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Introduction
The propagation loss on an Earth-space path is a sum of different contributing factors each with its own set of characteristics. One such factor is scintillation which results in rapid signal-level fluctuations over short distances and are a result of refractive index fluctuations due to meteorological parameters (in the tropospheric case), and electron density (in the ionospheric case). The magnitude of tropospheric scintillation increases with increase in frequency, decrease in elevation, decrease in antenna beamwidth and can be greatly impacted by weather conditions (e.g., water vapor content of atmosphere). Tropospheric scintillation can result in serious performance degradation at low elevation angles ( 10o) 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. In our previous contribution [1], we discussed the need to consider both troposhperic and ionospheric scintillation for NTN channel model. In this document, we focus on tropospheric scintillation, providing a model to characterize the fading distribution in terms of the depth (or amplitude) and duration of the fade resulting from tropospheric scintillation.     

Tropospheric scintillation intensity
Tropospheric scintillation is caused by atmospheric turbulence, which happens in the lower part of the atmosphere. Therefore, it is applicable to all GEO/LEO/HAPS scenarios. The scintillation effect is non-negligible above 6 GHz, which means it should be considered in all Ka/Ku band scenarios. Scintillation results in fluctuations of signal amplitude without absorbing the energy, causing the amplitude enhancements and fades within a scintillation event.
In [2] and [3], tropospheric scintillation is measured by the scintillation fading level  (dB), which means that the fading level is lower than  dB for  percent of time. When , , indicating a scintillation fade. When , , which indicating a scintillation enhancement at level  dB.  is affected by several factors, including the water vapour pressure, temperature, humidity, frequency of the signal, free-space elevation angle, earth-station antenna diameter, antenna efficiency, etc. Based on the methods presented in [2] and [3],  can be found empirically by the following steps.
Step 1: Calculate the standard deviation of the original signal amplitude, .
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where  is the wet term of the radio refractivity, which can be obtained from the water vapour pressure, temperature, and humidity.
Step 2: Calculate the effective path length, .
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where  is the height of the turbulent layer, which is 1000 m.  (degree) is the free-space elevation angle, and .
Step 3: Estimate the effective antenna diameter, . If the geometrical antenna diameter, , and the antenna efficiency, , is known, we have
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Otherwise, it can be estimated from the antenna gain by
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where  is the antenna gain in the direction of the path.  (GHz) is the carrier frequency of the signal
Step 4: Calculate the antenna averaging factor, .
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where .
Step 5: Calculate the standard deviation of the signal after scintillation, .
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Step 6: Calculate the time percentage factor, , which is the factor for fades or enhancements level corresponding to  percent time.
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Step 7: Calculate the scintillation attenuation, .
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The steps above give feasible results for .
It is noteworthy that, for the 50 percent time when scintillation fades happen, the attenuation effect considered together with other sources of atmospheric attenuation, such as rain, clouds, water vapour, etc. A general method for calculating the total attenuation is given in [2]. The total attenuation when scintillation enhancements happen needs to be further studied. 

Conclusion
In this document, we considered a model to capture the intensity (depth) of fade for the case of tropospheric scintillation, the effects of which can be cause serious degradations in performance above 10 GHz and therefore need to be accurately modeled for the Ka/Ku band scenarios. We propose the following:
[bookmark: _GoBack]Proposal: NTN channel model needs to accurately capture effects of tropospheric scintillation for higher frequency deployments and can as a starting point consider the viability of using the model presented in ITU recommencations ITU-R P.618-13 and ITU-R P.619-3.  
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