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1	Introduction
During RAN4#104bis-e, it was agreed that ATG BS antennas will be pointed towards the horizon with some uptilt and that the uptilt should be studied further. TN BS will be positioned around the ATG BS. This contribution considers the BS coverage and implications of the uptilt on cell range, ISD and the distance of aircraft from the BS.
[bookmark: _Ref178064866]2	Discussion
If the BS point at the horizon with some uptilt then the BS will serve aircraft that are at a distance, but will not serve aircraft that are close to the BS, because aircraft close to the BS will have a large vertical angle with respect to the antenna.
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With this kind of deployment, the ISD is different to the distance of the aircraft from the BS. The distance of aircraft that can be served by the BS is determined by the uptilt and the 3dB coverage of the vertical coverage:
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Note that for an AAS, the coverage may differ from the 3dB beamwidth. The BS may use narrow beams to reach the aircraft, and the 3dB coverage is the point at which the EIRP of the beam is 3dB lower than in boresight. For a fixed beam BS, the 3dB beamwidth and 3dB coverage would coincide.
The ISD is the distance between different BS. The ISD can be reduced in order to increase the capacity of the ATG network in areas where there is a higher density of aircraft. It is possible, for example for BS to be able to cover aircraft from any distance between 30 and 200km from an individual BS, but BS to be placed 30km apart for capacity reasons. If the BS performs beamforming then different BS can serve different aircraft without interfering with one another even if their coverage ranges overlap. Thus, the range of distances from the aircraft is dependent on the antenna pattern, not the ISD.
[bookmark: _Toc118378060]The range of possible distances of an aircraft from an ATG BS depends on the coverage and uptilt of the BS, not the ISD

The ISD cannot be any greater than the upper end of the BS coverage range, but the ISD can be as low as needed.
[bookmark: _Toc118378061]The ISD must be at least lower than the largest BS-UE distance supported by the ATG BS, but the ISD can be as low as needed.

For the co-existence simulations, it is important to identify which uptilt is used and the range of distances from the ATG BS that should be considered.
The upper end of the coverage range is determined by the angle of an aircraft at the lowest possible altitude at the edge of the coverage. The lower end of the coverage range is determined by the angle of an aircraft that is at the maximum possible altitude when it is at the minimum distance to the BS.
Taking the assumptions agreed for the co-existence simulations, an upper limit to the ISD of 200km was agreed. To enable a 200km ISD, the cell range needs to be at least 200km. An aircraft at the minimum height of 3km will have an angle of 0.85 degrees with respect to the horizon.
A BS with a fixed array or sub-arrays will have around 10 degrees vertical 3dB coverage width. Assuming that the aircraft at maximum range is at one side of the 3dB coverage, then the centre of the 3dB coverage should be at 5.85 degrees with respect to the horizon. The upper edge of the 3dB coverage will then be at 10.85 degrees with respect to the horizon.
If the upper end of the 3dB coverage is at 10.85 degrees with respect to the horizon then the distance of an aircraft at a maximum height of 10km from the BS will be at a distance of around 50km from the BS when it is at the upper coverage edge.
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[bookmark: _Toc118378062]For the ISD and altitude range agreed for the co-existence simulations, the uptilt should be around 5.85 degrees and the aircraft should be placed at distances of 50 to 200km from the ATG BS.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	The range of possible distances of an aircraft from an ATG BS depends on the coverage and uptilt of the BS, not the ISD
Observation 2	The ISD must be at least lower than the largest BS-UE distance supported by the ATG BS, but the ISD can be as low as needed.
Observation 3	For the ISD and altitude range agreed for the co-existence simulations, the uptilt should be around 5.85 degrees and the aircraft should be placed at distances of 50 to 200km from the ATG BS.
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