3GPP TSG-RAN WG4 Meeting #108	R4-2311264
Toulouse, France, 21st August – 25th August 2023

Agenda Item:	8.13.1.2
Source:	Ericsson
Title:	Co-existence simulation results for non-synchronized scenarios
Document for:	Discussion, Decision

Page 4
Draft prETS 300 ???: Month YYYY

	4/4	
1	Introduction
During RAN4#107, new agreements for co-existence simulations in unsynchronized scenarios were reached and captured in the WF [1]. The agreements are as follows:
· The isolation distance for non-synchronized cases is defined between the ATG BS and the nearest TN BS.
· Isolation granularity is suggested as integer km.
· For the layout we have two cases: 
1) TN and ATG network coverage is overlapping:
· The ATG BS sector should be pointing towards at nearest TN sector in azimuth.
· Nearest TN sector antenna panel mechanically point at ATG BS in azimuth but electrically point at UE which is random in 120degree horizontal coverage. 
· The ATG BS point at ATG UE and ATG UE is dropped at a minimum distance to the ATG BS of 20 km in the non-subarray case and of 50 km in the subarray case and a maximum distance of 100 km. 
· ATG BS, ATG UE and TN cluster center are in the straight line.



Fig. 1: Front view of non-synchronized scenarios case 1.


Fig. 2: top view of non-synchronized scenarios case 1.

2) TN and ATG network coverage is non-overlapping.
· Nearest TN sector antenna panel mechanically point at ATG BS in azimuth but electrically point at UE which is random in 120degree horizontal coverage.
· The ATG BS point at ATG UE
· Following candidate degree value in azimuth between ATG BS boresight line and nearest boresight in azimuth
· 30, 60 degrees.
· The ATG BS point at ATG UE and ATG UE is dropped at a minimum distance to the ATG BS of 20 km in the non-subarray case and of 50 km in the subarray case and a maximum distance of 100 km.
· ATG BS and ATG UE are in straight line. 



Fig. 3: front view of non-synchronized scenarios case 2.



Fig. 4: top view of non-synchronized scenarios case 2.


From the two cases described and depicted above, case 1 or overlapping case, is the worst case scenario. Whereas case 2, or non-overlapping case, it is quite unrealistic to design for, since in reality operators do not have control on which direction the traffic is coming from. This applies to both ATG and TN operators. 
[bookmark: _Toc142642970]The overlapping coverage case with a boresight angle of zero degrees is the worst case. 
[bookmark: _Toc142642971]The non-overlapping coverage cases, with boresight angles of, e.g., thirty and sixty degrees are unrealistic to design for since in reality (both TN and ATG) operators do not have control on which direction the traffic is coming from. 
In connection with the direction of beams from ATG BSs and angles between TN and ATG and TN BSs, assuming the ATG traffic always comes from the same direction (i.e., ATG UEs flying in a straight line) might be too simplistic and real deployments will likely experience larger degradation than observed the simulations for thirty and sixty degrees (boresight angles difference).
[bookmark: _Toc142642972]Assuming ATG traffic always coming from the same direction (i.e., ATG UEs flying in a straight line) might be too simplistic and real deployments will likely experience larger degradation than observed in the simulations for thirty and sixty degrees. 
In this contribution, we present new results for the unsynchronized scenarios. In view of the results, i.e., the need of large isolation distances between the TN and ATG network, we motivate the need for a more robust, more feasible alternative to the isolation distance solution.
[bookmark: _Ref178064866]2	Discussion
2.1	Wrap around in TN for unsynchronized scenarios
Wrap around in the TN is agreed for co-existence simulations [2]. However, given the nature of the problem in the unsynchronized case, where the goal is to determine the distance between the ATG BS and a TN BS at the border of the TN cluster, we believe that wrap around should be disabled in the simulations.
[bookmark: _Toc142642973]In the simulation of unsynchronized scenarios, where we aim to determine the isolation distance required between an actual TN BS and a ATG BS, wrap around in the TN does not make sense because what we are actually modeling is the absence of a network. 
[bookmark: _Toc142642977]Wrap around shall not be used in unsynchronized co-existence simulations.
Related to this issue, and for the purpose of transparency, the initial results presented in the previous meeting included [3] wrap around. In the following section we present results without wrap around in the TN.
2.2	Results for unsynchronized scenarios
In the following, we study the impact of the boresight angle between TN BS and ATG BS when TN wrap around is not considered. The simulation settings used for calculating the results can be found in [2]. Besides, for the results shown in this section, we have assumed 8-column non-subarray TN and ATG BSs antennas, ATG UEs uniformly distributed in altitude (between 3 and 10 km altitudes) and 16x1 array antennas at the ATG UEs. 
Before we take a look at the results, which are somewhat positive for the non-overlapping coverage cases, we would like to note that this assumption seems a bit far from reality. First, if the ATG traffic comes always from the same direction (i.e., ATG UEs flying in a straight line) might be too simplistic because in reality there will be multiple crossing air corridors in many areas. Second, it must be noted that operators do not have control on which direction the traffic is coming from. This applies to both ATG and TN operators.
In scenario 5 (below), the isolation distance needed to maintain the throughput degradation of the TN (most impacted cell) at 5% is more than 32 km for the zero-degree case, more than 11 km for the thirty-degree case, and more than 3 km for the sixty-degree case.
[image: ]

In scenario 7 (below), the isolation distance needed to maintain the throughput degradation of the ATG network at 5% is around 150 km for the zero-degree case, around 16 km for the thirty-degree case, and around 6 km for the sixty-degree case.
 [image: ]
In case that a degradation larger than 5% in the ATG network (UL) throughput could be acceptable or considered, the plot below shows the throughput loss percentage going all the way up to 100 %. It can be seen that, for the zero-degree case (the worst case), considerably large distances are needed to avoid large scale throughput loss.
[image: ]

In scenario 14 (below), the isolation distance needed to maintain the throughput degradation of the ATG network at 5% is around 220 km for the zero-degree case, around 26 km for the thirty-degree case, and around 6 km for the sixty-degree case.
 [image: ]

Similarly to scenario 7, in case that a degradation larger than 5% in the ATG network (UL) throughput could be acceptable or considered, the plot below shows the throughput loss percentage going all the way up to 100 %. It can be seen that, for the zero-degree case (the worst case), considerably large distances are also needed to avoid large scale throughput loss.

[image: ]

The main reason for the large difference in isolation distance between the cases where the ATG BS is the victim, i.e., scenarios 7 and 14, and the case where the TN BS is the victim (scenario 5), is the number of BSs in the aggressor network; the TN consists of 57 cells while the ATG network consists of a single cell.
Based on these results, it is clear that for the cases where the ATG BS is the victim, i.e., scenarios 7 and 14, the isolation distance that needs to be maintained between TN and ATG BSs is unreasonable large, and the possibilities of future deployments are extremely slim. For the case where the TN BS is the victim, i.e., scenario 5, the isolation distance needs to be up to 32 km. 
Based on all the discussion above, we believe that the most feasible solution is to impose TN and ATG synchronization such that no isolation distance is needed. In return, guard periods need to be long enough to accommodate propagation time between distant cells and to avoid TX-RX clash at the aircraft. We present a solution to optimize the guard period in a companion contribution [4].
[bookmark: _Toc142642974]For the cases where the ATG BS is the victim, i.e., scenarios 7 and 14, the isolation distance that needs to be maintained between TN and ATG BSs is unreasonable large, and the possibilities of future deployments are extremely slim.
[bookmark: _Toc142642975]For the case where the TN BS is the victim, i.e., scenario 5, the isolation distance needs to be up to 32 km. 
[bookmark: _Toc142642978]TN and ATG synchronization is necessary to avoid unfeasible isolation distances. 
[bookmark: _Toc142642976]TN and ATG synchronization implies that the UL and DL slots need to be the same between TN BSs and ATG BSs. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The overlapping coverage case with a boresight angle of zero degrees is the worst case.
Observation 2	The non-overlapping coverage cases, with boresight angles of, e.g., thirty and sixty degrees are unrealistic to design for since in reality (both TN and ATG) operators do not have control on which direction the traffic is coming from.
Observation 3	Assuming ATG traffic always coming from the same direction (i.e., ATG UEs flying in a straight line) might be too simplistic and real deployments will likely experience larger degradation than observed in the simulations for thirty and sixty degrees.
Observation 4	In the simulation of unsynchronized scenarios, where we aim to determine the isolation distance required between an actual TN BS and a ATG BS, wrap around in the TN does not make sense because what we are actually modeling is the absence of a network.
Observation 5	For the cases where the ATG BS is the victim, i.e., scenarios 7 and 14, the isolation distance that needs to be maintained between TN and ATG BSs is unreasonable large, and the possibilities of future deployments are extremely slim.
Observation 6	For the case where the TN BS is the victim, i.e., scenario 5, the isolation distance needs to be up to 32 km.
Observation 7	TN and ATG synchronization implies that the UL and DL slots need to be the same between TN BSs and ATG BSs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Wrap around shall not be used in unsynchronized co-existence simulations.
Proposal 2	TN and ATG synchronization is necessary to avoid unfeasible isolation distances.
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