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1. Introduction
In RAN4#108, NTN-TN co-existence simulation assumptions were discussed and RAN4 agreed to consider the simulation assumptions in [1] and [2]. It was agreed to start the calibration phase for the NTN and TN simulations based on the agreed way forward in [2]. In this paper, we provide our preliminary coexistence simulation results between NTN and TN and vice versa for above 10 GHz bands. 
2. Discussion
In this document we provide preliminary co-existence simulation results between TN and NTN and vice versa above 10 GHz for the scenarios highlighted in Table 1 and as agreed in [1].  
Table 1: Simulated coexistence scenarios
	No.
	Combination
	Aggressor
	Victim
	Frequency band
	Scope of Coexistence Simulation

	1
	TN with NTN
	NTN UL
	TN UL
	27 GHz
	ACLR NTN UE to be varied/defined.
ACS TN gNB fixed

	2
	TN with NTN
	TN UL
	NTN UL
	27 GHz
	ACLR TN UE fixed.
ACS NTN SAN to be varied/defined

	3
	TN with NTN
	NTN UL
	TN DL
	27 GHz
	ACLR NTN UE to be varied/defined.
ACS TN UE fixed

	4
	TN with NTN
	TN DL
	NTN UL
	27 GHz
	ACLR TN gNB fixed.
ACS NTN SAN to be varied/defined

	5
	TN with NTN
	TN DL
	NTN DL
	17 GHz
	ACLR TN gNB fixed.
ACS NTN UE to be varied/defined

	6
	TN with NTN
	NTN DL
	TN DL
	17 GHz
	ACLR NTN SAN to be varied/defined.
ACS TN UE fixed



In the below coexistence results we have used fixed VSAT for NTN UE at 22.5 m and with satellite elevation angle of 90 degrees for all the satellites. We have also assumed atmospheric losses and the scintillation losses with total 2 dB. 
Proposal 1: A total of 2dB of atmospheric losses and the scintillation losses to be assumed in the co-existence study.
Furthermore, FRF 2 is assumed for all the cases as agreed in [1] and [2].  In the following, the simulation results will show the average and cell edge throughput loss as a function of the ACIR. 
1) Scenario 1 (NTN UL to TN UL)
The simulation results for scenario 1 are shown in Table 2. From the results we can see that the effect from the VSAT UEs to the TN BS is not very high because the VSAT is directed towards the sky and the sidelobes towards the BS are very low. It can be seen also that the throughput loss is decreasing with lower altitudes because the VSAT UE will use less TX power.  
Table 2: Required ACIR for Scenario 1.
	
	ACIR

	
	0
	5
	10
	15

	GEO
	Average THP-Loss [%]
	2.76
	1.41
	0.67
	0.29

	
	Cell edge THP-Loss [%]
	13.6
	5.2
	1.9
	0.7

	LEO 1200
	Average THP-Loss [%]
	1.8
	0.9
	0.4
	0.17

	
	Cell edge THP-Loss [%]
	7.8
	3
	1.02
	0.4

	LEO 600 
	Average THP-Loss [%]
	0.88
	0.4
	0.16
	0.06

	
	Cell edge THP-Loss [%]
	2.9
	1.02
	0.4
	0.18



Observation 1: The ACIR values for scenario 1 are between 0 to 5 dB for different satellite altitudes and the BS ACS of 24 dB can be respected. Hence the ACLR of the NTN UE can be defined with less value than 24 dB with no problem. 
2) Scenario 2 (TN UL to NTN UL)
The simulation results for scenario 2 are shown in Table 3. From the results we can see that the effect from TN UEs to the satellite is not very high because the TN UE power is not very high due to power control also because of the beamforming towards the BS which will reduce the interference towards the satellite. 
Table 3: Required ACIR for Scenario 2.
	
	ACIR

	
	0
	5
	10
	15

	GEO
	Average THP-Loss [%]
	10.4
	4.4
	1.6
	0.5

	
	Cell edge THP-Loss [%]
	22.2
	8.4
	3.3
	0.8

	LEO 1200
	Average THP-Loss [%]
	10.2
	4.3
	1.6
	0.5

	
	Cell edge THP-Loss [%]
	28.1
	11.5
	2.2
	0.3

	LEO 600 
	Average THP-Loss [%]
	10
	4.3
	1.6
	0.5

	
	Cell edge THP-Loss [%]
	35
	17.5
	7.1
	2.5



Observation 2: The ACIR values for scenario 2 are between 10 to 15 dB for different satellite altitudes and the TN UE ACLR of 17 dB can be respected. Hence the ACS of the satellite can be defined with less value than 17 dB with no problem. 
3) Scenario 3 (NTN UL to TN DL)
The simulation results for scenario 3 are shown in Table 4. From the results we can see that the effect from VSAT UEs to the TN UEs is negligible and the ACIR requirements are very low for all the satellite altitudes. That’s because the VSAT UE is directed towards the sky with elevation angle of 90 degrees, so the effect of the sidelobes from the VSAT UE towards the TN UE is very small. 
Table 4: Required ACIR for Scenario 3.
	
	ACIR

	
	0

	GEO
	Average THP-Loss [%]
	0.1

	
	Cell edge THP-Loss [%]
	0.5

	LEO 1200
	Average THP-Loss [%]
	0.05

	
	Cell edge THP-Loss [%]
	0.2

	LEO 600 
	Average THP-Loss [%]
	0.02

	
	Cell edge THP-Loss [%]
	0.1




 Observation 3: The ACIR values for scenario 3 are below 1 dB for all the satellite altitudes and the TN UE ACS of 23 dB can be respected. Hence the ACLR of the NTN UE can be defined with less value than 23 dB with no problem. 
4) Scenario 4 (TN DL to NTN UL)
The simulation results for scenario 4 are shown in Table 5. From the results we can see that the effect from the TN BS to the satellite is not very high for the elevation angle of 90 degrees for all the satellite altitudes. 
Table 5: Required ACIR for Scenario 4.
	
	ACIR

	
	0
	5
	10
	15

	GEO
	Average THP-Loss [%]
	7.8
	2.8
	0.95
	0.3

	
	Cell edge THP-Loss [%]
	12.4
	4.17
	1.3
	0.5

	LEO 1200
	Average THP-Loss [%]
	7.5
	2.7
	0.9
	0.3

	
	Cell edge THP-Loss [%]
	10.7
	2.4
	0.56
	0.14

	LEO 600 
	Average THP-Loss [%]
	7.4
	2.7
	0.9
	0.29

	
	Cell edge THP-Loss [%]
	17.7
	7.3
	2.5
	0.8



Observation 4: The ACIR values for scenario 4 are between 5 to 10 dB for different satellite altitudes and the TN BS ACLR of 28 dB can be respected. Hence the ACS of the satellite can be defined with less value than 28 dB with no problem. 

5) Scenario 5 (TN DL to NTN DL)
The simulation results for scenario 5 are shown in Table 6. From the results we can see that the effect from the TN BS to the VSAT UE is very high because the antenna height of the VSAT is very close to the TN BS. Furthermore, the direct path from BS to the VSAT and using the free space path loss as a propagation model. 
Table 6: Required ACIR for Scenario 5.
	
	ACIR

	
	0
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	GEO
	Average THP-Loss [%]
	99.6
	98.3
	94.2
	85.5
	70.9
	51.9
	32.5
	17.2
	7.9
	3.18
	1.16

	
	Cell edge THP-Loss [%]
	100
	100
	100
	100
	100
	88.4
	69.5
	39
	17.1
	6.8
	2.2

	LEO 1200
	Average THP-Loss [%]
	99.8
	98.8
	95.7
	88.3
	74.8
	56.1
	36.1
	19.6
	9.1
	3.7
	1.3

	
	Cell edge THP-Loss [%]
	100
	100
	100
	100
	100
	100
	73.4
	48.6
	22.2
	6.8
	1.9

	LEO 600 
	Average THP-Loss [%]
	99.8
	98.9
	95.7
	88.3
	74.9
	56.2
	36.1
	19.7
	9.1
	3.7
	1.3

	
	Cell edge THP-Loss [%]
	100
	100
	100
	100
	100
	100
	73.4
	49.5
	23.1
	6.9
	2.2



Observation 5: The ACIR value for scenario 5 is around 45 dB which is exceeding the TN BS ACLR of 30 dB. Hence this scenario will be problematic without using a coordination distance between the BS and the VSAT or using a frequency guard band between the NTN and TN operation. That will need further discussions.   

6) Scenario 6 (NTN DL to TN DL) 
The simulation results for scenario 6 are shown in Table 7. From the results we can see that the effect from the satellite to the TN UE is negligible because of the very good signal from the BS compared to the satellite interference. 
Table 7: Required ACIR for Scenario 6.
	
	ACIR

	
	0

	GEO
	Average THP-Loss [%]
	Less than 0.1

	
	Cell edge THP-Loss [%]
	Less than 0.1

	LEO 1200
	Average THP-Loss [%]
	Less than 0.1

	
	Cell edge THP-Loss [%]
	Less than 0.1

	LEO 600 
	Average THP-Loss [%]
	Less than 0.1

	
	Cell edge THP-Loss [%]
	Less than 0.1




 Observation 6: The ACIR values for scenario 6 are below 0.1 dB for all the satellite altitudes and the TN UE ACS of 25 dB can be respected. Hence the ACLR of the NTN UE can be defined with less value than 25 dB with no problem. 
Based on these observations we have the following proposals: 
Proposal 2: To further simulate lower elevation angles i.e., 25 degrees in order to have more accurate conclusions for all the scenarios as this is the worst-case scenario. 
Proposal 3: To check the effect of the antenna height on VSAT, for that we propose to consider 1.5 m as in L-ESIM, or L-ESIM can be reused instead.  
Proposal 4: RAN 4 to check if there is any need to consider different antenna model for L-ESIM or current antenna model of VSAT can be reused. 
Proposal 5: To test different isolation distances and investigate frequency offset for scenario 5 between the TN BS and the NTN VSAT to have better coexistence. 

3.	Conclusion
In this paper, we provided a preliminary coexistence simulation result between TN and NTN and vice versa. The summary of the simulation results is summarised in Table 8 with the required ACIR values to get average and cell edge throughput loss with less than 5%. 

Table 8: Summary of required ACIR for all the simulated cases
	No.
	Average THP-Loss ACIR [dB]
	Cell edge THP-Loss ACIR [dB]

	Environment
/
Satellite
	Urban

	
	GEO
	LEO 1200
	LEO 600
	GEO
	LEO 1200
	LEO 600

	1
	NTN UL to TN UL
	0
	0
	0
	5
	5
	0

	2
	TN UL to NTN UL
	5
	5
	5
	10
	10
	15

	3
	NTN UL to TN DL
	0
	0
	0
	0
	0
	0

	4
	TN DL to NTN UL
	5
	5
	5
	5
	5
	10

	5
	TN DL to NTN DL
	45
	45
	45
	45
	45
	45

	6
	NTN DL to TN DL
	0
	0
	0
	0
	0
	0



Based on the summary of the simulation results in Table 8 we have made the below observations and proposals as following: 
Observation 1: The ACIR values for scenario 1 are between 0 to 5 dB for different satellite altitudes and the BS ACS of 24 dB can be respected. Hence the ACLR of the NTN UE can be defined with less value than 24 dB with no problem. 
Observation 2: The ACIR values for scenario 2 are between 10 to 15 dB for different satellite altitudes and the TN UE ACLR of 17 dB can be respected. Hence the ACS of the satellite can be defined with less value than 17 dB with no problem. 
Observation 3: The ACIR values for scenario 3 are below 1 dB for all the satellite altitudes and the TN UE ACS of 23 dB can be respected. Hence the ACLR of the NTN UE can be defined with less value than 23 dB with no problem. 
Observation 4: The ACIR values for scenario 4 are between 5 to 10 dB for different satellite altitudes and the TN BS ACLR of 28 dB can be respected. Hence the ACS of the satellite can be defined with less value than 28 dB with no problem. 
Observation 5: The ACIR value for scenario 5 is around 45 dB which is exceeding the TN BS ACLR of 30 dB. Hence this scenario will be problematic without using a coordination distance between the BS and the VSAT or using a frequency guard band between the NTN and TN operation. That will need further discussions.   
Observation 6: The ACIR values for scenario 6 are below 0.1 dB for all the satellite altitudes and the TN UE ACS of 25 dB can be respected. Hence the ACLR of the NTN UE can be defined with less value than 25 dB with no problem. 

Proposal 1: A total of 2dB of atmospheric losses and the scintillation losses to be assumed in the co-existence study.
Proposal 2: To further simulate lower elevation angles i.e., 25 degrees in order to have more accurate conclusions for all the scenarios as this is the worst-case scenario. 
Proposal 3: To check the effect of the antenna height on VSAT, for that we propose to consider 1.5 m as in L-ESIM, or L-ESIM can be reused instead.  
Proposal 4: RAN 4 to check if there is any need to consider different antenna model for L-ESIM or current antenna model of VSAT can be reused. 
Proposal 5: To test different isolation distances and investigate frequency offset for scenario 5 between the TN BS and the NTN VSAT to have better coexistence. 
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