrap around. It’s proposed to drop 19 macro sites only near the ATG BS site or nadir of aircraft. There is no need to fill in the ATG sector by putting all the macro sites.
Proposal 5: it’s proposed to assume the heterogeneous scenario with both ATG network and Macro terrestrial network as figure 4 or 5.
For terrestrial macro network, the specific parameters are shown table 1.
Table 1 Terrestrial macro network
	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	 

	Inter-site distance
	0.5 km (3.5GHz)
0.9 km (2GHz)
	

	BS antenna height
	30 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	10%
	

	
	Low/high penetration loss ratio
	50% low loss, 50% high loss
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-UMa in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	35 m
	 

	Note: 	There is no need to fill in the ATG sector by putting all the macro sites. 19 macro sites can be dropped only near the ATG BS site or nadir of aircraft as shown in figure 4 or 5.



One issue in last meeting is how to distribute the aircraft in the simulation randomly. Firstly, we can distribute the aircraft in the horizontal plane by using uniform distribution method. Dis_H represent the distance between ATG BS and aircraft in horizontal plane. Then we can get the vertical angle for aircraft by using angle uniform, e.g. angle uniform from 5º to 30º. We can get the Phi: Phi represent the vertical angle between BS-aircraft LOS and horizontal plane. Finally, we can calculate the altitude of aircraft based on Dis_H * tan (Phi.)
Table 2 ATG network
	Parameters
	Values
	Remark

	Network layout
	one site with three sectors or one sector
	 

	Cell range
	100km
	

	BS antenna height
	30 m 
	 

	Aircraft horizontal distribution
	Uniform within one hexagonal sector of ATG site
	Dis_H represent the distance between ATG BS and aircraft in horizontal plane

	Aircraft vertical angle distribution
	Uniform (5º, 30º)
	Phi represent the vertical angle between BS-aircraft LOS and horizontal plane

	Aircraft altitude
	To calculate the altitude by Dis_H * tan (Phi.).
	

	Minimum ATG BS – ATG UE distance (2D)
	Dis_H > 1km
	 

	Note 1: 	ATG network is un-coordinated operation (100% Grid Shift) with TN. The ATG site can be set in one position from A, B, C and D randomly as in figure 4 or figure 5.
Note 2: 	The aircraft can be dropped in the first macro site with three or one sector(s) randomly as in figure 4 or 5.



Proposal 6: it’s proposed to assume the parameters for TN and ATG network in table 1 and 2. Aircraft random distribution is included in table 2.
Discussion on antenna model of TN BS
Referring to clause 6.2.3.2 from NTN TR 38.863, the AAS antenna parameters for TN BS can be baseline.
Table 3 AAS antenna parameters for Macro BS
	
	
	Rural

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921[14]

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º 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, 0.9 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)
	120

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	90-100

	1.13
	Mechanical downtilt (degrees)
	3


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 Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.
Proposal 7: it’s proposed to use the AAS antenna parameters for Macro BS in table 3.
Discussion on antenna model of ATG BS
Table 4 AAS antenna parameters for ATG BS
	
	
	ATG

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º 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, 0.9 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)
	120

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	60 - 85

	1.13
	Mechanical uptilt (degrees)
	17.5


· 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 Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
· Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.
Proposal 8: it’s proposed to use the AAS antenna parameters for ATG BS in table 4.
Discussion on antenna model for ATG UE
Since UE orientation aims to the ground, omni antenna assumption for ATG UE can be excluded. It’s unnecessary to consider the direction which is opposite to the ground. Especially for coexistence study, Array antenna pattern can be considered as first priority.
Proposal 9: Array antenna pattern can be considered for ATG UE as first priority, especially for coexistence study.
For co-existence study, ATG UE normal direction of array panel is perpendicular to the ground as TN network may be dropped under the Nadir point of aircraft. However, ATG UE can have the beam steering capability.
Table 5 Array antenna pattern and parameters for ATG UE
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi


	Peak gain normalized element radiation pattern
	

	Composite array radiation pattern
	
, where



	(Mg, Ng, M, N, P) 
	 (1,1,2,2,2)

	(dv, dh)
	(0.5λ, 0.5λ)

	LE  (dB)
	2.0 dB

	UE normal direction
	UE orientation is perpendicular to the ground

	Beam steering capability
	ATG UE can be capable of beam steering

	Note 1:	MxN means there are M vertical and N horizontal elements
Note 2:	LE is included in GE,max.



Proposal 10: It’s recommended to adopt Table 5 UE array antenna pattern and parameters for ATG scenario.

3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: For maximum coverage angle in the horizontal plane, +/- 60º can be reused for ATG BS.
Proposal 2: In order to reuse the existing requirements and industry eco-system, 25º maximum coverage angle range in the vertical plane can be reused for ATG BS.
Proposal 3: For ATG BS mechanical up-tilt angle, we can further choose one value from 17.5º~ 13.5º range considering the lower boundary of commercial aircraft altitude and the cell range.
Proposal 4: it’s proposed to assume 5km as the lower boundary of the commercial aircraft altitude.
Proposal 5: it’s proposed to assume the heterogeneous scenario with both ATG network and Macro terrestrial network as figure 4 or 5.
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Figure 4 Illustration on the heterogeneous scenario with both ATG network (three sectors) and Macro terrestrial network (Option 1)
[image: ]
Figure 5 Illustration on the heterogeneous scenario with both ATG network (one sector) and Macro terrestrial network (Option 2)
Proposal 6: it’s proposed to assume the parameters for TN and ATG network in table 1 and 2. Aircraft random distribution is included in table 2.
Table 1 Terrestrial macro network
	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	 

	Inter-site distance
	0.5 km (3.5GHz)
0.9 km (2GHz)
	

	BS antenna height
	30 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	10%
	

	
	Low/high penetration loss ratio
	50% low loss, 50% high loss
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-UMa in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	35 m
	 

	Note: 	There is no need to fill in the ATG sector by putting all the macro sites. 19 macro sites can be dropped only near the ATG BS site or nadir of aircraft as shown in figure 4 or 5.



Table 2 ATG network
	Parameters
	Values
	Remark

	Network layout
	one site with three sectors or one sector
	 

	Cell range
	100km
	

	BS antenna height
	30 m 
	 

	Aircraft horizontal distribution
	Uniform within one hexagonal sector of ATG site
	Dis_H represent the distance between ATG BS and aircraft in horizontal plane

	Aircraft vertical angle distribution
	Uniform (5º, 30º)
	Phi represent the vertical angle between BS-aircraft LOS and horizontal plane

	Aircraft altitude
	To calculate the altitude by Dis_H * tan (Phi.).
	

	Minimum ATG BS – ATG UE distance (2D)
	Dis_H > 1km
	 

	Note 1: 	ATG network is un-coordinated operation (100% Grid Shift) with TN. The ATG site can be set in one position from A, B, C and D randomly as in figure 4 or figure 5.
Note 2: 	The aircraft can be dropped in the first macro site with three or one sector(s) randomly as in figure 4 or 5.



Proposal 7: it’s proposed to use the AAS antenna parameters for Macro BS in table 3.
Table 3 AAS antenna parameters for Macro BS
	
	
	Rural

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921[14]

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º 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, 0.9 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)
	120

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	90-100

	1.13
	Mechanical downtilt (degrees)
	3


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 Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.
Proposal 8: it’s proposed to use the AAS antenna parameters for ATG BS in table 4.
Table 4 AAS antenna parameters for ATG BS
	
	
	ATG

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º 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, 0.9 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)
	120

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	60 - 85

	1.13
	Mechanical uptilt (degrees)
	17.5


· 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 Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
· Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

Proposal 9: Array antenna pattern can be considered for ATG UE as first priority, especially for coexistence study.


Proposal 10: It’s recommended to adopt Table 5 UE array antenna pattern and parameters for ATG scenario.
Table 5 Array antenna pattern and parameters for ATG UE
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi


	Peak gain normalized element radiation pattern
	

	Composite array radiation pattern
	
, where



	(Mg, Ng, M, N, P) 
	 (1,1,2,2,2)

	(dv, dh)
	(0.5λ, 0.5λ)

	LE  (dB)
	2.0 dB

	UE normal direction
	UE orientation is perpendicular to the ground

	Beam steering capability
	ATG UE can be capable of beam steering

	Note 1:	MxN means there are M vertical and N horizontal elements
Note 2:	LE is included in GE,max.
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