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1. Abstract
The objective of this document is to propose a text for the 6th clause of the TR 38.811 “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 (VSAT), fixed or mounted on moving platforms, operating in Ka band. VSAT characteristics are described in Section 4.4 of TR 38.811. Outdoor conditions with direct line of sight (LoS) are assumed and various space segment configurations are being considered in terms of orbit, from HAPS to GEO.

1. Proposed text for approval

It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.

* * * Start of changes * * * * 

2. Non-Terrestrial Networks channel models
[1] F. P. Fontan, M. Vazquez-Castro, C. E. Cabado, J. P. Garcia and E. Kubista, "Statistical modeling of the LMS channel," in IEEE Transactions on Vehicular Technology, vol. 50, no. 6, pp. 1549-1567, Nov 2001.
[2] Abramowitz, M. and Stegun, I. A. (ed.), Handbook of Mathematical Functions, National Bureau of Standards, 1964; reprinted Dover Publications, 1965.
[3] ITU-R P.681-9, “Propagation data required for the design of earth-space land mobile telecommunication systems”, Sept. 2016.
[4] 3GPP TR 38.901: " Study on channel model for frequencies from 0.5 to 100 GHz (Release 14)".
[5] 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.
 [6] Recommendation ITU-R P.618-12, “Propagation data and prediction methods required for the design of Earth-space telecommunication systems”, July 2015.
[7] Recommendation ITU-R P.676-11, “Attenuation by atmospheric gases”, Sept. 2016. 
[8] Kyröläinen, J., Hulkkonen, A., Ylitalo, J., Byman, A., Shankar, B., Arapoglou, P.-D. and Grotz, J. (2014), Applicability of MIMO to satellite communications. Int. J. Satell. Commun. Network., 32: 343–357.


* * * End of Changes * * * *


* * * Start of changes * * * * 

3.3 Abbreviations

AWGN		Additive White Gaussian Noise
FSS		Fixed Satellite Services
GEO		Geostationary Earth Orbiting
IMUX		Input MUltipleXer
LMS		Land Mobile Satellite
LOS		Line Of Sight
gNB		next Generation Node B
NLOS		Non Line Of Sight
OMUX		Output MUltipleXer
TDL		Tapped Delay Line
UE		User Equipment
VSAT		Very Small Aperture Terminal


* * * End of Changes * * * * 




* * * Start of Changes * * * *

1. Non-Terrestrial Networks channel models
6.1 Considerations on satellite propagation channel
A channel model is here proposed for geostationary earth orbiting (GEO) and non-geostationary earth orbiting satellites. 
6.1.1 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. 
6.1.2 Considered assumptions
Following assumptions are made:
Assumption 1: Satellite based communication systems are typically not designed to ensure the closing of link budget with terminals in NLOS conditions. In such conditions communications may be degraded
Assumption 2: For satellite Ka band channels, only very small aperture terminals (VSAT) with directive antennas pointing towards the satellite are considered.   
6.1.3 Path loss modelling 
Only LOS conditions are assumed, so that 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. It should be noted that shadow fading is normally distributed [1].
6.1.4 Fast Fading distribution
Only LOS conditions are considered. 
Below 6GHz channels
For channels below 6GHz, a narrowband channel model can be assumed for bandwidths up to approximately 5MHz (non-frequency selective channel). In LOS conditions, this narrowband channel model is characterized by a Rician fast fading distribution with following probability density function [2]:

where represents the amplitude of the received signal, µ and σ are the power of the L0S 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 satellite channels. 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.
Generalization for wideband channels has been discussed in [3]. A characterization by tap has to be introduced, similarly to [4] but with usually a fewer number of taps. Except for the LOS tap, which is characterized by a Rician distribution, Rayleigh distribution is assumed for all taps. Taking the same notation as previously, the Rayleigh distribution has following probability density function [2]:


Ka band channels
For fixed VSAT terminals, an AWGN channel model is assumed independently from the considered channel bandwidth. For mounted VSAT, an AWGN channel model is not always representative. A relevant channel model will be defined in future contributions.
6.1.5 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 [5], 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 [5] seems to be the closest to the reality, the last LMS model given in [3] is using Jakes model. For information, studies have been done about the impact of the Doppler spectrum model choice over temporal propagation series, and impact seems to be limited.

6.1.6 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: [6])
	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 [6]. An accurate estimation of atmospheric gases attenuation can be found in [7].
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 [6], 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 [6].
6.1.7 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)

	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
(**) can be pre/post compensated by gNB depending on the considered scenario

6.2 Considerations on HAPS propagation channel
TBD
6.3 Proposed changes to TR38.901
It is here proposed to introduce some modifications to TR38.901 in order to extend its applicability to satellite communication use cases. Since the satellite channel does generally not have a rich multi-path propagation characteristics, MIMO operations are usually not performed [8]. The main proposed modification is therefore to define tapped delay line (TDL) models specific to satellite channels in Section 7.7.2.
It is proposed to introduce changes in following Sections of TR38.901:
2 	References
It is proposed to introduce the necessary references, issued from Section 2 of TR 38.811.
3	Definitions, symbols and abbreviations
3.3 Abbreviations
It is proposed to introduce the necessary references, issued from Section 2 of TR 38.811.

6 	Status/expectation of existing information on high frequencies
[bookmark: _Toc477178258]6.1Channel modelling works outside of 3GPP
It is proposed to include channel modelling works related to satellite channel models.
6.2 Scenarios of interest
It is proposed to include scenarios of interest related to satellite channel models.
6.3 Channel measurement capabilities
It is proposed to include laboratories having expertise in satellite channel measurement and modelling.
6.4 Modelling objectives
It is proposed to include the following objective:  To cover terrestrial and satellite use cases.
7 Channel model(s) for 0.5-100 GHz

7.4 Pathloss, LOS probability and penetration modeling

	7.4.1 Pathloss

It is proposed to include the pathloss model issued from Section 6.1.3, including a shadow fading standard deviation for different scenarios.
7.6 Additional modelling components
It is proposed to add a new subsection “7.6.9 Atmospheric effects for the satellite channel” which includes references to atmospheric effect models issued from Section 6.1.6 of TR 38.811. 
7.7 Channel models for link-level evaluations
7.7.2 TDL models
It is proposed to add TDL models for satellite channel models for below 6GHz communications. It should be noted that TDL models generally incorporate antenna diagrams from the transmitter and the receiver. In satellite communications however, it can be assumed that all multi-path components have the same transmitter antenna directivity due to the large distance between the transmitter and the UE. 
It is also proposed to consider an AWGN satellite channel model for fixed VSAT in Ka band, as described in Section 6.1.4 of TR 38.811. The case of mounted VSAT in Ka band will also be included and has still to be defined in Section 6.1.4 of TR 38.811.
It is also proposed to consider an additional Doppler spectrum based on a Butterworth filter, as described in Section 6.1.5 of TR 38.811.

* * * End of Changes * * * *
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