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1	Introduction
During RAN4#105, a WF with simulation assumptions for ATG was agreed. Some of the assumptions were for calibration only. Furthermore, some assumptions are unclear or may not apply for all frequency ranges. In this contribution, some further clarification of the co-existence simulation assumptions is provided.
[bookmark: _Ref178064866]2	Discussion
2.1	ATG BS parameters
The parameters for the ATG BS were agreed as follows: 

	ATG BS altitude 
	30m


	Carrier frequency 
	2GHz, 4GHz 

	Frequency reuse factor
	1

	Duplex mode
	FDD@2GHz, TDD@4GHz

	Channel bandwidth
	20MHz@2GHz, 100MHz@4GHz

	Subcarrier spacing (SCS)
	15k@2GHz, 30k@4GHz

	Number of cells
	one cell

	UE distribution
	Single ATG UE per ATG cell
Horizontal: Random
[Vertical: Distributed between 3km and 10km]

	Indoor UE percentage
	0%

	Number of DL active UEs per cell (NOTE 2)
	one UE


	Number of UL active UEs per cell
(NOTE 2)
	one UE


	DL scheduled bandwidth per UE
	Full bandwidth

	UL scheduled bandwidth per UE
	Full bandwidth

	Traffic model
	Full buffer

	ATG BS maximum output power
	43dBm BS output power for 2GHz
53dBm BS TRP output power for 4GHz

	ATG BS noise figure
	5dB

	Handover margin
	Not needed

	NOTE 1: 	ATG BS is assumed to serve UEs in the rural environment.
NOTE 2:	Same as the number of BS beam(s);
NOTE 3:	ATG BS max TX power is defined per polarization




Most of the parameters are clear, however the assumption for the vertical distribution of the UEs is not clear and the horizontal assumption could be clarified further. In real life, the altitude distribution of UEs may be cell specific, as it may depend on the locations of airports, etc. Near to an airport, a significant proportion of UEs passing over a cell may be at lower altitude, whereas when there is no airport nearby, UEs will be at cruising altitude. For simulation purposes, the question is whether the chosen altitude distribution can be seen as realistic worst case.
Lower altitudes occur for a short part of the flight duration around take-off and landing. It is desirable for the ATG system to provide the same coverage as alternative systems, which generally operate down to 10,000ft (300m). However, since the lower altitudes are a relatively short part of the flight, it is reasonable that the performance is not optimized for low altitude scenarios specifically. As long as the connection can function at low altitudes, a higher amount of disturbance to an ATG from a TN can be accepted.
When it comes to disturbance to TN from ATG, more care may be needed. However, the height of the distant aircraft is unlikely to have a large impact on ATG DL – TN DL co-existence. For ATG UL – TN UL co-existence, results so far suggest that degradation should not be significant, and furthermore only occurs as the aircraft passes over an area, but further checking should be made.
As a simple proposal, we propose to assume an even height distribution.
[bookmark: _Toc126650835][bookmark: _Toc127532971][bookmark: _Toc127553393]When considering degradation towards the ATG network, assume that ATG UEs are evenly distributed in height (between 3km and 10km), but double check that the extreme case of all aircraft at 3000m does not result in 100% throughput loss.
[bookmark: _Toc127532972][bookmark: _Toc127553394]Check further whether the height makes a significant difference for disturbance to the TN from ATG. Take even height distribution as the baseline.
Regarding the horizontal distribution, it may be good to state that the UEs are distributed randomly on a straight line that is in the horizontal boresight direction of the BS and intersects the BS.
[bookmark: _Toc126650836][bookmark: _Toc127532973][bookmark: _Toc127553395]The horizontal distribution of ATG UEs is random along a straight line that is aligned with the BS horizontal boresight and intersects the BS.

The BS TX power assumption is clarified in note 3 to be per polarization. Our understanding is that the dBm figures are applicable over both polarizations and thus note 3 should be removed. In general, the description of BS and UE power should be presented consistently. It would be OK to state per polarization or over both. Here we propose over both polarizations, but either way is fine as long as the agreements are clear and consistent.

[bookmark: _Toc127532974][bookmark: _Toc127553396]State BS and UE power in terms of the sum power on both polarizations.
[bookmark: _Toc127532975][bookmark: _Toc127553397]ATG and TN BS power is 53dBm at 4GHz and 46dBm at 2GHz over both polarizations.
2.2	ATG UE parameters
ATG UE assumptions were agreed as follows:
	ATG UE altitude 
	To be updated based on outcome of Issue 2-1-4

	Carrier frequency 
	2GHz, 4GHz 

	ATG UE max TX power in dBm
	 Referred to Issue 2-5-2

	ATG UE min TX power in dBm
	· [-33dBm] for 100MHz
· [-40dBm] for 20MHz

	ATG UE noise figure
	9dB




The minimum UE TX power is in square brackets. 
With the agreed parameters, the lowest antenna gain + pathloss in the scenario is 89dB. The BS noise level will be -89dB in 100MHz. Hence, for 15dB SNR, around 15dBm TX power will be needed from the UE. For all other scenarios, including those considered in the simulation, the needed UE TX power will be significantly larger.
Potentially, the minimum UE power can be relaxed further (i.e., be set higher) than in the table. The parameter is anyhow not of any significance since, during the simulations, the UE power will always be set higher than the minimum.
For setting the RF requirement, the value should be discussed separately based on the link budget and any possible assumptions on UE complexity. For the co-existence simulations, it is not really needed to state a minimum UE power. Preferably the row should be removed, or a note should be added that the minimum power will not be reached, and minimum power will be discussed separately for RF requirements.
[bookmark: _Toc126650837][bookmark: _Toc127532976][bookmark: _Toc127553398]Either remove the minimum power assumption, or state that the minimum power will not be reached in the simulation and that the RF requirement will be discussed separately.

2.3	BS antenna modelling
Two models exist for the BS based on sub-array and non-sub-array. In both cases, 8 columns are assumed. Our understanding is that the discussion at RAN4#105 assumed 4GHz, but whether 8 columns is a suitable assumption for 2GHz was not discussed.
8 column is certainly possible for 2GHz and may be likely to be used for the ATG BS. For the victim BS, it is important to consider that the eventual requirements need to be suitable for protecting legacy deployments, and an 8 column AAS may not be the usual case for all kinds of legacy deployment in 2GHz.
On the other hand, an 8-column array might prove to be the worst case, since the additional azimuth beamforming will reduce co-channel inter-cell interference, which can lead to a greater impact from adjacent channel interference, at least for the DL. For the UL, the BS RX beamforming may reduce both inter-cell and adjacent channel interference.
In order to protect legacy deployments, it should be ensured that co-existence works for both 8 column and 1 column TN victim.
[bookmark: _Toc126650838][bookmark: _Toc127532977][bookmark: _Toc127553399]RAN4 should ensure that both 8 column and 1 column victim TN are protected for 2GHz.

2.4	UE antenna modelling
The UE antenna parameters were agreed as follows:

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
[54º] for V /[60-70]

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30dBc

	1.5
	Antenna polarization 
	Linear ±90º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	 (8x2x2) or  
(16x1x2) 

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V



For the 3dB beamwidth, there appears to be a typo, as both [54] and [60-70] degrees are mentioned. Our understanding is that physics dictates that for a 0.5 lambda spacing, the element vertical beam width should be 90 degrees. The element gain will be 5dB, which should be added.
[bookmark: _Toc126650839][bookmark: _Toc127532978][bookmark: _Toc127553400]Clarify the UE element vertical beamwidth to be 90 degrees, and the element gain to be 5dB.

2.5	Other parameters
A couple of other parameters have not been captured in the WF but will have an impact on the simulation results.

UE panel orientation
For the 4GHz UE, the orientation of the UE panel is not described. We propose to assume that the UE panel is mounted vertically on the aircraft with no downtilt.
[bookmark: _Toc126650840][bookmark: _Toc127532979][bookmark: _Toc127553401]For the UE panel, assume that it is mounted vertically with no downtilt..
For the azimuth direction of the UE, if the UE is assumed to point towards the BS in azimuth then only a single UE panel needs to be modelled. Alternatively, a random distribution of azimuth directions for the UE antenna may be defined. However, then assumptions are needed on the range of azimuth angles (e.g. -90 to 90 degrees, -180 to 180 degrees etc.) and the number of panels at the UE.
[bookmark: _Toc127532980][bookmark: _Toc127553402]For the UE, either assume a single UE panel pointed at the BS, or alternatively agree on a range of azimuth orientations for the UE and the number of UE panels used to cover the azimuth range.

TN indoor UEs
The number of indoor UEs in the TN is not captured. Since the TN deployment is rural, we propose to consider 0% indoor.
[bookmark: _Toc126650841][bookmark: _Toc127532981][bookmark: _Toc127553403]Assume 0% indoor TN users.

BS height
The ATG BS height is stated as 25m and as 30m in different places in the TR. A single value should be agreed for the height. We propose to capture it as 30m.
[bookmark: _Toc127532982][bookmark: _Toc127553404]Correct ATG BS height to 30m in the TR

TN ISD
The TN ISD is currently stated to be 500m for 2GHz and 900m for 4GHz. This does not align to rural macro deployment as considered in e.g. NTN. To better match to rural macro, a distance such as 7.5km could be adopted.
[bookmark: _Toc127553405]Update the ISD to 7.5km

Target SNR and CL values for the power control algorithm
For the UL power control, a target SNR is needed. A target that has been discussed offline is 15dB. For the UL power control algorithm, the input parameter is CLxile, which is the CL value at which a UE at maximum power will just achieve the SNR target.
For 2GHz, the bandwidth is 20MHz and with a 5dB noise figure, the noise floor will be -96dBm. For 15dB SNR, the RX power would need to be -81dBm. For ATG, the maximum UE output power is 40dBm, and so the CLxile to just meet 15dB SNR at maximum power is 121 dB. For TN, the maximum UE output power is 23dBm, and so the CLxile to just meet 15dB SNR at maximum power is 104dB.
For 4GHz, the bandwidth is 100MHz and with a 5dB noise figure, the noise floor will be -89dBm. For 15dB SNR, the RX power would need to be -74dBm. For ATG, the maximum UE output TRP is 26dBm, and so the CLxile to just meet 15dB SNR at maximum power is 100dB. For TN, the maximum UE output power is 23dBm, and so the CLxile to just meet 15dB SNR at maximum power is 97dB.
However, the noise floor quoted in the previous paragraphs is rounded. It has not considered the exact amount of utilized resource blocks, the exact value of the Boltzmann constant etc. It has also not considered that some UE power is used for PUCCH. Depending on the exact implementation of the simulator, the exact CL needed to hit exactly 15dB SNR may vary slightly.
The power control formula only compensates pathloss and does not ensure that the SINR target is met if the interference is higher than the noise level. RAN4 needs to discuss and clarify whether a 15dB SINR target is met or whether the power control only compensates pathloss.
[bookmark: _Toc127525031][bookmark: _Toc127532983][bookmark: _Toc127553406]Specify whether an SINR target (e.g., 15dB) is met or the power control is based on CL values and only compensates pathloss in the simulation assumptions.

Number of cells in the TN cluster
The number of cells in the TN cluster has been agreed to be 57. However, for scenario 11, the ATG UE has an omnidirectional antenna and receives interference from all BS on the ground. Since there is LoS to the BS, and since for more distant BS the ATG UE is close to the horizon from the BS point of view and hence experiences more antenna gain, distant BS can increase the interference experienced at the ATG UE.
[bookmark: _Toc127532984][bookmark: _Toc127553407]For scenario 11, consider increasing the number of rings in the TN cluster

Conclusion

Based on the discussion in the previous sections we propose the following:

Proposal 1	When considering degradation towards the ATG network, assume that ATG UEs are evenly distributed in height (between 3km and 10km), but double check that the extreme case of all aircraft at 3000m does not result in 100% throughput loss.
Proposal 2	Check further whether the height makes a significant difference for disturbance to the TN from ATG. Take even height distribution as the baseline.
Proposal 3	The horizontal distribution of ATG UEs is random along a straight line that is aligned with the BS horizontal boresight and intersects the BS.
Proposal 4	State BS and UE power in terms of the sum power on both polarizations.
Proposal 5	ATG and TN BS power is 53dBm at 4GHz and 46dBm at 2GHz over both polarizations.
Proposal 6	Either remove the minimum power assumption, or state that the minimum power will not be reached in the simulation and that the RF requirement will be discussed separately.
Proposal 7	RAN4 should ensure that both 8 column and 1 column victim TN are protected for 2GHz.
Proposal 8	Clarify the UE element vertical beamwidth to be 90 degrees, and the element gain to be 5dB.
Proposal 9	For the UE panel, assume that it is mounted vertically with no downtilt..
Proposal 10	For the UE, either assume a single UE panel pointed at the BS, or alternatively agree on a range of azimuth orientations for the UE and the number of UE panels used to cover the azimuth range.
Proposal 11	Assume 0% indoor TN users.
Proposal 12	Correct ATG BS height to 30m in the TR
Proposal 13	Update the ISD to 7.5km
Proposal 14	Specify whether an SINR target (e.g., 15dB) is met or the power control is based on CL values and only compensates pathloss in the simulation assumptions.
Proposal 15	For scenario 11, consider increasing the number of rings in the TN cluster
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