3GPP TSG RAN WG1 Meeting #96bis 
R1-1905216
Xi’An, CHINA, April 8th – 12th, 2019
Source:           ESA
Title: 
Key satellite parameters and simulation assumptions for NTN
Agenda Item:  7.2.5.1
Document for: Discussion and Approval
1 Introduction

The SI on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2]. The RAN1 objectives have been reported below.
· Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 

· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

· 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 [RAN1]

In RAN1 #96 meeting, some documents were submitted for information about NTN simulation assumptions and channel model parameters for link level and system level simulations [3], [4], [5], [6].

In this contribution, we proposed some typical satellite parameters and the most common simulation assumptions for both LLS and SLS performance evaluation to be added in [8], in the context of RAN1 analysis for this NTN Study Item.
2 Key satellite parameters for RAN1 simulations

2.1 Satellite constellation

In [8], both geostationary and non-geostationary satellite orbits have been considered for 5G NR systems. Whilst the GEO orbit description is straightforward, the LEO constellation needs more details in order to assess the system performance. Some examples of possible LEO orbit parameters have been reported below in order to get worldwide coverage.
Table 1: Satellite orbit parameters

	Orbit
	Description

	GEO
	Equatorial plane, 35’786 km height, and fix coverage on Earth.

	LEO (S-band)
	6 orbital planes with 87 degrees inclination, 10 satellites per plane (i.e., 36 degrees angular separation among them).
This configuration can be used for both 600 km and 1200 km altitude.

	LEO (Ka-band)
	8 orbital planes with 87 degrees inclination, 15 satellites per plane (i.e., 24 degrees angular separation among them).
This configuration can be used for both 600 km and 1200 km altitude.


Since it is not necessary to simulate the whole LEO constellation and to assess the worldwide performance, it is recommended to consider a single orbital plane and up to three satellites in that plane.
Proposal 1: In case of LEO constellation, it is recommended to consider a single orbital plane and up to three satellites in that plane.
2.2 Satellite parameters
In the case of transparent satellite, the impacts on the RF signals due to the transmission via the feeder link (e.g., Doppler shift, non-linear amplification, thermal noise, etc.) can be neglected. The main reason relies on the fact that by design these transmission impairments are typically negligible or easy to be compensated.
Proposal 2: In case of transparent satellite, the transmission impairments in the feeder link can be neglected.
In the following, the main satellite characteristics have been reported for the service link only. In particular, the downlink and uplink parameters are listed in Table 2 and Table 3, respectively.
Table 2: 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

	Satellite antenna pattern
	Section 6.4.1 in [7]
	Section 6.4.1 in [7]
	Section 6.4.1 in [7]

	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 radius
	
	300 km
	75 km
	35 km

	Max Satellite Doppler shift (Note 2)
	
	up to 300 Hz
[ ~ 0.15 ppm]
	40 kHz
[ 20 ppm]
	48 kHz
[ 24 ppm]

	Max Satellite Doppler rate (Note 2)
	
	N/A
	180 Hz/s
[ 0.09 ppm/s]
	544 Hz/s
[ 0.27 ppm/s]

	Satellite amplifier
	
	Table 9 in Annex 2
	Table 9 in Annex 2
	Table 9 in Annex 2

	Satellite phase noise
	
	Table 6 in Annex 1
	Table 6 in Annex 1
	Table 6 in Annex 1

	Satellite antenna diameter
	Ka-band
	5 m
	0.5 m
	0.5 m

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

	Satellite beam radius
	
	130 km
	20 km
	10 km

	Max Satellite Doppler shift
(Note 2)
	
	Up to 3 kHz
[ ~ 0.15 ppm]
	400 kHz
[ 20 ppm]
	480 kHz
[ 24 ppm]

	Max Satellite Doppler rate
(Note 2)
	
	N/A
	1.80 kHz
[ 0.09 ppm/s]
	5.44 kHz
[ 0.27 ppm/s]

	Satellite amplifier
	
	Table 8 in Annex 2
	Table 9 in Annex 2
	Table 9 in Annex 2

	Satellite phase noise
	
	Table 7 in Annex 1
	Table 7 in Annex 1
	Table 7 in Annex 1

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [7].

Note 2: These values (Doppler shift and Doppler rate) refer to the scenario without pre-compensation at the transmitter side.


Table 3: Example of satellite parameters and payload characteristics for uplink transmissions
	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Satellite antenna pattern
	Section 6.4.1 in [7]
	Section 6.4.1 in [7]
	Section 6.4.1 in [7]

	Satellite amplifier
	N/A
(linear region)
	N/A
(linear region)
	N/A
(linear region)

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

	Satellite Noise Temp.
	
	28 dB (K)
	-
	-

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

	Max Satellite Doppler shift
(Note 2)
	
	up to 300 Hz
[ ~ 0.15 ppm]
	40 kHz
[ 20 ppm]
	48 kHz

[ 24 ppm]

	Max Satellite Doppler rate
(Note 2)
	
	N/A
	180 Hz/s
[ 0.09 ppm/s]
	544 Hz/s
[ 0.27 ppm/s]

	Satellite antenna diameter
	Ka-band
	5 m
	0.5 m
	0.5 m

	Satellite Noise Temp.
	
	-
	29 dB K-1
	29 dB K-1

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

	Max Satellite Doppler shift
(Note 2)
	
	N/A
	600 kHz
[ 20 ppm]
	720 kHz
[ 24 ppm]

	Max Satellite Doppler rate
(Note 2)
	
	N/A
	2.7 kHz
[ 0.09 ppm/s]
	8.16 kHz
[ 0.27 ppm/s]

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [7].

Note 2: These values (Doppler shift and Doppler rate) refer to the scenario without pre-compensation at the transmitter side.


Proposal 3: To adopt Table 2 and Table 3 to describe the main satellite parameters for downlink and uplink transmissions, respectively.
In the following, for the sake of clarity, some example of satellite beam layout have been reported.
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Figure 1: Example of S-band GEO spot beams over France. The blue line shows the 3dB contour.
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Figure 2: Example of S-band LEO spot beam layout. Frequency reuse factor equal to 4 has been shown.
3 Conclusions

In this document, the following proposals have been presented in the context of the definition of typical satellite parameters and payload characteristics:
Proposal 1: In case of LEO constellation, it is recommended to consider a single orbital plane and up to three satellites in that plane.
Proposal 2: In case of transparent satellite, the transmission impairments in the feeder link can be neglected.
Proposal 3: To adopt Table 2 and Table 3 to describe the main satellite parameters for downlink and uplink transmissions, respectively.
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Annex A.1: Satellite phase noise models

Hereafter, typical phase noise masks for satellite payloads in S- and Ka- bands are reported, respectively. The measurements have been extracted from [9] and [10]. These tables refer to downlink transmissions, however without loss of precision, these masks can be adopted also for uplink analysis.

Table 6: S-band satellite phase noise mask [9]

	S-Band
	10 Hz
	100 Hz
	1 kHz
	10 kHz
	100 kHz
	1 MHz
	10 MHz

	dBc/Hz
(SSB)
	-29
	-59
	-69
	-74
	-83
	-95
	-101


Table 7: Ka-band satellite phase noise mask [10]

	Ka-Band
	100 Hz
	1 kHz
	10 kHz
	100 kHz
	1 MHz
	10 MHz
	100 MHz

	dBc/Hz
(SSB)
	-62
	-80
	-90
	-95
	-106
	-116
	-118


Annex A.2: Satellite on-board amplifier model

In the following, typical AM/AM and AM/PM characteristics for on-board amplifiers are shown. Aiming at state-of-the-art devices, the reported characteristics belong to linearized amplifiers. In particular, the non-linear characteristics have been differentiated between Travelling Wave Tube Amplifier (TWTA) and Solid State Power Amplifier (SSPA). Both input/output measurements of the amplifier have been normalized.
Table 8: Typical AM/AM and AM/PM characteristics for linearized TWTA, extracted from [10].
	IBO [dB]
	OBO [dB]
	Phase [deg]

	-20
	-18
	0

	-18
	-16
	0

	-16
	-14
	-0.5

	-14
	-12
	-0.5

	-12
	-10
	-0.5

	-10
	-8
	-1

	-8
	-6
	-1

	-6
	-4
	-1

	-4
	-2
	-2.5

	-3
	-1
	-3

	-2
	-0.5
	-4

	-1
	-0.1
	-6

	0
	0
	-8

	1
	-0.1
	-7

	2
	-0.5
	-6

	3
	-1
	-4

	4
	-2
	-2


Table 9: Typical AM/AM and AM/PM characteristics for SSPA, extracted from [11]
	IBO [dB]
	OBO [dB]
	Phase [deg]

	-18
	-16.7
	0

	-16
	-14.7
	0.5

	-14
	-12.7
	1

	-12
	-10.7
	2.5

	-10
	-8.6
	3.5

	-8
	-6.5
	5

	-6
	-4.5
	6

	-4
	-2.6
	7

	-3
	-1.9
	7

	-2
	-1.2
	7

	-1
	-0.6
	6.5

	0
	0
	6

	1
	0.5
	5

	2
	0.9
	4

	3
	1.1
	3.5

	4
	1.3
	3


