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1	Introduction
In RAN4#104-e and RAN4#104bis-e, WFs on co-existence evaluation on Air-to-ground network [1][2] were agreed. This contribution provides some preliminary evaluation results and analysis based on the agreed simulation assumptions. 
[bookmark: _Ref178064866]2	Discussion
2.1	Simulation setting and performance metrics
The simulation settings follow the agreed parameters from previous RAN4 meetings as highlighted in the Appendix, with some best-guess parameters yet to be discussed. For more details of those parameters, please refer to our companion contributions [3][5].
As proposed in our companion paper [5], the following propagation modelling has been used – 
· TN BS – TN UE propagation à TN Rural Macro from 38.803
· ATG UE – ATG BS propagation à LoS model
· ATG UE – TN UE propagation à NTN model from 38.863
· TN BS – ATG BS propagation à LoS model

We evaluate the throughput loss vs. ACIR for the following below scenarios [1] –  
Table 1: Simulated coexistence scenarios
	Scenario No.
	Combination
	Aggressor
	Victim
	Simulation frequency

	
	
	deployment scenario
UL/DL
	CBW
duplex mode
	deployment scenario
UL/DL
	CBW duplex mode
	

	9
	TN with ATG
	ATG DL
	20MHz FDD
	TN rural DL
	20MHz FDD
	2 GHz

	10
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural UL
	20MHz FDD
	2 GHz




Performance metrics for co-existence
The performance metrics used to study the scenarios between two networks is the average user throughput loss for UL and DL, defined below:

· Average throughput loss: 
In this case the throughput statistic is averaged over all cells in the deployment.


where ACIRi is an ACIR value from 0 dB to 100 dB and ACIR = x is a high ACIR value, 100 dB in this study, where the networks are totally separated so there is no leakage from the aggressor network into the victim network.

· Worst cell throughput loss:
Here the throughput statistics are collected for each of 57 cells (corresponding to 19 sites) of the TN deployment. Then the cell with the highest throughput loss is selected for presentation. This metric has been added to complement the preliminary analysis making the system robust and capable of handling all worst-case scenarios. 



· Best cell throughput loss:
As with the worst cell throughput loss above, in some cases we also present results for the cell with the least throughput loss.



2.2	Scenario 9 - ATG DL as aggressor and TN DL as victim
A schematic of the deployment of the scenario 9 is shown in Figure 1.
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[bookmark: _Ref118614570]Figure 1: Scenario 9 deployment

In this scenario, we have set a 5.85-degree mechanical uptilt of the ATG BS antenna, as discussed in our companion contribution [3], to be able to serve an ATG UE traveling following an air corridor at a minimum distance of 50 km and a maximum distance of 200 km. Furthermore, the ATG UE minimum height is 3 km and its maximum height is 12 km. 
Due to the characteristics of the deployment, we proposed during the RAN4#104-bis [4] that, when the ATG network is the aggressor and the TN is the victim, statistics should not be collected for all the TN cells but instead only for those which are closer to the air corridor route. We believed that these cells are the most harmed under the agreed simulation assumptions.
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[bookmark: _Ref118614676]Figure 2: Scenario 9 preliminary results. Throughput loss as a function of ACIR.
Figure 2 shows scenario 9 initial results in terms of throughput loss as a function of different ACIR values. 
First, a set of two traces (solid lines) corresponding to the TN average and 5th percentile throughput loss when statistics are collected over the 57 cells of the TN deployment. These two traces have been denoted as “Whole NW” (solid lines) in the legend in Figure 2. We can see that none of these traces reaches a 5 % percent throughput loss due to the interference from the ATG network. 
Second, a set of two traces (dashed lines) corresponding to the two TN cells that present the highest average and 5th percentile throughput loss in the TN deployment. Note that, these two cells do not necessarily need to be the same, but this is not precluded. These two traces have been denoted as “Worst cell” (dashed lines) in the legend in Figure 2. In contrast to the first set of traces, these two traces comfortably surpass the 5 % throughput loss threshold. 
Last, a set of two traces (dotted lines) corresponding to the two TN cells that present the lowest average and 5th percentile throughput loss in the TN deployment. Note again that, these two cells do not necessarily need to be the same, but this is not precluded. These two traces have been denoted as “Best cell” (dotted lines) in the legend in Figure 2. Furthermore, both traces are overlapped at zero throughput loss for every ACIR value.
All in all, Figure 2 clearly shows a major difference in the throughput loss when considering all the NW cells (“Whole NW” traces) versus when focusing on the NW cell(s) that are most impacted due to the particularities of the ATG network deployment.
Note that our results are preliminary and may require some further calibrations, but we do not expect the observed trends to change. We also encourage other companies to perform similar evaluations and bring up the results for further discussions.
Observation 1 [bookmark: _Toc347822666][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc112169048][bookmark: _Toc118731746]Due to the assumption of aircraft distribution a long a flight route, a major difference has been observed in the throughput loss, both in average and 5th percentile, between whole TN statistics and the most impacted TN cell.
Proposal 1 [bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc112169052][bookmark: _Toc118731751]RAN4 to consider the most appropriate method for obtaining statistics for ATG WI, e.g., based on the throughput loss of individual cells rather than based on the throughput loss averaged over all cells.
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As stated in our companion contribution [3], we believe that, if an omnidirectional antenna is assumed at the ATG UE, the worst-case scenario for some of the considered interference cases is when the ATG UE is straight above the TN cluster/TN BSs. To support this view and following the previous RAN agreements highlighted in Appendix A.1, the network layout for the coexistence simulation is described as follows: 

· Considering an ATG cell range of 50–200 km and, more specifically, an ATG BS serving an ATG UE that is located between 50 and 200 km away, two deployment options have been considered:
1. Option 1: TN cluster is deployed close to ATG BS (refer to Figure 1). The results corresponding to this deployment option have been termed as “Close BSs” in Figure 4.
2. Option 2: TN cluster is deployed at a separation of 125 km from the ATG BS (refer to Figure 3), The results corresponding to this deployment option have been termed as “Far BSs” in Figure 4. In this option, ATG UE is directly above the TN cluster instead.
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[bookmark: _Ref118618942]Figure 3: Scenario 10 deployment option 2. For scenario 10 deployment option 1, please refer to Figure 1.
Following the deployment settings, we perform evaluations and provide simulation results. Figure 4 gives some preliminary insights on the throughout loss as function of different ACIR values. Like Scenario 9, we have collected statistics for the Whole Network (Whole NW) and Worst Cell for the two deployment options in this scenario. The basis for considering two options is making the system robust to handle all worst-case scenarios.
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[bookmark: _Ref118618998]Figure 4: Scenario 10 preliminary results - Throughput loss (%) as a function of ACIR (dB)
In Figure 4, the line characteristic showcases the deployment options consisting of - four solid lines and four dashed lines for Far BSs and Close BSs, respectively. The color coding represents the four different cases as discussed below:
· Case 1 Code Blue – TN Avg Whole NW
As seen in Figure 4, the traces clearly show a higher throughput loss for the Whole NW when TN BSs are Far ATG BSs as compared to the Close ATG BSs, primarily due to higher interference from the aggressor ATG UL.
· Case 2 Code Red – TN 5th Percentile Whole NW
Similar outcome can be seen in this case as well, with a higher throughput loss for the 5th percentile in the Whole NW.
· Case 3 Code Yellow – TN Avg Worst cell
Similar trend is observed again. Note – the cells for both the traces might not be the same, but not precluded.
· Case 4 Code Green – TN 5th Percentile Worst cell
Once again, a similar trend is observed. Note – the cells for both the traces might not be the same, but not precluded.
We can observe the following from the above results:
Observation 2 [bookmark: _Toc118731747]The agreed scenario in which the TN BSs are close to the ATG BS is not necessarily the worst case and further discussions are needed by RAN4.

Observation 3 [bookmark: _Toc118729071][bookmark: _Toc118731748]As with Scenario 10, the worst case for Scenario 11, on the assumption of a high-power UE with an omni-directional antenna, also seems to be when the ATG BS is far from the TN cluster (and underneath the aircraft) and requires further discussions. 

Again, our results are preliminary and may require some further calibrations, but we do not expect the observed trends to change. Our preliminary assumption is a high-power UE with an omni-directional antenna pattern. With a more directional UE antenna pattern, the scenario with TN BS underneath the aircraft may no longer be the worst case. We recommend considering both scenarios in order to check which is the worst case for the eventually agreed UE assumptions. We also encourage other companies to perform similar evaluations and bring up the results for further discussions.

Proposal 2 [bookmark: _Toc118729076][bookmark: _Toc118731752]RAN4 to consider different deployment scenarios with ATG BS far away from the TN BS cluster for coexistence simulations.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to the assumption of aircraft distribution a long a flight route, a major difference has been observed in the throughput loss, both in average and 5th percentile, between whole TN statistics and the most impacted TN cell.
Observation 2	The agreed scenario in which the TN BSs are close to the ATG BS is not necessarily the worst case and further discussions are needed by RAN4.
Observation 3	As with Scenario 10, the worst case for Scenario 11, on the assumption of a high-power UE with an omni-directional antenna, also seems to be when the ATG BS is far from the TN cluster (and underneath the aircraft) and requires further discussions.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN4 to consider the most appropriate method for obtaining statistics for ATG WI, e.g., based on the throughput loss of individual cells rather than based on the throughput loss averaged over all cells.
Proposal 2	RAN4 to consider different deployment scenarios with ATG BS far away from the TN BS cluster for coexistence simulations.
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Appendix

A.1 Deployment scenarios
We use the following settings for scenario deployments, as agreed in the last RAN4 meeting: 
· For co-existence simulation, one ATG BS is assumed.
· Drop TN clusters close to ATG BS. 
· The minimum distance between a TN BS and an ATG BS is equal to 
· ATG BS deployment assumes ATG UEs traveling following an air corridor or airline route.

A.2 System Parameters for ATG BS

Table 2: System parameters for ATG BS
	ATG BS altitude
	30m

	Carrier frequency
	2 GHz

	Frequency reuse factor
	1

	Duplex mode
	FDD

	Channel bandwidth
	20 MHz

	Subcarrier spacing (SCS)
	15 kHz

	Number of cells
	1

	UE 2D distribution
	Airline route

	Indoor UE percentage
	0%

	Number of DL active UEs per cell (NOTE 2)
	1

	Number of UL active UEs per cell
(NOTE 2)
	1

	DL scheduled bandwidth per UE
	Full

	UL scheduled bandwidth per UE
	Full

	Traffic model
	Full buffer

	ATG BS maximum output power
	43 dBm

	ATG BS noise figure
	5 dB

	Handover margin
	3 dB

	NOTE 1: ATG BS is assumed to serve UEs in the rural environment.
NOTE 2: Same as the number of BS beam(s);
NOTE 3: ATG BS max TX power is defined per polarization.



A.3 System Parameters for ATG UE
In the previous RAN4 meetings, some companies proposed omni-directional antenna for ATG UE. As highlighted in our companion contribution [3], to meet the link budget requirements, a UE with omni-directional antenna must use a transmit power in the range of 40 – 60 dBm for a 200km cell range. Therefore, we use 50 dBm in our simulations. We are aware that the assumption of 50dBm and omnidirectional is an extremely high power and low directivity but using these parameters we can examine some worst case levels for co-existence impacts until the UE power and directivity assumptions are more clear.

Table 3: System parameters for ATG UE
	ATG UE altitude
	Uniformly distributed:
· Upper boundary: 12 km
· Lower boundary:  3 km

	Carrier frequency
	2 GHz

	ATG UE max TX power in dBm
	50 dBm

	ATG UE min TX power in dBm
	-40 dBm

	ATG UE noise figure
	9 dB




A.4 System Parameters for TN BS and TN UE

Table 4: System parameters for TN BS and UE
	Parameters
	Rural

	Carrier frequency
	2 GHz

	Channel bandwidth
	20 MHz

	Scheduled channel bandwidth per UE (DL)
	1

	Scheduled channel bandwidth per UE (UL)
	3

	The number of active UE (DL) (Note 1)
	1

	The number of active UE (UL) (Note 1)
	3

	Traffic model
	Full buffer

	DL power control
	No

	UL power control
	Yes

	TN BS ISD
	900 m

	TN BS-UE min distance in meters
	30 m

	TN BS max TX power in dBm (Note 2)
	43 dBm

	TN UE max TX power in dBm
	23 dBm

	TN UE min TX power in dBm
	-40 dBm

	TN BS Noise figure in dB
	5 dB

	TN UE Noise figure in dB
	9 dB

	Handover margin
	3 dB

	Note 1: Same as the number of BS beam(s);
Note 2:TN BS max TX power is defined per polarization
	




A.5 Antenna characteristics for TN and ATG BS

Table 5: TN and ATG BS antenna characteristics (38.803 section 5.2.3.2.4)
	Parameter
	TN
	ATG

	Element gain (dBi) (Note 2)
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree)
	90º for H
65º for V

	Antenna polarization
	Linear ±45º

	Antenna sub-array configuration (Row × Column) 
(Note 4)
	8 × 1 elements

	Horizontal/Vertical radiating sub-array spacing
	0.5 of wavelength for H, 0.7 of wavelength for V

	Number of element rows in sub-array
	3

	Vertical element separation in sub-array ()
	0.7 of wavelength of V

	Number of sectors per BS
	3
	1

	Mechanical tilt (degrees)
	3 (downtilt)
	5.85 (uptilt)

	Note 2: The element gain includes the loss and is per polarization.
Note 4: 2 × 1 means there are 2 vertical and 1 horizontal radiating sub-arrays. 








A.6 Antenna characteristics for TN UE

Table 6: TN handheld UE antenna characteristics

	Characteristics
	Handheld

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	Polarisation
	Linear: +/-45°X-pol

	Tx/Rx Antenna gain 
	0 dBi per element

	The number of Tx and Rx
	1T2R




A.7 Antenna characteristics for ATG UE

Table 7: ATG UE antenna characteristics

	Characteristics
	

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	Polarisation
	Linear: +/-45°X-pol

	Tx/Rx Antenna gain 
	0 dBi per element

	the number of Tx and Rx
	1T2R
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