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1	Introduction
Work is ongoing to determine adjacent channel co-existence for ATG assuming synchronization between the ATG BS and the TN BS. In this contribution, we further consider issues relating to the ATG guard period and potential cross-link interferences.
[bookmark: _Ref178064866]2	Discussion
2.1	Guard period for ATG
For terrestrial TDD networks, a guard period is needed to account for propagation time from BS towards other cells that they could possibly cause interference to. The GP ensures that, when accounting for propagation delay between cell sites, a BS in receive mode does not receive interference from the end period of another BS transmission.
For ATG networks, due to the upwards beamforming and the larger distance between BS compared to TN, it might be speculated that a larger GP may not be needed for interference management between ATG BS (although this has not been investigated).
However, another constraint on TDD systems is that the UE cannot transmit and receive simultaneously. Compared to the BS, the UE receives the downlink with a delay equal to the propagation time. On the other hand, in order to ensure correct timing at the BS, the UE needs to start transmitting uplink in advance, by one propagation time compared to the BS timing. Thus, to avoid a DL-UL collision at the UE, a GP equal to twice the propagation time is needed. For a 100km cell range, this equates to 0.67msec and for a 300km cell range, 2msec. The GP could this in principle be one or several slots.
A GP of one or several slots represents a significant overhead. [1] discusses the issue of GP and potential mitigation strategies further.

2.2	UE-UE CLI for ATG
[bookmark: _Hlk127126049]The ATG UE needs to apply a timing advance that could be in the range of 0.33 – 1msec. The propagation time to the nearest point on the ground may be 0.03 msec or shorter. Thus, due to the timing advance at the ATG UE, it is possible that ATG UE transmission can occur during DL slots in the TN directly underneath the aircraft and ATG UE reception can occur during UL slots in the TN.
[bookmark: _Toc127524436]Due to the timing advance at the ATG UE, it is possible that ATG UE transmission can occur during DL slots in the TN directly underneath the aircraft and ATG UE reception can occur during UL slots in the TN
In regard to interference from TN UE transmissions to the ATG UE, the ATG UE will receive an accumulation of interference from UEs in TN cells on the ground. The TN UE TX power is 20dB lower than the BS power even when at maximum power (with most UEs transmitting at lower than full power due to power control). However, unlike the BS, the UE does not have a downward pointing antenna. It is unlikely that TN (UL) – ATG (DL) interference will be larger than TN(DL)-ATG (DL) interference, but this could be checked with simulation.
[bookmark: _Toc127524437]It is unlikely that TN (UL) – ATG (DL) interference will be larger than TN(DL)-ATG(DL) interference. This could be double checked with simulations.
In regard to ATG (UL) interference towards TN(DL), the interference arriving at TN UEs will be similar to the interference experienced by TN BS in scenario 2 (at least for the 2GHz frequency with no ATG UE antenna beamforming). However, the ACS of the TN UE is 13dB lower than for the TN BS. Results for scenario 2 show low interference degradation, and thus despite the difference in ACS between the TN BS and the TN UE, we do not expect ATG UE – TN UE interference to be substantial. Simulation could be used to check this assumption.
[bookmark: _Toc127524438]It is not expected that the ATG (UL) – TN (DL) interference will cause significant throughput degradation in the TN. This could be double checked with simulations.

2.3	Synchronization between ATG and TN BS
For TDD operation, basestations of different operators are usually synchronized in order to avoid cross-operator interference, in particular BS-BS interference.
Assuming a means of synchronization is available, then the difference between the TN BS and the ATG BS will be that the ATG BS may need a longer GP that can accommodate the propagation time and avoid UE simultaneous TX/RX as described in section 2.1. If the needed GP is longer than the UL transmit duration, the GP needs to be taken from the DL, and so the ATG will need to stop transmitting DL early. It will not be able to receive UL during this period. Thus, the ATG BS will not create interference towards the TN network and will not suffer interference, since it is not receiving. Even if the GP is taken within the UL period, there will be no interference to / from the TN.

[image: ]
In [2], it is suggested that a different TDD pattern with a longer DL period and fewer switching times could be applied for ATG. In the above example, if the ATG would for example transmit DL for 15 slots and then switch to UL (thus switching only every 20 slots), then the ATG would transmit DL in some of the slots in which the TN would receive UL. This could lead to BS-BS interference.
2.4	ATG BS – TN BS interference
BS-BS interference will occur if the ATG and TN networks are not synchronized. For 2GHz, the BS noise floor in 20MHz is -96 dBm and the transmit power is 43dBm. Thus, to avoid degradation of a victim receiver, at least 149 dB of isolation is required. For 4GHz, the noise floor is -89dBm and the transmit power 53dBm and so at least 152dB of isolation is needed.
Although the ATG BS tilts it’s antenna upwards and the TN tilts downwards, it is very likely that there will be BS-BS interference. Both ATG and TN BS are deployed at 25-30m height, above rural buildings and trees and will have LoS propagation. The LoS pathloss at 1km is 98dB. Even with beams pointing in different directions, it is unlikely that antenna suppression would be as much as the 50dB that is needed.
Obviously co-located ATG BS and TN BS would not function if unsynchronized.
[bookmark: _Toc127524439]If unsynchronized ATG BS and TN BS are deployed in the same geographical area, it is likely that there can be BS-BS interference.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to the timing advance at the ATG UE, it is possible that ATG UE transmission can occur during DL slots in the TN directly underneath the aircraft and ATG UE reception can occur during UL slots in the TN
Observation 2	It is unlikely that TN (UL) – ATG (DL) interference will be larger than TN(DL)-ATG(DL) interference. This could be double checked with simulations.
Observation 3	It is not expected that the ATG (UL) – TN (DL) interference will cause significant throughput degradation in the TN. This could be double checked with simulations.
Observation 4	If unsynchronized ATG BS and TN BS are deployed in the same geographical area, it is likely that there can be BS-BS interference.
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