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Introduction
Offline discussions in previous meeting (proposal 4.1.2 in [1]) concluded that a geometry-based stochastic channel model similar to the 3GPP NR channel model [2] should be defined for non-terrestrial networks (NTN) in frequency selective fading. In NTN deployment scenarios, multipath characteristics depend on the terrain environments but also vary with the elevation angle between the satellite/HAPS and the UE. In this paper, we make an initial attempt to establish a fast fading model for NTN based on our ray tracing simulations. Fast fading parameters are provided as a reference.
Number of clusters
[bookmark: _GoBack]In the NR channel model (TR38.901), multipath components (MPCs) are modeled by a number of clusters. Each cluster consists of multiple rays in close vicinity of the delay and angular domains. From ray tracing data, clusters can be reconstructed by the K-power-means algorithm [3], using the power, delay, azimuth and elevation angles of departure (), and azimuth and elevation angles of arrival () of the rays as input. The algorithm iteratively minimizes the total power-weighted distance between MPCs and their assigned cluster centroid in the data space to optimize the grouping of MPCs into clusters. 
We have run the clustering algorithm on the ray tracing data in the urban and suburban environments [4][5]. The output clusters are subsequently screened by a 30 dB dynamic range – week clusters with power below 30 dB of the highest power clusters are discarded. The average number of clusters for various elevation angles is shown in Figure 1. For LOS condition, the number of clusters is around 2-3, while for NLOS the number is 3-4. The urban environment has more clusters than the suburban. Also, 2 GHz tend to have more clusters than 20 GHz. Figure 2 shows the average number of rays within a cluster. For LOS condition, the average number of rays per cluster is about 4-7, and for NLOS around 2-4. Compared to the NR channel model, where the number of clusters is 12/19 for UMa LOS/NLOS and the number of rays per cluster is 20, we have observed much less clusters and rays.
Observation 1: The number of clusters from ray tracing is 2-3 for LOS, 3-4 for NLOS. The number of rays per cluster is 4-7 for LOS and 2-4 for NLOS. The number of multipath components is much less than that in the NR channel model.
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[bookmark: _Ref506485426]Figure 1. Average number of clusters as a function of elevation angle for LOS and NLOS
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[bookmark: _Ref510801540] Figure 2. Average number of rays per cluster as a function of elevation angle for LOS and NLOS
Large scale parameters 
In the NR channel model, the large scale parameters (LSP) for fast fading are delay spread (DS), angular spreads (ASD, ZSD, ASA, ZSA), shadow fading (SF), and Rician K-factor (K). Given the much longer distance propagation distance relative to the multipath effective area size, the angular spreads at the BS side, ASD and ZSD, are virtually zero. Shadow fading is modeled by the RMS error of the path loss model and is given in [6]. Here we provide the model parameters for DS, ASA, ZSA, and K in the case of LOS. The DS in second and the ASA, ZSA in degree are all modeled by log-normal distributions with a mean (μ) and standard deviation (σ) of its 10-base logarithm. The K-factor in dB is modeled by a normal distribution. These statistical parameters are computed from ray tracing data. The DS, ASA, ZSA at an UE position are power-weighted RMS spreads. The parameters for LOS/NLOS and urban/suburban environments are listed in Tables 1 to 4 for various elevation angles at frequencies 2 and 20 GHz. 
It is not difficult to notice that the mean of  is increasing with the elevation angle and its standard deviation is becoming small for the LOS condition. This is due to the fact that ground reflection becomes more significant at high elevation angles, especially for an open space setting like the suburban environment.
Observation 2: Ground reflection is significant for LOS condition at a large elevation angle, especially for an open area environment.

	Frequency
	Elevation
	
	
	
	Rician K [dB]

	
	
	μ
	σ
	μ
	σ
	μ
	σ
	μ
	σ

	2 GHz
	10°
	-7.12
	0.80
	0.94
	0.70
	0.82
	0.03
	4.4
	3.3

	
	20°
	-7.28
	0.67
	0.87
	0.66
	0.50
	0.09
	9.0
	6.6

	
	30°
	-7.45
	0.68
	0.92
	0.68
	0.82
	0.05
	9.3
	6.1

	
	40°
	-7.73
	0.66
	0.79
	0.64
	1.23
	0.03
	7.9
	4.0

	
	50°
	-7.91
	0.62
	0.72
	0.63
	1.43
	0.06
	7.4
	3.0

	
	70°
	-8.23
	0.45
	0.55
	0.51
	1.66
	0.05
	6.9
	2.2

	
	90°
	-8.36
	0.08
	0.81
	0.62
	1.79
	0.01
	6.8
	1.9

	20 GHz
	10°
	-7.43
	0.90
	0.65
	0.82
	0.82
	0.05
	6.1
	2.6

	
	20°
	-7.62
	0.78
	0.53
	0.78
	0.47
	0.10
	13.7
	6.8

	
	30°
	-7.76
	0.80
	0.60
	0.83
	0.80
	0.05
	12.9
	6.0

	
	40°
	-8.02
	0.72
	0.43
	0.78
	1.23
	0.04
	10.3
	3.3

	
	50°
	-8.13
	0.61
	0.36
	0.77
	1.42
	0.10
	9.2
	2.2

	
	70°
	-8.34
	0.39
	0.18
	0.64
	1.65
	0.07
	8.0
	1.5

	
	90°
	-8.45
	0.01
	0.36
	0.65
	1.79
	0.01
	7.6
	1.3


Table 1. Parameters for LOS Urban-SC environment
	Frequency
	Elevation
	
	
	
	Rician K [dB]

	
	
	μ
	σ
	μ
	σ
	μ
	σ
	μ
	σ

	2 GHz
	10°
	-7.78
	0.39
	1.12
	0.49
	0.49
	0.22
	9.8
	3.8

	
	20°
	-8.29
	0.41
	0.66
	0.61
	0.72
	0.15
	13.9
	4.1

	
	30°
	-8.46
	0.26
	0.43
	0.60
	1.19
	0.17
	9.6
	2.3

	
	40°
	-8.44
	0.17
	0.34
	0.52
	1.43
	0.15
	7.4
	2.2

	
	50°
	-8.41
	0.12
	0.28
	0.45
	1.57
	0.15
	6.2
	2.1

	
	70°
	-8.32
	0.07
	0.24
	0.38
	1.77
	0.06
	5.0
	1.0

	
	90°
	-8.29
	0.06
	0.33
	0.43
	1.89
	0.03
	4.6
	0.6

	20 GHz
	10°
	-8.07
	0.46
	0.89
	0.67
	0.63
	0.35
	8.9
	4.4

	
	20°
	-8.61
	0.45
	0.31
	0.78
	0.76
	0.30
	14.0
	4.6

	
	30°
	-8.72
	0.28
	0.02
	0.75
	1.11
	0.28
	11.3
	3.7

	
	40°
	-8.63
	0.17
	-0.10
	0.65
	1.37
	0.23
	9.0
	3.5

	
	50°
	-8.54
	0.14
	-0.19
	0.55
	1.52
	0.22
	7.5
	3.0

	
	70°
	-8.42
	0.09
	-0.24
	0.43
	1.74
	0.11
	5.9
	1.7

	
	90°
	-8.37
	0.02
	-0.15
	0.44
	1.87
	0.02
	5.4
	0.3


Table 2. Parameters for LOS Suburban environment
	Frequency
	Elevation
	
	
	

	
	
	μ
	σ
	μ
	σ
	μ
	σ

	2 GHz
	10°
	-6.84
	0.82
	1.00
	1.60
	1.00
	0.63

	
	20°
	-6.81
	0.61
	1.44
	0.87
	0.94
	0.65

	
	30°
	-6.94
	0.49
	1.54
	0.64
	1.15
	0.42

	
	40°
	-7.14
	0.49
	1.53
	0.56
	1.35
	0.28

	
	50°
	-7.34
	0.51
	1.48
	0.54
	1.44
	0.25

	
	70°
	-7.67
	0.44
	1.42
	0.55
	1.64
	0.18

	20 GHz
	10°
	-6.86
	0.81
	1.02
	1.44
	1.00
	0.56

	
	20°
	-6.84
	0.61
	1.44
	0.77
	0.96
	0.55

	
	30°
	-7.00
	0.56
	1.48
	0.70
	1.13
	0.43

	
	40°
	-7.21
	0.56
	1.46
	0.60
	1.30
	0.37

	
	50°
	-7.42
	0.57
	1.40
	0.59
	1.40
	0.32

	
	70°
	-7.76
	0.47
	1.33
	0.56
	1.63
	0.17


[bookmark: _Hlk510723967]Table 3. Parameters for NLOS Urban-SC environment
	Frequency
	Elevation
	
	
	

	
	
	μ
	σ
	μ
	σ
	μ
	σ

	2 GHz
	10°
	-7.31
	0.46
	1.59
	0.37
	0.84
	0.37

	
	20°
	-7.57
	0.54
	1.30
	0.80
	1.13
	0.37

	
	30°
	-7.79
	0.51
	1.13
	0.69
	1.22
	0.35

	
	40°
	-7.86
	0.49
	1.01
	0.51
	1.26
	0.33

	
	50°
	-7.84
	0.52
	1.13
	0.47
	1.38
	0.31

	
	70°
	-8.11
	0.33
	0.84
	0.45
	1.46
	0.29

	20 GHz
	10°
	-7.43
	0.50
	1.49
	0.40
	0.81
	0.36

	
	20°
	-7.63
	0.61
	1.24
	0.82
	1.06
	0.41

	
	30°
	-7.86
	0.56
	1.06
	0.71
	1.12
	0.40

	
	40°
	-7.96
	0.58
	0.91
	0.55
	1.14
	0.39

	
	50°
	-7.98
	0.59
	0.98
	0.58
	1.29
	0.35

	
	70°
	-8.21
	0.36
	0.73
	0.49
	1.36
	0.30


Table 4. Parameters for NLOS Suburban environment
Small scale parameters
Cross-polarization ration (XPR) in dB is assumed to be normally distributed. Its mean and standard deviation are computed from the rays within the 30 dB dynamic range in the data. In addition, we also look at the delay spread and angular spread of the rays within a cluster. The median value of these cluster spreads from clusters with multiple rays are listed below together with the XPR parameters. Tables 5 to 8 show these parameters for LOS/NLOS and urban/suburban environments.
One thing we should pay attention to is the cluster DS. In the NR channel model, the rays within a cluster have the same delay. However, here we observe the cluster DS can be in the order of 10 ns in an urban NLOS scenario. These intra-cluster delays may be resolvable for a system bandwidth of 50 MHz.
Observation 3: The clusters in NLOS urban environment may have a non-negligible cluster DS, deviating from the assumption of the NR channel model. 

	Frequency
	Elevation
	XPR [dB]
	Median Cluster DS [ns]
	Median cluster ASA [°]
	Median cluster ZSA [°]

	
	
	μ
	σ
	
	
	

	2 GHz
	10°
	24.4
	3.8
	0.79
	1.6
	8.5

	
	20°
	23.6
	4.7
	0.56
	1.9
	0.3

	
	30°
	23.2
	4.6
	0.52
	2.8
	0.5

	
	40°
	22.6
	4.9
	0.75
	4.6
	1.1

	
	50°
	21.8
	5.7
	0.34
	5.3
	0.6

	
	70°
	19.3
	8.1
	0.18
	8.9
	0.6

	
	90°
	12.2
	15.2
	0.16
	61.6
	2.4

	20 GHz
	10°
	24.7
	2.1
	0.60
	1.5
	8.4

	
	20°
	24.4
	2.8
	0.16
	1.5
	0.2

	
	30°
	24.4
	2.7
	0.14
	2.1
	0.3

	
	40°
	24.2
	2.7
	0.23
	4.6
	1.5

	
	50°
	23.9
	3.1
	0.13
	4.8
	0.7

	
	70°
	22.6
	4.8
	0.07
	6.1
	0.7

	
	90°
	17.6
	12.7
	0.12
	65.7
	6.9


Table 5. XPR and cluster parameters for LOS Urban-SC environment
	Frequency
	Elevation
	XPR [dB]
	Median Cluster DS [ns]
	Median cluster ASA [°]
	Median cluster ZSA [°]

	
	
	μ
	σ
	
	
	

	2 GHz
	10°
	21.3
	7.6
	0.50
	3.4
	6.8

	
	20°
	21.0
	8.9
	0.72
	2.9
	6.6

	
	30°
	21.2
	8.5
	1.47
	7.9
	16.0

	
	40°
	21.1
	8.4
	2.12
	10.9
	17.9

	
	50°
	20.7
	9.2
	0.94
	11.7
	20.4

	
	70°
	20.3
	10.8
	0.25
	5.4
	25.4

	
	90°
	19.1
	13.0
	0.28
	35.5
	20.3

	20 GHz
	10°
	23.2
	5.0
	0.55
	2.5
	7.5

	
	20°
	23.6
	4.5
	0.63
	5.9
	13.1

	
	30°
	23.5
	4.7
	1.28
	8.1
	16.1

	
	40°
	23.4
	5.2
	0.48
	9.8
	17.8

	
	50°
	23.2
	5.7
	0.23
	10.9
	21.0

	
	70°
	23.4
	6.2
	0.07
	9.3
	26.9

	
	90°
	23.1
	7.6
	0.08
	43.2
	22.9


Table 6. XPR and cluster parameters for LOS Suburban environment
	Frequency
	Elevation
	XPR [dB]
	Median Cluster DS [ns]
	Median cluster ASA [°]
	Median cluster ZSA [°]

	
	
	μ
	σ
	
	
	

	2 GHz
	10°
	23.8
	4.4
	25.50
	3.1
	9.0

	
	20°
	21.9
	6.3
	60.95
	6.0
	3.2

	
	30°
	19.7
	8.1
	51.23
	10.8
	5.5

	
	40°
	18.1
	9.3
	37.36
	16.0
	7.7

	
	50°
	16.3
	11.5
	21.00
	17.2
	8.0

	
	70°
	12.1
	14.9
	8.23
	33.1
	7.0

	20 GHz
	10°
	23.7
	4.5
	39.59
	3.9
	8.5

	
	20°
	21.8
	6.3
	58.55
	6.5
	3.1

	
	30°
	19.6
	8.2
	50.79
	12.1
	5.3

	
	40°
	18.0
	9.4
	39.91
	17.3
	8.6

	
	50°
	16.3
	11.5
	20.88
	18.5
	8.4

	
	70°
	12.3
	15.0
	6.77
	32.2
	7.0


Table 7. XPR and cluster parameters for NLOS Urban-SC environment
	Frequency
	Elevation
	XPR [dB]
	Median Cluster DS [ns]
	Median cluster ASA [°]
	Median cluster ZSA [°]

	
	
	μ
	σ
	
	
	

	2 GHz
	10°
	20.6
	8.5
	5.43
	6.6
	6.4

	
	20°
	16.7
	12.0
	4.94
	10.6
	9.2

	
	30°
	13.2
	12.8
	5.43
	11.2
	9.5

	
	40°
	11.3
	13.8
	4.11
	19.1
	12.3

	
	50°
	9.6
	12.5
	2.40
	6.8
	10.8

	
	70°
	9.1
	10.1
	1.92
	4.4
	4.9

	20 GHz
	10°
	21.1
	8.0
	5.06
	6.3
	6.6

	
	20°
	17.3
	11.6
	4.23
	9.0
	9.3

	
	30°
	13.5
	12.8
	3.94
	10.5
	10.1

	
	40°
	11.4
	13.9
	5.31
	14.0
	10.7

	
	50°
	9.9
	12.1
	1.88
	6.7
	7.7

	
	70°
	9.5
	10.2
	2.83
	7.9
	13.4


Table 8. XPR and cluster parameters for NLOS Suburban environment
Conclusion
We have provided a preliminary set of parameters derived from ray tracing data for NTN fast fading model following the framework of the NR channel model (TR38.901). We also noticed a few things that deserve our attention in this effort:
1. The observed number of clusters and the number of rays per cluster for NTN are significantly less than those in TR38.901.
2. Ground reflection is significant for high elevation angles in the LOS condition. This is especially true in an open space environment.
3. The rays within a cluster may have resolvable delays in an urban NLOS environment. 
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