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1 Introduction
RAN Plenary approved the first Study Item (SI) on support of NR over Non-Terrestrial Networks (NTN) in March 2017 in Dubrovnik. The study of NTN channel model started in RAN1 #92 in February 2018 in Athens. One of the scenarios under study in the NTN SI is the GEO satellite operating over the S-Band (a.k.a. Deployment D2 [1]). TR38.901 is the 3GPP document that provides channel modeling and parameterization for the terrestrial links. There have been some efforts in 3GPP to harmonize between channel models for the non-terrestrial and terrestrial networks. In RAN1 NR#3 meeting in Nagoya Japan in September 2017, Huawei (R1-1715729) [2] presented a method to decompose satellite channel into two components: “a satellite link component”, and “a terrestrial component”. This helps to keep the same model in the terrestrial component of the satellite channel and harmonize TR 38.901 and TR 38.811. 

One of the components of the terrestrial component of the satellite link is the fast fading. RAN1 #92 in Athens Greece made the following agreement on the fast fading of the satellite link:
R1-1803415 [3] 
Agreements:
· Fast fading model in Frequency selective channel for link level and system level simulations
· Option 1: 3GPP TR 38.901 methodology based 
· Option 2: ITU-R P-681 model based (only for quasi isotropic UE antenna pattern) 
· Option 3: Option 1 and Option 2 
R1_1720015 [4] presented the statistical parameters of a flat fast fading based on Ricean distribution for S-Band and Ka-Band. This model fits with the Option 1 of the above agreement. R1-1804470 [7] presented two models for flat fast fading of S-Band in RAN1 #92 Bis. However, R1-1805116 [8] recommends Option 2 for the flat fast fading based on ITU-R P-681 model. 
This contribution presents the flat fast fading statistical model for satellites on S-Band based on Option 1 of the above agreement, i.e., using the methodology proposed by Huawei in R1-1715729 to decompose the satellite channel into “satellite component” and “terrestrial component”, and the statistical parameters are based on measurements presented in R1_1720015. This model is easier than the model based on Option 1. 
2 Satellite Channel Model Based on Decomposition
In addition to several academic papers, ITU-R SG3 has provided several useful reports on satellite propagation. Also, R1-1715729 [2] provides an interesting channel model for satellite links. This contribution decomposes the satellite channel into two parts: “satellite component” and “terrestrial component based on TR 38.901”. This model helps to concatenate the satellite and terrestrial channel models, and to re-parameterize the terrestrial part. 
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Figure 1 - Concatenated satellite component and terrestrial component.
The fast fading is a component of the terrestrial component. Since the satellite link usually has a line-of-sight (LOS) component, the fast fading follows the Ricean stochastic model. Rician fading occurs when one of the paths, typically a line of sight signal, is much stronger than the others. In Rician fading, the amplitude gain is characterized by a Rician distribution. 
2.1 Fast Fading for S-Band Satellite Based on Option 1
We assume that the fast fading for S-Band satellite link is flat and follows the Ricean distribution since one of paths is line of sight In other words, the amplitude gain is characterized by a Ricean distribution. The Ricean fading distribution is described by “K” and “P”, where “K is the ratio between the power in the direct path and the power in the other scattered paths, and “P” is the total average power. 

For a S-Band satellite link in GOOD state, the two parameters of “K” and “P” are provided by the following two tables, for different elevation angles and different morphologies [4]. 
Table 1 - Distribution of Ricean K-factors in S-Band

	Environment/Elevation
	20°
	30°
	45°
	60°
	70°

	Residential
	11.11
	13.58
	16.69
	19.05
	21.22

	Suburban
	6.91
	12.36
	16.88
	17.73
	18.07

	Wooded
	8.71
	10.17
	14.20
	14.43
	16.65

	Urban
	4.89
	8.52
	11.55
	14.72
	18.07


Table 2 - Mean power (dB)
	Environment/Elevation
	20°
	30°
	45°
	60°
	70°

	Residential
	-0.74
	-1.53
	-0.85
	-0.98
	-0.56

	Suburban
	-4.81
	-1.71
	-1.08
	-0.88
	-1.34

	Wooded
	-2.40
	-2.58
	-1.93
	-1.49
	-0.97

	Urban
	-7.02
	-4.65
	-2.90
	-1.88
	-1.34


This completes the flat fast fading model for S-Band satellites based on Option 1 of the agreement. The simplicity of the model compared to the statistical model of flat fast fading based on Option 2 suggests us to consider this model as an option. 
3 Conclusion
This contribution presents a statistical model for the flat fast fading for S-Band satellite. The simplicity of the model compared to the statistical model of flat fast fading based on Option 2 suggests us to consider this model as an option.
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