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1 [bookmark: _Ref298777854]Introduction
The propagation loss on an Earth-space path is a sum of different contributing factors each with its own set of characteristics as a function of frequency, elevation angle, altitude, geographic conditions etc.  One such factor that can cause significant attenuation in earth-space paths is attenuation due to atmospheric gases, rain and other precipitation. Attenuation due to atmospheric gases is caused by absorption and depends on frequency, elevation angle, altitude, water vapor density and can be significant for frequencies above 10 GHz and at low elevation angles. We discuss models that can be used to capture this attenuation in a separate contribution [1]. In addition to dry air and water vapor related atmospheric absorption attenuation, scintillation can result in rapid signal-level fluctuations over short distances. In this document, we focus on ionospheric scintillation and tropospheric scintillation, which are two mechanisms that can cause signal-level fluctuations and are mutually exclusive in terms of the frequency ranges of relevance.
Ionospheric scintillation results from inhomogeneities of electron density in the ionosphere, which cause refractive focusing or defocusing of radio waves. Tropospheric scintillations result from small-scale variations in refractive index, which is the result of variations in temperature, water vapor content and atmospheric pressure. The magnitude of tropospheric scintillation increases with increase in frequency, decrease in elevation, and decrease in antenna beamwidth. Tropospheric scintillation can result in serious performance degradation at low elevation angles and at frequencies above 10 GHz; whereas ionospheric scintillation can be non-negligible at frequencies below 6 GHz and is generally insignificant above 10 GHz.
2 Scintillation  
As mentioned above, both troposhperic scintillation as well as ionospheric scintillation can cause signal-level fluctuations on earth-space paths. We now provide additional details regarding each of these mechanisms. 
2.1 Ionospheric scintillation
Ionospheric scintillation is the effect of localized ionospheric irregularities that focus or defocus the radio waves when a signal goes through the ionosphere. The irregularities cause small-scale fluctuations in refractive index and subsequent differential diffraction (scattering) of the plane wave, producing phase variations along the phase front of the signal. After a steady signal passes through the region of irregularities, it has a rapid fluctuation of signal amplitude, phase, and angle-of-arrival. In terms of frequency distribution, ionospheric scintillation becomes less significant as the frequency increases, having non-negligible effect to mobile-satellite service (MSS) transmissions up to a few GHz. In terms of geographic distribution, ionospheric scintillation peaks at equatorial zones (latitude < 20°) and auroral zones (latitude > 70°) on both sides of the equator. In terms of diurnal distribution, equatorial ionospheric scintillation generally peaks after sunset, and lasts from 30 minutes to hours.
 Scintillation results in amplitude fluctuations, which affect the signal to noise ratio of the received signals. Moreover, it could make the received signal intensity drop below the receiver tracking threshold, causing loss of lock on the satellite, and hence the need to re-acquire the signal(s). There are numerous measures of amplitude fluctuation. The most commonly used parameter is the scintillation index S4, which is the square-root of the normalised variance of signal intensity over a given interval of time. S4 is the defined in (1).
,						(1)
where I is the signal intensity, and  means averaging. It is usually quantified into three regimes: weak, moderate or strong. The weak values correspond to S4 < 0.3, where the amplitude follows a log-normal distribution. The moderate S4 values from 0.3 to 0.6. The strong values correspond to S4 > 0.6, where the amplitude follows a Rayleigh distribution. As is mentioned earlier, ionospheric scintillation becomes less significant as the frequency increases. In the weak and moderate regimes, S4 shows a consistent  frequency dependence, with  being 1.5 for most multifrequency observations. In the strong regime,  factor decreases due to the saturation of scintillation.
Accompanying the amplitude fluctuation is the phase fluctuation. The phase fluctuation follows a zero-mean Gaussian distribution. The spectral density of the phase fluctuation shows a  frequency dependence. The phase fluctuation is measured by the standard deviation of the signal phase over a given interval of time. In weak and moderate regimes, the standard deviation (in radian) usually has a similar value to S4.
The Global Ionospheric Scintillation Model (GISM) is provided in [2] to predict S4, the rms phase deviation, and angular deviation due to ionospheric scintillaiton, as a function of satellite and ground station locations, date, time and working frequency.
Proposal 1: Ionospheric scintillation should be considered in the NTN channel model below 6 GHz.

2.2 Tropospheric scintillation
Like ionospheric scintillation, tropospheric scintillation is caused by the small-scale fluctuations of the  refractive index in troposphere. The fluctuation of signal amplitude is the main effect of tropospheric scintillation. It depends on the magnitude and structure of the refractive index variations along the propagation path. Unlike the ionospheric amplitude scintillation, tropospheric amplitude scintillation increases with frequency and with the path length, and decreases as the antenna beamwidth decreases.  Measured data shows the monthly-averaged rms fluctuations are well-correlated with the wet term of the radio refractivity, which depends on the water vapour content of the atmosphere. Typically, satellite links above 10 GHz may suffer from tropospheric scintillation fluctuations up to several decibels peak-to-peak with a time period of a few seconds. Tropospheric scintillation also becomes more significant at low elevation angles.
The amplitude of tropospheric scintillation is mainly measured by the net fade distribution parameter, , which is the value of fade depth that exceeded for p% of the time.  depends on various factors like frequency, evelation angle, fade, temperature, humidity, earth-antenna diameter, antenna efficiency, etc. In [3], three methods are presented to predict  in three different situations for frequencies between 4 GHz and 20 GHz:
1) when free-space elevation angles >= 5°,
2) when fades >= 25 dB,
3) in the transition region between 1) and 2).
It is noteworthy that for systems operating at frequencies > 18 GHz and especially those operating with low elevation angles and/or margins, scintillation should be considered together with other effects that simultaneously occur, which include the effect of rain, gas, clouds, etc.
Proposal 2: Tropospheric scintillation should be considered in the NTN channel model above 6 GHz.
3 Conclusion
In this document, we introduced the effects of ionospheric and tropospheric scintillations. Both cause the amplitude fluctuation of the signal. Ionospheric scintillation decreases with increase in frequency, which makes it non-negligible below 6 GHz. While tropospheric scintillation increases with increase in frequency, so it is usually non-negligible above 6 GHz. We propose that at both should be further studied and considered in NTN channel model. Therefore, we have the following proposals:
Proposal 1: Ionospheric scintillation should be considered in the NTN channel model below 6 GHz.
Proposal 2: Tropospheric scintillation should be considered in the NTN channel model above 6 GHz.
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