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1. Abstract
The objective of this document is to propose a text for the 6th clause of the TR 38.XXX “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN.

1. Discussion

This contribution reviews existing channel models applicable to satellite systems for handheld devices operating below 6GHz and very small aperture terminals (fixed or mounted on moving platforms) operating in Ka band. Outdoor conditions with direct line of sight (LoS) are assumed. Below 6 GHz and Ka band frequencies are considered. Various space segment configuration are being considered in terms of orbit (from HAPS to GEO) and payloads (bent-pipe or regenerative/processed).

1. Proposed text for approval

It is proposed to add the following texts to TR 38.XXX “Study on NR to support Non-Terrestrial Networks”.

* * * Start of changes * * * * 

2. Non-Terrestrial Networks channel models
[1] Digital Video Broadcasting (DVB); Second generation framing structure, channel coding and modulation systems for Broadcasting, Interactive Services, News Gathering and other broadband satellite applications Part II: S2 - Extensions (DVB-S2X), Oct. 2014. 
[2] A. A. M. Saleh, "Frequency-Independent and Frequency-Dependent Nonlinear Models of TWT Amplifiers," in IEEE Transactions on Communications, vol. 29, no. 11, pp. 1715-1720, Nov. 1981.
[3] D. B. Leeson, "A simple model of feedback oscillator noise spectrum," in Proceedings of the IEEE, vol. 54, no. 2, pp. 329-330, Feb. 1966.
 [4] Recommendation ITU-R P.618-12, “Propagation data and prediction methods required for the design of Earth-space telecommunication systems”, July 2015.
[5] Recommendation ITU-R P.676-11, “Attenuation by atmospheric gases”, Sept. 2016. 
[6] Abramowitz, M. and Stegun, I. A. (ed.), Handbook of Mathematical Functions, National Bureau of Standards, 1964; reprinted Dover Publications, 1965.
[7] Prieto-Cerdeira, R., Perez-Fontan, F., Burzigotti, P., Bolea-Alamañac, A. and Sanchez-Lago, I., “Versatile two-state land mobile satellite channel model with first application to DVB-SH analysis”, Int. J. Satell. Commun. Network., 28: 291–315., June 2010.
[8] ITU-R P.681-9, “Propagation data required for the design of earth-space land mobile telecommunication systems”, Sept. 2016.
[9] 3GPP TR 38.901: " Study on channel model for frequencies from 0.5 to 100 GHz (Release 14)".


* * * End of Changes * * * *


* * * Start of changes * * * * 

3.3 Abbreviations

AWGN		Additive White Gaussian Noise
FSS		Fixed Satellite Services
GEO		Geostationary Earth Orbiting
[bookmark: _GoBack]IMUX		Input MUltipleXer
LMS		Land Mobile Satellite
LoS		Line of Sight
gNB		next Generation Node B
OMUX		Output MUltipleXer
UE		User Equipment


* * * End of Changes * * * *



* * * Start of changes * * * * 

1. Non-Terrestrial Networks channel models
A channel model is here proposed for geostationary earth orbiting (GEO) and non-geostationary earth orbiting satellites. The satellite can be either a bent-pipe satellite (i.e. it only amplifies the received signal after frequency conversion) or a regenerative satellite when on-board modulation and demodulation (i.e. on-board processing) are performed. 
6.1 Frequency bands
Two frequency bands are here considered: below 6GHz and Ka bands. For Ka band communications, the uplink frequency is around 30GHz while the downlink frequency is around 20GHz. 

6.2 Satellite payload model 
The characteristics of satellite payload need to be taken into account in the channel model for the bent pipe payload case, since it does affect the signal between the transmitter and the receiver. The satellite payload consists then in an input multiplexer (IMUX) filter, a power amplifier and an output multiplexer, as depicted in Fig.1. The uplink noise is an additive white Gaussian noise (AWGN) which can often be neglected. A frequency conversion occurs after the IMUX filtering, so that additive phase noise has to be considered. 

[image: ]
Figure 1: Bent-pipe satellite payload

The IMUX filter is a band-pass filter which removes out-of-band components. The OMUX filter is a band-pass filter necessary to remove harmonics produced by the power amplifier. IMUX filter is likely to disturb the signal, because of the band edge slope, which creates group delay differences between the centre and the edge of the band. As a rule of thumb, the more input channels are close to each other, the more IMUX have to be selective, and thus the more the filtered signal is disturbed. OMUX filter create negligible distortion when the signal remains in the flat band of the filter.
[image: W:\octave\40_MHz_gain.png][image: W:\octave\40_MHz_group_delay.png]
Figure 2 : Typical 40 MHz filter gain and group delay response (signal bandwidth greater or equal to 36 MHz)
(Source [1], Annex H.7)
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Figure 2 : Typical 250 MHz filter gain and group delay response (signal bandwidth greater or equal to 225 MHz)
(Source [1], Annex H.7)
Here, the group delay difference between centre and edge of band is approximately of 2 complex symbols (40 MHz case) or 4.5 symbols (250 MHz case).
The power amplifier behaves like a non-linear device since it is generally used closed to its saturation point for power efficiency issues. The Saleh model [2] is the most well-known power amplifier model, given by following equations:


Where  is the input signal amplitude,  is the output signal amplitude,  is the phase shift in radians between the input and output signals, and   are parameters that must be chosen to best fit to the considered power amplifier. Typical values are  
The most well-known phase noise model for feedback oscillators is the Leeson’s model [3], given by the following equation:

Where  is the phase noise function of the offset frequency , the oscillator frequency,  the power at the oscillator input,  the Boltzman’s constant,  the absolute temperature, F the oscillator effective noise figure and Q the oscillator quality factor.

6.3 Path loss model
Since LoS is assumed, a free space loss model is considered:

 being the frequency,  the speed of light and the distance between the satellite and the UE. For non-stationary satellites, path loss is therefore a function of the satellite elevation as seen from the UE.

6.4 Atmospheric effects 
Below 6GHz
Signal attenuation occurs in the troposphere due to atmospheric gases, rain and clouds. It remains however negligible or small (typically below a few tenths of dBs) at frequencies below 6GHz. Scintillation occurs both in the troposphere and ionosphere, due to inhomogeneities in the medium. This results in rapid amplitude and phase fluctuations on the transmitted signal.  Tropospheric scintillation increases with frequency and remains low (typically with fluctuations below a few tenths of dB 99.9% of the time) for frequencies below 6GHz. Ionospheric scintillation effects increase at high latitudes, but decreases with frequency. Considering medium latitude values and frequencies above 1GHz (corresponding to the satellite bands), fluctuations remain below 0.3dB for 99.9% of the time, as shown in Table 1. This scintillation effect is therefore negligible at 2 GHz or above.
Table 1: Distribution of mid-latitude fade depths due to ionospheric scintillation (source: [4])
	Percentage of time
	Frequency (GHz)

	(%)
	0.1
	0.2
	0.5
	1

	1.0
	 5.9
	1.5
	0.2
	0.1

	0.5
	 9.3
	2.3
	0.4
	0.1

	0.2
	16.6
	4.2
	0.7
	0.2

	0.1
	25.0
	6.2
	1.0
	0.3


 
Ka bands
At Ka bands, tropospheric attenuation due to atmospheric gases, rain and clouds cannot longer be neglected. Tropospheric scintillation has also to be taken into account while ionospheric scintillation is negligible.
 Attenuation due to atmospheric gases is mainly due to oxygen and water vapour absorption. The exact attenuation depends on the frequency, UE altitude and water vapour density. It should be noted that oxygen absorption remains relatively constant over time while water vapour absorption varies with time due to changes in water vapour density [4]. An accurate estimation of atmospheric gases attenuation can be found in [5].
Rain and cloud attenuation is also a function of time, and cannot be accurately predicted, even for short-term predictions. Long term statistics are however available, allowing to assess the probability of exceeding a given attenuation on a yearly basis for instance. A method of calculation is given in [4], which takes as input the UE position (from which a rainfall rate is derived for 0.01% of an average year), the frequency and the elevation. 
Accurate estimation of tropospheric attenuation can neither be obtained. Probability of exceeding a given threshold is also derived from long term statistics. They are function of UE position (from which average surface ambient temperature and average surface relative humidity is derived on a monthly basis for instance), frequency, elevation, UE physical antenna diameter and UE antenna efficiency [4]. 

6.5 Land mobile satellite channel
Below 6GHz
A narrowband channel model can be assumed for bandwidths up to approximately 5MHz (non-frequency selective channel). For LoS conditions, the received signal amplitude is characterized by a Rician distribution with probability density function [6]:

where represents the amplitude of the received signal, µ and σ are the power of the LoS component and multipath components, respectively, and is a modified Bessel function of the first kind with order 0. The Rician factor is defined as the ratio , and is generally high  for the land mobile satellite channel.  
For non-geostationary satellites, the Rician factor is always time-varying even in the case of a fixed UE due to time-varying interference power and phase, but also due to the time-varying path loss. In the case of moving UE, the Rician factor is always time-varying.
For bandwidths above 5MHz, a frequency selective channel is considered. It is generally described by a power delay profile, which is always time-varying in case of a non-geostationary satellite or moving UE.
Ka band
The scope of the document is limited to the case of very small aperture terminals with highly directive antennas pointing towards the satellite. In this case, incoming signals outside the direction of the direct path remain unseen by the terminal so that AWGN channel is assumed. 
6.6 Doppler shift and Doppler spread
A Doppler shift has to be considered, especially when non GEO satellites or mobile terminals are considered.  The Doppler shift varies with the position of the satellite, being maximal at minimal elevation with a few tens of kHz as order of magnitude. Doppler spread also occurs due to terminal motion. In [7], a Butterworth filter has been selected as a more realistic approach than the classical Doppler spectrum to represent the Doppler spread of the LMS case channel. This Doppler spectrum is given by:


where  is the cut-off frequency, k the order of the filter and B a normalizing constant. The maximum Doppler spread depends on the terminal velocity and is typically of several hundred Hertz.

The reader shall note that if Doppler spectrum given in [7] seems to be the closest to the reality, the last LMS model given in [8] is using Jakes model. For information studies have been done about the impact of the Doppler spectrum over temporal propagation series, and impact seems to be limited.

6.7 Differences between terrestrial and satellite channel models
Limiting the comparison to LoS scenarios, terrestrial and satellite channel models differ in the following points:
	Channel model attributes
	Terrestrial (all frequencies)
	Satellite below 6GHz
	Satellite in Ka band

	Multi path delay model
	Selective frequency channel
	Flat frequency fading for bandwidth < 5 MHz, selective frequency fading otherwise (*)
	AWGN (considering highly directive  UE antennas)

	In band non-linear distortion
	No
	Yes (**)
	Yes (**)

	Phase noise
	No
	Yes (only for bent-pipe satellites)
	Yes (only for bent-pipe satellites)

	Doppler shift
	Relatively Lower (except for high speed trains)
	Possibly High in case of LEO/MEO (***)
	Possibly High in case of LEO/MEO (***)

	Doppler spread model
	Classical Doppler
	Butterworth
	None


(*) For a given scenario (urban, suburban or rural), channel selectivity is expected to be higher in the terrestrial case
(**) only for bent-pipe satellites
(***) can be pre/post compensated by gNB depending on the considered scenario

Considering line of sight conditions, the satellite channel model is a flat frequency channel with a time-varying attenuation.  A Doppler shift has to be considered, especially for non GEO satellites or mobile terminals, while the Doppler spectrum is characterized by a Butterworth filter.
The main differences between terrestrial and satellite channel models, which will require a 3GPP model change, are:
· The Doppler spread filter
· The maximum Doppler shift value
· The inclusion of non-linear distortion by introducing an additional in band interference level

* * * End of Changes * * * *
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