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Introduction
It was agreed in [1] that the basic path loss for the earth-space path in the NTN channel model is composed of the free space basic path loss, attenuation due to atmospheric gases and scintillations, clutter loss, and building entry loss for the clear-air transmission. In addition, atmospheric phenomenon involving water or water vapor such as rain, snow, and clouds can contribute to attenuation on the earth-space path. Rain attenuation can generally be ignored at frequencies below 5 GHz, however, it can be significant at higher frequencies. Similarly, attenuation due to clouds may be important when considering earth-space paths for frequencies greater than 10 GHz. In this document, we provide models that capture the effects of rain and cloud attenuation, which can be included in design calculations of earth-space paths for the NTN channel model.   

Rain attenuation 
Rain attenuation occurs as a result of absorption and scattering by rain. It cannot be ignored at frequencies above about 5GHz. Rain attenuation is measured by  (dB), which means the attenuation exceeds  dB for  percent of time. In [2], two models are presented to estimate . The first model, presented in §2.4.1 of [2], estimates the long-term attenuation caused by liquid rain. The attenuation is affected by the signal frequency, path length, path elevation angle, polarization, rain rate, etc. The second model, presented in §2.4.2 of [2], estimates the attenuation caused by rain and wet snow. The estimated attenuation from the first model is used as preliminary information in the second model.
The difference between these two models is that the second one considers the effect of melting ice particle or wet snow in the melting layer. Therefore, whether the first model or the second model should be used depend on the altitudes of the transmitter and receiver. If both are located above the melting layer, then there is no attenuation due to rain or wet snow. If both are located below the melting layer, then the first attenuation model should be considered. If one is above the melting layer while the other is below, then the second attenuation should be considered. The estimated height of the mean annual 0°C isotherm in the melting layer, where the wet snow is located, is given in [3]. It is shown that the height is smaller than 7 km for any longitude and latitude. According to [4], the height of HAS, LEO, and GEO is much larger than the 0°C isotherm height. Therefore, the second attenuation model should be considered.
Proposal 1: Rain attenuation should be considered for frequencies above 6 GHz. The combined rain and wet snow attenuation model should be based on §2.4.2 of ITU-R P. 530.
Cloud attenuation
Cloud or fog can be considered as small rain droplets whose size is much smaller than rain. Similar to rain attenuation, the effects of cloud attenuation are more pronounced with increasing frequency. Cloud attenuation is also measured by  (dB), which means the attenuation exceeds  dB for  percent of time. A model is presented in §3.1 of [5] to estimate the cloud attenuation.  is given as
	
	(1)


where  (kg/m2) is the total columnar content of liquid water reduced to a temperature of 273.15 K at the probability .  ((dB/km)/(g/m3)) is the cloud liquid water specific attenuation coefficient, and is a function of the frequency  and the temperature   is the elevation angle. The derivation of both  and  can be found in [5].
Proposal 2: Cloud attenuation should be considered for frequencies above 6 GHz. The cloud and fog attenuation model should be based on §3.1 of ITU-R P. 840.

Conclusion
In this document, we considered models to estimate the attenuation due to rain and cloud, the effects of which can be significant for higher frequencies. Accordingly, we propose the following for the NTN channel model:
Proposal 1: Rain attenuation should be considered for frequencies above 6 GHz. The combined rain and wet snow attenuation model should be based on §2.4.2 of ITU-R P. 530.
Proposal 2: Cloud attenuation should be considered for frequencies above 6 GHz. The cloud and fog attenuation model should be based on §3.1 of ITU-R P. 840.

References
1. Chairman's Notes, 3GPP TSG RAN1 meeting #92bis, Sanya, China, April 16th – 20th, 2018 
1. Recommendation ITU-R P.530-17, “Propagation data and prediction methods required for the design of terrestrial line-of-sight systems”.
1. Recommendation ITU-R P.839-4, “Rain height model for prediction methods”.
1. R1-1805078, “NR-NTN: Link budget analysis”, THALES, 3GPP TSG RAN1 meeting #92bis, Sanya, China, April 16th – 20th, 2018 
1. Recommendation ITU-R P.840-7, “Attenuation due to clouds and fog”

	2/2	
