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Introduction
The ATG UE Tx RF requirements have been discussed in RAN4#104bis-e meeting [1]. A WF was agreed in [2] with the focus on the following aspects. 
· frequency error requirements considering the Doppler pre-compensation function 
· Power class for ATG UE
· Output power dynamics
This contribution will present our views for these open issues.
Discussion
 Frequency error 
The doppler frequency for ATG UE can be determined by [3], 

Where,
· f_D is Doppler frequency, f_c is the carrier frequency, which is set as 5GHz for n79; 
· v is the speed of the aircraft which is 1200km/h;
·  is the elevation angle between UE and gNB. 
Since the agreed maximum ISD is 200km [4] which corresponds to ~100km cell radius. The normal commercial airplane altitude is 10km, the angle is only about 6 degrees. When ATG UE is performing initial access at cell edge, the DL doppler frequency is approaching 5.5kHz and the UL doppler frequency is approaching 11kHz which may cause not negligible impact for link performance and access successful rate. ATG UE may need to consider frequency compensation during initial access.
Observation 1: The ATG UE may need to consider frequency compensation during initial access at cell edge.
The NTN UE frequency error requirement [5] can be used similarly for ATG UE. 
Proposal 2: It is proposed to define the following frequency error requirement for ATG UE.
The ATG UE should pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. 
The mean value of basic measurements of ATG UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 







 Power class for ATG UE
It was agreed to determine the ATG power class as following [2],
Firstly, it’s proposed to define a range of ATG terminal’s maximum output power considering UL budget, UL traffic mode and regulation.
			Upper boundary: FFS (e.g. fixed value or infinite)
			Lower boundary: FFS (e.g. 23dBm, 26dBm, 29dBm…..)
Secondly, it’s proposed to consider the following options in this R18 WI:
			Option 1: Specify one value for ATG terminal’s maximum output power from the range.
			Option 2: specify a set of ATG terminal’s maximum output power from the range.
			Option 3: specify a range of ATG terminal’s maximum output power
Thirdly, it’s proposed to consider the following options for indicating the ATG terminal’s maximum output power
			Option 1: manufacturer declaration.
			Option 2: ATG terminal indicate the maximum output power using UE capability.












Regarding the first issue on upper/lower boundary for the ATG UE, it could be up to 36dBm or even more and the lower band boundary can be down to 26dBm according to [7]. The power for ATG UE can be defined in the range of 26dBm ~ 36dBm if there is no-co-existence concern after co-existence study. While it seems the 2nd issue and the 3rd issue of this agreement are related and cannot differentiate to different steps with one after another. 
If the power class is clear now from marked demand perspective, the power class for ATG UE can follow similar approach as for the TN UE. It can be a single value or a set of multiple value. But considering the current situation, it seems hard to conclude all the power demands due to potentially different deployment. Then multiple values might be needed, and manufacturer declaration-based approach seem more flexible. However, manufacture declaration means the power value is not known at specification stage and can be determined later according to customer demand. But different from network node, ATG UE is still a UE whose maximum power still needs to be reported to the network by signaling. The benefit of this approach is the MPR/A-MPR requirement is not needed anymore.
Proposal 2: Manufacturer declaration-based approach is workable only when the network is informed about the ATG UE MOP. 
Observation 2: Either Option 1 with signaling support or Option 2 can be used for indicating the ATG UE’s maximum output power.
 Output power dynamics
The following was agreed for the ATG UE output power dynamic range [2],<Way forward >: Output power dynamic range for ATG UE.
· Option 1: 50dB.
· Option 2: 60dB.
· Option 3: 70dB.






In [7], we proposed to consider a rough estimation as following. The minimum output power is when the aircraft flies over the ATG BS and only work on REFSENS level of ATG BS. 
Pmin =PREFSENS,BS + CL
The CL can be estimated according to the free space path loss model as below. Assuming carrier frequency 2000MHz, 25~30dB antenna gain and 3km lower altitude boundary, the minimum output power and dynamic range is calculated for 2GHz and 4GHz based on the parameter provided in [6, 8]. From the calculation, it seems 60dB dynamic range is enough.
PL = 32.5+20*log10(d in km)+20*log10(f in MHz)
	Frequency
	UE MOP
	UE MOP in MHz
	Total antenna gain
	Path loss
	BS noise floor
	Min. output power
	Dynamic range

	2GHz
	36 dBm
	23
	25 dB
	108
	-109 dBm/MHz
	-26 dBm/MHz
	50dB

	4GHz
	41 dBm
	21
	30 dB
	114
	-109 dBm/MHz
	-25 dBm/MHz
	46dB


Proposal 3: 60dB power dynamic rang is enough for ATG UE from link budget point of view.  
Proposal 4: ATG UE minimum output power can be specified as -25dBm/20MHz for 2GHz and -20dbm/100MHz for 4GHz.
Summary
This paper discussed Tx RF requirements for ATG UE. The following observations and proposals are concluded.
Observation 1: The ATG UE may need to consider frequency compensation during initial access at cell edge.
Proposal 2: It is proposed to define the following frequency error requirement for ATG UE.
Proposal 2: Manufacturer declaration-based approach is workable only when the network is informed about the ATG UE MOP. 
Observation 2: Either Option 1 with signaling support or Option 2 can be used for indicating the ATG UE’s maximum output power.
Proposal 3: 60dB power dynamic rang is enough for ATG UE from link budget point of view.  
Proposal 4: ATG UE minimum output power can be specified as -25dBm/20MHz for 2GHz and -20dbm/100MHz for 4GHz.
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