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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 specially 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. Measured data shows the monthly-averaged r.m.s. fluctuations are well-correlated with the wet term of the radio refractivity, Nwet, at the surface of Earth.. Nwet depends on water vapor pressure and air temperature and can be derived either by local meteorological measurements or from global digital maps provided by ITU-R (see [2]). 
Method for fading prediction
The ITU-R recommendation algorithm for fading prediction [1] permits an accurate prediction of the amplitude.  This method consists in three parts: 
1) Prediction of the amplitude scintillation fading at free-space elevation angles ≥ 5° (section 2.4.1 in [1]). 
2) Prediction of the amplitude scintillation fading for fades ≥ 25 dB (section 2.4.2 in [1]). 
3) Prediction of the amplitude scintillation in the transition region between the above two distributions (section 2.4.3 in [1]).
An illustrative example of the three parts of the prediction method is shown in Fig. 2. Note that the prediction method in the transition region described in section 2.4.3 is tangent to the distribution described in section 2.4.1 at a free-space elevation angle of 5° and tangent to the distribution described in section 2.4.2 at a scintillation fading depth of 25 dB.
[image: ]
Figure 1: Example of the prediction method proposed in [1]
At very small percentages of time, and similarly for large fade depths (greater than about 10 dB), the fading due to scintillation at very low elevation angles can be significant. The fading is also observed to have a character similar to multipath fading on terrestrial links. Similar to the distribution of fade depths on terrestrial links, the distribution of fade depths for very low angle satellite links also appears correlated with refractivity gradient statistics. The overall fading distribution shows a gradual transition from a scintillation distribution at large exceedance percentages to a multipath fading distribution (with a slope of 10 dB/decade) at small percentages. The prediction methods in sections 2.4.2 and 2.4.3 for the deep fading and shallow fading portions of the overall distribution, respectively, use the refractivity gradient statistic, pL, to describe the climatic variations in the distribution.
ITU-R SG3 maintains an experimental statistical database for the assessment of model prediction errors (see [3]).
Time series of scintillation can be generated using the channel model provide in [4]

Proposal 1: The method proposed in section 2.4 in [1] shall be used for predicting the fading due to tropospheric amplitude scintillation.
Proposal 2: The generation of tropospheric attenuation time series shall be performed with the model provided in [4].

Conclusions
In this document, the following proposals have been presented in the context of tropospheric scintillation:
Proposal 1: The method proposed in section 2.4 in [1] shall be used for predicting the fading due to tropospheric amplitude scintillation.
Proposal 2: The generation of tropospheric attenuation time series shall be performed with the model provided in [4].

References
[1] [bookmark: _Ref510721134]ITU-R. “Propagation data and prediction methods required for the design of Earth-space telecommunication systems”, Rec. ITU-R P.618-13 (12/2017)
[2] [bookmark: _Ref510721141]ITU-R. “The radio refractive index: its formula and refractivity data”, Rec. ITU-R P.453-13 (12/2017)
[3] ITU-R. “Acquisition, presentation and analysis of data in studies of radiowave propagation ”, Rec. ITU-R P.311-17 (12/2017)
[4] [bookmark: _Ref510784362]ITU-R. “Tropospheric attenuation time series synthesis ”, Rec. ITU-R P.1853-1 (2/2012)

image1.png
Iustrative example of three parts of the scintillation prediction method
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