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1. Introduction
ATG co-existence WF is approved in last meeting [1]. There are still some issues that need further discussion. In this contribution, we focus on the discussion of remaining issues for ATG co-existence.
2. Discussion
2.1 simulation scenario
For TDD operation band, the propagation delay from air ATG UE to ground BS is relatively large, e.g. 10km/(3e8m/s)=33.3us. GP required to avoid DL-UL cross band interference is equal to 2*propagation delay + TAoffset= 79.7us which is larger than 2 symbols for FR1 30KHz SCS.
But for practical terrestrial network, normally only one symbol is reserved as guard period. ATG network require more guard period compared with TN network. to enhance spectrum utilization and reduce waste of guard period, normally ATG network will use much larger TDD configuration period, e.g. 20ms period. From this point of view, normally ATG network and TN network will not be synchronized. As a result, to avoid blocking interference, ATG gNB will not be co-located with TN gNB.
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Figure 1. TDD frame structure for ATG in 30kHz SCS
As shown in above fig, non-synchronization operation between ATG network and TN network is typical deployment scenario and they should be considered during the simulation with high priority.
For scenario 5 and 7, if we assume ATG network and TN network are deployed in the same area, interference between ATG gNB and TN gNB seems like the most severe interference scenario and will determine final ACIR value. We need such simulation result to know whether final ACLR apply for non-synchronization situation. If final ACLR show that such scenario requires too stringent ACIR requirements and will increase implementation complexity and cost, we could derive final ACIR without considering such non-synchronization operation. during practical network deployment, other isolation solution could be utilized to avoid interference, e.g. reserve some isolation distance for non-synchronization operation.
For scenario 6 and 8, the interference between TN UE and ATG UE. ATG airline route is very longer and it is hard to reserve some isolation distance to avoid adjacent-channel co-existence between ATG network and TN. Since non-synchronization operation is the typical deployment scheme and we can’t use isolation distance to reduce interference, it’s better to set such two scenarios with high priority and consider such simulation results into final ACIR.
Proposal 7: scenario 6 and 8 is necessary since non-synchronization operation is the typical deployment scheme and we can’t avoid such interference by isolation distance.
Proposal 1: non-synchronization operation is suggested as high priority, i.e. case 5-8 are both suggested as high priority. 
Proposal 2: if final ACIR due to scenarios 5 and 7 are too stringent that will largely increase implementation complexity and cost, we could consider ignore simulation results of such two scenarios and leave it for implementation to reduce interference, e.g. reserve some isolation distance.
2.2 aircraft location and antenna modeling for simulation
Before ATG network deployment, regulatory should make sure ATG network could co-exist with other services at adjacent frequency, e.g. FSS for C band. different from legacy TN which usually doesn’t consider UE interference to other services since UE’s interference is limited, ATG UE on the air should be considered and re-evaluated since it has higher power and antenna gain. It is possible that legacy TN would work with adjacent frequency band, i.e. n77/n78 co-exist with FSS in C-band but ATG UE can’t co-exist. From operator’s perspective, operator may could only use TN band for either UL or DL ATG network rather than both UL and DL. The result is that ATG network may have to support multiple bands.
Observation 1: to avoid interference to other co-current services, e.g. FSS in C-band, operator may only use TDD band for either UL or DL ATG network rather than both DL and UL. In a result, ATG network has to support multiple bands, e.g. one band for DL and the other for UL.
The reserved size on ATG aircraft is limited and it could only support one antenna array. so normally, lower frequency band has to use omni-directional antenna and only higher frequency band could use antenna array to achieve higher antenna gain.
Observation 2: considering limited reserved size on ATG aircraft, if ATG network has to support multiple bands, the lower frequency band has to use omni-directional antenna and only higher frequency band could use antenna array.    
About the simulation analysis, [2] suggests that an omni-directional UE with no beamforming is not feasible. But we still suggest to analyze with omni-directional antenna on the aircraft for lower band e.g. 2GHz to help show some guidance for commercial network deployment. If final ACIR is much stringent based on omni-directional antenna, we could just conclude ACIR based on antenna array. leave such omni-directional issue to network deployment. But such analysis is non-negligible.
Proposal 3: omni-directional antenna for lower band, i.e. 2GHz is necessary to give guidance for commercial network deployment. If final ACIR based on omni-directional antenna is much stringent, we could just conclude ACIR based on antenna array. 
In addition to, antenna array is also necessary to enhance coverage and reduce interference. So antenna array is suggested for 4GHz in simulation. About the steering capability, it’s better for commercial ATG UE to be able to steer its beam towards ATG BS on the whole route. Otherwise, we are afraid the antenna gain is not enough for cell coverage. if majority companies support directional antennas vertically towards to the ground just in simulation to reduce workload, that’s also OK for us. but we should consider the most severe interference case which will require victim system just under aggressor system.
Proposal 4: for 4GHz during simulation, it’s better to use steering capability antenna. but we are also OK if assuming ATG UE support directional antennas vertically towards the ground in simulation on condition that aggressor system just on top of victim system.
If finally approve to assume ATG UE with steering capability, we should assume ATG aircraft is random in the whole cell range, i.e. both in blind area and coverage area. The reason is that for example, when we consider ATG UE as aggressor and TN network as victim, the ATG UE on top of TN network has less pathloss but the interference only comes from its side-lobe or from the edge of main beam. On the contrary, the ATG UE located relatively far away from the top of TN network will point its main beam towards TN network but with larger pathloss. In a word, it’s hard to have conclusion which aircraft location will lead to more severe interference. Our suggestion is as below.
· For simulation, Aircraft location is random and the horizonal distance to ATG BS is random uniform in the range from zero to [ISD + block zone] 
Proposal 5: during simulation, if we approve that ATG UE support steering, Aircraft location is random and uniform distribute in the range from zero to cell coverage edge.
2.3 ATG BS ISD and number of beams per BS
In last meeting [2], we analyze ATG BS ISD based on capacity demand. Following copy the calculation results for information to determine final ISD for simulation.
For hexagon area, 180km cell radius with 40M CBW is enough for non-busy route; 120km cell radius with 80M CBW is enough for busy-route; 90km cell radius with 80M CBW is enough for very-busy routes when 144 seats per airplane with 80% passengers, of whom 50% use ATG services. The details target PRB number for different cell radius with 256 QAM assumption is listed in table 6 for DL TDD.
For hexagon area, 180km cell radius with 30M CBW is enough for non-busy route; 900km cell radius with 60M CBW is enough for busy-route; 90km cell radius with 100M CBW is enough for very-busy routes when 144 seats per airplane with 80% passengers, of whom 50% use ATG services. The details target PRB number for different cell radius with 64 QAM assumption is listed in table 7 for DL TDD.
Based on above analysis, from capacity perspective, 180km ISD and one cell with one beam per ATG BS site is already enough from capacity perspective. Of cause, nowadays, spectrum is valuable for operators. some operator may use limited bandwidth rather than max 100MHz spectrum of FR1 for ATG BS network deployment. So 100km ISD is the reasonable assumption. 
For the issue how to drop TN network. our understanding is that we need to consider the worst deployment scenario that ATG gNB is deployed in the 19-site area with . 
Proposal 6: it’s suggested to use 100km ISD with 50km cell coverage in the simulation and one cell with one beam per ATG BS site. The minimum distance between TN gNB and ATG gNB is equal to   as shown below.


3. Conclusions
In this contribution, ATG simulation assumptions are discussed with following proposals and observations:
Proposal 1: non-synchronization operation is suggested as high priority, i.e. case 5-8 are both suggested as high priority. 
Proposal 2: if final ACIR due to scenarios 5 and 7 are too stringent that will largely increase implementation complexity and cost, we could consider ignore simulation results of such two scenarios and leave it for implementation to reduce interference, e.g. reserve some isolation distance.
Observation 1: to avoid interference to other co-current services, e.g. FSS in C-band, operator may only use TDD band for either UL or DL ATG network rather than both DL and UL. In a result, ATG network has to support multiple bands, e.g. one band for DL and the other for UL.
Observation 2: considering limited reserved size on ATG aircraft, if ATG network has to support multiple bands, the lower frequency band has to use omni-directional antenna and only higher frequency band could use antenna array.    
Proposal 3: omni-directional antenna for lower band, i.e. 2GHz is necessary to give guidance for commercial network deployment. If final ACIR based on omni-directional antenna is much stringent, we could just conclude ACIR based on antenna array. 
Proposal 4: for 4GHz during simulation, it’s better to use steering capability antenna. but we are also OK if assuming ATG UE support directional antennas vertically towards the ground in simulation on condition that aggressor system just on top of victim system.
Proposal 5: during simulation, if we approve that ATG UE support steering, Aircraft location is random and uniform distribute in the range from zero to cell coverage edge.
Proposal 6: it’s suggested to use 100km ISD with 50km cell coverage in the simulation and one cell with one beam per ATG BS site. The minimum distance between TN gNB and ATG gNB is equal to   as shown below.
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