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1 Introduction
Based on the outcomes listed in TR38.811 [1], e.g., NTN deployment scenarios, channel model, the phase II SID for NTN is initialized with following objectives on physical layer:
· Consolidation of potential impacts on the physical layer and definition of related solutions if needed
· Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations
· Study and define related solutions if needed on NR related Layer 2 and 3
· Study and define related solutions if needed on RAN architecture and related interface protocols
And following three scenarios are prioritized for evaluation according to the updates in [3],
· Scenario A: GEO with transparent satellite;
· Scenario C2: LEO with transparent satellite with moving beam;
· Scenario D2: LEO with transparent satellite with moving beam.
However, so far the detailed parameters for system simulation including satellite constellations are not available to support the required technique evaluation, e.g. mobility, and it is necessary to develop the constellation-based reference scenarios of NTN system simulation with the highlighted key parts listed in this contribution.
2 Discussion on assumption for system simulation
2.1 Reference coordinate system
A 3D global coordinates, i.e., Earth-centered, Earth-fixed (ECEF) is proposed in [1] for NTN evaluation. However, in this non-inertial coordinates, the simulation of the orbit of satellite will not be straightforward by Kepler’s laws. Since the Doppler shift should be calculated according to relative movement between the terminal position on earth surface and the satellite, the multiple transformation operations between inertial coordinates and non-inertial coordinates has to be proceeded in ECEF.
Instead of ECEF, the Earth centered inertial (ECI) coordinates can be considered to facilitate NTN simulation since it is more convenient to represent the positions and velocities of terrestrial objects in ECEF coordinates as well as the orbital motion and direction toward celestial objects. For construction of this system, it can be assumed that the coordinates’ origin O lies in the center of the earth, x-y plane locates in the equator plane with x-axis pointing to 0 degree longitude, y axis pointing to 90 degree longitude, and z-axis pointing to geographical North Pole from the origin O at the beginning of the simulation as shown in Figure 1. And it should be highlighted that the coordinates will be fixed without rotating together with the earth during the simulation.
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Figure 1 Illustration of coordinate system
Proposal 1: Instead of ECEF in 38.811, the “Earth Centered Inertial” coordinate system should be used in system simulation.
2.2 Satellite reference constellation
Considering the typical use cases, three satellite reference constellations without perturbation are proposed in Table 1 as the baseline for NTN system simulation with respect to reference scenarios in Table 4.2-1 of TR 38.821 [2]. Both the max Doppler shift and Doppler shift variation in GEO shall follow the configurations in Table 4.2.-2 in TR38.821 [2].
Table 1 Reference satellite constellations parameters
	Reference Satellite constellation
	GEO
	LEO600
	LEO1200

	Orbit type
	Fixed position in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
	1200 km


Additional parameters, as shown in Figure 2, including number of orbit plane, orbital plane inclination, longitude difference between RAANs (right ascension of the ascending node) of adjacent orbital planes, inter-orbital plane satellite phasing angle should also be provided to construct the constellation, which is able to emulate the relative movement among multiple satellites. 
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Figure 2 illustration of satellite constellation (polar orbit with close-wise movement)
Proposal 2: The reference satellite constellations without perturbation should be considered for following cases:
· Constellation GEO
· Constellation LEO with 600km
· Constellation LEO with 1200km
Proposal 3: Additional parameters should be defined to construct the constellation:
· Number of orbit plane 
· Number of satellites in single orbital plane 
· Orbital plane inclination
· Longitude difference between RAANs of adjacent orbital planes
· Inter orbital plane satellite phasing angle
2.3 Footprint pattern of beam and frequency reusing
In [1], the beam layout listed in Table 2 is proposed for simulation with 4 beams per satellite only. Meanwhile, the projection of these beams is modelled as typical hexagon. However, considering the realistic usage, more beams, e.g., 16, shall be used and the footprint pattern of beam is different due to the location of satellite and corresponding serving region on the earth. Therefore, for supporting the different reference constellation proposed in section 2.2, further discussion on the beam footprint should be conducted.
Additionally, although the mapping relationship between beam and cell is still under discussion in RAN2, for simplification, one to one mapping between cells and beams can be used as a starting point for simulation. Then, the proper configuration of frequency reuse factor should be determined for the evaluation of interference from neighbouring beams (cells).   
Table 2 Illustration of beam layout
	Beam layout (as seen from satellite)
	[image: image3.png]Equator







	Beam centre
	B1: (6371,0,0), elevation = 90°
B2: (6347, 481,278), elevation = 65°
B3: (6347, 481,-278), elevation = 65°
B4: (5242,3622,0), elevation = 45°


Proposal 4: Number of beams and footprint of beams in a satellite for different constellation, e.g., GEO, LEO600 and LEO1200 should be determined for NTN system simulation.
Proposal 5: Frequency reuse factor in a satellite should be determined in NTN system simulation.
2.4 Parameters for terrestrial configuration
Terrestrial scenarios and channel model
In addition to the configuration of satellite mentioned above, the detailed assumption on the terrestrial scenarios should also be discussed as well as UE distribution and corresponding channel model.
Considered the typical usage, potential terrestrial scenarios, e.g., dense urban, urban, suburban and rural should be covered and considering each case, the assumption on fast fading model is listed Table 3.
Table 3 Assumption on fast fading model for each scenario
	Terrestrial scenarios
	Dense urban scenario
	Urban scenario
	Suburban and rural scenario

	Fast fading model
	Frequency-selective
	Frequency-selective
	Flat Fading


For the large scale fading, the additional atmospheric, scintillation, rain and cloud attenuation can also be considered if necessary. The Faraday rotation should be considered at least for the carrier frequencies below 6GHz due to the significant impacts on polarization rotation.
Proposal 6: The correspondence between terrestrial scenario and fast fading model in Table 3 should be considered in NTN system simulation. 
Proposal 7: Faraday rotation should be considered at least in carrier frequency below 6GHz.
UE distribution
For investigating the overall performance of global satellite system, typical distribution region of terminal should include at the low and middle latitude region. The examples (listed in Table 4) with assumption of a spherical rectangle with corresponding parameters of four corner points can be considered as the baseline:
Table 4 Exemplified UE distribution region
	UE distribution Region
	Low latitude region
	Middle latitude region

	Parameters for region
	Pws: [20°W, 20°S]
Pwn: [20°W, 20°N]
Pen: [20°E , 20°N]
Pes: [20°E , 20°S]
	Pws: [20°W, 30°N]
Pwn: [20°W, 70°N]
Pen: [20°E , 70°N]
Pes: [20°E , 30°N]


Moreover, for each region, only outdoor UEs are considered since there are still some obstacles to serve the indoor UE directly via satellite so far. The corresponding density of UE per beam or cell as well as the percentage of UE types, e.g., UE with different antenna type and configuration, should be properly assumed. 
Proposal 8: It is recommended to evaluate UE distribution in both low latitude and middle latitude region in NTN system simulation with corresponding assumption of density and percentage of different type of UEs.
Proposal 9: Exemplified region defined in Table 4 can be considered as a baseline.
2.7 Additional parameters 
Antenna model
Normally, directional beam is assumed for satellite to enhance the robustness of serving link. Two types of antenna, i.e., phased array and directional antenna are used. For simplification, in the system simulation, it’s preferred that the antenna including the beam pattern can be approximated by the theoretical pattern equation in section 6.4.1 of TR38.811 [1]. In this way, it should be noticed that once the Gmax is given, the antenna efficiency shall not exceed 100%. The relationship between Gmax and the radius of the antenna’s circular aperture [image: image5.png]


 will be further determined.
W.r.t the antenna for UE, different assumptions listed in Table 5 are proposed to various use cases. For the VSAT-I/II UE, the detailed parameters, e.g., Gmax and Radius of aperture can be further discussed.
Table 5 Assumption for UE antenna type
	UE antenna type
	VSAT-I
	VSAT-II
	Phased array-I
	Phased array-II

	Frequency
	Below 6GHz
	Above 6GHz
	Below 6GHz
	Above 6GHz

	Parameters
	Gmax = [TBD]
Radius of aperture=[TBD]
	Gmax = [TBD]
Radius of aperture=[TBD]
	Mg = 1,Ng=1,
M=1,N=1,P=2
	Mg = 1,Ng=1,
M=4,N=4,P=2


Proposal 10: The satellite antenna pattern in section 6.4.1 of TR38.811 is suggested in NTN system simulation.
Proposal 11: The following four types of UE antenna model are proposed and further refinement on the parameters can be discussed:
· VSAT-I  for the carrier frequency below 6GHz in service link
· VSAT-II  for the carrier frequency above 6GHz in service link
· Phased array-I  for the carrier frequency below 6GHz in service link
· Phased array-II  for the carrier frequency above 6GHz in service link
Radio parameters
As identified in the TR 38.811, the application of NTN will be conducted at both FR1 and FR2 with almost FDD mode as a baseline. The corresponding bandwidth allocation can be reused with proper configuration of frequency separation between DL and UL. Moreover, other parameters related to the RF properties of BS and UE should be also discussed as listed in Table 6.
Table 6 Radio parameters for both satellite and terminals 
	RF related parameters
	Satellite
	Terminal

	
	Max Tx power per beam
	Maximal antenna gain Gmax
	Noise Figure Note-1
	Max Tx power Note-2
	Maximal antenna gain Gmax Note-2
	Noise Figure Note-1，Note-2

	Note-1: For thermal noise calculation, the T0 is assumed to be 290K
Note-2: Defined for different antenna types listed in Table 5.


Furthermore, for satellite with transparent load, the additional influence due to the feeder link should also be considered as well since the impacts of phase noise and thermal noise cannot be well eliminated without additional signalling processing at satellite.
Proposal 12: For each scenario, the RF parameters listed in Table 6 should be considered.
Proposal 13: Regarding transparent satellite:
· No additional Doppler shift due to feeder link is assumed
· Additional noise component due to feeder link should be considered for transparent satellite type.
3 System simulation assumption for calibration
According to the discussion in section 2, the calibration scenarios with detailed assumptions listed in Table 7 are proposed. In addition to traditional metric for calibration, e.g., coupling loss and geometry, the distribution of elevation angle, Doppler shift and Round Trip Time should be also considered for aligning the implementation of constellation.
Table 7 Simulation assumption of scenarios for calibration
	Calibration cases
	C-1
	C-2
	C-3
	C-4
	C-5

	Reference Satellite constellation
	GEO
	LEO600
	LEO600
	LEO1200
	LEO1200

	Beam Number in a satellite
	TBD
	TBD
	TBD
	TBD
	TBD

	Frequency
	2GHz
	2GHz
	20/30GHz
	2GHz
	20/30GHz

	Maximum Bandwidth per beam (DL + UL)
	2*20MHz
	2*20MHz
	2*200MHz
	2*20MHz
	2*200MHz

	Terrestrial scenarios
	Suburban and Rural scenarios
	Urban scenario
	Suburban and Rural scenarios
	Suburban and Rural scenarios
	Dense urban scenario

	Fast fading model [not considered for calibration]
	Flat Fading
	Frequency-selective
	Flat Fading
	Flat Fading
	Frequency-selective

	UE distribution Region
	Low latitude region
	Middle latitude region
	Low latitude region
	Low latitude region
	Middle latitude region

	Outdoor UE density
	25
	25
	25
	25
	25

	Outdoor UE configuration
	50% VSAT-I 0km/h
20% Phase array-I 1000km/h
30% Phase array-I 3km/h
	50% VSAT-I 0km/h
20% Phase array-I 500km/h
30% Phase array-I 3km/h
	50% VSAT-II 0km/h
20% Phase array-II 500km/h
30% Phase array-II 3km/h
	50% VSAT-I 0km/h
20% Phase array-I 500km/h
30% Phase array-I 3km/h
	50% VSAT-II 0km/h
20% Phase array-II 500km/h
30% Phase array-II 3km/h

	UE orientation
	VSAT: Idea Tracking serving beam;
Phase array: random
	VSAT: Idea Tracking serving beam;
Phase array: random
	VSAT: Idea Tracking serving beam;
Phase array: random
	VSAT: Idea Tracking serving beam;
Phase array: random
	VSAT: Idea Tracking serving beam;
Phase array: random

	Satellite beam Max Tx power
	TBD
	TBD
	TBD
	TBD
	TBD

	Satellite beam Antenna G/T
	TBD
	TBD
	TBD
	TBD
	TBD

	Noise Figure in Satellite
	TBD
	TBD
	TBD
	TBD
	TBD

	UE Max Tx power
	TBD/TBD
	TBD/TBD
	TBD/TBD
	33dBm/23dBm
	TBD/TBD

	UE antenna G/T
	TBD
	TBD
	TBD
	18.5dB/K / 
-33.6dB/K
	TBD/TBD

	Noise Figure in UE
	TBD
	TBD
	TBD
	1.2dB / 9dB
	TBD/TBD

	Handover Margin
	0dB
	0dB
	0dB
	0dB
	0dB

	UE attachment
	Geometry
	Geometry
	Geometry
	Geometry
	Geometry

	Receiver
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC


Proposal 14: Scenarios defined in Table 7 with following metrics should be used for system simulation calibration:
· Elevation angle
· Doppler shift
· Round trip time
· Coupling loss
· Geometry with white noise
· UL IoT
4 Conclusion
In this contribution, some key components for conducting the system simulation are identified with proposed typical scenarios for calibration. Following proposals are presented as baseline for the NTN:
Proposal 1: Instead of ECEF in 38.811, the “Earth Centered Inertial” coordinate system should be used in system simulation.

Proposal 2: The reference satellite constellations without perturbation should be considered for following cases:
· Constellation GEO
· Constellation LEO with 600km
· Constellation LEO with 1200km
Proposal 3: Additional parameters should be defined to construct the constellation:
· Number of orbit plane 
· Number of satellites in single orbital plane 
· Orbital plane inclination
· Longitude difference between RAANs of adjacent orbital planes
· Inter orbital plane satellite phasing angle
Proposal 4: Number of beams and footprint of beams in a satellite for different constellation, e.g., GEO, LEO600 and LEO1200 should be determined for NTN system simulation.
Proposal 5: Frequency reuse factor in a satellite should be determined for NTN system simulation.
Proposal 6: The correspondence between terrestrial scenario and fast fading model in Table 3 should be considered in NTN system simulation. 
Proposal 7: Faraday rotation should be considered at least in carrier frequency below 6GHz.
Proposal 8: It is recommended to evaluate UE distribution in both low latitude and middle latitude region in NTN system simulation with corresponding assumption of density and percentage of different type of UEs.
Proposal 9: Exemplified region defined in Table 4 can be considered as a baseline.
Proposal 10: The satellite antenna pattern in section 6.4.1 of TR38.811 is suggested in NTN system simulation.
Proposal 11: The following four types of UE antenna model are proposed and further refinement on the parameters can be discussed:
· VSAT-I  for the carrier frequency below 6GHz in service link
· VSAT-II  for the carrier frequency above 6GHz in service link
· Phased array-I  for the carrier frequency below 6GHz in service link
· Phased array-II  for the carrier frequency above 6GHz in service link
Proposal 12: For each scenario, the RF parameters listed in Table 6 should be considered.
Proposal 13: Regarding transparent satellite:
· No additional Doppler shift due to feeder link is assumed
· Additional noise component due to feeder link should be considered for transparent satellite type.
Proposal 14: Scenarios defined in Table 7 with following metrics should be used for system simulation calibration:
· Elevation angle
· Doppler shift
· Round trip time
· Coupling loss
· Geometry with white noise
· UL IoT
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