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1	Introduction
[bookmark: _Ref178064866]During RAN4#105, a WF was agreed on UE requirements for ATG. Many issues are not yet resolved.
A fundamental issue for an ATG UE is that the hardware will not be comparable and mostly not re-usable from terrestrial UEs. An ATG UE will be mounted on the body of an aircraft and will need to fulfil all relevant avionics requirements, which are highly stringent on a component level and in a quite different environmental condition to TN UE. In addition, the output power, emissions and selectivity of an ATG UE might be impacted by other nearby radio transmitters and receivers on the aircraft, some of which may be safety critical. The exact requirements on an ATG UE may depend on the aircraft type into which it is to be integrated.
From a RAN4 perspective, a possible approach is to establish the minimum possible requirements to enable the cellular NR based communication to operate without placing any unnecessary constraints on the ATG UE. These requirements might not be fully sufficient and may in the worst case not even be feasible to meet other avionics constraints. However, as long as care is taken that the requirements are indeed minimum and constrain as little as possible, then they will ensure that cellular communication can work. The RF requirements will provide an essential baseline to which the design of the avionics UE can add further (avionics related) requirements as needed.
In this contribution, the UE requirements are further examined to consider the minimum feasible requirement.
2	Requirements from 38.101-1

Reference sensitivity
It is not entirely obvious whether an avionics UE would meet the same, lower or higher sensitivity than a terrestrial terminal. The achievable sensitivity should be studied further. Considering that the co-existence simulations have assumed the same sensitivity as terrestrial terminals though, the existing sensitivity requirements for terrestrial terminal may be a prudent choice.
[bookmark: _Toc127552141]TN reference sensitivity can be baseline. Further discussion should check that the sensitivity is achievable and relevant for avionics UEs.

Maximum input level
A very conservative estimate for the maximum input level at 2GHz could be based on assuming an aircraft flying 3km over a 2GHz BS that has a 12*8 antenna array and 43dBm output power, with the BS array pointing directly upwards. This estimate would be an absolute worst case as it is not very likely. With a BS gain of around 25dB, the input level at the UE would be around -40dBm. With a more realistic assumption of the UE being 50km from the BS, with the BS antenna pointing at the UE the input level becomes -64dBm.
For the 4GHz case, considering both the 12*8 BS antenna array, and 53dBm BS output power, if the BS antenna points directly upwards at the UE and the UE directly downwards with 3km height then the input level at the UE at the antenna connector would be -31dBm. However, it is extremely unlikely that the UE antenna would point directly downwards and the BS antenna directly upwards. If as an alternative assumption we assume that the ATG UE is at a distance of 20km from the BS and is pointing at the BS antenna, then the input level at the connector becomes -48 dBm.
Taking into account these considerations, a conservative assumption for the input level could be in the range -50dBm to -40 dBm. Before taking a decision on the maximum input level, it would be very useful to further assess the extent to which the maximum input level would pose a design constraint to an avionics UE.
[bookmark: _Toc127552142]Consider -50dBm to -40dBm for the maximum input level. Check further the usefulness of relaxing the maximum input level for the avionics UE.

Adjacent channel selectivity
The adjacent channel selectivity shall be determined based on the co-existence simulations.

In-band blocking
Unlike a terrestrial UE, an ATG UE will not be in extremely close proximity to a base station. The UE will experience LoS pathloss to TN BS, but the TN BS will not be pointing antennas or beams at the ATG UE. A conservative estimate for the in-band blocking experienced by an ATG UE due to a single TN node suggests that the blocker level could be 65dBm or lower. However, an ATG UE may experience RX power from a large number of TN BS. This is in particular the case for the 2GHz UE, which has an omni-directional antenna. To ascertain the blocking power due to TN, simulations based on Scenario 11 (TN aggressor DL to ATG DL) could be used, but the CDF of the absolute RX power from the TN at the ATG UE examined.
[bookmark: _Toc127552143]To consider in-band blocking, examine the CDF of RX power from the TN at the ATG UE using scenario 11.
The co-existence simulations do not consider ATG-ATG co-existence. For in-band blocking, if a neighbour operator also operates ATG then the blocking scenario may also be significant. The worst case would be co-located ATG BS pointing at different aircraft that are relatively close to one another and relatively close to the BS, such that the victim ATG UE could still be close to the beam of the aggressor BS.

[image: ]
Assuming 20km from the ATG BS for the victim aircraft and 8km separation between aircraft, the angular separation of the aircraft would be 6 degrees. The victim aircraft could potentially be at the edge of the lobe of the beam towards the aggressor aircraft.
In this case, the blocking requirement would not be larger than the maximum input level requirement, but may be lower due to different positions of the aggressor and victim aircraft within the aggressor beam. 
RAN4 should discuss whether to take into account blocking from ATG BS transmitters of other operators when determining the in-band blocking requirement. In case ATG blocking is considered, there is then a need to consider the minimum horizontal and height separation between aircraft to consider, as this will determine the extent to which a victim ATG UE could lie within the beam of an aggressor ATG BS.
[bookmark: _Toc127552144]RAN4 to discuss and agree whether the in-band blocking requirement should consider potential blocking from another operator ATG network.


Out of band blocking
Similar to in-band blocking, the out of band blocking scenario will be different between an ATG UE, which will be in the air and at a large distance from other ground systems and a TN UE. However, for an ATG UE there may be sources of out of band blocking arising from other radio transmitters in proximity to the UE on the aircraft body. Another source of out of band blocking could be radar systems transmitting pulses to the aircraft. To determine the out of band blocking requirement, a deeper understanding of the avionics radio environment is needed.
[bookmark: _Toc127552135]The out of band blocking requirement depends on the environment of other radio transmitters and radar systems.

Narrowband blocking
Narrowband blocking is applicable for n1 but not for the 4GHz TDD bands. The narrowband blocking requirement can be adjusted relative to the TN requirement in the same proportion of any adjustment of the in-band blocking requirement.
[bookmark: _Toc127552145]Adjust the narrowband blocking requirement in the same proportion as any adjustment of the in-band blocking requirement.

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.
[bookmark: _Toc127552136]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 determined in order to ensure that the receiver linearity 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.
[bookmark: _Toc127552146]The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.

Receiver spurious emissions
According to the WF of RAN4#105, the TN UE RX spurious emissions requirement should be applied.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	The out of band blocking requirement depends on the environment of other radio transmitters and radar systems.
Observation 2	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	TN reference sensitivity can be baseline. Further discussion should check that the sensitivity is achievable and relevant for avionics UEs.
Proposal 2	Consider -50dBm to -40dBm for the maximum input level. Check further the usefulness of relaxing the maximum input level for the avionics UE.
Proposal 3	To consider in-band blocking, examine the CDF of RX power from the TN at the ATG UE using scenario 11.
Proposal 4	RAN4 to discuss and agree whether the in-band blocking requirement should consider potential blocking from another operator ATG network.
Proposal 5	Adjust the narrowband blocking requirement in the same proportion as any adjustment of the in-band blocking requirement.
Proposal 6	The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.
[bookmark: _In-sequence_SDU_delivery] 
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