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1   Introduction
This contribution is a text proposal for Chapter 6 (channel models) of TR38.811. In particular, the sub-sections 6.6.5 and 6.6.6 are addressed in details.
2   Proposal
The text proposal is shown below.
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6
Non-Terrestrial Networks channel models
6.6.5 Rain and cloud attenuation
Rain and cloud attenuation is considered as negligible for frequencies below 6 GHz. 
Section 2.2 of [3] describes a method to estimate the long-term statistics of attenuation due to rain, which are location specific.
For system-level simulations, the baseline is to consider clear sky conditions only. 

Alternatively, the following procedure shall be followed to define rain and cloud attenuation (adaptation of [3] for drop-based simulations):
· For each UE, determine its CDF of rain and cloud attenuation (location specific) using Section 2.2 of [3].

· For each drop, draw the attenuation due to rain and cloud attenuation for each UE from its corresponding CDF

Note: The spatial correlation of rain and cloud attenuation is not taken into account in this procedure.

6.6.6 Scintillation

Scintillation corresponds to rapid fluctuations of the received signal amplitude and phase. Depending on the frequency band, ionospheric and/or tropospheric scintillation may affect the satellite link. For simplicity, a common rule of thumb is to apply only ionosphere propagation phenomena below 10 GHz, while tropospheric scintillation becomes significant only above 10 GHz.
6.6.6.1 Ionospheric scintillation
These phenomena are among the most severe disruptions along a trans-ionospheric propagation path for signals below 3 GHz, and may be observed occasionally up to 10 GHz [1]. Scintillations depend on location, time-of-day (as observed in Figure 1), season, solar and geomagnetic activity. During nominal conditions, strong levels of scintillation are rarely observed in mid-latitudes, but they may be encountered daily during post-sunset hours in low latitude regions. At high (auroral and polar) latitudes, moderate to strong levels of scintillations have been observed.
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Figure 1: Occurrence of different scintillation events around the solar maximum of 2014 at low (top) and high (bottom) latitudes.

6.6.6.1.1 Ionospheric scintillation indices
The most commonly used parameter to characterize intensity fluctuations (amplitude scintillations) is the amplitude scintillation index S4 [1], defined by equation:
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where I is intensity (proportional to the square of the signal amplitude) and [image: image5.png]


 denotes averaging, usually over a period of 60 seconds. 

Likewise, phase scintillations are characterized by the standard deviation of the phase variations, the phase scintillation index σφ:
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where φ is carrier phase in radians and [image: image9.png]


 denotes averaging, usually over a period of 60 seconds.

For convenience, scintillation strength can be classified into three regimes: 

Table 1: Definition of scintillation regime based on S4 values
	Scintillation Regime
	Amplitude Scintillation 
	Phase Scintillation (rad) 

	Weak
	S4 < 0.3
	σφ < 0.25-0.3

	Moderate
	0.3 ≤ S4 ≤ 0.6
	0.25-0.3 ≤ σφ ≤ 0.5-0.7

	Strong
	S4 > 0.6
	σφ > 0.5-0.7


6.6.6.1.2 Ionospheric scintillation location dependence
As previously mentioned, scintillation effects differ at low and high-latitudes, and they are not observed at mid-latitudes except for strong geomagnetic storms. At high-latitudes (e.g., above 60°), the effect mainly occurs from the high-latitude edge of the Van Allen outer belt into polar region. On the other hand, Equatorial scintillations occur around ±20° of latitude of the magnetic equator and they are due to large (~100 km) depleted ionization volumes driven through the F region, leaving a plume of small-scale (tens of cm to m) irregularities surrounding the depletion, which can extend well through F-layer peak. They are produced by convective plasma processes. Irregularities with this range of scales are not independent from larger-scale plasma structures to those of smaller-scale irregularities.

The cross-correlation between S4 and σφ is markedly different between high geomagnetic latitudes and low latitudes. Amplitude scintillations dominate at low-latitudes, and phase scintillations dominate at high latitudes, however, they are not exclusively and both effects can be expected in the two regions.
6.6.6.1.3 Frequency scaling
For frequency scaling, typically the following relation on amplitude scintillation S4 index is used:
[image: image11.png](;72)
=Sai\;,
Sfy

















( AUTONUMLGL  \* Arabic \e )

with n=1.5 recommended for L-band frequencies. In [2], values of n derived from satellite measurement data between several pairs of frequencies from 30 MHz up to 6 GHz are presented, ranging from 1 to 2. This relationship is valid particularly for weak scattering assumptions (higher elevations and low to moderate S4 values below 0.6). For high S4 values (S4=1), the relation saturates with n equal to 0.

For phase scintillations, an equivalent relation is used:
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with n=1 recommended for L-band frequencies and also reaching saturation for high σφ values.
As an illustrative example, the frequency scaling between GPS L1, L2 and L5 bands (1.57542, 1.22760 and 1.17645 GHz, respectively) is presented in Figure 2, where scintillation events in two bands are compared against each other and against the theoretical values described by (3) and (4).
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Figure 2: Frequency correlation of scintillation events observed in GPS L1, L2 and L5 bands.
6.6.6.1.4 Model for Ionospheric scintillation loss
The proposed method is based on the so-called Gigahertz scintillation model ([1], Section 4.8), and it is valid only for the regions located approximately 20° north and south of the magnetic equator (see clause 6.6.6.1.2). At high-latitudes (e.g., above 60°), this model is not applicable, whereas for other latitude locations the ionospheric scintillation can be neglected. 
To evaluate the scintillation effects that can be expected in a given situation the following steps may be used:

Step 1:  Figure 3 provides scintillation occurrence statistics on equatorial ionospheric paths: peak‑to-peak amplitude fluctuations, Pfluc, (dB), for 4 GHz reception from satellites in the East at elevation angles of about 20 (P solid curves) and in the West at about 30 elevation (I dotted curves). The data are given for different times of year and sunspot number.

Step 2:  Since Figure 3 relates to 4 GHz, values for other frequencies are found by multiplying these values by ( f /4)–1.5 where f is the frequency of interest (GHz).

Step 3:  Since one element of link budget calculations is related to signal loss due to scintillation, As, the following relationship is recommended: [image: image16.png]As = Py /N2



.

Note: the most widely used parameter in describing amplitude scintillations phenomena is the amplitude index S4. It is adopted to define three main regime conditions (see Table 1), and it is related to Pfluc using the empirical approximation Pfluc = 27.5 S41.26, where the empirical conversion table is presented in [1].
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Figure 3: Annual statistics of peak-to-peak fluctuations observed at Hong Kong earth station (Curves I1, P1, I3-I6, P3-P6) and Taipei earth station (Curves P2 and I2). Extracted from [1].
6.6.6.2 Tropospheric scintillation
Tropospheric scintillation is a phenomenon that causes rapid amplitude and phase fluctuations of signals from satellite communication systems. Unlike, ionospheric scintillation, the effect of tropospheric scintillation increases with the carrier frequency of the signal, being especially significant above 10GHz. In this case, the signal fluctuations are caused by sudden changes in the refractive index due to the variation of temperature, water vapor content, and barometric pressure. 
Besides increasing with the carrier frequency, the effects of scintillation also increase with low elevation angles, due to the longer path of the signal, and wide beam width receiving antennas. 
6.6.6.2.1 Model for Tropospheric scintillation loss
· The ITU-R recommendation algorithm for fading prediction [3] permits an accurate prediction of the amplitude. This method consists in three parts: 

· Prediction of the amplitude scintillation fading at free-space elevation angles ≥ 5° (Section 2.4.1 in [1]). 
· Prediction of the amplitude scintillation fading for fades ≥ 25 dB (section 2.4.2 in [1]). 
· Prediction of the amplitude scintillation in the transition region between the above two distributions (section 2.4.3 in [1]).

An illustrative example of typical power attenuation levels as a function of the elevation angle is depicted in Figure 4. The user location is Toulouse (France), the carrier frequency is set to 20 GHz, and circular polarization is assumed. Even though tropospheric scintillation is latitude dependent, it is suggested to take this plot as a reference for satellite link margin computation.
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Figure 4: Complementary cumulative probability function of the tropospheric scintillation attenuation at 20 GHz in Toulose (France).

For clarity, from Figure 4 the tropospheric attenuation levels at 99% of the time are summarized in Table 2.
Table 2: Tropospheric attenuation in dB with 99% probability at 20 GHz in Toulose.

	Elevation angle [deg]
	Tropospheric attenuation, P{As > x} < 0.01

	10
	1.08 dB

	20
	0.48 dB

	30
	0.30 dB

	40
	0.22 dB

	50
	0.17 dB

	60
	0.13 dB

	70
	0.12 dB

	80
	0.12 dB

	90
	0.12 dB
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