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1 Introduction
During RAN4#100-e, the following documents related to NTN coexistence have been approved:R4-2115749	WF on NTN co-existence study
· Decision:		Approved.
R4-2115750	Simulation assumption for NTN co-existence study
· Decision:		Approved.


For further details, please also consider the email discussion summary for [100-e][313] NTN_Solutions_Part2 (R4-2115785, noted).
The simulation calibration phase (Phase 0) almost finished (see for example R4-2115628), and since then companies provided updates on the calibration results for both NTN and TN.
Moreover, during RAN4#100-e meeting, the following agreements have been made on the 20th August GTW online meeting:RAN4#100-e Agreements:

· The updated summary of calibration results and assumptions will be captured in the new TR 38.863
· The calibration results indicate the consistency of most companies’ simulations. Therefore, calibration work has mostly been done for NTN coexistence. Companies can continue to contribute on calibration aspect over emails till Sep 30th. 
· RAN4 start to discuss the simulation assumption and co-existence results for phase 1 as agreed in previous work plan, RAN4 will check the status in Nov 2021 RAN4 meeting with the target to conclude phase 1 co-existence study by Nov 2021.






This contribution therefore presents Phase 1 simulation results for TN-NTN coexistence, i.e., focusing on the scenarios 1 to 6 from the table below.
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with TN n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with TN n34 TDD. 
	Phase 1

	7
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2



2 Simulation assumptions
The simulation assumptions are defined in [1].
The simulation methodology states that NTN UEs should be dropped at the edge of TN clusters, which is a vague definition. The definition should include some information with respect to the SINR level received e.g. at those NTN UE when operating as TN UEs (e.g. SINR of 5 dBs or lower). 
However, in this contribution the UEs (which are assumed to have both TN and NTN capabilities) are placed to the TN cell coverage area, and UEs are allowed to select the best beam/cell for service. This results that most of the UEs are allocated to TN cells, while the UEs at the edge of the TN cells may select the NTN beam. The simulations are further performed by considering the following use cases/combinations:
[image: ]
Figure 2.1: S-band NTN-TN adjacent band coexistence scenarios with TN in FDD mode (e.g. n1)
[image: ]
Figure 2.2: S-band NTN-TN adjacent band coexistence scenarios with TN in TDD mode (e.g. n34)
where the interference types and varied parameters as respect to each scenarios are represented below:
	Interference Type
	 Combination

	Aggressor

	Victim

	Notes
	Varied & Static parameters

	i1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	NTN UE ACS varied
TN gNB ACLR static

	i2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	NTN satellite ACS varied
TN UE ACLR static

	i3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	NTN satellite ACLR varied
TN UE ACS static

	i4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in S band, e.g. coexistence with TN n1 FDD.
	NTN UE ACLR varied
TN gNB ACS static


	i5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with TN n34 TDD. 
	NTN UE ACLR varied
TN UE ACS static

	i6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with TN n34 TDD. 
	NTN satellite ACS varied
TN gNB ACLR static




The simulation parameters are considered from R4-2115750, with the following updates of Table 2.3-7:
ACLR/ACS for TN (2 GHz)
	
	NR
	NB-IOT

	BS
	ACLR
	45 dB
	40 dB

	
	ACS
	46 dB
	46 dB

	UE
	ACLR
	30dB (ACLR1) for UE Power Class 3
43dB (ACLR2)
	37

	
	ACS
	33 dB
27dB for 20 MHz channel BW, n1
	28



3 Simulation results
3.1 Scenario 1

Figure 3.1.1: LEO@600 (rural, urban)
[image: ][image: ]

Table 3.1.1-1: Throughput and SINR losses in Rural scenario 1 – LEO@600
	LEO 600 km - Rural

	NTN UE ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	5.79
	2.18
	0.74
	0.24
	0.09
	0.03
	0.01
	0.01

	
	5%-tile
	15.77
	3.87
	0.60
	0.30
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.01
	0.38
	0.12
	0.04
	0.01
	0.00
	0.00
	0.00

	
	5%-tile
	2.50
	0.60
	0.10
	0.10
	0.00
	0.00
	0.00
	0.00



Table 3.1.1-2: Throughput and SINR losses in Urban scenario 1 – LEO@600
	LEO 600 km - Urban

	NTN UE ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	10.63
	4.28
	1.53
	0.52
	0.17
	0.07
	0.02
	0.01

	
	5%-tile
	13.11
	3.93
	1.31
	0.33
	0.33
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.94
	0.78
	0.28
	0.09
	0.03
	0.01
	0.01
	0.00

	
	5%-tile
	1.40
	0.40
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00



Figure 3.1.2: LEO@1200 (rural, urban)
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Table 3.1.2-1: Throughput and SINR losses in Rural scenario 1 – LEO@1200
	LEO 1200 km - Rural

	NTN UE ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	[bookmark: _Hlk86830389]Throughput loss [%]
	Mean
	5.68
	2.14
	0.73
	0.25
	0.09
	0.03
	0.02
	0.01

	
	5%-tile
	16.57
	4.65
	1.16
	0.29
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.01
	0.38
	0.14
	0.05
	0.02
	0.01
	0.00
	0.00

	
	5%-tile
	2.60
	0.70
	0.20
	0.10
	0.00
	0.00
	0.00
	0.00



Table 3.1.2-2: Throughput and SINR losses in Urban scenario 1 – LEO @1200
	LEO 1200 km - Urban

	NTN UE ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	10.63
	4.29
	1.53
	0.53
	0.17
	0.07
	0.03
	0.02

	
	5%-tile
	13.11
	3.93
	1.31
	0.33
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.94
	0.78
	0.28
	0.09
	0.03
	0.01
	0.01
	0.00

	
	5%-tile
	1.40
	0.40
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00








Figure 3.1.3: GEO (rural, urban)
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Table 3.1.3-1: Throughput and SINR losses in Rural scenario 1 – GEO
	GEO - Rural

	NTN UE ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	3.69
	1.23
	0.41
	0.11
	0.02
	0.01
	0.00
	0.00

	
	5%-tile
	3.33
	2.08
	0.42
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.35
	0.12
	0.04
	0.02
	0.00
	0.00
	0.00
	0.00

	
	5%-tile
	0.30
	0.20
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Table 3.1.3-2: Throughput and SINR losses in Urban scenario 1 – GEO
	GEO - Urban

	NTN UE ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	10.87
	3.94
	1.31
	0.44
	0.13
	0.05
	0.01
	0.01

	
	5%-tile
	8.71
	2.90
	0.32
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.19
	0.42
	0.15
	0.04
	0.01
	0.00
	0.00
	0.00

	
	5%-tile
	0.70
	0.20
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Observation 1: In Urban scenario with TN DL aggressor and NTN DL victim, the average SINR of NTN UEs degrades up to 1.9 dB depending on NTN UE ACS which also decreases average throughput in the order of ~10% with low ACS. NTN cell edge may suffer additional losses with LEO satellite compared to average values.

3.2 Scenario 2

For the Scenario 2 there are no visible effects.
Observation 2: Link budget from omnidirectional UE to the satellite is very modest, and with TN power control and limitations to the number of scheduled users the TN UEs do not pose a threat to the satellite UL. However, a great number of non-power controlled UEs under a large satellite beam could theoretically cause noticeable interference.

3.3 Scenario 3

Figure 3.3.1: LEO@600 (rural, urban)
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Table 3.3.1-1: Throughput and SINR losses in Rural scenario 3 – LEO@600
	LEO 600 km - Rural

	Satellite ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	2.55
	0.90
	0.32
	0.13
	0.07
	0.05
	0.05
	0.05

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.42
	0.15
	0.04
	0.02
	0.01
	0.00
	0.00
	0.00

	
	5%-tile
	0.20
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00





Table 3.3.1-2: Throughput and SINR losses in Urban scenario 3 – LEO@600
	LEO 600 km - Urban

	Satellite ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.32
	0.11
	0.04
	0.02
	0.01
	0.01
	0.01
	0.00

	
	5%-tile
	0.50
	0.17
	0.08
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00




Figure 3.3.2: LEO@1200 (rural, urban)
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Table 3.3.2-1: Throughput and SINR losses in Rural scenario 3 – LEO@1200
	LEO 1200 km - Rural

	Satellite ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	2.64
	0.94
	0.34
	0.14
	0.08
	0.06
	0.05
	0.05

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.44
	0.15
	0.05
	0.02
	0.01
	0.00
	0.00
	0.00

	
	5%-tile
	0.20
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00





Table 3.3.2-2: Throughput and SINR losses in Urban scenario 3 – LEO@1200
	LEO 1200 km - Urban

	Satellite ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.32
	0.11
	0.04
	0.02
	0.01
	0.01
	0.01
	0.00

	
	5%-tile
	0.41
	0.17
	0.08
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00




Figure 3.3.3: GEO (rural, urban)
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Table 3.3.3-1: Throughput and SINR losses in Rural scenario 3 – GEO
	GEO - Rural

	Satellite ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	1.35
	0.45
	0.16
	0.07
	0.04
	0.03
	0.02
	0.02

	
	5%-tile
	1.82
	0.61
	0.15
	0.08
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.13
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00




Table 3.3.3-2: Throughput and SINR losses in Urban scenario 3 – GEO
	GEO - Urban

	Satellite ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.20
	0.07
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00

	
	5%-tile
	0.23
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00




Observation 3: Path loss from satellite to UEs with omnidirectional antennas is high, so leaked interference power to adjacent channel becomes even less. In Rural scenario the TN UE link budget is smaller, so slightly increased interference can be seen in the SINR with low satellite ACLR.

3.4 Scenario 4

For the Scenario 4 there are no visible effects.
Observation 4: The UEs that connect to the satellite have a very large path loss towards TN gNBs. When ACIR is reduced from the NTN UEs’ transmitted power, the NTN UL ACI cannot be heard at the TN gNBs.











3.5 Scenario 5

Figure 3.5.1: LEO@600 (rural, urban)
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Table 3.5.1-1: Throughput and SINR losses in Rural scenario 5 – LEO@600
	LEO 600 km - Rural

	NTN UE ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.63
	0.45
	0.34
	0.28
	0.25
	0.25
	0.24
	0.24

	
	5%-tile
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.09
	0.06
	0.04
	0.04
	0.03
	0.03
	0.03
	0.03

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Table 3.5.1-2: Throughput and SINR losses in Urban scenario 5 – LEO@600
	LEO 600 km - Urban

	NTN UE ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.24
	0.15
	0.11
	0.08
	0.07
	0.07
	0.07
	0.06

	
	5%-tile
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54

	SINR loss [dB]
	Mean
	0.03
	0.02
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	5%-tile
	0.40
	0.40
	0.30
	0.00
	0.00
	0.00
	0.00
	0.00





Figure 3.5.2: LEO@1200 (rural, urban)
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Table 3.5.2-1: Throughput and SINR losses in Rural scenario 5 – LEO@1200
	LEO 1200 km - Rural

	NTN UE ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.63
	0.45
	0.34
	0.28
	0.25
	0.25
	0.24
	0.24

	
	5%-tile
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	0.09
	0.06
	0.04
	0.04
	0.03
	0.03
	0.03
	0.03

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Table 3.5.2-2: Throughput and SINR losses in Urban scenario 5 – LEO@1200
	LEO 1200 km - Urban

	NTN UE ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.24
	0.15
	0.11
	0.08
	0.07
	0.07
	0.07
	0.06

	
	5%-tile
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54

	SINR loss [dB]
	Mean
	0.03
	0.02
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	5%-tile
	0.40
	0.40
	0.30
	0.00
	0.00
	0.00
	0.00
	0.00







Figure 3.5.3: GEO (rural, urban)
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Table 3.5.3-1: Throughput and SINR losses in Rural scenario 5 – GEO
	GEO - Rural

	NTN UE ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.87
	0.76
	0.68
	0.64
	0.62
	0.61
	0.61
	0.61

	
	5%-tile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0

	SINR loss [dB]
	Mean
	0.13
	0.11
	0.10
	0.09
	0.08
	0.08
	0.08
	0.08

	
	5%-tile
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0



Table 3.5.3-2: Throughput and SINR losses in Urban scenario 5 – GEO
	GEO - Urban

	NTN UE ACLR
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	0.68
	0.49
	0.36
	0.29
	0.26
	0.25
	0.24
	0.24

	
	5%-tile
	2.59
	1.81
	1.55
	1.30
	1.30
	1.30
	1.30
	1.30

	SINR loss [dB]
	Mean
	0.11
	0.07
	0.05
	0.04
	0.03
	0.03
	0.03
	0.03

	
	5%-tile
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Observation 5: Under used simulation assumptions there is a low probability that UEs are close enough to each other cause significant ACI. If UEs are close-by to each other they likely connect to the same cell. However, if the UEs are forced to different networks (NTN and TN) the NTN UE could pose a threat to the neighbour channel TN UE.


3.6 Scenario 6

Figure 3.6.1: LEO@600 (rural, urban)
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Table 3.6.1-1: Throughput and SINR losses in Rural scenario 6 – LEO@600
	LEO 600 km - Rural

	Satellite ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	44.90
	21.31
	8.28
	2.76
	0.90
	0.34
	0.14
	0.14

	
	5%-tile
	42.86
	14.29
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	3.73
	1.56
	0.56
	0.19
	0.06
	0.02
	0.01
	0.01

	
	5%-tile
	3.60
	1.50
	0.50
	0.20
	0.10
	0.00
	0.00
	0.00



Table 3.6.1-2: Throughput and SINR losses in Urban scenario 6 – LEO@600
	LEO 600 km - Urban

	Satellite ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	45.68
	21.83
	9.02
	3.50
	1.56
	0.30
	0.22
	0.15

	
	5%-tile
	33.33
	33.33
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	3.93
	1.67
	0.61
	0.21
	0.07
	0.03
	0.01
	0.01

	
	5%-tile
	3.80
	1.60
	0.60
	0.20
	0.10
	0.00
	0.00
	0.00





Figure 3.6.2: LEO@1200 (rural, urban)
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Table 3.6.2-1: Throughput and SINR losses in Rural scenario 6 – LEO@1200
	LEO 1200 km - Rural

	Satellite ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	40.86
	18.95
	7.05
	2.43
	0.83
	0.38
	0.30
	0.23

	
	5%-tile
	42.86
	28.57
	14.29
	14.29
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	3.28
	1.33
	0.47
	0.16
	0.05
	0.02
	0.01
	0.01

	
	5%-tile
	3.20
	1.30
	0.50
	0.20
	0.10
	0.00
	0.00
	0.00



Table 3.6.2-2: Throughput and SINR losses in Urban scenario 6 – LEO@1200
	LEO 1200 km - Urban

	Satellite ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	43.11
	20.23
	8.14
	2.82
	1.21
	0.32
	0.24
	0.24

	
	5%-tile
	33.33
	33.33
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	3.61
	1.50
	0.54
	0.18
	0.06
	0.02
	0.01
	0.01

	
	5%-tile
	3.50
	1.40
	0.50
	0.20
	0.00
	0.00
	0.00
	0.00







Figure 3.6.3: GEO (rural, urban)
[image: ][image: ]

Table 3.6.3-1: Throughput and SINR losses in Rural scenario 6 – GEO
	GEO - Rural

	Satellite ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	23.40
	9.51
	2.93
	1.10
	0.18
	0.18
	0.18
	0.18

	
	5%-tile
	25.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.35
	0.47
	0.16
	0.05
	0.02
	0.01
	0.00
	0.00

	
	5%-tile
	1.40
	0.50
	0.20
	0.10
	0.00
	0.00
	0.00
	0.00



Table 3.6.3-2: Throughput and SINR losses in Urban scenario 6 – GEO
	GEO - Urban

	Satellite ACS
	
	15
	20
	25
	30
	35
	40
	45
	50

	Throughput loss [%]
	Mean
	29.57
	12.16
	4.38
	1.31
	0.44
	0.22
	0.11
	0.11

	
	5%-tile
	40.00
	20.00
	20.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SINR loss [dB]
	Mean
	1.84
	0.67
	0.23
	0.07
	0.03
	0.01
	0.00
	0.00

	
	5%-tile
	1.80
	0.60
	0.20
	0.00
	0.00
	0.00
	0.00
	0.00



[bookmark: _GoBack]Observation 6: The antenna directivity for TN gNBs is not low enough, and with high transmission power (and depending on the density of gNBs/number of gNBs in a beam) the TN gNBs will interfere with adjacent channel NTN UL transmissions with a low link budget. This situation is very particular, for a specific scenario, for a specific KPI, and the resulted requirement can be considered as for the worst case scenario. On the other hand, this could be a requirement integrated for an identified specific class of satellite access node, if further needed.
4 Proposals

Following all previous results for Scenario 1 to Scenario 6 and also previous observations, we can reach at the following proposal for NTN UE and Satellite ACLR and ACS values:
Proposal 1. RAN4 shall consider for NTN UE same ACLR and ACS parameter values as for TN UE.
Proposal 2. RAN4 shall consider for NTN Satellite node a maximum value of 15-20dBs for ACLR.
Proposal 3. RAN4 shall consider for NTN Satellite node a maximum value of 30-35dBs for ACS.
Proposal 4. RAN4 shall consider for NTN Satellite node a maximum value of 15-20dBs for ACLR when TN FDD.
Proposal 5. RAN4 shall consider for NTN Satellite node a maximum value of 15-20dBs for ACS when TN FDD.
Proposal 6. RAN4 shall consider for NTN Satellite node a maximum value of 30-35dBs for ACS when TN TDD.


















5 Conclusions

Observation 1: Scenario 1. In Urban scenario with TN DL aggressor and NTN DL victim, the average SINR of NTN UEs degrades up to 1.9 dB depending on NTN UE ACS which also decreases average throughput in the order of ~10% with low ACS. NTN cell edge may suffer additional losses with LEO satellite compared to average values.
Observation 2: Scenario 2. Link budget from omnidirectional UE to the satellite is very modest, and with TN power control and limitations to the number of scheduled users the TN UEs do not pose a threat to the satellite UL. However, a great number of non-power controlled UEs under a large satellite beam could theoretically cause noticeable interference.
Observation 3: Scenario 3. Path loss from satellite to UEs with omnidirectional antennas is high, so leaked interference power to adjacent channel becomes even less. In Rural scenario the TN UE link budget is smaller, so slightly increased interference can be seen in the SINR with low satellite ACLR.
Observation 4: Scenario 4. The UEs that connect to the satellite have a very large path loss towards TN gNBs. When ACIR is reduced from the NTN UEs’ transmitted power, the NTN UL ACI cannot be heard at the TN gNBs.
Observation 5: Scenario 5. Under used simulation assumptions there is a low probability that UEs are close enough to each other cause significant ACI. If UEs are close-by to each other they likely connect to the same cell. However, if the UEs are forced to different networks (NTN and TN) the NTN UE could pose a threat to the neighbour channel TN UE.
Observation 6: Scenario 6. The antenna directivity for TN gNBs is not low enough, and with high transmission power (and depending on the density of gNBs/number of gNBs in a beam) the TN gNBs will interfere with adjacent channel NTN UL transmissions with a low link budget. This situation is very particular, for a specific scenario, for a specific KPI, and the resulted requirement can be considered as for the worst case scenario. On the other hand, this could be a requirement integrated for an identified specific class of satellite access node, if further needed.

Following all previous results for Scenario 1 to Scenario 6 and also previous observations, we can reach at the following proposal for NTN UE and Satellite ACLR and ACS values:
Proposal 1. RAN4 shall consider for NTN UE same ACLR and ACS parameter values as for TN UE.
Proposal 2. RAN4 shall consider for NTN Satellite node a maximum value of 15-20dBs for ACLR.
Proposal 3. RAN4 shall consider for NTN Satellite node a maximum value of 30-35dBs for ACS.
Proposal 4. RAN4 shall consider for NTN Satellite node a maximum value of 15-20dBs for ACLR when TN FDD.
Proposal 5. RAN4 shall consider for NTN Satellite node a maximum value of 15-20dBs for ACS when TN FDD.
Proposal 6. RAN4 shall consider for NTN Satellite node a maximum value of 30-35dBs for ACS when TN TDD.

6 References
[1] [bookmark: _heading=h.1fob9te]R4-2115750, Simulation assumptions for NTN co-existence study, 3GPP RAN4#100-e.


END
19

image3.png
DLTN5G  ULNTN 56
Freq.Band  Freq. Band DLTN5G  ULNTN5G

Interference Type 5 (i5) in DLTN Freq. Band  Freg. Band
erference Type 6 (i6) in UL NTN

TN Cell B TR satellite

[EATE— (NTN) Cell
NTN capability

NTNUE





image4.png
NTN DL Throughput loss [%]

10

NTN UE ACS [dB] vs. Average NTN DL Throughput loss [%]
LEO600 - Aggressor TN DL -> Victim NTN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACS [dB]

40

a5 50





image5.png
NTN DL SINR attenuation [dB]

2.00

175

150

125

1.00

075

0.50

025

0.00

NTN UE ACS [dB] vs. Average NTN DL SINR attenuation [dB]
LEO600 - Aggressor TN DL -> Victim NTN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACS [dB]

40

a5 50





image6.png
NTN DL Throughput loss [%]

10

NTN UE ACS [dB] vs. Average NTN DL Throughput loss [%]
LEO1200 - Aggressor TN DL -> Victim NTN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACS [dB]

40

a5 50





image7.png
NTN DL SINR attenuation [dB]

2.00

175

150

125

1.00

075

0.50

025

0.00

NTN UE ACS [dB] vs. Average NTN DL SINR attenuation [dB]
LEO1200 - Aggressor TN DL -> Victim NTN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACS [dB]

40

a5 50





image8.png
NTN DL Throughput loss [%]

10

NTN UE ACS [dB] vs. Average NTN DL Throughput loss [%]
GEO - Aggressor TN DL -> Victim NTN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACS [dB]

40

a5 50





image9.png
NTN DL SINR attenuation [dB]

12

°

°
®

°
S

°
=

°
o

0.0

NTN UE ACS [dB] vs. Average NTN DL SINR attenuation [dB]
GEO - Aggressor TN DL -> Victim NTN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACS [dB]

40

a5 50





image10.png
TN DL Throughput loss [%]

2.5

2.0

15

10

05

0.0

Satellite ACLR [dB] vs. Average TN DL Throughput loss [%]
LEO600 - Aggressor NTN DL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
Satellite ACLR [dB]

40

a5 50





image11.png
TN DL SINR attenuation [dB]

0.4

03

02

0.1

0.0

Satellite ACLR [dB] vs. Average TN DL SINR attenuation [dB]

LEO600 - Aggressor NTN DL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
Satellite ACLR [dB]

40

a5 50





image12.png
TN DL Throughput loss [%]

2.5

2.0

15

10

05

0.0

Satellite ACLR [dB] vs. Average TN DL Throughput loss [%]
LEO1200 - Aggressor NTN DL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
Satellite ACLR [dB]

40

a5 50





image13.png
TN DL SINR attenuation [dB]

0.4

03

02

0.1

0.0

Satellite ACLR [dB] vs. Average TN DL SINR attenuation [dB]

LEO1200 - Aggressor NTN DL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
Satellite ACLR [dB]

40

a5 50





image14.png
TN DL Throughput loss [%]

IS

~

°

°
®

°
S

°
=

°
o

°
°

Satellite ACLR [dB] vs. Average TN DL Throughput loss [%]
GEO - Aggressor NTN DL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
Satellite ACLR [dB]

40

a5 50





image15.png
TN DL SINR attenuation [dB]

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0.00

Satellite ACLR [dB] vs. Average TN DL SINR attenuation [dB]

GEO - Aggressor NTN DL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
Satellite ACLR [dB]

40

a5 50





image16.png
TN DL Throughput loss [%]

0.6

05

0.4

03

02

0.1

NTN UE ACLR [dB] vs. Average TN DL Throughput loss [%]
LEO600 - Aggressor NTN UL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACLR [dB]

40

a5 50





image17.png
TN DL SINR attenuation [dB]

0.08

0.06

0.04

0.02

NTN UE ACLR [dB] vs. Average TN DL SINR attenuation [dB]
LEO600 - Aggressor NTN UL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACLR [dB]

40

a5 50





image18.png
TN DL Throughput loss [%]

0.6

05

0.4

03

02

0.1

NTN UE ACLR [dB] vs. Average TN DL Throughput loss [%]
LEO1200 - Aggressor NTN UL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACLR [dB]

40

a5 50





image19.png
TN DL SINR attenuation [dB]

0.08

0.06

0.04

0.02

NTN UE ACLR [dB] vs. Average TN DL SINR attenuation [dB]
LEO1200 - Aggressor NTN UL -> Victim TN DL

— Rural
—— Urban

15

20

25

30 35
NTN UE ACLR [dB]

40

a5 50





image20.png
TN DL Throughput loss [%]

0.9

0.8

07

0.6

05

0.4

03

NTN UE ACLR [dB] vs. Average TN DL Throughput loss [%]
GEO - Aggressor NTN UL -> Victim TN DL

— Rural
—— Urban

15

30 35
NTN UE ACLR [dB]

40

a5 50





image21.png
TN DL SINR attenuation [dB]

0.12

0.10

0.08

0.06

0.04

NTN UE ACLR [dB] vs. Average TN DL SINR attenuation [dB]
GEO - Aggressor NTN UL -> Victim TN DL

— Rural
—— Urban

15

30 35
NTN UE ACLR [dB]

40

a5 50





image22.png
NTN UL Throughput loss [%]

40

30

20

10

Satellite ACS [dB] vs. Average NTN UL Throughput loss [%]
LEO600 - Aggressor TN DL -> Victim NTN UL

— Rural
—— Urban

15

20

25

30 35
Satellite ACS [dB]

40

a5 50





image23.png
NTN UL SINR attenuation [dB]

4.0

35

3.0

2.5

2.0

15

10

05

0.0

Satellite ACS [dB] vs. Average NTN UL SINR attenuation [dB]

LEO600 - Aggressor TN DL -> Victim NTN UL

— Rural
—— Urban

15

20

25

30 35
satellite ACS [dB]

40

a5 50





image24.png
NTN UL Throughput loss [%]

40

30

20

10

Satellite ACS [dB] vs. Average NTN UL Throughput loss [%]
LEO1200 - Aggressor TN DL -> Victim NTN UL

— Rural
—— Urban

15

20

25

30 35
Satellite ACS [dB]

40

a5 50





image25.png
NTN UL SINR attenuation [dB]

35

3.0

2.5

2.0

15

10

05

0.0

Satellite ACS [dB] vs. Average NTN UL SINR attenuation [dB]

LEO1200 - Aggressor TN DL -> Victim NTN UL

— Rural
—— Urban

15

20

25

30 35
Satellite ACS [dB]

40

a5 50





image26.png
NTN UL Throughput loss [%]

30

25

20

15

10

Satellite ACS [dB] vs. Average NTN UL Throughput loss [%]
GEO - Aggressor TN DL -> Victim NTN UL

— Rural
—— Urban

15

20

25

30 35
Satellite ACS [dB]

40

a5 50





image27.png
NTN UL SINR attenuation [dB]

175

150

125

1.00

075

0.50

025

0.00

Satellite ACS [dB] vs. Average NTN UL SINR attenuation [dB]

GEO - Aggressor TN DL -> Victim NTN UL

— Rural
—— Urban

15

20

25

30 35
Satellite ACS [dB]

40

a5 50





image2.png
Interference Type 2 (i2)
in ULNTN

ULTNSG ULNTN5G
, Freq. Freq.

InterferenceType 4 (i4) Band  Band
Far-away NTN UE in ULTN

Severely Impactedin DL __ == —,_ﬁ“"—t----.___
Ny 5,72 T

ULTN5G ULNTN 56
Freq. Freq.
Band Band

Far-away NTN UE
Severely Impacted in UL

Interference Type 1 (1)

/ L o in DL NTN.
= Intererence Tvoe
TN Cell e L) s _r@l_r- i

(TNUE®) can have both TN and fl NS pLN G Satellite
NTN capabilty req. req.

DLTNSG DLNTN 56 gand  Band (NTN) Cell
Frea.  Freq.

Band  Band




