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1 Introduction 
In RAN4#106, the UE RF requirements for ATG were discussed and the WF was approved in [1]. This paper will provide our views on ATG UE Tx requirements
2 Discussion 
2.1 MoP requirements and power class definition 
ATG MoP requirements and power class definition have been discussed in RAN4#106 and related agreements in WF [1] was as follows:
· Issue 1-2-1: MOP requirements: The lower limit of conductive MOP or TRP of ATG UE is 23dBm. FFS on the upper limit of conductive MOP or TRP of ATG UE
· Issue 1-2-4: MPR requirements: Specify the MOP to be at maximum modulation order and full PRB configurations instead of defining MPR

The purpose of power class is to provide guidance for the network planning for uplink coverage. For this purpose, it is sufficient to know how much at least the UE can provide output power. For this purpose, agreement in Issue 1-2-1 is sufficient. In current 38.101-1 the power class also defines an upper limit for the maximum power, i.e., UE of certain power class will not transmit more than certain output power. For power class 3, the maximum limit is 23+2=25 dBm, for example. This information can also be used for network planning but for co-channel interference management reason, i.e., how a cell with same frequency can be placed compared to another cell. This maximum limit also serves as guideline for device SAR or MPE design, if a designer knows what the maximum power is, the antenna design can use that as worst-case assumption. However, for these two reasons, there are other means to manage the issues:

For co-channel interference, network can assign cell specific p-max value or even UE specific p-max and limit the maximum power. In addition, we provide the simulation results to analyze the co-channel interference from ATG UE to TN network. Per the simulation results captured in Appendix A, it shows the co-channel in TN is dominant and the co-channel interference from ATG UE is marginal assuming 40dBm (26dBm) for 2GHz (4GHz) as the UE MoP. Therefore, with above reasons, it is not necessary to specify the maximum limit for ATG UE.

For SAR or MPE, the evaluation periods are long and maximum limits can be set using time sensitive manner and P-MPR allowance if needed can be used to mitigate device specific issues. Moreover, there should be no SAR or MPE requirements for ATG UE which is a CPE mounted on the aircraft and is far from human body. UE maximum power is limited in first order by the available power from the PA and its gain. The PA design criteria are such that it always delivers some set minimum power over frequency, temperature, supply voltage and production tolerances. Therefore, a typical PA will deliver much more power than the worst-case PA and typically the overall PA population variation is gaussian unless bad units are discarded in the production. See Figure 1 for graphical explanation:
[image: ]
Figure 1: Normal distribution and volumes of discarded samples
Production variation is dependent on many things, and it is very difficult to control. PA’s that do not meet the minimum power criteria has to be discarded and then scrapped. If production variance σ2 is such that in order to achieve economically sustainable yield in the production, the mean µ may need to be set high (i.e., design target for nominal PA), very much above 23 dBm. This means that in even in average, the PA is capable for much more power than what is the nominal according to the 3GPP specifications and in addition, large number of PAs are capable for more than the maximum limit. Relaxing or removing the maximum limit for the power class would unleash this potentially available power for number of UEs. With this discussion, there is no need to limit the maximum power.    

Observation 1: Production variations in maximum output power present an opportunity for UL coverage improvements that should be enabled by removing upper limit for maximum output power 

Proposal 1: The power class definition for ATG UE should be written as follows:
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The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. UE shall meet maximum output power with RMC defined in A.2.2.5 with uplink modulation set to [256 QAM] and using maximum NRB according to Table 5.3.2-1 for the maximum supported channel BW. UE may be capable for higher output power with other NRB_alloc smaller than maximum defined in Table 5.3.2-1 and lower order modulation.  The period of measurement shall be at least one sub frame (1ms).
Table 6.2.1XX-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	
	
	23
	-2

	n78
	
	
	
	
	
	
	23
	-2

	n79
	
	
	
	
	
	
	23
	-2

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:   RMC is defined in Annex A.2.2.5



In [3], RTCA DO-160G was referred which are applicable for ATG UE. Specifically, the chapter 21 of DO-160G document specifies unintentional emissions requirements when an equipment like ATG is in a non-transmit/receive mode. Therefore, it is possible that the maximum transmit power limit is specified by regional regulatory requirements. With that we have the following the proposal:
Proposal 2: UE to limit the maximum transmit power according to the country specific maximum transmit power limit if any. The corresponding country specific maximum power limit could be specified in RAN4 spec with a separate table as UE Power Class.

2.2 Minimum output power
The minimum output power has been discussed and the following agreements were reached:

Issue 1-2-6: Minimum output power
· ATG UE minimum output power can be specified as -25dBm+X/20MHz for 2GHz and -20dbm+Y/100MHz for 4GHz.
· FFS on X and Y pending on the co-existence study.

The legacy requirement of minimum output power for TN UE was specified based on the assumptions of MCL (min. coupling loss) of 70dB between BS and UE.  Based on the co-existence simulation results, the MCL in ATG network with 2GHz and 4GHz is about 100dB which is about 30dB relaxation compared with 70dB of MCL for TN network. 

Proposal 3: Considering some margins, the minimum output power for ATG could be written as below with 25dB relaxation:

Table 6.3.1-1: Minimum output power
	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-40+25
	-40+25+10log10 (BWChannel /20)
	-40+25+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.



2.3 Transmit intermodulation
It was agreed in [1] that transmit modulation quality requirements for ATG UE could reuse the existing requirements defined for TN UE in TS 38.101-1 and FFS on whether 256 QAM should be supported.
ATG transmission is basically a LOS transmission scenario. In order to provide users in aircraft with large data transmission services, higher order modulation is desirable. With that, 256QAM should be supported for ATG UL.

Proposal 4:  256QAM should be supported for ATG UL and the existing transmit modulation quality requirements can be reused.

3 Conclusions
This contribution provided our considerations on ATG UE RF Tx requirements. We have the following observations and proposal:
Observation 1: Production variations in maximum output power present an opportunity for UL coverage improvements that should be enabled by removing upper limit for maximum output power 

Proposal 1: The power class definition for ATG UE should be written as follows:

6.2.1XX	Maximum output power for ATG UE

The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. UE shall meet maximum output power with RMC defined in A.2.2.5 with uplink modulation set to [256 QAM] and using maximum NRB according to Table 5.3.2-1 for the maximum supported channel BW. UE may be capable for higher output power with other NRB_alloc smaller than maximum defined in Table 5.3.2-1 and lower order modulation.  The period of measurement shall be at least one sub frame (1ms).
Table 6.2.1XX-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	
	
	23
	-2

	n78
	
	
	
	
	
	
	23
	-2

	n79
	
	
	
	
	
	
	23
	-2

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:   RMC is defined in Annex A.2.2.5



Proposal 2: UE to limit the maximum transmit power according to the country specific maximum transmit power limit if any. The corresponding country specific maximum power limit could be specified in RAN4 spec with a separate table as UE Power Class.

Proposal 3: Considering some margins, the minimum output power for ATG could be written as below with 25dB relaxation:

Table 6.3.1-1: Minimum output power
	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-40+25
	-40+25+10log10 (BWChannel /20)
	-40+25+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.



Proposal 4:  256QAM should be supported for ATG UL and the existing transmit modulation quality requirements can be reused.
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Appendix A: Simulation results
In each snapshot, ATG UE is deployed in its route and a TN network is deployed beneath it.
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Figure A-1: Top view of simulation scenario
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Figure A-2: Front view of simulation scenario

The simulation is in line with the co-existence simulations such as:
· ATG UE MoP 40dBm (26dBm) for 2GHz (4GHz)
· TN is Rma with 7.5km and 3.5km for 2GHz and 4GHz
· TN UL SNR target is 15dB
The SINR CDF with/without ATG co-channel interference for 2GHz and 4GHz are shown in Figure A-3 and Figure A-4, respectively.
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Figure A-3: SNR/SINR CDF for 2GHz
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Figure A-4: SNR/SINR CDF for 4GHz
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