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1. Introduction
In RAN4#100e meeting, NTN co-existence simulation assumptions were discussed and RAN4 agreed to consider the simulation assumptions in [1].  In this paper, we provide our simulation results for TN with NTN and NTN with TN system in all the cases captured in [1].
2. Discussion
2.1 Simulation scenarios
In this document, we present our simulation results between TN and NTN for the 6 cases captured in Annex 2 in [1]. The simulated cases are summarized in Table 1. All the results are to be considered preliminary since there are some assumptions still for further discussion. Nonetheless, we expect that the final trend to be consistent with what is shown in this document.
Table 1. List of study cases
	No.
	Aggressor
	Victim

	1
	TN DL
	NTN DL

	2
	TN UL
	NTN UL

	3
	NTN DL
	TN DL

	4
	NTN UL
	TN UL

	5
	NTN UL
	TN DL

	6
	TN DL
	NTN UL


2.2. Simulation parameters 
The agreed simulation parameters and assumptions as captured in R4-2115750 are used in the coexistence analysis between TN and NTN.
Furthermore, in the calibration process the atmospheric loss and scintillation loss have not been used in the NTN link budget calculations. In that document, both types of losses are considered in the coexistence between TN and NTN and vice versa.
2.2. Network layout model
As captured in Annex 2 in [1], there are 6 cases for the coexistence studies between TN and NTN. In every case, there are different assumptions to be considered. In this section, we will highlight, the network layout for each case. 
1) Case 1 (TN DL to NTN DL)

In case 1, it was assumed to have 6 beams from the satellite are surrounding the central beam and accounting as co-channel interference for NTN UE. The TN clusters are dropped in the NTN central beam only. Every snapshot, the TN cluster is dropped in a different location randomly in the central beam. Similarly, NTN UEs are dropped randomly on the TN cluster edges. In that case, the NTN UE will suffer from adjacent channel interference from the 57 TN cells. The network layout for case 1 is shown in Figure 1.
[image: ]
Figure 1: Network layout for case 1.
It should be noted that, the satellite elevation angle for GEO and LEO are 90 degrees which can be considered as an optimal assumption in terms of NTN performance.

2) Case 2 (TN UL to NTN UL)

In case 2, it was assumed to have 6 beams from the satellite are surrounding the central beam and there are 9 NTN UEs dropped in each beam accounting as co-channel interference for the 9 NTN UEs in the central beam. The TN clusters are dropped in the NTN central beam only. In every snapshot, the TN clusters are dropped in a different location randomly in the central beam. It was assumed to have an active rate of 20% for the TN cluster dropping in the central NTN beam. The NTN UEs are dropped randomly on the TN clusters edges. In that case, the aggregate adjacent channel interference on the satellite can be computed from 3TN UEs * 57 TN cells * number of TN clusters dropped in central beam. The network layout for case 2 is shown in Figure 2.
[image: ]
Figure 2: Network layout for case 2.
It should be noted that, the satellite elevation angle for GEO and LEO are 90 degrees. 

3) Case 3 (NTN DL to TN DL)

In case 3, it was assumed to have 6 beams from the satellite are surrounding the central beam. The TN clusters are dropped in the NTN central beam only. Every snapshot, the TN cluster is dropped in a different location randomly in the central beam. In that case, the TN UE will suffer from adjacent channel interference from the 7 NTN beams. The network layout for case 3 is shown in Figure 3.
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Figure 3: Network layout for case 3.
It should be noted that, the satellite elevation angle for GEO and LEO are 90 degrees. 

4) Case 4 (NTN UL to TN UL)

In case 4, it was assumed to have 6 beams from the satellite are surrounding the central beam. The TN clusters are dropped in the NTN central beam only. Every snapshot, the TN cluster is dropped in a different location randomly in the central beam. Similarly, the 9 NTN UEs are dropped randomly at the TN cluster edge. In that case, every TN BS will suffer from aggregate adjacent channel interference from the 9 NTN UEs in the UL direction. The network layout for case 4 is shown in Figure 4.
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Figure 4: Network layout for case 4.
It should be noted that, the satellite elevation angle for GEO and LEO are 90 degrees.

5) Case 5 (NTN UL to TN DL)

Similar to case 4 with the difference that, every TN UE will suffer from aggregate adjacent channel interference from the 9 NTN UEs. 

6) Case 6 (TN DL to NTN UL)
Similar to case 2 with the difference that, the satellite will suffer from aggregate adjacent channel interference from 57 TN BSs * number of TN clusters dropped in central beam.
It should be noted that, the satellite elevation angle for GEO is 45 degrees & 90 degrees and for LEO is 90 degrees.

2.3 Simulation results
The coexistence simulation results for the 6 cases which are mentioned in Section 2.1 are discussed in this section. In the following, the simulation results will show the throughput loss as a function of the ACIR. 
1) Case 1 (TN DL to NTN DL)

The simulation results for case 1 is depicted in Figure 5 assuming that wrap around used in the TN. From the results, we can see that Urban environment shows very high ACIR requirements around 50 dB for LEO and 58 dB for GEO. On the other hand, we can see in Rural environment, the coexistence between TN and NTN in DL should be feasible. 
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Figure 5: Case 1 simulation results assuming TN wrap-around.
The simulation results in Figure 6 assumed that wrap around is not used in the TN. We can see from the results, that the ACIR requirements decreased for all the cases compared to the results in Figure 5. However, for Urban environment still we have very high ACIR requirements. 
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Figure 6: Case 1 simulation results assuming TN without wrap-around.

2) Case 2 (TN UL to NTN UL)

The simulation results for case 2 is depicted in Figure 7. From the results, we can see that Urban environment shows higher ACIR requirements compared to Rural environment. We can see also that LEO shows better performance compared to GEO due to the better link budget. Furthermore, the number of active TN clusters is less compared to GEO scenario. We also noticed that the cell edge NTN UEs can’t achieve any throughput for GEO and LEO 1200 Urban case. That is because the UL SINR is less than -10 dB at 5% of the CDF. 

However, we can see that, the coexistence between TN and NTN in UL should be feasible under some limitations, e.g., cell edge UEs can’t achieve any throughput for some of the cases.

[image: ]
Figure 7: Case 2 simulation results.

3) Case 3 (NTN DL to TN DL)

The simulation results for case 3 is depicted in Figure 8. From the results, we can see that no effect in the Urban environment. That is because the smaller ISDs compared to Rural so the TN UE will always get better signal compared to the very low interference from the satellite beams. Overall, the interference from NTN is negligible since TN has much stronger link. We can see that, the coexistence between NTN and TN in DL should be feasible for all satellites.

[image: ]
Figure 8: Case 3 simulation results.


4) Case 4 (NTN UL to TN UL)

The simulation results for case 4 is depicted in Figure 9 From the results, we can see that no effect in the Rural environment. That is because the larger ISDs compared to Urban so the NTN UE at the TN cluster edge will not affect the TN BS in the UL. Furthermore, we can see similar performance from the 3 satellites because all the NTN UEs use the full power regardless of satellite type. Overall, we can see that, the coexistence between NTN and TN in UL should be feasible for all satellites.

[image: ]
Figure 9: Case 4 simulation results.

5) Case 5 (NTN UL to TN DL)
The simulation results for case 5 is depicted in Figure 10. From the results, we can see that smaller effect in the Urban environment compared to Rural. That is because the smaller ISDs compared to Rural so the TN UE will always get better signal compared to the very low interference from the NTN UEs. Furthermore, we can see similar performance from the 3 satellites because the aggregate interference depends on the NTN UE location regardless of satellite type. Overall, we can see that, the coexistence between NTN in UL and TN in DL should be feasible for all satellites.

[image: ]
Figure 10: Case 5 simulation results.

6) Case 6 (TN DL to NTN UL)

The simulation results for case 6 is depicted in Figure 11. From the results, we can see that Urban environment shows high ACIR requirements compared to Rural. LEO shows better performance compared to GEO due to better link budget. Furthermore, the number of active TN clusters is less compared to GEO. Overall, we can see that, the coexistence between TN in DL and NTN in UL should be feasible for all satellites in Rural however NTN cell edge UEs can’t achieve any throughput for GEO. That is because the UL SINR is less than -10 dB at 5% of the CDF. 


[image: ]
Figure 11: Case 6 simulation results.
The results in Figure 10 were under the assumption of elevation angle 90 for both GEO and LEO. We investigated the effect of lower elevation angle for GEO. For instance, we used 45 degrees. Figure 12 shows the effect of decreasing the elevation angle to 45 degrees. 
[image: ]
Figure 12: Case 6 GEO simulation results at different elevation angles.
We can see that, using lower elevation angle e.g., 45 degrees increased the ACIR requirements for both Rural and Urban with 7 dB approximately. That is because, the satellite will get more interference at low elevation angle from the TN BS as shown in Figure 13.
[image: ]
Figure 13: Effect of lower elevation angles in case 6.


3.	Conclusion
In this paper, we provided simulation results between TN and NTN for 6 coexistences scenarios. The summary of the results is shown in Table 2. 
Table 2: Summary of linearly interpolated ACIR for all simulations
	No.
	Average T-Loss ACIR [dB]
	Cell edge T-Loss ACIR [dB]

	Environment
/
Satellite
	Rural
	Urban
	Rural
	Urban

	
	GEO @ EL 90
	LEO 600
	LEO 1200
	GEO @ EL 90
	LEO 600
	LEO 1200
	GEO @ EL 90
	LEO 600
	LEO 1200
	GEO @ EL 90
	LEO 600
	LEO 1200

	1
	TN DL to NTN DL[footnoteRef:2] [2: ] 

	15.87
	7.84
	7.36
	43.78
	36.22
	36.3
	19.73
	11.29
	10.18
	53.41
	45.13
	43.42

	2
	TN UL to NTN UL
	20.82
	16.4
	18.21
	32.79
	25.31
	29.08
	NAN
	14.9
	16.96
	NAN
	20.36
	NAN

	3
	NTN DL to TN DL
	7.26
	17.86
	17.88
	0
	0
	0
	13.67
	24
	24.03
	0
	0
	0

	4
	NTN UL to TN UL
	0
	0
	0
	12.37
	12.37
	12.37
	0
	0
	0
	23.58
	23.58
	23.58

	5
	NTN UL to TN DL
	5.28
	5.28
	5.28
	3.38
	3.35
	3.38
	15.69
	15.69
	15.69
	11.42
	11.42
	11.42

	6
	TN DL to NTN UL
	25.08
	18.73
	20.03
	39.31
	31.88
	35.42
	NAN
	19.8
	17.78
	NAN
	NAN
	NAN

	Note: Case 1 assumes TN without wrap-around.




Based on the results obtained so far, the following observations can be made: 
Observation 1: Coexistence in case 1, i.e., TN DL to NTN DL, is challenging in urban scenario. This is due to the NTN DL being much weaker than TN DL.
Observation 2: In case 2, the coexistence could be feasible between TN and NTN in UL. However, in this scenario, for the GEO and LEO 1200 cases, we observed that cell edge UEs are out of coverage since the UL SINR is less than -10 dB at 5% CDF. 
Observation 3: The interference from NTN to TN is negligible since TN has a much stronger link compared to the interference from NTN. Therefore, the coexistence between NTN and TN should be feasible in case 3.
Observation 4: In case 4, all the NTN UEs use full power so we can see similar performance from the NTN UEs in UL direction to the 3 satellites. As mentioned in observation 3, the interference from NTN to TN is negligible in UL. As a consequence, the coexistence between NTN and TN should be feasible in case 4.
Observation 5: For case 5, the aggregate interference from the NTN UEs located in the TN cluster edge is negligible to the TN UEs. Therefore, the coexistence between NTN in UL and TN in DL should be feasible for all satellites.
Observation 6: In case 6, the coexistence should be feasible between TN in DL and NTN in UL in Rural only. However, NTN cell edge UEs are out of coverage for the GEO case since the UL SINR is less than -10 dB at 5% CDF. 
Observation 7: Lower elevation angles for GEO - e.g., 45 degrees - will tighten the ACIR requirements of about 7 dB. Therefore, coexistence between TN in DL and NTN in UL might be challenging even in Rural scenarios.
Based on above observations, we propose the following:
Proposal 1: To use atmospheric loss and scintillation loss in the coexistence between TN and NTN and vice versa because it is an important assumption for NTN channel model.
Proposal 2: To not use wrap-around in TN as mentioned in Table 2.3-5 in [1] because the assumption is to place the NTN UE in the out of coverage area of TN. With wrap-around, that is not granted.  
Proposal 3: To exclude Urban scenarios from case 1, case 2 and case 6 because if the NTN UE is in Urban environment the required performance couldn’t be achieved. 
Proposal 4: To not consider lower elevation angles in case 3 as mentioned in Annex 2 in [1]. Since the lower the elevation angle, the lower the interference from NTN to TN UE in DL. The 90 degrees can be considered as the worst-case scenario for case 3 and it already shows low ACIR requirements. 
Proposal 5: To further investigate lower elevation angles for case 6 since this represents the worst-case scenario.
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5.	Annex
1) Link budget for NTN DL
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Figure 1: NTN coupling loss for GEO, LEO600 and LEO1200.
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Figure 2: NTN DL SINR for GEO, LEO600 and LEO1200.

2) Link budget for NTN UL
[image: Diagram
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Figure 3: NTN UL SINR for GEO, LEO600 and LEO1200.
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Figure 4: NTN UL UE Tx power for GEO, LEO600 and LEO1200.
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