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1. Introduction
During the last meeting, we have reached good process for ATG UE RF requirements, but there are still some issues need to be discussed in [1]. In this contribution, we focus on these remaining issues.
2. Discussion
2.1. General
1. TN UE access ATG
In last meeting, the scenario of TN UEs accessing ATG network had been discussed. Our view is that in most cases we do not need to consider this scenario. TN network almost has the blanket coverage. Compared with ATG BS, TN UE will prioritize to access TN network since ATG BS will point at horizontal direction and antenna gain is very low toward the ground. The case of TN UE accessing ATG BS is very corner and there is no need to consider such case. if RAN4 finally find the case that TN UE will accessing ATG network, CSG related solutions could be utilized. But it is worth noting that the WID for ATG does not contain the work of RAN1/RAN2/RAN3, so it’s better not consider such issue in this WID.
[bookmark: _Hlk127548536]Proposal 1: There is no need to consider the scenario that TN UE access ATG network. 
2. ATG UE operating bands
[bookmark: _Hlk127293605]In the WID, only n79 and n1 are suggested as example bands. But some other operating bands are also suggested for ATG from operator deployment point. for example, band n3, band n34 and band n41. For ATG UE, ACLR and ACS requirements are the main band specific RF requirements. now we use 2GHz and 4GHz as simulation carrier for TDD and FDD which will cover the frequency range from 2GHz to 4GHz, therefore, final ACLR and ACS are still applicable for n3, n34 and n41. we suggest to add FDD band n3, TDD bands n34 and n41 as ATG operating bands. 
[bookmark: _Hlk127365591][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 2: It’s suggested to add FDD band n3, TDD bands n34 and n41 as the operating band of ATG.
[bookmark: _Hlk118136359]2.2. ATG UE requirements
1. MOP
In the last meeting, we have the following WF for ATG UE MOP requirements.
	<Way forward >:
[bookmark: _Hlk127371650]RAN4 can specify a range of ATG UE MOP, e.g.. 29dBm ~ FFS. ATG UE can indicate its MOP by using UE capability. The tolerance of ATG UE MOP can be ±2dB.
The indicated capability takes into account the band in which the UE is operating and any NS value signalled.
It is not precluded that there is no upper boundary for MOP.



There is no explicit description of power class. as discussed in our co-existence contribution, 33dBm output power is enough for 100km cell range and it could be equals to almost 40 dBm output power for 200km cell range at 2GHz. And for 4GHz, only 26dBm is enough for 100km cell range considering there is beamforming gain. therefore the power range for ATG UE MOP could be from min 26dBm to max 40dBm. 
Observation 1: According to simulation results, the power range for ATG is from min 26dBm to max 40dBm for max 200km cell range.
For such large power range, it is hard to use only one power class with only one set of RF requirements. one reason for this large power range is that ATG UE will be deployed with different antenna type, i.e. omni-direction antenna or antenna array. so one candidate choice for UE power class definition is that we define two classes, one is for low power range ATG UE which may use antenna array to enhance EIRP and the other is for high power range ATG UE which may only use omni-direction antenna. The advantage of this definition method is that such method will coverage all the power range and even if operators have other output power demand, there is no need to define a new power class since this new ATG UE will still be deployed with these two kinds of antenna types.
Proposal 3: It’s suggested to define two power classes, one is for low power range UE which may use antenna array to enhance coverage and the other is for high power range UE which may only use omni-direction antenna. each power class corresponds to one set of RF requirements. 
Above two power class are only used to differentiate RF requirements. the ATG UE could report its actual power level by capability report. the number of candidate value for power capability report could be larger than the number of power class,. For example, candidate value for UE power report could {26dBm, 29dBm, 32dBm,…40dBm} with 3dB granularity.
Proposal 4: There is no need to align the number of power class with the number of candidate value for UE MOP capability report. 
[bookmark: _Hlk127481448][bookmark: OLE_LINK7]2. MPR/AMPR requirements
[bookmark: _Hlk127368820]Until now, there is no agreement for MPR requirements, following are three candidate options for MPR/A-MPR definition. 
· Opinion 1: ATG UE reuse the same MPR/AMPR requirements as TN UE, which actually allow certain relaxation to meet all RF requirements
· Opinion 2: There is no MPR/A-MPR requirements for ATG UE, equally that MPR/A-MPR is 0 which is very similar as defined for BS.
· [bookmark: _Hlk127483345]Opinion 3: The MPR/AMPR requirements of ATG UE is declared by manufacturers and no spec requirements. MPR/A-MPR could be 0 or larger than 0.
In previous meeting, it is said that the size of ATG UE communication mode would be limited, but there is still no strong arguments about the limitation size. If the ATG UE communication mode size is very similar as handhold UE or CPE, it’s hard to require ATG UE with 0 MPR. But if there is no limit for the size, ATG UE could have better RF performance with larger size. For 2GHz ATG CPE, max 33dB/40dBm output power is required, from this point of view, it seems ATG UE will have good performance and it is very similar like MR BS from power point of view. But for 4GHz, the output power is only 26dBm which is very similar like handhold UE adding large antenna configuration. So it’s hard to conclude whether MPR is required or not. From this point of view, option 3 seems like compromise that allow for diverse ATG UE implementation. Vendors are encouraged to provide more analysis for ATG UE, e.g. size limitation, RF performance.
[bookmark: _Hlk127559776]Observation 2: The method of MPR based on manufacturer’s declaration seems like the tradeoff that allow diverse ATG UE implementation.
3. Transmit modulation quality
[bookmark: _Hlk115467973]Several RF requirements have been approved at RAN4 #105 meeting. ATG users on the aircraft need traffic with high throughput, so 256 QAM is needed for ATG. The EVM requirement in TS 38.104 could be reused
The following Table 1 shows the link budget to verify whether 256 QAM could be supported by the current ATG UE antenna configurations. Table 2 refer to co-existence simulation results.
Table 1. link budget for 256 QAM
	
	[bookmark: _Hlk127435489]Omni-direction
	Beam Forming

	[bookmark: _Hlk127538359]EIRP
	33dBm (Note 1)
	43 dBm

	Frequency band
	2GHz
	4GHz

	Channel bandwidth
	20MHz
	100MHz

	ATG BS Rx Antenna gain
	25.1dB
	25.1dB

	Thermal noise
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	SNR
	20dB
	20dB

	Pass Lose
	134dB
	137dB

	Distance
	60.3km
	42.7km

	Note1: with 0dBi omni-direction antenna assumption.


 Assume the aircraft at the position with vertical height of 3km and 42.7km from the ATG BS. In this case, the horizontal distance between the aircraft and the ATG BS is 42.6 km, which is farther than the minimum service distance of the ATG BS. Consider the above factors, UL of ATG UE should support 256 QAM.
[bookmark: _Hlk127369172]Proposal 5: Transmit modulation quality requirements for ATG UE could reuse the existing requirements defined for TN UE in TS 38.101-1, and 256 QAM should be supported.
4. Power control
The comparison of dynamic range between ATG UE and TN UE is listed as below. when we calculate minimum output power for ATG UE, we assume the same SNR at gNB side as legacy UE minimum output power case.
Table 2. Dynamic range for ATG UE Tx (2GHz/4GHz, 3km)
	Frequency
	2GHz
	4GHz

	ATG BS Rx power
	-85dBm
	-85dBm

	PL
	108dB
	114dB

	ATG BS antenna gain
	25dBm
	25dBm

	ATG UE antenna gain
	0dBm
	17dBm

	ATG UE min Tx power in dBm
	-2dBm
	-13dBm

	TN UE max Tx power
	40dBm
	43dB

	Dynamic range
	42dB
	56dB


Compared with 66dB dynamic range for TN UE, dynamic range for ATG UE is relaxed whether for omni-direction and antenna array. In our view, the dynamic range requirements could be relaxed.
[bookmark: _Hlk127559835]Proposal 6: The dynamic range of ATG UE could be relaxed compared with legacy UE.
[bookmark: _Hlk115470282]3. Conclusions
In this contribution, ATG UE requirements are discussed with the following proposals:
Proposal 1: There is no need to consider the scenario that TN UE access ATG network.
Proposal 2: It’s suggested to add FDD band n3, TDD bands n34 and n41 as the operating band of ATG.
Observation 1: According to simulation results, the power range for ATG is from min 26dBm to max 40dBm for max 200km cell range.
Proposal 3: It’s suggested to define two power classes, one is for low power range UE which may use antenna array to enhance coverage and the other is for high power range UE which may only use omni-direction antenna. each power class corresponds to one set of RF requirements.
Proposal 4: There is no need to align the number of power class with the number of candidate value for UE MOP capability report.
Observation 2: The method of MPR based on manufacturer’s declaration seems like the tradeoff that allow diverse ATG UE implementation.
Proposal 5: Transmit modulation quality requirements for ATG UE could reuse the existing requirements defined for TN UE in TS 38.101-1, and 256 QAM should be supported.
Proposal 6: The dynamic range of ATG UE could be relaxed compared with legacy UE.
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