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1. Introduction
[bookmark: OLE_LINK19]After the RAN4 #108 meeting, a good process was reached for ATG UE Tx requirements. In the WF [1]. Some issues are left after the last meeting and this paper will focus on these issues.
2. Discussion
[bookmark: _Hlk134914477]2.1. Minimum distance assumption
Last meeting, we still did not reach an agreement on the assumption of minimum distance between ATG BS and ATG UE, and left two proposals for this meeting.
	Issue 2-1-1: Minimum distance assumption between ATG BS and ATG UE
· Proposal: 
· Option 1: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS.
· Option 2: 20km referring to coexistence study.
· Option 3: Others



[bookmark: _Hlk134723805]Our analysis has been shown in the ATG UE Rx paper. Based on the analysis the minimum distance for the non sub-array model and the sub-array model is different.
[bookmark: _Hlk134917878][bookmark: _Hlk127403080]Observation 1: The minimum distance for the non sub-array model is 6.7 km, and the minimum distance for the sub-array model is 15.1 km.
[bookmark: OLE_LINK5]20km is not the best choice for non sub-array model. In addition, considering that the possibility of ATG BS serving the aircraft directly above in the future still exists, we could use 3km as the minimum distance between ATG UE from BS.
[bookmark: _Hlk134917907]Proposal 1: 3km could be used as the minimum distance between ATG UE from BS.
2.2. Minimum output power
Last meeting we reached an agreement in the WF that uses the following table as a baseline. Some parameters are still TBD, and we have analyzed some parameters in the Rx paper.
[bookmark: OLE_LINK10]Table 1. Table of Minimum input power
	[bookmark: OLE_LINK12]
	[bookmark: OLE_LINK6]Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	TBD
	TBD

	PL
	TBD
	TBD

	ATG BS antenna gain
	TBD
	TBD

	ATG UE antenna gain
	0dB
	TBD

	[bookmark: OLE_LINK8]Thermal noise power density
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	TBD
	TBD



Pass loss: 
[bookmark: OLE_LINK15][bookmark: OLE_LINK17]For omni-direction antenna model (2GHz), PL = 32.5 + 20×log(3) + 20×log(2000) ≈ 108 (dB).
[bookmark: OLE_LINK16]For antenna array model (4GHz), PL = 32.5 + 20log(3) + 20log(4000) ≈ 114 (dB).
ATG BS antenna gain: using antenna parameters for non sub-array model in TR 38.876.
[bookmark: OLE_LINK7]BS antenna gain = 7.1(Element gain) + 10×log(8×8) = 25.16 ≈ 25.2 (dBi)
ATG UE antenna gain: 
[bookmark: OLE_LINK9]For Omni-direction antenna model, ATG UE antenna gain = 0(dBi)
For Antenna array model, ATG UE antenna gain = 5(Element gain) + 10×log(8×2) = 17.04 ≈ 17(dBi).
[bookmark: OLE_LINK11]Thermal noise power: in the table, the thermal noise power density is -114dBm/MHz. We assume 20MHz bandwidth for 2GHz and 100MHz bandwidth for 4GHz. We can calculate the thermal noise power as below.
For omni-direction antenna model (2GHz), thermal noise power = -114 + 10×log(20) = -101(dBm)
For Antenna array model (4GHz), thermal noise power = -114 + 10×log(100) = -94(dBm)

Based on the above analysis, we could use the following model to calculate the Maximum input level. 
[bookmark: OLE_LINK18]Proposal 2: Minimum output power = PL+ Thermal noise power + BS Noise figure - BS antenna gain - UE antenna gain.
[bookmark: _Hlk135077695]Table 2. Minimum output power for ATG UE Tx 
	
	Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	3km
	3km

	PL
	108dB
	114dB

	ATG BS antenna gain
	25.2dBi
	25.2dBi

	[bookmark: OLE_LINK14]ATG UE antenna gain
	0dBi
	17dBi

	[bookmark: OLE_LINK13]Thermal noise power density
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	-13.2dBm
	-17.2dBm



[bookmark: OLE_LINK20][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Considering the situation that ATG BS serving the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in the table. The minimum output power could be larger than the result listed in Table 2.
[bookmark: OLE_LINK24]Observation 2: When ATG BS serves the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in Table 2.
[bookmark: OLE_LINK25]Proposal 3: Based on the above analysis, the parameters of the maximum input level are shown in Table 2. Considering the antenna gain of the side lobes, the minimum output power could be assumed larger than -13dBm for the omni-direction antenna model and -17dBm for the antenna array.
2.3. P-Max
The legacy P-Max in TS 38.331 is INTEGER (-30..33), which could represent 6 bits indication. For ATG UE, its max output power is extended to 40dBm which is larger than the current P-max upper limit. Therefore legacy P-max range is not applicable anymore. Considering the upper limit of ATG UE is 42dBm and the lower limit is -21dBm, the two bound is near the limit of ATG UE output power. So we could update the upper and lower bound of the P-max indication instead of extension.
Proposal 4: After updating the upper as 42 and lower bound as -21 for P-max, the current 6-bit P-max indication for ATG UE is enough.

[bookmark: _Hlk115470282]3. Conclusions
In this contribution, ATG UE Tx requirements are discussed with the following proposals:
Observation 1: The minimum distance for the non sub-array model is 6.7 km, and the minimum distance for the sub-array model is 15.1 km.
Proposal 1: 3km could be used as the minimum distance between ATG UE from BS.
Proposal 2: Minimum output power = PL+ Thermal noise power + BS Noise figure - BS antenna gain - UE antenna gain.
Observation 2: When ATG BS serves the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in Table 2.
[bookmark: _GoBack]Proposal 3: Based on the above analysis, the parameters of the maximum input level are shown in Table 2. Considering the antenna gain of the sidelobes, the minimum output power could be assumed larger than -13dBm for the omni-direction antenna model and -17dBm for the antenna array.
Table 2. Minimum output power for ATG UE Tx 
	
	Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	3km
	3km

	PL
	108dB
	114dB

	ATG BS antenna gain
	25.2dBi
	25.2dBi

	ATG UE antenna gain
	0dBi
	17dBi

	Thermal noise power density
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	-13.2dBm
	-17.2dBm



Proposal 4: After updating the upper as 42 and lower bound as -21 for P-max, the current 6-bit P-max indication for ATG UE is enough.
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