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Introduction 
This paper discusses the remaining open issues of ATG UE RF Tx requirements.

Discussion
In the last meeting, several agreements were reached for ATG UE RF Tx requirements. However, there are still some open issues listed below. This paper delves deeper into these issues and proposals are provided.
Minimum output power for ATG
It is important to emphasize that the theoretical worst-case scenario when determining the minimum output power for ATG UE pertains to the co-channel performance, and the results of the worst-case scenario in co-existence simulation results should not be the primary influencing factor. This is because the worst case in co-existence does not necessarily imply that it will also be the worst case in co-channel performance. This is particularly true when determining the minimum output power for ATG UE. 
In the worst-case co-existence scenario, the ATG UE antenna is pointing to the horizon, and it is operating in the high-power state therefore this scenario should not be considered as a basis for determining the minimum output power.
Observation 1 [bookmark: _Toc146636684]The theoretical worst-case scenario when determining the minimum output power for ATG UE pertains to the co-channel performance.
Observation 2 [bookmark: _Toc146636685]In the worst-case co-existence scenario, the ATG UE antenna is pointing to the horizon, and it is operating in the high-power state therefore the worst-case in the co-existence scenario should not be considered as a basis for determining the minimum output power.

To estimate the minimum output power for ATG UE, one can consider the scenario where there is the minimum pathloss towards the BS and the maximum antenna gain.
In this case, the minimum altitude considered for ATG is 3 km, which sets the minimum possible distance between the aircraft to an ATG BS at 3 km. In this case, the BS antenna would be pointing straight up towards the UE and the UE antenna would be pointing straight down. Although this scenario may not be very likely, it does represent the theoretical minimum pathloss that could occur. Also, we go beyond the assumptions for the co-existence simulations that some margin is embedded into the minimum power. This is the lowest ever needed in any conceivable scenario. Assuming a minimum SNR target of 0 dB, the estimated minimum UE power in this scenario is overly pessimistic, since a higher SNR target is likely to be used in reality, and the UE power could also be higher. 
With the above assumption, an omnidirectional UE at 2 GHz experiences a coupling loss of 84 dB. Coupling loss at 2 GHz = 108 dB (pathloss) – 24 dB (BS antenna gain). 
With a 20 MHz bandwidth, the noise floor of the BS is -96 dBm, leading to a required UE power of -12 dBm.
In the case of 4GHz UE with a 17 dB gain, the coupling loss can be calculated as 73 dB, as the coupling loss at 4 GHz = 114 dB (pathloss) – 24 dB (BS antenna gain) – 17 dB (UE antenna gain). 
The parameters used in the calculations are summarized below:
	
	Omni-direction antenna
	Antenna array

	Carrier frequency
	2 GHz
	4 GHz

	Distance
	3 km
	3 km

	Path Loss
	108 dB
	114 dB

	BS output power
	46 dBm
	53 dBm

	BS antenna gain 
	24 dBi
	24 dBi

	ATG UE antenna gain
	0
	17 dBi




With a 100 MHz bandwidth, the BS noise floor is -89 dBm which requires a UE output power of -16 dBm. Based on these calculations, a minimum output power of -20 dBm should be sufficient. However, it is worth noting that this analysis relies on an unlikely scenario in which an aircraft is directly above a BS at a minimum altitude. If a more realistic scenario would be considered, then an even higher UE minimum output power could be considered. 
The requirement for minimum output power may not be significantly impacted by the scaling of bandwidth, as the above estimations showed that it is already much more relaxed compared to the current requirement specified for the UE in TS 38.101-1[18]. Therefore, our proposal for the minimum output power is: 
Proposal 1 [bookmark: _Toc146726450]The minimum output power for ATG UE is -20 dBm for both 2 GHz and 4 GHz and does not scale with the bandwidth.


Conclusion
In the previous sections, we made the following observations: 

Observation 1	The theoretical worst-case scenario when determining the minimum output power for ATG UE pertains to the co-channel performance.
Observation 2	In the worst-case co-existence scenario, the ATG UE antenna is pointing to the horizon, and it is operating in the high-power state therefore the worst-case in the co-existence scenario should not be considered as a basis for determining the minimum output power.


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

Proposal 1	The minimum output power for ATG UE is -20 dBm for both 2 GHz and 4 GHz and does not scale with the bandwidth.
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