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1	Introduction
During RAN4#104-e, initial discussions on ATG took place. This paper presents some general considerations based on the WF together with some other questions. The resolution of the issues in this document may impact both co-existence studies and RRM considerations.
[bookmark: _Ref178064866]2	Discussion
ISD and aircraft density
During RAN4#104-e, it was agreed that there should be an assumption of 1 UE (i.e., aircraft) per BS. The ISD between the BS should be estimated considering coverage and capacity.
It is reasonable to assume a BS serving only one aircraft simultaneously because a passenger aircraft may have up to several hundred people browsing the internet, quite likely with video streaming etc. Thus, the entire capacity of a base station is likely to be needed for serving an aircraft. There should, however, be sufficient BS to serve all aircraft within an area.
As a guide to aircraft density, two geographical regions – USA and China were investigated. 

USA: FCC figures suggest that at peak times, the number of aircraft simultaneously flying over the USA is around 5400 [1]. There are 5.3 million square miles of US domestic airspace, which is equal to around 13.72 million square km.
Aircraft are in reality not likely to be evenly distributed around the 13.72 million square km. In the table below, we have calculated the number of square km per aircraft assuming completely even distribution over the whole US, 50% greater density in some areas and 2 - 4 times greater aircraft density than if aircraft are completely evenly spaced. Also calculated are the corresponding cell radius.

	
	Evenly spread aircraft over whole USA
	Area with 50% greater density than even
	Area with double density than even
	Area with 4 times density compared to even

	Square km per aircraft
	2540
	1693
	1270
	635

	Approximate cell radius (km)
	28
	23
	20
	14

	Time to fly across cell at cruising speed (second)
	168
	138
	120
	84


Table 1: Aircraft density for USA

China: A recent article stated Chinese aviation market hitting 12,000 daily aircrafts at 64.5% of pre-pandemic level in July 2022 [2]. Scaling up to 100% pre-pandemic level, we take approximately 18,000 daily aircraft in our calculations. As per our knowledge with no data available for the number of aircraft flying simultaneously over China region, we assume it to be nearly one-fifth of the daily aircraft, i.e., around 3600.

As per the report from Civil Aviation Industry China in 2020 [3], total distance of airline routes (non-overlapping) spans over 9.426 million square km. It is certain like USA analysis that aircraft will not be even distributed, with traffic movements highest in Eastern to lowest in North-eastern regions in China [3]. 

	
	Evenly spread aircraft over whole China
	Area with 50% greater density than even
	Area with double density than even
	Area with 4 times density compared to even

	Square km per aircraft
	2618
	1728
	1309
	655

	Approximate cell radius (km)
	29
	23
	20
	14

	Time to fly across cell at cruising speed (second)
	174
	138
	120
	84


Table 2: Aircraft density for China

From the above tables 1 & 2, it can be seen that cell radius of 14-29 km are needed for serving aircraft over the USA and China at peak times.
From a co-existence perspective, the highest expected ATG BS density is the critical case and should be considered. For RRM and link budget, it is important to ensure that the standard is robust if a density that corresponds to ISD as low as 14km is considered, but it is also important to ensure that the coverage target of 300km is achieved so that the system also works in low density areas.
Regulation (e.g., [4][5]) states a typical minimum horizontal separation of around 10km between aircraft at the same altitude. However, multiple aircraft may be present in an area with different altitudes.

[bookmark: _Toc115277667]For co-existence simulations, consider an ISD of 14km
[bookmark: _Toc115277668]For RRM and estimating link budgets, ensure that the standard is robust for a range of ISD from 14 to 300km

Aircraft routes
During RAN4#104-e, two options were presented for assuming ATG BS placement and traffic direction; based on assuming a single air route or based on assuming a random dropping of aircraft.
Reference [6] presents some images of aircraft flight routes. An example from [6] is depicted in Figure 1.
[image: Flight routers of the world]
[bookmark: _Ref115277485][bookmark: _Ref115277426]Figure 1: Aircraft flight routes

Now looking at specific regions, Figures 2 and 3 below taken from Flightradar24 [7] depict aircraft flight distribution at peak times in USA and China, respectively. USA seems to have aircraft in random directions while China looks to have aircraft in different directions but within specific routes primarily between the busiest airports. It may be that closer examination of the USA map on a local basis might also reveal more ordered routes.
[image: ]
Figure 2: Aircraft traffic distribution in USA

[image: Map
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Figure 3: Aircraft traffic distribution in China


For co-existence simulations, the difference between assuming a straight-line route and a distribution of directions is that ATG BS beams will in the former case only be over a limited set of directions and in the latter case will be over a spread of directions. 
If the assumption is made that aircraft move along a specific route, then it is important that care is taken how statistics are taken during the simulations. It may be that, with limited beam directions, only certain TN cells are impacted regularly. If the impact to the TN would be averaged over all cells then a harmful impact to certain areas of the TN would be hidden by the averaging. It is, of course important to ensure that the ATG network does not cause a permanent degradation of the TN in certain areas.
Since with a fixed route the impact may be limited to certain cells and there is less averaging, the assumption of fixed routes may present a worst case for co-existence simulations.
Thus we conclude that aircrafts distributed in a specific route is a practical assumption (worst case scenario, where the ATG beam keeps hitting the same TN cells), as long as RAN4 has a correct method to collect statistics (instead of averaging over all TN cells).

[bookmark: _Toc115277669]Assume a distribution of aircraft in a single air route for coexistence simulations (worst case scenario of ATG beam hitting the same TN cell), if RAN4 has correct method to collect statistics instead of averaging the interference over all TN cells. 
[bookmark: _Toc115277670]Further discuss how statistics should be collected for the fixed route case.
[bookmark: _Toc115277671]FFS on worst case scenario with even lower ISD, keeping in mind aviation regulations on minimum vertical/ horizontal separation between the aircrafts.

Cell layout
At least two approaches to cell layout could be postulated for ATG. In the first approach, ATG BS point their antennae directly upwards, creating a circular cell. An aircraft has coverage as it flies over the BS. Figure 4 shows the coverage area of the BS, but it is assumed that the beam to an individual aircraft will be a narrow beam that is much smaller than the coverage area.

[image: ]
[bookmark: _Ref115277529]Figure 4: ATG BS antenna pointing upwards

In the second approach, BS point their beams towards the horizon. In Figure 5, the coloured areas represent the coverage of individual BS. It is assumed that the beams to individual aircraft are much narrower than the coverage width such that there is no interference between beams.

[image: ]
[bookmark: _Ref115277561]Figure 5: ATG BS point their beams towards the horizon
With the second approach, aircraft are covered when they are distant to the BS and not when they are directly overhead.
The second approach is well suited to sectorization in the horizontal domain to increase capacity.
Regulatory considerations may impact which approach is most reasonable to assume.
For co-existence simulations, which approach is taken will have an impact on the co-existence scenario, and so RAN4 needs to further discuss which approach to consider, or whether to consider both approaches.
The cell layout assumption may impact both co-existence and RRM considerations
[bookmark: _Toc115277672]RAN4 to discuss and agree on which cell layout(s) and antenna configuration(s) are appropriate to consider for ATG.

UE antenna assumption
During RAN4#104-e, three options for the UE antenna were considered: an omnidirectional antenna, a beamforming antenna or a fixed beam antenna.
A fixed beam antenna would by necessity have a low gain and wide beamwidth in order to provide a wide enough coverage from the aircraft point of view (or alternatively would not provide coverage if the aircraft would not be aligned with a BS). The extreme of a wide beamwidth directional antenna would be an omni-directional antenna.
An omni-directional antenna or an antenna with a very wide beamwidth would likely not achieve the link budget. Our link budget analysis in [8] suggests that the UE will need to have a similar output power as the BS and antenna gain as a BS in order to provide sufficient SNR. Alternatively, the aircraft ATG system could operate with a lower UL SNR and be uplink limited, but this would likely not be acceptable.
An omni-directional UE antenna with a large UE transmit power would be a significant co-existence scenario to consider, since it would radiate interference to the ground immediately below the aircraft, which is closer than the ATG BS location. Our analysis suggests that an omni-directional UE with no beamforming is not feasible, however if there are proponent companies it would be useful for them to clarify the power level and deployment scenario in order that proper co-existence simulations can be performed.
A UE with adaptive beamforming is possible and is used for some systems and so should be considered in any case.
The assumption for the UE antenna could impact both co-existence analysis and RRM.

[bookmark: _Toc115277673]Carry out co-existence analysis and design RRM requirements for a UE with a directional beamforming array
[bookmark: _Toc115277674]Confirm whether an omni-directional UE antenna with high power is feasible and if so, in what circumstances.
Page 4
Draft prETS 300 ???: Month YYYY

	4/4	
Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	For co-existence simulations, consider an ISD of 14km
Proposal 2	For RRM and estimating link budgets, ensure that the standard is robust for a range of ISD from 14 to 300km
Proposal 3	Assume a distribution of aircraft in a single air route for coexistence simulations (worst case scenario of ATG beam hitting the same TN cell), if RAN4 has correct method to collect statistics instead of averaging the interference over all TN cells.
Proposal 4	Further discuss how statistics should be collected for the fixed route case.
Proposal 5	FFS on worst case scenario with even lower ISD, keeping in mind aviation regulations on minimum vertical/ horizontal separation between the aircrafts.
Proposal 6	RAN4 to discuss and agree on which cell layout(s) and antenna configuration(s) are appropriate to consider for ATG.
Proposal 7	Carry out co-existence analysis and design RRM requirements for a UE with a directional beamforming array
Proposal 8	Confirm whether an omni-directional UE antenna with high power is feasible and if so, in what circumstances.
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