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1 Introduction 
In RAN4#105, the UE RF requirements for ATG were discussed and the WF was approved in [1]. In this paper, we will provide our views on ATG UE Tx requirements.
2 Discussion 
2.1 MoP requirements
The agreements on ATG UE MoP requirements were captured in WF [1]:
· 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.

The upper boundary for ATG UE MoP has not been decided. While in co-existence study, it is assumed that the MoP of ATG UE are 40dBm for 2GHz and 26dBm for 4GHz respectively based on link budget analysis.
It is worth noting that the transmit power from ATG UE will cause the co-channel interference to TN network. Figure 1 shows the illustration of co-channel interference from ATG UE to TN network.



Figure 1: The illustration of co-channel interference from ATG UE
To analyze the interference level, we consider a scenario in which the uptilt of TN BS is around 8.5deg with the assumption that the altitude of aircraft is 3km and the distance between ATG UE and TN BS is 20km. In this case, the downtilt for TN BS is 4.8deg with the assumptions of 0.9km ISD and 25m BS height. The TN UE is at the cell edge. The carrier frequency is 2GHz.
· Co-channel interference analysis -1
The pathloss between ATG UE to TN BS is 124dB with FSPL model. The pathloss between TN UE to TN BS is around 116dB with NLOS model defined in TR 38.876. Therefore, the difference is 124-116=8dB.
The antenna gain difference at TN BS receiver between ATG UE to TN BS and TN UE to TN BS is around 8dB per antenna pattern shown in Figure 2 assuming TN BS is steering at TN UE on the boresight direction.
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Figure 2: Antenna gain for elevation 
However, the transmit power of ATG UE would be 17dB (40dBm-23dBm) higher than transmit power of TN UE. Therefore, the co-channel interference would be comparable with received signal level.
· Co-channel interference analysis -2
For AAS antenna (non-subarray), we assume the TN BS is steering at TN UE which is at cell edge, then the antenna gain from ATG UE to TN BS can be estimated as 10dB based on antenna pattern shown in Figure 2.
The received interference from ATG UE at TN BS for AAS can be estimated as:
Received interference level: 40 +10-124 = -74dBm


Figure 3 and Figure 4 show the CDF of UL received power and received interference for single TN network (no co-channel interference from ATG UE) respectively.
[image: ]
Figure 3: CDF of UL received power
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Figure 4: CDF of co-channel interference for single TN network
It can be observed that the interference from ATG UE is even higher than interference and UL received power for the most cases. And it is expected that the interference from ATG UE would be more serious with sub-array AAS or non-AAS model.
Observation 1: With a high MoP, the co-channel interference from ATG UE to TN network is not ignorable.
Observation 2: RAN4 needs to study the impact of co-channel interference on TN network when specify ATG UE MoP requirements.
In addition, we notice that there are unintentional radiated emissions and immunity requirements defined in RTCA DO-160G “Environmental Conditions and Test Procedures for Airborne Equipment” [2] 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. Note that the document does not have emission requirements when ATG is in active transmit/receive mode. The goal of these unintentional emission requirements in chapter 21 is to determine that the equipment does not emit undesired RF noise more than the levels specified in the document when not in Tx/Rx mode. The chapter 21 of DO-160G further specifies required notches for the unintentional radiated emissions limits to protect aircraft RF sensors operating frequencies. That indicates that when the ATG UE is integrated onto the airplane, there will be a coexistence assessment required with all other RF systems on board and depending on coexistence studies RTCA or other related standards could create a new MOP requirement for an ATG UE. 

Observation 3: Thus, RTCA DO-160G [2] although does not directly address MoP, may still be a valuable reference to understand existing unintentional emission limits and notches which may provide some inputs to define the MoP requirements for ATG UE. Hence there is value for RAN4 to study chapter 21 of this RTCA DO-160G document to determine if its contents may or may not be of value to define MoP requirements for ATG UE.
Proposal 1: RAN4 shall define an upper limit for MoP range. The value shall be decided based on the considerations of co-channel interference and related requirements. The existing standards such as RTCA DO-160G may be studied and referred if suitable. 
In [1], it was agreed that the tolerance of ATG UE MOP can be ±2dB. In our understanding, there is no need to define the tolerance in RAN4 specification when defining ATG UE MoP requirements since the tolerance will make the MoP value to be higher or lower than the target value.
Proposal 2: Do not define the tolerance in RAN4 specification when specify ATG UE MoP requirements.
2.2 MPR/A-MPR requirements
With Proposal 1, several power classes for ATG UE would be defined with RB configurations. Therefore, RB configuration should be declared or defined with the power class. Alternatively, we can define the MPR values with different RB configurations.
Proposal 3: RAN4 to consider the following options regarding RB configuration and MPR for ATG UE:
· Option 1: RB configurations should be declared or defined with power class
· Option 2:
· Option 2a: Define the MPR values with different RB configurations
· Option 2b: Reuse the legacy MRP values and RB configurations

3 Conclusions
This contribution provided our considerations on ATG UE RF Tx requirements. We have the following observations and proposal:
Observation 1: With a high MoP, the co-channel interference from ATG UE to TN network is not ignorable.
Observation 2: RAN4 needs to study the impact of co-channel interference on TN network when specify ATG UE MoP requirements.
Observation 3: Thus, RTCA DO-160G [2] although does not directly address MoP, may still be a valuable reference to understand existing unintentional emission limits and notches which may provide some inputs to define the MoP requirements for ATG UE. Hence there is value for RAN4 to study chapter 21 of this RTCA DO-160G document to determine if its contents may or may not be of value to define MoP requirements for ATG UE.
Proposal 1: RAN4 shall define an upper limit for MoP range. The value shall be decided based on the considerations of co-channel interference and related requirements. The existing standards such as RTCA DO-160G may be studied and referred if suitable. 
Proposal 2: Do not define the tolerance in RAN4 specification when specify ATG UE MoP requirements.
Proposal 3: RAN4 to consider the following options regarding RB configuration and MPR for ATG UE:
· Option 1: RB configurations should be declared or defined with power class
· Option 2:
· Option 2a: Define the MPR values with different RB configurations
· Option 2b: Reuse the legacy MRP values and RB configurations
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