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1. [bookmark: _Ref298777854]Introduction
This contribution reviews existing channel models applicable to satellite systems operating in frequency bands below 6 GHz for handheld devices operating in outdoor conditions. Various space segment configuration are being considered in terms of orbit (LEO to GEO) and payloads (bent pipe or regenerative/processed).
The intent is to identify the most relevant satellite channel model for upcoming study on NR support Non-Terrestrial Networks (See RP-170717).
 
1. Abbreviations
FSS		Fixed Satellite Services
GEO		Geostationary Earth Orbiting
IMUX		Input MUltipleXer
LMS		Land Mobile Satellite
LoS		Line of Sight
gNB		next Generation Node B
OMUX		Output MUltipleXer
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1. Discussion
In this contribution, geostationary earth orbiting (GEO) and non-geostationary earth orbiting satellites are considered. The satellite can be either a bent-pipe satellite (i.e. acts as a repeater of the analog received signals) or a regenerative satellite when on-board modulation and demodulation are performed. For narrowband mobile satellite services (FSS), the satellite channel can be seen as the concatenation of three effects:
· Filtering and amplification in the satellite payload
· Time-varying attenuation and scintillation due to tropospheric and ionospheric effects
· A time-varying attenuation due to multipath propagation at the earth surface
Satellite payload model 
The characteristics of satellite payload need to be taken into account in the channel model only for the bent pipe payload case. The satellite payload consists then in an input multiplexer (IMUX) filter, a power amplifier and an output multiplexer, as depicted in Fig.1. The IMUX filter is a band-pass filter which removes out-of-band components. The power amplifier behaves like a non-linear device close to its saturation point, but does not disrupt the signal when used in its linear region.  The OMUX filter is a band-pass filter necessary to remove harmonics produced by the power amplifier.
IMUX filter
Power amplifier
OMUX filter



Figure 1: Bent-pipe satellite payload
The IMUX and OMUX filters create negligible distortion when the signal remains in the flat band of the filters. The power amplifier is traditionally used close to its saturation point for power efficiency issue, so that non-linear distortion is created. Fig.2 and Fig.3 show typical responses of the power amplifier in terms of output power and output phase shift as function of the input power.
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Figure 2: Typical AM-AM characteristic
(Source [1], annex H.7)
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       Figure 3: Typical AM-PM characteristic    (Source [1], annex H.7)



Tropospheric and ionospheric effects
In addition to constant path loss attenuation (which is not assumed to be part of the channel), additional signal attenuation occurs in the troposphere due to atmospheric gases, rain and clouds. It remains however negligible or small (typically below a few tens 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 tens 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: ITU-R P.618-12)
	
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


 

Land mobile satellite channel
Narrowband signals are here considered so that time dispersion effects can be neglected. For the land mobile satellite (LMS) channel, this includes signals up to approximately 5MHz.
In [2], Perez-Fontan proposed a three-state channel model, corresponding to line-of-sight (LOS), intermediate shadow and deep shadows conditions. Within each state, the received signal is supposed to follow a Loo distribution [3], which means that the signal can be represented as a sum of the direct signal and a diffuse multipath component. The direct signal is log-normally distributed while the diffuse multipath component follows a Rayleigh distribution. The direct signal variations are due to non-uniform receive antenna patterns and changes in mobile orientation with respect to the satellite [2].

The received signal is therefore statistically characterized by the mean and variance of the direct signal component, and by the mean power of the multipath component.  Databases are provided in [5], [6] and [7] as function of the elevation, considered area (urban, sub-urban, open…) and different receiver antenna directivity (hand-held and car-roof antennas).

A two-state channel model is considered in [4], where the received signal is still considered to be the sum of a direct path and a multipath component, with each state following a Loo distribution. A versatile selection of statistical parameters is proposed in order to better correspond with reality. Therefore, we recommend this two-state channel model as reference for the LMS case.
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 [8], 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.

3GPP versus Satellite channel comparison

	Channel model attributes
	3GPP terrestrial
	Satellite bentpipe
	Satellite regenerative

	Doppler spread model
	Classical Doppler
	Butterworth
	Butterworth

	Multi path delay model
	Delay profile (Selective frequency channel)
	One tap (Flat frequency channel – 2 states)
	One tap (Flat frequency channel – 2 states)

	In band non-linear distortion
	No
	Yes
	Yes

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




(*) can be pre/post compensated by gNB
1. Conclusion
In this contribution, both pent-pipe payload and regenerative payloads are considered for Earth space narrowband communication with handheld devices considering frequency bands below 6 GHz. Considering outdoor conditions, the channel model is a flat frequency channel with a time-varying attenuation described by a 2 state model.  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
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