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1. Introduction
In RAN1#92bis, the structure of channel model for NTN has been agreed. However, the detailed parameter is still not available for both large and small scale. In this contribution, both large and small scale characteristics of NTN channel is provided for the sub-urban case. 
1. Large scale channel model
Based on the agreed path loss model has been agreed in RAN1#92bis, the corresponding clutter loss (NLoS) and SF (both LoS and NLoS) have been derived according to RT-based simulation listed in Table 1. 
[bookmark: _Ref513735555]Table 1 Large scale parameters for suburban
	Elevation
	Clutter loss (NLoS) [dB]
	SF [dB]

	
	
	NLoS
	LoS

	
	Satellite
	HAPS
	Satellite 
	HAPS
	Satellite 
	HAPS

	10
	17.44 
	16.29 
	9.69 
	8.98 
	0.37
	0.4

	20
	18.34 
	17.69 
	9.88 
	9.68 
	0.18
	0.24

	30
	20.84 
	21.38 
	9.90 
	10.31 
	0.15
	0.21

	40
	21.85 
	20.97 
	10.68 
	9.99 
	0.13
	0.18

	50
	23.55 
	23.09 
	10.21 
	9.78 
	0.12
	0.15

	60
	22.26 
	22.66 
	10.26 
	10.28 
	0.1
	0.14

	70
	20.39 
	21.01 
	11.29 
	11.74 
	0.12
	0.13

	80
	20.20 
	19.14 
	13.64 
	13.03 
	0.18
	0.17


According to these results, only slight difference can be found between satellite and HAPS. It’s reasonable since for the propagation with far-away BS, only few paths can be observed which are only determined by the local scatter around the UE side. For simplifying the channel model, either one of them can be considered for NTN system.
Proposal 1: Capture the large scale parameters listed in Table 1 into TR38.811 for sub-urban.
1. Small scale channel model
In this section, the small scale channel model is established based on the channel realization from RT-based simulation. For each UE, the multiple-paths within dynamic range (30 dB) are selected for characterizing the statistic properties of channel. The detailed results are listed in Table 2. According to this table, only few clusters can be observed in the channel due to the limited scatters around UE side only. Moreover, since the BS is far-away from UE, the angular difference among the rays from BS side is negligible as well as the tabulated spread, e.g., ZoD/AoD.
Furthermore, since the multiple paths are mainly originated from the over-the-roof diffraction and reflection from nearby building as well as ground, in most of cases, the difference of propagation distance is within 50m, and the corresponding delay spread is also much smaller than terrestrial scenario.
[bookmark: _Ref513743113]Table 2 Parameters of fast fading for satellite
	Scenarios
		LEO 600km LOS	

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.54 
	-8.83 
	-8.98 
	-8.97 
	-9.02 
	-8.95 
	-8.44 
	-8.39 
	-

	
	lgDS
	1.34 
	1.30 
	1.08 
	1.13 
	1.58 
	1.74 
	0.77 
	0.89 
	-

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-3.91 
	-4.31 
	-4.40 
	-4.23 
	-4.08 
	-3.95 
	-3.81 
	-3.50 
	-

	
	lgASD
	2.26 
	2.43 
	2.40 
	2.24 
	2.08 
	1.99 
	1.90 
	1.75 
	-

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-1.02 
	-1.42 
	-1.55 
	-1.52 
	-1.43 
	-1.32 
	-0.79 
	-0.58 
	-

	
	lgASA
	2.55 
	2.67 
	2.40 
	2.52 
	2.60 
	2.68 
	1.60 
	1.48 
	-

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	-4.04 
	-4.40 
	-4.52 
	-4.60 
	-4.66 
	-4.69 
	-4.30 
	-4.39 
	-

	
	lgZSD
	0.85 
	1.14 
	0.79 
	1.21 
	1.48 
	1.74 
	0.76 
	0.95 
	-

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	1.19 
	0.70 
	0.33 
	0.12 
	-0.05 
	0.03 
	0.66 
	0.36 
	-

	
	lgZSA
	1.34 
	1.32 
	0.67 
	1.11 
	1.36 
	1.65 
	0.87 
	1.06 
	-

	Shadow fading (SF) [dB]
	SF 
	0.37
	0.18
	0.15
	0.13
	0.12
	0.1
	0.12
	0.18
	

	K-factor (K) [dB]
	K
	13 
	25 
	32 
	35 
	37 
	34 
	19 
	21 
	-

	
	K
	8
	14
	23
	22
	20
	20
	8
	14
	-

	Delay scaling parameter r
	2.20 
	3.36 
	3.50 
	2.81 
	2.39 
	2.73 
	2.07 
	2.04 
	-

	
Number of clusters 
	6
	5
	4
	4
	4
	3
	4
	4
	-

	
Number of rays per cluster 
	20
	20
	20
	20
	20
	20
	20
	20
	-

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Scenarios
	LEO 600km NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.50 
	-9.21 
	-9.58 
	-9.31 
	-9.43 
	-9.38 
	-9.85 
	-10.31 
	-

	
	lgDS
	1.96 
	1.99 
	2.00 
	1.64 
	1.59 
	1.54 
	1.91 
	2.10 
	-

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-4.31 
	-4.55 
	-4.75 
	-5.00 
	-5.17 
	-4.90 
	-4.12 
	-3.50 
	-

	
	lgASD
	2.51 
	1.99 
	2.32 
	2.05 
	2.08 
	1.92 
	2.21 
	2.25 
	-

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	0.23 
	0.09 
	-0.37 
	-0.42 
	-0.58 
	-0.58 
	-0.64 
	-0.71 
	-

	
	lgASA
	2.37 
	1.71 
	2.03 
	2.00 
	1.98 
	1.97 
	1.69 
	1.38 
	-

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	-4.64 
	-4.52 
	-4.71 
	-4.86 
	-4.98 
	-5.06 
	-4.35 
	-3.80 
	-

	
	lgZSD
	2.27 
	1.71 
	2.15 
	1.74 
	1.69 
	1.65 
	1.93 
	2.19 
	-

	ZOAspread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.98 
	-0.46 
	-0.64 
	-0.27 
	-0.49 
	-0.46 
	-0.22 
	-0.45 
	-

	
	lgZSA
	2.51 
	1.80 
	1.96 
	1.72 
	1.83 
	1.68 
	1.30 
	1.19 
	-

	Shadow fading (SF) [dB]
	SF 
	9.69
	9.88
	9.90
	10.68
	10.21
	10.26
	11.29
	13.64
	

	Delay scaling parameter r
	2.28 
	2.33 
	2.43 
	2.26 
	2.71 
	2.10 
	2.19 
	2.06 
	-

	
Number of clusters 
	6
	5
	5
	5
	4
	4
	4
	4
	-

	
Number of rays per cluster 
	20
	20
	20
	20
	20
	20
	20
	20
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Proposal 2: Capture the parameters of fast fading listed in Table 2 into TR38.811 for sub-urban.
1. Link level channel model
In order to conduct the link level simulation for evaluating the required enhancement of NTN system, the corresponding channel model, i.e., TDL/CDL, is generated based on the obtained system model in section 3. The detailed results are listed from Table 3 to Table 6.
[bookmark: _Ref513745346]Table 3 CDL model for LoS
	Elevation Angle[°]
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOA in [°]
	AOD in [°]
	ZOA in [°]
	ZOD in [°]

	10.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.12 
	0.00 
	-180.00 
	80
	100

	
	1.00 
	Laplacian
	0.00 
	-16.01 
	0.00 
	-180.00 
	80
	100

	
	2.00 
	Laplacian
	13.56 
	-33.40 
	17.23 
	179.81 
	161.13
	99.99

	
	3.00 
	Laplacian
	19.18 
	-30.55 
	208.86 
	179.83 
	161.72
	99.99

	
	4.00 
	Laplacian
	20.35 
	-28.69 
	132.16 
	180.16 
	47.88
	100.01

	
	5.00 
	Laplacian
	61.50 
	-51.63 
	214.82 
	180.27 
	106.53
	99.99

	
	6.00 
	Laplacian
	82.41 
	-58.91 
	314.61 
	179.71 
	72.01
	100.02

	20.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.08
	0.00
	-180.00
	70
	110

	
	1.00 
	Laplacian
	0.00
	-25.95
	0.00
	-180.00
	70
	110

	
	2.00 
	Laplacian
	3.12
	-21.80
	307.50
	179.99
	37.35
	110

	
	3.00 
	Laplacian
	5.29
	-25.56
	70.74
	180.00
	121.31
	110

	
	4.00 
	Laplacian
	9.38
	-23.52
	162.43
	179.99
	87.56
	110

	
	5.00 
	Laplacian
	23.40
	-30.60
	90.74
	179.98
	142.85
	110

	30.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.09
	0.00
	-180.00
	60
	120

	
	1.00 
	Laplacian
	0.00
	-20.33
	0.00
	-180.00
	60
	120

	
	2.00 
	Laplacian
	4.44
	-20.31
	302.20
	180.00
	65.9
	120

	
	3.00 
	Laplacian
	21.12
	-27.61
	72.24
	179.99
	48.3
	120

	
	4.00 
	Laplacian
	22.65
	-40.22
	19.21
	179.98
	88.28
	120

	40.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.07
	0.00
	-180.00
	50
	130

	
	1.00 
	Laplacian
	0.00
	-29.43
	0.00
	-180.00
	50
	130

	
	2.00 
	Laplacian
	0.85
	-22.68
	344.15
	180.00
	36.9
	130

	
	3.00 
	Laplacian
	2.42
	-20.59
	223.76
	180.01
	55.68
	130

	
	4.00 
	Laplacian
	51.16
	-34.42
	314.50
	180.01
	5.82
	130

	50.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.06
	0.00
	-180.00
	40
	140

	
	1.00 
	Laplacian
	0.00
	-27.61
	0.00
	-180.00
	40
	140

	
	2.00 
	Laplacian
	2.45
	-20.83
	204.46
	180.00
	105.26
	140

	
	3.00 
	Laplacian
	3.02
	-27.18
	326.25
	180.01
	23.98
	140

	
	4.00 
	Laplacian
	24.10
	-27.92
	128.24
	180.01
	65.75
	140

	60.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.06
	0.00
	-180.00
	30
	150

	
	1.00 
	Laplacian
	0.00
	-23.33
	0.00
	-180.00
	30
	150

	
	2.00 
	Laplacian
	5.13
	-21.78
	188.72
	180.00
	12.75
	150

	
	3.00 
	Laplacian
	21.09
	-27.29
	143.81
	180.00
	135.87
	150

	70.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.10
	0.00
	-180.00
	20
	160

	
	1.00 
	Laplacian
	0.00
	-17.94
	0.00
	-180.00
	20
	160

	
	2.00 
	Laplacian
	4.39
	-23.97
	355.04
	179.98
	102.87
	160

	
	3.00 
	Laplacian
	15.02
	-31.08
	20.17
	180.03
	61.01
	160

	
	4.00 
	Laplacian
	17.66
	-26.18
	12.20
	179.98
	119.34
	160

	80.00 
	1.00 
	Specular(LOS path)
	0.00
	-0.08
	0.00
	-180.00
	10
	170

	
	1.00 
	Laplacian
	0.00
	-26.98
	0.00
	-180.00
	10
	170

	
	2.00 
	Laplacian
	4.54
	-21.21
	353.43
	179.99
	176.58
	170

	
	3.00 
	Laplacian
	9.08
	-20.75
	1.50
	179.99
	21.21
	170

	
	4.00 
	Laplacian
	13.70
	-30.54
	346.33
	179.97
	6.37
	170


Table 4 CDL model for NLoS
	Elevation Angle
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	10.00 
	1.00 
	0.00 
	0.00 
	1.45 
	180.00 
	52.14
	100

	
	2.00 
	0.40 
	-2.40 
	240.37 
	180.09 
	57.29
	99.99

	
	3.00 
	1.12 
	-0.32 
	311.71 
	180.03 
	121.4
	100

	
	4.00 
	1.88 
	-3.86 
	91.98 
	179.89 
	43.46
	100.01

	
	5.00 
	2.94 
	-9.12 
	54.81 
	180.17 
	164.87
	100.03

	
	6.00 
	4.33 
	-9.75 
	312.54 
	180.18 
	176.46
	99.97

	20.00 
	1.00 
	0.00 
	0.00 
	55.46 
	180.00 
	17.25
	110

	
	2.00 
	0.95 
	-7.82 
	125.53 
	179.97 
	80
	109.99

	
	3.00 
	2.77 
	-11.84 
	145.00 
	179.96 
	39.49
	109.99

	
	4.00 
	6.67 
	-17.89 
	294.15 
	180.05 
	144.8
	110.02

	
	5.00 
	13.95 
	-37.32 
	64.94 
	179.93 
	96.85
	110.04

	30.00 
	1.00 
	0.00 
	-0.77 
	293.47 
	180.02 
	11.86
	120

	
	2.00 
	0.53 
	0.00 
	40.20 
	180.00 
	61.14
	120

	
	3.00 
	1.05 
	-5.71 
	47.38 
	180.04 
	135.42
	120.01

	
	4.00 
	2.45 
	-3.83 
	117.76 
	180.04 
	83.24
	119.99

	
	5.00 
	3.47 
	-8.97 
	290.95 
	179.95 
	66.95
	120.02

	40.00 
	1.00 
	0.00 
	0.00 
	31.68 
	180.00 
	133.97
	130

	
	2.00 
	0.84 
	-6.00 
	281.38 
	180.01 
	147.82
	130

	
	3.00 
	0.94 
	-6.04 
	282.65 
	180.01 
	132.83
	130

	
	4.00 
	1.05 
	-4.76 
	219.71 
	179.99 
	28.78
	130

	
	5.00 
	7.42 
	-15.22 
	63.82 
	180.01 
	76.58
	130.01

	50.00 
	1.00 
	0.00 
	0.00 
	158.76 
	180.00 
	40.76
	140

	
	2.00 
	0.31 
	-3.98 
	163.52 
	180.00 
	147.45
	140

	
	3.00 
	4.18 
	-17.39 
	298.49 
	179.99 
	57.26
	139.99

	
	4.00 
	4.69 
	-12.39 
	261.81 
	179.99 
	83.08
	140

	60.00 
	1.00 
	0.00 
	0.00 
	341.59 
	180.00 
	8.73
	150

	
	2.00 
	0.07 
	-3.53 
	32.34 
	179.99 
	39.66
	150

	
	3.00 
	0.94 
	-2.57 
	53.95 
	179.99 
	68.47
	150

	
	4.00 
	5.12 
	-11.14 
	157.54 
	180.01 
	3.08
	150

	70.00 
	1.00 
	0.00 
	-11.55 
	359.48 
	180.00 
	21.4
	160

	
	2.00 
	0.08 
	0.00 
	360.00 
	180.00 
	20
	160

	
	3.00 
	0.14 
	-3.61 
	359.71 
	180.00 
	20.45
	160

	
	4.00 
	2.97 
	-6.10 
	0.38 
	180.00 
	20.74
	160

	80.00 
	1.00 
	0.00 
	-3.84 
	359.62 
	180.00 
	9.68
	170

	
	2.00 
	1.76 
	0.00 
	360.00 
	180.00 
	10
	170

	
	3.00 
	2.08 
	-3.78 
	0.37 
	180.00 
	9.68
	170

	
	4.00 
	3.95 
	-8.40 
	359.45 
	180.00 
	10.69
	170


Table 5 TDL model for LoS
	Elevation Angle[°]
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	Fading distribution

	10.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.12 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-16.01 
	Rayleigh

	
	2.00 
	Laplacian
	13.56 
	-33.40 
	Rayleigh

	
	3.00 
	Laplacian
	19.18 
	-30.55 
	Rayleigh

	
	4.00 
	Laplacian
	20.35 
	-28.69 
	Rayleigh

	
	5.00 
	Laplacian
	61.50 
	-51.63 
	Rayleigh

	
	6.00 
	Laplacian
	82.41 
	-58.91 
	Rayleigh

	20.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.08 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-25.95 
	Rayleigh

	
	2.00 
	Laplacian
	3.12 
	-21.80 
	Rayleigh

	
	3.00 
	Laplacian
	5.29 
	-25.56 
	Rayleigh

	
	4.00 
	Laplacian
	9.38 
	-23.52 
	Rayleigh

	
	5.00 
	Laplacian
	23.40 
	-30.60 
	Rayleigh

	30.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.09 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-20.33 
	Rayleigh

	
	2.00 
	Laplacian
	4.44 
	-20.31 
	Rayleigh

	
	3.00 
	Laplacian
	21.12 
	-27.61 
	Rayleigh

	
	4.00 
	Laplacian
	22.65 
	-40.22 
	Rayleigh

	40.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.07 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-29.43 
	Rayleigh

	
	2.00 
	Laplacian
	0.85 
	-22.68 
	Rayleigh

	
	3.00 
	Laplacian
	2.42 
	-20.59 
	Rayleigh

	
	4.00 
	Laplacian
	51.16 
	-34.42 
	Rayleigh

	50.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.06 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-27.61 
	Rayleigh

	
	2.00 
	Laplacian
	2.45 
	-20.83 
	Rayleigh

	
	3.00 
	Laplacian
	3.02 
	-27.18 
	Rayleigh

	
	4.00 
	Laplacian
	24.10 
	-27.92 
	Rayleigh

	60.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.06 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-23.33 
	Rayleigh

	
	2.00 
	Laplacian
	5.13 
	-21.78 
	Rayleigh

	
	3.00 
	Laplacian
	21.09 
	-27.29 
	Rayleigh

	70.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.10 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-17.94 
	Rayleigh

	
	2.00 
	Laplacian
	4.39 
	-23.97 
	Rayleigh

	
	3.00 
	Laplacian
	15.02 
	-31.08 
	Rayleigh

	
	4.00 
	Laplacian
	17.66 
	-26.18 
	Rayleigh

	80.00 
	1.00 
	Specular(LOS path)
	0.00 
	-0.08 
	LOS path

	
	1.00 
	Laplacian
	0.00 
	-26.98 
	Rayleigh

	
	2.00 
	Laplacian
	4.54 
	-21.21 
	Rayleigh

	
	3.00 
	Laplacian
	9.08 
	-20.75 
	Rayleigh

	
	4.00 
	Laplacian
	13.70 
	-30.54 
	Rayleigh


[bookmark: _Ref513745355]Table 6 TDL model for NLoS
	Elevation Angle
	Cluster #
	Normalized delay
	Power in [dB]
	Fading distribution

	10.00 
	1.00 
	0.00 
	0.00 
	Rayleigh

	
	2.00 
	0.40 
	-2.40 
	Rayleigh

	
	3.00 
	1.12 
	-0.32 
	Rayleigh

	
	4.00 
	1.88 
	-3.86 
	Rayleigh

	
	5.00 
	2.94 
	-9.12 
	Rayleigh

	
	6.00 
	4.33 
	-9.75 
	Rayleigh

	20.00 
	1.00 
	0.00 
	0.00 
	Rayleigh

	
	2.00 
	0.95 
	-7.82 
	Rayleigh

	
	3.00 
	2.77 
	-11.84 
	Rayleigh

	
	4.00 
	6.67 
	-17.89 
	Rayleigh

	
	5.00 
	13.95 
	-37.32 
	Rayleigh

	30.00 
	1.00 
	0.00 
	-0.77 
	Rayleigh

	
	2.00 
	0.53 
	0.00 
	Rayleigh

	
	3.00 
	1.05 
	-5.71 
	Rayleigh

	
	4.00 
	2.45 
	-3.83 
	Rayleigh

	
	5.00 
	3.47 
	-8.97 
	Rayleigh

	40.00 
	1.00 
	0.00 
	0.00 
	Rayleigh

	
	2.00 
	0.84 
	-6.00 
	Rayleigh

	
	3.00 
	0.94 
	-6.04 
	Rayleigh

	
	4.00 
	1.05 
	-4.76 
	Rayleigh

	
	5.00 
	7.42 
	-15.22 
	Rayleigh

	50.00 
	1.00 
	0.00 
	0.00 
	Rayleigh

	
	2.00 
	0.31 
	-3.98 
	Rayleigh

	
	3.00 
	4.18 
	-17.39 
	Rayleigh

	
	4.00 
	4.69 
	-12.39 
	Rayleigh

	60.00 
	1.00 
	0.00 
	0.00 
	Rayleigh

	
	2.00 
	0.07 
	-3.53 
	Rayleigh

	
	3.00 
	0.94 
	-2.57 
	Rayleigh

	
	4.00 
	5.12 
	-11.14 
	Rayleigh

	70.00 
	1.00 
	0.00 
	-11.55 
	Rayleigh

	
	2.00 
	0.08 
	0.00 
	Rayleigh

	
	3.00 
	0.14 
	-3.61 
	Rayleigh

	
	4.00 
	2.97 
	-6.10 
	Rayleigh

	80.00 
	1.00 
	0.00 
	-3.84 
	Rayleigh

	
	2.00 
	1.76 
	0.00 
	Rayleigh

	
	3.00 
	2.08 
	-3.78 
	Rayleigh

	
	4.00 
	3.95 
	-8.40 
	Rayleigh


Proposal 3: Capture the parameters of fast fading listed from Table 3 to Table 6 into TR38.811 for sub-urban.
1. Conclusion
In this contribution, the channel model for suburban is established based on simulated results with following proposals:
Proposal 1: Capture the large scale parameters listed in Table 1 into TR38.811 for sub-urban.
Proposal 2: Capture the parameters of fast fading listed in Table 2 into TR38.811 for sub-urban.
Proposal 3: Capture the parameters of fast fading listed from Table 3 to Table 6 into TR38.811 for sub-urban.
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