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Introduction 
This paper discusses the remaining open issues of ATG UE RF Rx requirements.

Discussion

Maximum input level

	WF: Further to discuss whether we need to specify two sets of RF requirements for maximum input level.
WF: FFS the assumption of minimum distance between ATG BS and ATG UE to derive the maximum input level.



RAN4 agreed to introduce two types of ATG UE, i.e., omnidirectional and array. However, how to capture these two types in the specs is still unclear. The necessity of having two sets of RF requirements depends on the maximum input level that is yet to be confirmed. If the difference between the maximum input level of the two types is small or minimal, there is no need for separate RF requirements. However, if the differences are significant, it is recommended to establish two sets of RF requirements for the two types of ATG UE.
Observation 1 [bookmark: _Toc140064071]Whether or not to specify two requirements for maximum input level depends on whether the antenna array and deployment assumption are expected to lead to a significant difference.

In-band blocking
Blocking due to TN interference

Unlike a terrestrial UE, an ATG UE will not be situated in close proximity to a base station. While the ATG UE will experience LoS pathloss from the TN BS, the TN BS won’t be pointing antennas or beams directly toward the ATG UE. However, because an ATG UE operating at 2 GHz frequency has an omnidirectional antenna, it may receive Rx power from multiple TN BS. Additionally, the main lobe of ATG UE operating at 4 GHz are pointing downwards and it is still possible to receive Rx power from the ground TN BS.
To evaluate the TN’s blocking power, we conducted simulations based on Scenario 3 and 11 (TN aggressor DL to ATG DL) and analyze the CDF of the absolute Rx power received by the ATG UE from the TN. The simulation is based on the following deployment scenarios (the details are given in our co-existence simulation results contribution for this #106bis-e meeting): the ATG BS is located 300 km away from the center of the TN cluster and ATG UEs x-coordinate is uniformly distributed over the horizontal extent of the TN cluster. The TN BSs utilize non-co-located 8-column non-subarray antennas. A single 5 dBi gain element has been used at the ATG UE at 4 GHz while an isotropic radiator is used at 2 GHz.
The results are shown in Figure 1 and Figure 2. At a CDF of 99.999%, the simulation shows that the Rx power for a uniform distribution of ATG UEs’ altitude between 3 km and 10 km is -52 dBm and -56 dBm for 2 GHz and 4 GHz, respectively. For fixed 10 km case, the Rx power is quite similar. A 6 dB difference can be observed in the fixed 3 km case, which is an unlikely scenario.
Strictly following the simulation would require the in-band blocking level to be -52 dBm. However, it is important to consider that these results are based on a CDF of 99.999%. If we lower the CDF to 99.99%, we can expect the interference level to be at least several dB lower. As a compromise, we could set the interference level for in-band blocking to -56 dBm, and we believe that this in-band blocking level can still maintain a fairly high CDF percentile. 
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[bookmark: _Ref131669479]Figure 1 Simulation results of ACI blocking for scenario 3.
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[bookmark: _Ref131669486]Figure 2 Simulation results of ACI blocking for scenario 11.

Proposal 1 [bookmark: _Toc127552143][bookmark: _Toc131667893][bookmark: _Toc140064074]Propose to use -56 dBm interference power level for in-band blocking.

Blocking due to interference from another ATG network

The co-existence simulations do not consider ATG-ATG co-existence. For in-band blocking, if a neighboring operator also operates ATG, then the blocking scenario may also be significant. The most severe situation could be when co-located ATG BS pointing at different aircraft that are relatively close to each other and relatively close to the BS. In such case, the victim ATG UE could still be in the vicinity to the beam of the aggressor BS. Two scenarios are depicted in Figure 3, scenario 1 with two adjacent aircrafts separated vertically by 300 m and scenario 2 with a horizontal separation of 9.26 km.
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[bookmark: _Ref130820153]Figure 3. Two scenarios when co-located BS pointing towards differently aircraft that are relatively close.

If we consider the FAA regulations stating that the minimum separations between aircrafts must be either vertically 300 m (1000 ft) or 9.26 km (5 NM) in en route airspace, we can estimate the angular separation of two adjacent aircraft. It is possible that the victim aircraft could be at the main lobe or the edge of the beam lobe towards the aggressor aircraft. If we assume 20 km from the ATG BS to the victim aircraft which are 10 km flight level, the angle separation would be less than 1 deg in scenario 1, and 15.4 deg in scenario 2.
In Scenario 1, the victim UE falls into the main lobe of the aggressor beam. We can determine the EIRP of the victim by utilizing the ATG BS output power in simulation parameters and accounting for free space path loss. For an ATG UE operating at 2 GHz, the EIRP is calculated to be - 72 dBm, which is significantly lower than the blocking caused by TN interference. Furthermore, as the 300 m vertical separation is an absolute minimum distance and is very unlikely to occur during normal cruising of two aircraft toward the same direction. Thus, it is not necessary to consider blocking from other ATG networks when assessing the in-band blocking requirement.
Proposal 2 [bookmark: _Toc131667894][bookmark: _Toc140064075]It is not necessary to consider blocking from other ATG networks when assessing the in-band blocking requirement.

Out-of-band blocking
Like in-band blocking, the out-of-band blocking scenario for an ATG UE will differ from that of TN UE, since the ATG UE is airborne and far away from other ground systems. This may lead to other potential sources of out-of-band blocking, such as radio transmitters in close proximity to the UE on the aircraft body or radar systems transmitting pulses to the aircraft. A deeper understanding of the avionics radio environment is necessary to determine the out-of-band blocking requirement.
Observation 2 [bookmark: _Toc127552135][bookmark: _Toc131667891][bookmark: _Toc140064072]The out-of-band blocking requirement depends on the environment of other radio transmitters and radar systems.

Spurious response
The spurious response requirement is related to the out-of-band blocking requirement and may need some further insight into the avionics interference environment.
Observation 3 [bookmark: _Toc127552136][bookmark: _Toc131667892][bookmark: _Toc140064073]The spurious response requirement depends on the environment of other radio transmitters and radar systems.

Intermodulation characteristics
The intermodulation requirements implicitly set a requirement on receiver linearity and should maintain the same linearity performance for ATG UEs. The intermodulation input levels should not exceed the in-band blocking requirement. We propose that the intermodulation requirement is determined after the in-band blocking and maximum input requirement levels have been established. This is to ensure that the receiver linearity’s impact on the noise floor at maximum power is the same for ATG UEs with ATG maximum input and blocking levels as the linearity for TN UEs with their respective maximum input and blocking levels.
Proposal 3 [bookmark: _Toc127552146][bookmark: _Toc131667895][bookmark: _Toc140064076]The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.


Conclusion

In the previous sections we made the following observations: 
Observation 1	Whether or not to specify two requirements for maximum input level depends on whether the antenna array and deployment assumption are expected to lead to a significant difference.
Observation 2	The out-of-band blocking requirement depends on the environment of other radio transmitters and radar systems.
Observation 3	The spurious response requirement depends on the environment of other radio transmitters and radar systems.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Propose to use -56 dBm interference power level for in-band blocking.
Proposal 2	It is not necessary to consider blocking from other ATG networks when assessing the in-band blocking requirement.
Proposal 3	The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.
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