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1. Introduction
In RAN4#98e meeting, NTN co-existence simulation was discussed and RAN4 agreed to start the simulation alignment in Q2 2021 [1]. The details of simulation scenarios and assumptions are captured in [2] [3]. In this paper, we provide our calibration results for single NTN system.
2. Discussion
2.1 Simulation scenarios
In TR 38.821, there are 30 cases for the calibration of single NTN system in the DL and UL directions.
The simulated scenarios for the calibration, have been done for the handheld as terminal and at the S-band and are summarized as below:

 Table 1: List of calibration study cases
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	4
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 1

	5
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 2

	9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	14
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	19
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 1

	20
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 2

	24
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	25
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	29
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	30
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 2


2.2. Network layout model
Four additional tiers of beams are considered in the simulation surrounding the 19 inner beams layout (In total, there are 127 beams).
FRF1 and FRF3 considered in the system level simulations as shown in the next figure.
Figure 1:  Frequency reuse factor (FRF1 and FRF3) 
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FRF1
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FRF3



Figure 2 shows the satellite with 90-degree elevation angle and the beams footprint on earth.
Figure 2: cell layout for single NTN operator with satellite at 90-degree elevation angle [image: ]
2.3. Simulation parameters 

Table 2 Set-1 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture
	2GHz
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter
	
	250 km
	90 km
	50 km




Table 3 Set-2 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture
	2GHz
	12 m
	1 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter
	
	450 km
	190 km
	90 km




Table 4 UE characteristics 
	Characteristics
	Handheld

	Frequency band
	2 GHz

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0 dBi per element



To align with the simulation results listed in TR 38.811, 10 UEs per are beam considered for the system level simulations. UEs placed in the 19 inner beams only considered for the metrics statistic (e.g., coupling loss, and SINR).

2.4. Satellite antenna pattern modelling
Satellite antenna pattern modelling can be referred to section 6.1.1.1 in TR 38.821.
2.5. Propagation model
Propagation model between NTN and UE can be referred to section 6.6 in TR 38.811.
Base-line conditions: 
Clear Sky
Line of sight (LOS)
Rural deployment with free space path loss model and shadow fading based on elevation angle according to TR 38.811 table 6.6.2-3. 
[bookmark: _Toc494384421]2.6. Transmission power control model
For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is NTN with following parameters.



Where, Pmax = 23dBm, CLx-ile and γ are set as following:
· CLx-ile = 88 + 10*log10 (200/X) + 11 – Y
where X is UL transmission BW (MHz) and Y is the BS/Satellite noise figure (It is assumed to be same as UE noise figure, i.e., 7dB. This should be further discussed.)
· γ = 1.
2.7 Simulation results (CL and SINR)
· DL results

· Case 4 GEO - Set 1
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· Case 5 GEO - Set 1
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· Case 9 LEO 600 - Set 1
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· Case 10 LEO 600 - Set 1
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· Case 14 LEO 1200 - Set 1
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· Case 15 LEO 1200 - Set 1
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· Case 19 GEO - Set 2
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· Case 20 GEO - Set 2
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· Case 24 LEO 600 - Set 2
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· Case 25 LEO 600 - Set 2
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· Case 29 LEO 1200 - Set 2
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· Case 30 LEO 1200 - Set 2
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· UL results


· Case 4 GEO - Set 1
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· Case 5 GEO - Set 1
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· Case 9 LEO 600 - Set 1
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· Case 10 LEO 600 - Set 1
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· Case 14 LEO 1200 - Set 1
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· Case 15 LEO 1200 - Set 1
	[image: ]
	[image: ]



· Case 19 GEO - Set 2
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· Case 20 GEO - Set 2
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· Case 24 LEO 600 - Set 2
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· Case 25 LEO 600 - Set 2
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· Case 29 LEO 1200 - Set 2
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· Case 30 LEO 1200 - Set 2
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· UE TX Power Distribution
The UL CLx-ile calculated based on the equation in 2.6 with UL transmission BW 0.36 MHz for 1 UE as mentioned in TR 38.821 and the satellite noise figure assumed to be same as UE 7dB with  γ = 1. Then CLx-ile will be 119.4. 
By looking to CL curves in the UL for any scenario, the min value around 122 dB, hence all the UEs will transmit with full Tx power 23 dBm in all the scenarios. 
Observation: Further discussion is needed for CLx-ile and the noise figure for the satellite to align the UE Tx power in the UL. 
3.	Conclusion
In this paper, we provided both DL and UL simulation results for single NTN system for calibration. Based on the simulation results, we have the following observation:
Observation: Further discussion is needed for CLx-ile and the noise figure for the satellite to align the UE Tx power in the UL. 
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