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1	Introduction
During RAN4#104-e, some initial conclusions were made for ATG UE requirements, but a number of open areas remained. In this contribution we present some analysis and views on the remaining issues.
[bookmark: _Ref178064866]2	Discussion
Power class
During RAN4#104-e, three options were identified for the UE power class as follows:
o	Option1: A separate UE power class is defined for ATG UE
o	Option3: not to define the power class for ATG UE similar as IAB-MT 
o	Option2: Consider further whether to set a power level in the requirement, or set a requirement on power accuracy with a declared power (subject to a maximum limit)

Option 2 appears to be a proposal to discuss between options 1 and 3. Option 1 would suggest setting a power requirement on ATG UEs, such that all ATG UEs need to meet the power requirement, similarly to current UE power classes. Option 3 would enable the UE power to be declared and set a limit on the accuracy of meeting the declaration, similarly to a BS and IAB-DU/MT. An upper limit could be set on the declarable power to ensure co-existence.
A fixed power requirement could enable planning and dimensioning of ATG networks, similarly to the way in which terrestrial networks can be planned based on UEs meeting power requirements. On the other hand, a declarable power may enable the ATG UE to be better optimized to aircraft type and implementation possibilities, in particular relating to different possible array sizes.
Our view is that the flexibility of a declarable power is likely to be useful. To simplify planning of ATG networks, possibly the declarable output power could be subject to both a maximum and minimum power levels.
[bookmark: _Toc113650674]ATG UE output power is declared, subject to at least a maximum, but possibly maximum and minimum output power levels.

UE requirement type
In order to meet the ATG link budget, UEs will need to have a beamforming array. The array size and output power is likely to be more comparable to a BS than to a UE. Potentially, the BS like EIRP accuracy and EIS requirements could be applied. 
Before deciding on the UE requirement type, firstly more clarification of the assumptions on UE array size and output power should be made.

Power control and power control accuracy
The minimum power level in the UE specification is -40dBm. This implies around 60-70dB power dynamic range.
The variation in free space pathloss as a function of distance is depicted below. From a maximum distance of 300km to a minimum distance of 3km (aircraft directly over a BS at minimum height), the variation in pathloss is around 40dB.
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[x.x] discusses different possibilities for deployment of an ATG BS antennas. In one type of deployment, the ATG BS is pointed directly upward. Such a deployment would experience aircraft at the minimum distance from the BS, but limitations in the antenna beamwidth would limit the maximum distance of the aircraft that could be covered by the BS. 
An alternative ATG antenna installation would consist of antennas pointing towards the horizon. In this case,  the aircraft would be covered from the BS when far away, but not when directly over the BS.
In order to cover both types of deployment, the UE output power dynamic range should cover the full range of potential distance from the aircraft, which would be around 40dB. Allowing for some margin, at least 50dB of margin should be allowed. Compared to current UEs, this would allow for a limited relaxation of the output power dynamic range, but not by much.
[bookmark: _Toc113650675]The output power dynamic range of the UE needs to be at least 50dB

It should be noted that if the output power of the ATG UE is higher than existing UEs and the dynamic range is similar then the minimum output power would be increased.
Assuming that an SNR of at least 20dB should be reached, that the minimum distance is 3km, that free-space pathloss is 114dB at this distance and 24dBi antenna gain at both the UE and BS, and 5dB BS noise figure, the minimum output power over 100MHz would need to be -23dBm. If the UE would have a lower antenna gain then the minimum output power could be higher still.
[bookmark: _Toc113650676]The minimum output power for the ATG UE can likely be higher than ground based UEs, in the order of -20dBm at the UE array.


In-band blocking
In-band blocking occurs when a UE is close to an interferer BS. An extreme worst case would occur if the interferer BS of a neighbour operator would point it’s beam directly at the ATG UE whilst the ATG UE is at minimum distance. Assuming 3km minimum distance and a free space pathloss of 114dB at this distance, a 50dBm output power and 24dBi beamforming gain, the RX power at the ATG UE would be -40dBm. This is greater than the in-band blocking power for a terrestrial UE (-56dBm in the first channel and -40dBm in the second channel). However, the scenario of an interferer BS pointing a TX beam at the victim UE is unlikely because it would require that the interferer network is also an ATG network and that there would be an aircraft of the interferer network in the same direction as the victim aircraft (not possible in the ATG scenario).
If experiencing interference from a TN or another ATG network, the victim aircraft would not be in the main lobe of the aggressor network. Even if in a sidelobe, as long as the sidelobe suppression would be at least 16dB then the blocking power would not be worse than for a current UE.
Thus, the terrestrial UE in-band blocking requirements are at least sufficient. Whether the requirements could be relaxed further would need a more detailed analysis.
[bookmark: _Toc113650677]Take the terrestrial UE in-band blocking requirements as a baseline

Maximum input level
In the wanted channel, the maximum input level would occur when the aircraft is directly over a BS at minimum height and the BS points it’s beam at the UE. Using the same calculation as for in-band blocking above, this would lead to a minimum input level of -40dBm to the UE array. Depending on the UE architecture and antenna gain, the input to the UE receivers after module or antenna gain would be somewhat greater. The terrestrial UE maximum input level is around -20dBm. 
[bookmark: _Toc113650678]The maximum input level needs to be around -40dBm at the UE antenna array and in the range -30 to -15dBm at the receiver input (after the antenna module) depending on architecture; further analysis needed of the UE antenna array.
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	4/4	
Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	ATG UE output power is declared, subject to at least a maximum, but possibly maximum and minimum output power levels.
Proposal 2	The output power dynamic range of the UE needs to be at least 50dB
Proposal 3	The minimum output power for the ATG UE can likely be higher than ground based UEs, in the order of -20dBm at the UE array.
Proposal 4	Take the terrestrial UE in-band blocking requirements as a baseline
Proposal 5	The maximum input level needs to be around -40dBm at the UE antenna array and in the range -30 to -15dBm at the receiver input (after the antenna module); further analysis needed of the UE antenna array.
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