3GPP TSG RAN WG1 #97                                                    R1-1906875
Reno, USA, 13th – 17th May, 2019

Source:
ZTE

Title:
Preliminary simulation results for NTN
Agenda Item:  7.2.5.5

Document for:  Discussion

1 Introduction
In RAN1#96bis, following satellite parameters and pay load characteristics for downlink transmissions [1]
Table 1: Example of satellite parameters and payload characteristics for downlink transmissions

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

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

	Satellite beam diameter
	
	300 km
	150 km
	70 km

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite beam diameter
	
	130 km
	40 km
	20 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


Table 2: Example of satellite parameters and payload characteristics for uplink transmissions

	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	11.2 dB K-1
	11.2 dB K-1

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

	G/T
	
	22 dB K-1
	13 dB K-1
	13 dB K-1

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


In this contribution, preliminary simulation results, e.g., coupling loss, C/N and SINR, with consideration on the simulation parameters have been provided for following cases:

· LEO 600km Ka-band
· LEO 600km S-band
· GEO Ka-band

· GEO S-band

· LEO 1200km Ka-band

· LEO 1200km S-band.

2 Simulation assumption
As discussed in [2], for conducting the proper simulation for NTN, the following key parts are considered in this contribution as examples:

· Satellite reference constellation and parameters
For achieving the realistic simulation results with considering the both inter-beam interference with same or different satellite, the corresponding reference constellations, e.g., as shown in Figure 1, have been provided in Table 4 and Table 5 for S-band and Ka, respectively. It should be noticed that part of satellite parameter, e.g., beam diameter, have been updated based on the analysis in [2] and corresponding beam layout is provided with consideration of fixed beam pattern to construct the seamless global coverage by assuming the minimum supported elevation angle equating to 30 degree. The exemplified projection of beam can be found in Figure 2. 
Furthermore, the simulation bandwidth for each beam is configured differently with consideration on whether the frequency reuse is conducted. More specifically, if frequency reuse factor 4 is selected, the bandwidth of each beam will be one quarter of the satellite bandwidth, e.g. if satellite BW=400MHz, the BW of beam will be 100MHz.
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Figure 1 Illustration of satellite constellation for LEO-600 in Ka band
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Figure 2 Illustration of the projection of beam on earth surface for LEO-1200 in S band
· Parameters for terrestrial configuration

The following area for UE distribution listed in Table 3. Moreover, the UE is distributed with the equally angular gap 0.2 degree for longitude and latitude. 

Table 3 Exemplified UE distribution region

	UE distribution Region
	Low latitude region

	LEO
	Pws: [20°W, 20°S]

Pwn: [20°W, 20°N]

Pen:[20°E , 20°N]

Pes: [20°E , 20°S]

	GEO
	Pws: [80°E, 20°S]

Pwn: [80°E, 20°N]

Pen:[120°E , 20°N]

Pes: [120°E , 20°S]


Other detailed parameters are listed in Table 6 (Appendix A) and for the large scale fading, besides free space loss, atmosphere loss and scintillation loss are considered as well according to [3].

3 Simulation results

As mentioned above, the distribution of the Coupling loss (CL), Carrier to Noise ratio (C/N) as well as SINR in low altitude region are provided from Figure 3 to Figure 14 for corresponding cases.
Frequency reuse factor: 1
According to the results shown in Figure 3 and Figure 4, it can be found that based on the simulation configuration, the maximum coupling loss (MCS) within the simulation region is less than 145 and 152 dB, which demonstrates that the comparable performance can be achieved in NTN system to meet the requirements defined for cellular system, i.e.,164dB [4].
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Figure 3 Illustration of the CL, C/N and SINR for LEO600 in S band with FR = 1
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Figure 4 Illustration of the CL, C/N and SINR for GEO in S band with FR = 1
Observation 1: MCL less than 164dB can be achieved in NTN system.
Frequency reuse factor: 4

After the introduction of frequency reuse, i.e., 4, with the comparison between the distribution of SINR and C/N, it is observed that large deviation occurs which is mainly introduced due to intra-beam within same satellite as well as inter-satellite. It also demonstrates that for enhancing the performance of satellite, frequency-reuse among beams should be considered for alleviating the interference.
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Figure 5 Illustration of the CL, C/N and SINR for LEO600 in S band with FR = 4
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Figure 6 Illustration of the CL, C/N and SINR for GEO in S band with FR = 4
Observation 2: Larger gap between SINR and C/N can be found due to the inter/intra-satellite interference.
Observation 3: Interference from inter beams decrease greatly after utilizing frequency reuse with FR=4.

Proposal 1: Frequency allocation with reusing factor larger than 1 should be considered to alleviate the intra-satellite interference.
4 Conclusion

In this contribution, preliminary results based on the updated system simulation assumption for different scenarios are provided with following observations and proposal:
Observation 1: MCL less than 164dB can be achieved in NTN system.
Observation 2: Larger gap between SINR and C/N can be found due to the inter/intra-satellite interference.
Observation 3: Interference from inter beams decrease greatly after utilizing frequency reuse with FR=4.

Proposal 1: Frequency allocation with reusing factor larger than 1 should be considered to alleviate the intra-satellite interference.
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Appendix A
Table 4 Satellite parameters for S-band with updated configured for set-1

	Frequency

Band
	Satellite Latitude
	Parameter
	Unit
	Elevation Angle 30°

	S-band
	LEO 600km with 86.4° inclination
	Beam HPBW
	degree
	6.3

	
	
	Number of Satellite per orbital plane 
	-
	28

	
	
	Number of orbital planes
	-
	16

	
	
	Beam radius
	Km
	33

	
	
	Number of beam per satellite
	-
	397

	
	LEO 1200km with 86.4° inclination
	Beam HPBW
	degree
	7.1

	
	
	Number of Satellite per orbital plane 
	-
	16

	
	
	Number of orbital planes
	-
	10

	
	
	Beam radius
	Km
	74.5

	
	
	Number of beam per satellite
	-
	331

	
	GEO
	Beam HPBW
	degree
	0.47

	
	
	Number of Satellite per orbital plane 
	-
	4

	
	
	Number of orbital planes
	-
	1

	
	
	Beam radius
	Km
	145.5

	
	
	Number of beam per satellite
	-
	1387


Table 5 Satellite parameters for Ka-band with updated configured for set-1

	Frequency Band
	Satellite Latitude
	Parameter
	Unit
	Elevation Angle 30°

	Ka-band
	LEO 600km with 86.4° inclination
	Beam HPBW
	degree
	1.9

	
	
	Number of Satellite per orbital plane 
	-
	28

	
	
	Number of orbital planes
	-
	16

	
	
	Beam radius
	Km
	10

	
	
	Number of beam per satellite
	-
	2473

	
	LEO 1200km with 86.4° inclination
	Beam HPBW
	degree
	1.9

	
	
	Number of Satellite per orbital plane 
	-
	16

	
	
	Number of orbital planes
	-
	10

	
	
	Beam radius
	Km
	20

	
	
	Number of beam per satellite
	-
	1951

	
	GEO
	Beam HPBW
	degree
	0.21

	
	
	Number of Satellite per orbital plane 
	-
	4

	
	
	Number of orbital planes
	-
	1

	
	
	Beam radius
	Km
	65

	
	
	Number of beam per satellite
	-
	6769


Table 6 Illustration of the simulation assumptions

	Case 
	LEO600-S
	LEO600-Ka
	LEO1200-S
	LEO1200-Ka
	GEO-S
	GEO-Ka

	Satellite altitude
	600km
	600km
	1200km
	1200km
	35786km
	35786km

	Reference satellite constellation
	LEO
	LEO
	LEO
	LEO
	GEO
	GEO

	Satellite number per orbit
	28
	28
	16
	16
	4
	4

	Orbit number
	16
	16
	10
	10
	1
	1

	Beam number per satellite
	397
	2473
	331
	1951
	1387
	6769

	Duplexing
	FDD
	FDD
	FDD
	FDD
	FDD
	FDD

	DL Frequency
	2GHz
	20GHz
	2GHz
	20GHz
	2GHz
	20GHz

	UL Frequency
	2GHz
	30GHz
	2GHz
	30GHz
	2GHz
	30GHz

	Bandwidth per Satellite

(DL)
	400MHz
	400MHz
	400MHz
	400MHz
	400MHz
	400MHz

	Frequency reuse factor among beams
	1, 4
	1, 4
	1, 4
	1, 4
	1, 4
	1, 4

	Terrestrial scenarios
	Suburban and Rural scenarios
	Suburban and Rural scenarios
	Suburban and Rural scenarios
	Suburban and Rural scenarios
	Suburban and Rural scenarios
	Suburban and Rural scenarios

	Outdoor UE configuration
	100% 3gpp Class3 0km/h
	100% VSAT 0km/h
	100% 3gpp Class3 0km/h
	100% VSAT 0km/h
	100% 3gpp Class3 0km/h
	100% VSAT 0km/h

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

	Satellite EIRP density
	34dBm/MHz
	4 dBm/MHz
	40 dBm/MHz
	10 dBm/MHz
	59 dBm/MHz
	40 dBm/MHz

	Satellite beam HPBW
	6.3°
	1.9°
	7.1°
	1.9°
	0.47°
	0.21°

	UE distribution Region
	Low altitude region
	Low altitude region
	Low altitude region
	Low altitude region
	Low altitude region
	Low altitude region

	UE altitude
	0km
	0km
	0km
	0km
	0km
	0km

	UE antenna Type
	3gpp Class3
	VSAT
	3gpp Class3
	VSAT
	3gpp Class3
	VSAT

	UE antenna G/T
	-30.62dB/K
	14dB/K
	-30.62dB/K
	14dB/K
	-30.62dB/K
	14dB/K

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

	UE attachment
	RSRP based
	RSRP based
	RSRP based
	RSRP based
	RSRP based
	RSRP based

	Cable loss
	0dB
	0dB
	0dB
	0dB
	0dB
	0dB


Appendix B
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Figure 7 Illustration of the CL, C/N and SINR for LEO600 in Ka band with FR = 1
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Figure 8 Illustration of the CL, C/N and SINR for LEO 1200 in S band with FR = 1
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Figure 9 Illustration of the CL, C/N and SINR for LEO 1200 in Ka band with FR = 1
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Figure 10 Illustration of the CL, C/N and SINR for GEO in Ka band with FR = 1
Appendix C
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Figure 11 Illustration of the CL, C/N and SINR for LEO600 in Ka band with FR = 4
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Figure 12 Illustration of the CL, C/N and SINR for LEO1200 in S band with FR = 4
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Figure 13 Illustration of the CL, C/N and SINR for LEO1200 in S band with FR = 4
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Figure 14 Illustration of the CL, C/N and SINR for GEO in ka band with FR = 4
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