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Introduction

Version 15.0.0 of TR38.811 was approved in the RAN plenary meeting in La Jolla in June 2018 [1]. Some fast fading parameters require adjustments based on the cluster analysis of the latest simulation results that were already presented in [7], as well as previous contributions [4] [5], [6]. 
This contribution proposes a TP to Chapter 6 of TR38.821 [2], to add channel models simplification and clarification to be considered in the link-level and system-level evaluation framework for NTN. The following features have been proposed :
· Urban and Rural fast fading parameters update based on the cluster level analysis of the same simulations that were used in the original model.
· Additional angular scaling factors for fast fading modeling.
· Equation for Doppler frequency shift due to satellite motion.
· Link level models simplified and generalized for different scenarios.
· Correction and clarification of satellite antenna gain pattern.

Note these updated models aim to :

· Correct model errors in urban and rural scenarios.
· Ensure link level models compatibility with fast fading parameters for all NTN scenarios.
· Decrease risk of misalignment in Doppler implementations between companies
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Appendix
--- start of text proposal ---
6
Radio Layer 1 issues and related solutions

6.X.X Channel Model clarifications and simplifications for NTN link-level and simulation-level evaluations
The updated channel models described in Annex C should be considered as a complement of TR38.811 v15.0.0 [2] channel models.
--- end of text proposal ---
--- start of text proposal ---
Annex C: Channel Model Clarifications for NTN Evaluations

C.1 - Frequency selective fading

Angular scaling factors in cluster generation need to be added to the NTN scenarios that have lower number of clusters than the scenarios described in TR38.901 (Table C.2-1aa below corresponds to Table 7.5-2 in TR38.901 and Table C-1ab below corresponds to Table 7.5-3 in TR38.901). 

Table C-1aa: Scaling factors for AOA, AOD generation

	# clusters
	2
	3
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20
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	0.501
	0.680
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.226
	1.273
	1.289


Table C-1ab: Scaling factors for ZOA, ZOD generation

	# clusters
	2
	3
	4
	8
	10
	11
	12
	15
	19
	20
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	0.430
	0.594
	0.697
	0.889
	0.957
	1.031
	1.104
	1.1088
	1.184
	1.178


Table C-3a: Channel model parameters for Urban Scenario (LOS) at S band
	Scenarios
	Urban LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.97
	-8.12
	-8.21
	-8.31
	-8.37
	-8.39
	-8.38
	-8.35
	-8.34

	
	lgDS
	1
	0.83
	0.68
	0.48
	0.38
	0.24
	0.18
	0.13
	0.09

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.6
	-2.48
	-2.44
	-2.6
	-2.71
	-2.76
	-2.78
	-2.65
	-2.27

	
	lgASD
	0.79
	0.8
	0.91
	1.02
	1.17
	1.17
	1.2
	1.45
	1.85

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.18
	0.42
	0.41
	0.18
	-0.07
	-0.43
	-0.64
	-0.91
	-0.54

	
	lgASA
	0.74
	0.9
	1.3
	1.69
	2.04
	2.54
	2.47
	2.69
	1.66

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.63
	-0.15
	0.54
	0.35
	0.27
	0.26
	-0.12
	-0.21
	-0.07

	
	lgZSA
	2.6
	3.31
	1.1
	1.59
	1.62
	0.97
	1.99
	1.82
	1.43

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.54
	-2.67
	-2.03
	-2.28
	-2.48
	-2.56
	-2.96
	-3.08
	-3

	
	lgZSD
	2.62
	2.96
	0.86
	1.19
	1.4
	0.85
	1.61
	1.49
	1.09

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	31.83
	18.78
	10.49
	7.46
	6.52
	5.47
	4.54
	4.03
	3.68

	
	K
	13.84
	13.78
	10.42
	8.01
	8.27
	7.26
	5.53
	4.49
	3.14

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	8
	8
	8
	8
	8
	8
	8
	8
	8

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
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	4
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image4.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image5.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image6.wmf]ASD

c

) in [deg]
	0.09
	0.09
	0.12
	0.16
	0.2
	0.28
	0.44
	0.9
	2.87

	Cluster ASA (
[image: image7.wmf]ASA

c

) in [deg]
	12.55
	12.76
	14.36
	16.42
	17.13
	19.01
	19.31
	22.39
	27.8

	Cluster ZSA (
[image: image8.wmf]ZSA

c

) in [deg]
	1.25
	3.23
	4.39
	5.72
	6.17
	7.36
	7.3
	7.7
	9.25

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table C-3b: Channel model parameters for Urban Scenario (LOS) at Ka band

	Scenarios
	Urban LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.52
	-8.59
	-8.51
	-8.49
	-8.48
	-8.44
	-8.4
	-8.37
	-8.35

	
	lgDS
	0.92
	0.79
	0.65
	0.48
	0.46
	0.34
	0.27
	0.19
	0.14

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.18
	-3.05
	-2.98
	-3.11
	-3.19
	-3.25
	-3.33
	-3.22
	-2.83

	
	lgASD
	0.79
	0.87
	1.04
	1.06
	1.12
	1.14
	1.25
	1.35
	1.62

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-0.4
	-0.15
	-0.18
	-0.31
	-0.58
	-0.9
	-1.16
	-1.48
	-1.14

	
	lgASA
	0.77
	0.97
	1.58
	1.69
	2.13
	2.51
	2.47
	2.61
	1.7

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.67
	-0.34
	0.07
	-0.08
	-0.21
	-0.25
	-0.61
	-0.79
	-0.58

	
	lgZSA
	2.22
	3.04
	1.33
	1.45
	1.62
	1.06
	1.88
	1.87
	1.19

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.61
	-2.82
	-2.48
	-2.76
	-2.93
	-3.05
	-3.45
	-3.66
	-3.56

	
	lgZSD
	2.41
	2.59
	1.02
	1.27
	1.38
	0.96
	1.51
	1.49
	0.89

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	40.18
	23.62
	12.48
	8.56
	7.42
	5.97
	4.88
	4.22
	3.81

	
	K
	16.99
	18.96
	14.23
	11.06
	11.21
	9.47
	7.24
	5.79
	4.25

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	8
	8
	8
	8
	8
	8
	8
	8
	8

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image9.wmf]N


	4
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image10.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image11.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image12.wmf]ASD

c

) in [deg]
	0.09
	0.09
	0.11
	0.15
	0.18
	0.27
	0.42
	0.86
	2.55

	Cluster ASA (
[image: image13.wmf]ASA

c

) in [deg]
	11.78
	11.6
	13.05
	14.56
	15.35
	16.97
	17.96
	20.68
	25.08

	Cluster ZSA (
[image: image14.wmf]ZSA

c

) in [deg]
	1.14
	2.78
	3.87
	4.94
	5.41
	6.31
	6.66
	7.31
	9.23

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table C-4a: Channel model parameters for Urban Scenario (NLOS) at S band

	Scenarios
	Urban NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.21
	-7.63
	-7.75
	-7.97
	-7.99
	-8.01
	-8.09
	-7.97
	-8.17

	
	lgDS
	1.19
	0.98
	0.84
	0.73
	0.73
	0.72
	0.71
	0.78
	0.67

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-1.55
	-1.61
	-1.73
	-1.95
	-1.94
	-1.88
	-2.1
	-1.8
	-1.77

	
	lgASD
	0.87
	0.88
	1.15
	1.13
	1.21
	0.99
	1.77
	1.54
	1.4

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.17
	0.32
	0.52
	0.61
	0.68
	0.64
	0.58
	0.71
	0.49

	
	lgASA
	2.97
	2.99
	2.71
	2.26
	2.08
	1.93
	1.71
	0.96
	1.16

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.97
	0.49
	1.03
	1.12
	1.3
	1.32
	1.35
	1.31
	1.5

	
	lgZSA
	2.35
	2.11
	1.29
	1.45
	1.07
	1.2
	1.1
	1.35
	0.56

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.86
	-2.64
	-2.05
	-2.18
	-2.24
	-2.21
	-2.69
	-2.81
	-4.29

	
	lgZSD
	2.77
	2.79
	1.53
	1.67
	1.95
	1.87
	2.72
	2.98
	4.37

	Shadow fading (SF) [dB]
	SF
	6
	6
	6
	6
	6
	6
	6
	6
	6

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.72
	0.59
	0.76
	0.66
	0.82
	0.81
	0.85
	0.77
	0.84

	
	ASA vs DS
	0.47
	0.41
	0.34
	0.35
	0.24
	0.28
	0.26
	0.27
	0.33

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.53
	0.48
	0.4
	0.44
	0.27
	0.29
	0.3
	0.37
	0.34

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.98
	0.97
	0.96
	0.9
	0.89
	0.92
	0.93
	0.89
	0.8

	
	ZSA vs DS
	-0.01
	0.06
	0.06
	0.06
	-0.05
	-0.19
	-0.18
	-0.39
	-0.34

	
	ZSD vs ASD
	0.72
	0.6
	0.75
	0.69
	0.7
	0.71
	0.79
	0.77
	0.92

	
	ZSA vs ASD
	0
	0.08
	0.11
	0.12
	-0.04
	-0.13
	-0.17
	-0.35
	-0.3

	
	ZSD vs ASA
	0.47
	0.43
	0.38
	0.41
	0.34
	0.33
	0.28
	0.3
	0.42

	
	ZSA vs ASA
	0.04
	0.15
	0.18
	0.15
	0.15
	0.16
	-0.03
	-0.26
	-0.55

	
	ZSD vs ZSA
	-0.01
	0.06
	0.09
	0.09
	-0.02
	-0.14
	-0.16
	-0.35
	-0.36

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image15.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image16.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image17.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image18.wmf]ASD

c

) in [deg]
	0.08
	0.1
	0.14
	0.23
	0.33
	0.53
	1
	1.4
	6.63

	Cluster ASA (
[image: image19.wmf]ASA

c

) in [deg]
	15.07
	16.2
	18.14
	19.96
	21.53
	22.44
	23.59
	26.57
	32.7

	Cluster ZSA (
[image: image20.wmf]ZSA

c

) in [deg]
	1.66
	4.71
	7.33
	9.82
	11.52
	11.75
	10.93
	12.19
	16.68

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table C-4b: Channel model parameters for Urban Scenario (NLOS) at Ka band

	Scenarios
	Urban NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.24
	-7.7
	-7.82
	-8.04
	-8.08
	-8.1
	-8.16
	-8.03
	-8.33

	
	lgDS
	1.26
	0.99
	0.86
	0.75
	0.77
	0.76
	0.73
	0.79
	0.7

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-1.58
	-1.67
	-1.84
	-2.02
	-2.06
	-1.99
	-2.19
	-1.88
	-2

	
	lgASD
	0.89
	0.89
	1.3
	1.15
	1.23
	1.02
	1.78
	1.55
	1.4

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.13
	0.19
	0.44
	0.48
	0.56
	0.55
	0.48
	0.53
	0.32

	
	lgASA
	2.99
	3.12
	2.69
	2.45
	2.17
	1.93
	1.72
	1.51
	1.2

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.13
	0.49
	0.95
	1.15
	1.14
	1.13
	1.16
	1.28
	1.42

	
	lgZSA
	2.66
	2.03
	1.54
	1.02
	1.61
	1.84
	1.81
	1.35
	0.6

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.87
	-2.68
	-2.12
	-2.27
	-2.5
	-2.47
	-2.83
	-2.82
	-4.55

	
	lgZSD
	2.76
	2.76
	1.54
	1.77
	2.36
	2.33
	2.84
	2.87
	4.27

	Shadow fading (SF) [dB]
	SF
	6
	6
	6
	6
	6
	6
	6
	6
	6

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.74
	0.6
	0.75
	0.65
	0.72
	0.78
	0.85
	0.8
	0.86

	
	ASA vs DS
	0.47
	0.43
	0.35
	0.35
	0.23
	0.24
	0.27
	0.25
	0.51

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.53
	0.51
	0.41
	0.44
	0.29
	0.24
	0.36
	0.35
	0.47

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.98
	0.97
	0.96
	0.88
	0.84
	0.92
	0.91
	0.88
	0.83

	
	ZSA vs DS
	0
	0.06
	0.08
	0.1
	-0.04
	-0.17
	-0.16
	-0.32
	-0.37

	
	ZSD vs ASD
	0.72
	0.61
	0.73
	0.67
	0.56
	0.68
	0.79
	0.75
	0.96

	
	ZSA vs ASD
	0.01
	0.08
	0.12
	0.16
	0
	-0.11
	-0.16
	-0.31
	-0.28

	
	ZSD vs ASA
	0.47
	0.45
	0.38
	0.41
	0.32
	0.29
	0.29
	0.29
	0.46

	
	ZSA vs ASA
	0.05
	0.15
	0.18
	0.18
	0.21
	0.24
	0.02
	-0.16
	-0.43

	
	ZSD vs ZSA
	0
	0.07
	0.11
	0.13
	-0.02
	-0.11
	-0.16
	-0.3
	-0.32

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image21.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image22.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image23.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image24.wmf]ASD

c

) in [deg]
	0.08
	0.1
	0.14
	0.22
	0.31
	0.49
	0.97
	1.52
	5.36

	Cluster ASA (
[image: image25.wmf]ASA

c

) in [deg]
	14.72
	14.62
	16.4
	17.86
	19.74
	19.73
	20.5
	26.16
	25.83

	Cluster ZSA (
[image: image26.wmf]ZSA

c

) in [deg]
	1.57
	4.3
	6.64
	9.21
	10.32
	10.3
	10.2
	12.27
	12.75

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table C-6a: Channel model parameters for Suburban Scenario (NLOS) in S band

	Scenarios
	Suburban NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.91
	-8.39
	-8.69
	-8.59
	-8.64
	-8.74
	-8.98
	-9.28
	-9.28

	
	lgDS
	1.42
	1.46
	1.46
	1.21
	1.18
	1.13
	1.37
	1.50
	1.50

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.54
	-3.63
	-3.66
	-3.66
	-3.66
	-3.57
	-3.18
	-2.71
	-2.71

	
	lgASD
	1.80
	1.43
	1.68
	1.48
	1.55
	1.38
	1.62
	1.63
	1.63

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.91
	0.70
	0.38
	0.30
	0.28
	0.23
	0.10
	0.04
	0.04

	
	lgASA
	1.70
	1.33
	1.52
	1.46
	1.44
	1.44
	1.24
	1.04
	1.04

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.90
	-1.70
	-1.75
	-1.80
	-1.80
	-1.85
	-1.45
	-1.19
	-1.19

	
	lgZSA
	1.63
	1.24
	1.54
	1.25
	1.21
	1.20
	1.38
	1.58
	1.58

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.01
	-1.67
	-1.75
	-1.49
	-1.53
	-1.57
	-1.48
	-1.62
	-1.62

	
	lgZSD
	1.79
	1.31
	1.42
	1.28
	1.40
	1.24
	0.98
	0.88
	0.88

	Shadow fading (SF) [dB]
	SF
	8.93
	9.08
	8.78
	10.25
	10.56
	10.74
	10.17
	11.52
	11.52

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

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

	XPR [dB]
	XPR
	20.6
	16.7
	13.2
	11.3
	9.6
	7.5
	9.1
	11.7
	11.7

	
	XPR
	8.5
	12.0
	12.8
	13.8
	12.5
	11.2
	10.1
	13.1
	13.1

	Number of clusters 
[image: image27.wmf]N


	4
	4
	4
	4
	4
	3
	3
	3
	3

	Number of rays per cluster 
[image: image28.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image29.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image30.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image31.wmf]ASA

c

) in [deg]
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Cluster ZSA (
[image: image32.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table C-6b: Channel model parameters for Suburban Scenario (NLOS) in Ka band

	Scenarios
	Suburban NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.43
	-7.63
	-7.86
	-7.96
	-7.98
	-8.45
	-8.21
	-8.69
	-8.69

	
	lgDS
	0.50
	0.61
	0.56
	0.58
	0.59
	0.47
	0.36
	0.29
	0.29

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.89
	-2.76
	-2.64
	-2.41
	-2.42
	-2.53
	-2.35
	-2.31
	-2.31

	
	lgASD
	0.41
	0.41
	0.41
	0.52
	0.70
	0.50
	0.58
	0.73
	0.73

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	1.49
	1.24
	1.06
	0.91
	0.98
	0.49
	0.73
	-0.04
	-0.04

	
	lgASA
	0.40
	0.82
	0.71
	0.55
	0.58
	1.37
	0.49
	1.48
	1.48

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.81
	1.06
	1.12
	1.14
	1.29
	1.38
	1.36
	1.38
	1.38

	
	lgZSA
	0.36
	0.41
	0.40
	0.39
	0.35
	0.36
	0.29
	0.20
	0.20

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-3.09
	-2.93
	-2.91
	-2.78
	-2.70
	-3.03
	-2.90
	-3.20
	-3.20

	
	lgZSD
	0.32
	0.47
	0.46
	0.54
	0.45
	0.36
	0.42
	0.30
	0.30

	Shadow fading (SF) [dB]
	SF
	10.7
	10.0
	11.2
	11.6
	11.8
	10.8
	10.8
	10.8
	10.8

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	22.5
	19.4
	15.5
	13.9
	11.7
	9.8
	10.3
	15.6
	15.6

	
	XPR
	5.0
	8.5
	10.0
	10.6
	10.0
	9.1
	9.1
	9.1
	9.1

	Number of clusters 
[image: image33.wmf]N


	4
	4
	4
	4
	4
	3
	3
	3
	3

	Number of rays per cluster 
[image: image34.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image35.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image36.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image37.wmf]ASA

c

) in [deg]
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Cluster ZSA (
[image: image38.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table C-7a: Channel model parameters for Rural Scenario (LOS) at S band

	Scenarios
	Rural LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.55
	-8.68
	-8.46
	-8.36
	-8.29
	-8.26
	-8.22
	-8.2
	-8.19

	
	lgDS
	0.66
	0.44
	0.28
	0.19
	0.14
	0.1
	0.1
	0.05
	0.06

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.42
	-3
	-2.86
	-2.78
	-2.7
	-2.66
	-2.53
	-2.21
	-1.78

	
	lgASD
	0.89
	0.63
	0.52
	0.45
	0.42
	0.41
	0.42
	0.5
	0.91

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-9.45
	-4.45
	-2.39
	-1.28
	-0.99
	-1.05
	-0.9
	-0.89
	-0.81

	
	lgASA
	7.83
	6.86
	5.14
	3.44
	2.59
	2.42
	1.78
	1.65
	1.26

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-4.2
	-2.31
	-0.28
	-0.38
	-0.38
	-0.46
	-0.49
	-0.53
	-0.46

	
	lgZSA
	6.3
	5.04
	0.81
	1.16
	0.82
	0.67
	1
	1.18
	0.91

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-6.03
	-4.31
	-2.57
	-2.59
	-2.59
	-2.65
	-2.69
	-2.65
	-2.65

	
	lgZSD
	5.19
	4.18
	0.61
	0.79
	0.65
	0.52
	0.78
	1.01
	0.71

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	24.72
	12.31
	8.05
	6.21
	5.04
	4.42
	3.92
	3.65
	3.59

	
	K
	5.07
	5.75
	5.46
	5.23
	3.95
	3.75
	2.56
	1.77
	1.77

	Cross-Correlations
	ASD vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	ZSA vs SF
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02

	
	ZSD vs DS
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05

	
	ZSA vs DS
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27

	
	ZSD vs ASD
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73

	
	ZSA vs ASD
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14

	
	ZSD vs ASA
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20

	
	ZSA vs ASA
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24

	
	ZSD vs ZSA
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07

	Delay scaling parameter r(
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8

	XPR [dB]
	XPR
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image39.wmf]N


	2
	2
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image40.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image41.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image42.wmf]ASD

c

) in [deg]
	0.39
	0.31
	0.29
	0.37
	0.61
	0.9
	1.43
	2.87
	5.48

	Cluster ASA (
[image: image43.wmf]ASA

c

) in [deg]
	10.81
	8.09
	13.7
	20.05
	24.51
	26.35
	31.84
	36.62
	36.77

	Cluster ZSA (
[image: image44.wmf]ZSA

c

) in [deg]
	1.94
	1.83
	2.28
	2.93
	2.84
	3.17
	3.88
	4.17
	4.29

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASD
	25
	25
	25
	25
	25
	25
	25
	25
	25

	
	ASA
	35
	35
	35
	35
	35
	35
	35
	35
	35

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table C-7b: Channel model parameters for Rural Scenario (LOS) at Ka band. 

	Scenarios
	Rural LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.68
	-8.86
	-8.59
	-8.46
	-8.36
	-8.3
	-8.26
	-8.22
	-8.21

	
	lgDS
	0.46
	0.29
	0.18
	0.19
	0.14
	0.15
	0.13
	0.03
	0.07

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-4.03
	-3.55
	-3.45
	-3.38
	-3.33
	-3.29
	-3.24
	-2.9
	-2.5

	
	lgASD
	0.91
	0.7
	0.55
	0.52
	0.46
	0.43
	0.46
	0.44
	0.82

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-9.74
	-4.88
	-2.6
	-1.92
	-1.56
	-1.66
	-1.59
	-1.58
	-1.51

	
	lgASA
	7.52
	6.67
	4.63
	3.45
	2.44
	2.38
	1.67
	1.44
	1.13

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-5.85
	-3.27
	-0.88
	-0.93
	-0.99
	-1.04
	-1.17
	-1.19
	-1.13

	
	lgZSA
	6.51
	5.36
	0.93
	0.96
	0.97
	0.83
	1.01
	1.01
	0.85

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-7.45
	-5.25
	-3.16
	-3.15
	-3.2
	-3.27
	-3.42
	-3.36
	-3.35

	
	lgZSD
	5.3
	4.42
	0.68
	0.73
	0.77
	0.61
	0.74
	0.79
	0.65

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	25.43
	12.72
	8.40
	6.52
	5.24
	4.57
	4.02
	3.70
	3.62

	
	K
	7.04
	7.47
	7.18
	6.88
	5.28
	4.92
	3.40
	2.22
	2.28

	Cross-Correlations
	ASD vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	ZSA vs SF
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02

	
	ZSD vs DS
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05

	
	ZSA vs DS
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27

	
	ZSD vs ASD
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73

	
	ZSA vs ASD
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14

	
	ZSD vs ASA
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20

	
	ZSA vs ASA
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24

	
	ZSD vs ZSA
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07

	Delay scaling parameter r(
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8

	XPR [dB]
	XPR
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image45.wmf]N


	2
	2
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image46.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image47.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image48.wmf]ASD

c

) in [deg]
	0.36
	0.3
	0.25
	0.35
	0.53
	0.88
	1.39
	2.7
	4.97

	Cluster ASA (
[image: image49.wmf]ASA

c

) in [deg]
	4.63
	6.83
	12.91
	18.9
	22.44
	25.69
	27.95
	31.45
	28.01

	Cluster ZSA (
[image: image50.wmf]ZSA

c

) in [deg]
	0.75
	1.25
	1.93
	2.37
	2.66
	3.23
	3.71
	4.17
	4.14

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASD
	25
	25
	25
	25
	25
	25
	25
	25
	25

	
	ASA
	35
	35
	35
	35
	35
	35
	35
	35
	35

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table C-8a: Channel model parameters for Rural Scenario (NLOS) at S band

	Scenarios
	Rural NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.01
	-8.37
	-8.05
	-7.92
	-7.92
	-7.96
	-7.91
	-7.79
	-7.74

	
	lgDS
	1.59
	0.95
	0.92
	0.92
	0.87
	0.87
	0.82
	0.86
	0.81

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.9
	-2.5
	-2.12
	-1.99
	-1.9
	-1.85
	-1.69
	-1.46
	-1.32

	
	lgASD
	1.34
	1.18
	1.08
	1.06
	1.05
	1.06
	1.14
	1.16
	1.3

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-3.33
	-0.74
	0.08
	0.32
	0.53
	0.33
	0.55
	0.45
	0.4

	
	lgASA
	6.22
	4.22
	3.02
	2.45
	1.63
	2.08
	1.58
	2.01
	2.19

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.88
	-0.07
	0.75
	0.72
	0.95
	0.97
	1.1
	0.97
	1.35

	
	lgZSA
	3.26
	3.29
	1.92
	1.92
	1.45
	1.62
	1.43
	1.88
	0.62

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-4.92
	-4.06
	-2.33
	-2.24
	-2.24
	-2.22
	-2.19
	-2.41
	-2.45

	
	lgZSD
	3.96
	4.07
	1.7
	2.01
	2
	1.82
	1.66
	2.58
	2.52

	Shadow fading (SF) [dB]
	SF
	8
	8
	8
	8
	8
	8
	8
	8
	8

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.5
	0.3
	0.32
	0.39
	0.25
	0.16
	0.23
	0.18
	0.91

	
	ASA vs DS
	0.2
	0.3
	0.31
	0.38
	0.44
	0.38
	0.49
	0.27
	-0.01

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0.57
	0.14
	0.08
	0.25
	0.17
	0.15
	0.23
	-0.04
	-0.05

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04

	
	ZSA vs SF
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.75
	0.79
	0.74
	0.9
	0.93
	0.93
	0.94
	0.74
	0.61

	
	ZSA vs DS
	0.05
	0.03
	0
	-0.09
	-0.2
	-0.22
	-0.33
	-0.41
	-0.36

	
	ZSD vs ASD
	0.7
	0.42
	0.38
	0.33
	0.19
	0.17
	0.21
	0.15
	0.31

	
	ZSA vs ASD
	0.12
	-0.04
	-0.1
	-0.13
	-0.13
	-0.12
	-0.13
	-0.14
	-0.29

	
	ZSD vs ASA
	0.35
	0.35
	0.31
	0.38
	0.47
	0.45
	0.52
	0.28
	0.1

	
	ZSA vs ASA
	0.09
	0.21
	0.22
	0.06
	-0.06
	-0.15
	-0.36
	-0.28
	-0.4

	
	ZSD vs ZSA
	0.15
	0.07
	-0.06
	-0.13
	-0.21
	-0.22
	-0.31
	-0.33
	-0.27

	Delay scaling parameter r(
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image51.wmf]N


	3
	3
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image52.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image53.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image54.wmf]ASD

c

) in [deg]
	0.03
	0.05
	0.07
	0.1
	0.15
	0.22
	0.5
	1.04
	2.11

	Cluster ASA (
[image: image55.wmf]ASA

c

) in [deg]
	18.16
	26.82
	21.99
	22.86
	25.93
	27.79
	28.5
	37.53
	29.23

	Cluster ZSA (
[image: image56.wmf]ZSA

c

) in [deg]
	2.32
	7.34
	8.28
	8.76
	9.68
	9.94
	8.9
	13.74
	12.16

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	36
	36
	36
	36
	36
	36
	36
	36
	36

	
	ASD
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASA
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	SF
	120
	120
	120
	120
	120
	120
	120
	120
	120

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values.

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table C-8b: Channel model parameters for Rural Scenario (NLOS) at Ka band

	Scenarios
	Rural NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.13
	-8.39
	-8.1
	-7.96
	-7.99
	-8.05
	-8.01
	-8.05
	-7.91

	
	lgDS
	1.91
	0.94
	0.92
	0.94
	0.89
	0.87
	0.82
	1.65
	0.76

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.9
	-2.53
	-2.16
	-2.04
	-1.99
	-1.95
	-1.81
	-1.56
	-1.53

	
	lgASD
	1.32
	1.18
	1.08
	1.09
	1.08
	1.06
	1.17
	1.2
	1.27

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-3.4
	-0.51
	0.06
	0.2
	0.4
	0.32
	0.46
	0.33
	0.24

	
	lgASA
	6.28
	3.75
	2.95
	2.65
	1.85
	1.83
	1.57
	1.99
	2.18

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.19
	-0.11
	0.72
	0.69
	0.84
	0.99
	0.95
	0.92
	1.29

	
	lgZSA
	3.81
	3.33
	1.93
	1.91
	1.7
	1.27
	1.86
	1.84
	0.59

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-5.47
	-4.06
	-2.32
	-2.19
	-2.16
	-2.24
	-2.29
	-2.65
	-2.23

	
	lgZSD
	4.39
	4.04
	1.54
	1.73
	1.5
	1.64
	1.66
	2.86
	1.12

	Shadow fading (SF) [dB]
	SF
	8
	8
	8
	8
	8
	8
	8
	8
	8

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.51
	0.36
	0.29
	0.41
	0.27
	0.19
	0.44
	0.2
	0.9

	
	ASA vs DS
	0.22
	0.33
	0.32
	0.41
	0.47
	0.37
	0.34
	0.28
	-0.02

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0.57
	0.15
	0.09
	0.24
	0.11
	0.16
	0.26
	-0.03
	-0.03

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04

	
	ZSA vs SF
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.72
	0.78
	0.72
	0.91
	0.91
	0.86
	0.93
	0.82
	0.75

	
	ZSA vs DS
	0.05
	0.02
	0.04
	-0.06
	-0.16
	-0.17
	-0.31
	-0.35
	-0.29

	
	ZSD vs ASD
	0.71
	0.42
	0.4
	0.45
	0.15
	0.2
	0.32
	0.11
	0.44

	
	ZSA vs ASD
	0.1
	-0.04
	-0.07
	-0.11
	-0.12
	-0.1
	-0.13
	-0.14
	-0.31

	
	ZSD vs ASA
	0.4
	0.35
	0.33
	0.4
	0.47
	0.46
	0.35
	0.3
	0.08

	
	ZSA vs ASA
	0.1
	0.21
	0.22
	0.1
	0
	-0.11
	-0.25
	-0.18
	-0.21

	
	ZSD vs ZSA
	0.19
	0.06
	-0.02
	-0.11
	-0.19
	-0.19
	-0.3
	-0.28
	-0.22

	Delay scaling parameter r(
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image57.wmf]N


	3
	3
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image58.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image59.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image60.wmf]ASD

c

) in [deg]
	0.03
	0.05
	0.07
	0.09
	0.16
	0.22
	0.51
	0.89
	1.68

	Cluster ASA (
[image: image61.wmf]ASA

c

) in [deg]
	18.21
	24.08
	22.06
	21.4
	24.26
	24.15
	25.99
	36.07
	24.51

	Cluster ZSA (
[image: image62.wmf]ZSA

c

) in [deg]
	2.13
	6.52
	7.72
	8.45
	8.92
	8.76
	9
	13.6
	10.56

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	36
	36
	36
	36
	36
	36
	36
	36
	36

	
	ASD
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASA
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	SF
	120
	120
	120
	120
	120
	120
	120
	120
	120

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values.

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values.

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


C.2
Channel models for link level simulations

The link level models follow the same principles as the link level models specified in TR38.901 section 7.7.

C.2.1
CDL models

The CDL models are defined for the S and Ka bands and are applicable to different environments and elevation angles. NTN-CDL-A and NTN-CDL-B are constructed to represent two different channel profiles for NLOS, while NTN-CDL-C and NTN-CDL-D are constructed for LOS. The parameters of these models can be found in Tables C.1-1 to C.1-4.
Due to the long propagation distance between the NTN gNB and ground UE, the azimuth and elevation angular spreads of departure, ASD and ZSD, can be considered zero, and all cluster AOD and ZOD angles the same. The coordinate system can be chosen in such a way that all AODs are zero. With the NTN gNB at an elevation angle α with respect to the UE, ZOD of all clusters is 90⁰+α, as shown in Figure C.1-1. The CDL models in Tables C.1-1 to C.1-4 use 50⁰ elevation angle between the NTN gNB and UE, resulting in ZODs equal to 140⁰. For a desired elevation angle αdesired, the cluster ZOD needs to be set to

[image: image63.emf]𝜃 𝑛 , ZOD , desired = 90 + 𝛼 desired  


 (C.2-1)
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Figure C.1-1 Elevation angle α at UE with NTN gNB
Depending on the frequency band, environment scenario, and elevation angle of the intended link level simulations, suitable DS, ASA, ZSA, and Rician K-factor in case of LOS, can be determined from the channel model parameters in Section C.1.2. 

Each CDL model can be scaled in delay and AOA to achieve desired RMS delay spread and ASA according to the procedures specified respectively in subclauses 7.7.3 and 7.7.5.1 of TR 38.901. With the same angle scaling principle, each CDL model can also be scaled in ZOA to achieve desired ZSA, taking into account the difference between the desired elevation angle and reference elevation angle, by


[image: image65.emf]𝜃 𝑛 , ZOA , scaled = ZSA desired Z SA model ൫ 𝜃 𝑛 , ZOA , model − 𝜇 ZOA , model ൯ + 𝜇 ZOA , desired − Δ 𝛼  

 
(C.2-2)

where



[image: image66.emf]𝜃 𝑛 , ZOA , scaled  

 is the scaled ZOA,
[image: image67.emf]ZSA desired  

 is the desired ZSA,
[image: image68.emf]Z SA model  

 is the RMS zenith angular spread of the reference model,
[image: image69.emf]𝜃 𝑛 , ZOA , model  

 is the cluster ZOA of the reference model,
[image: image70.emf]𝜇 ZOA , model  

 is the mean angle of ZOA of the reference model,
[image: image71.emf]𝜇 ZOA , desired  

 is the desired mean ZOA, 

[image: image72.emf]Δ 𝛼 = 𝛼 desired − 𝛼 model  

 is the difference between the desired and reference elevation angles between the NTN gNB and UE.
The resultant ZOA angles after scaling may need to be wrapped to the domain [0,180] by the same rule in TR 38.901: if [image: image73.emf]𝜃 𝑛 , ZOA ∈ [ 180 0 , 360 0 ]  

, it should be set to [image: image74.emf]൫ 360 0 − 𝜃 𝑛 , ZOA ൯  

.
For LOS channel models, the K-factor of NTN-CDL-C and NTN-CDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.
Doppler shift due to UE and satellite motion should be calculated based on section 6.8.1 of TR 38.811. For simulations over a few TTIs, constant speed for the UE and the satellite and constant satellite elevation angle may be considered
Table C.1-1. NTN-CDL-A at elevation [image: image75.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	178.8
	140
	35.6

	2
	1.0811
	-4.675
	0
	-115.7
	140
	22.9

	3
	2.8416
	-6.482
	0
	111.5
	140
	127.4

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10


Table C.1-2. NTN-CDL-B at elevation [image: image77.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	-174.6
	140
	42.2

	2
	0.7249
	-1.973
	0
	144.9
	140
	63.4

	3
	0.7410
	-4.332
	0
	-119.8
	140
	89.7

	4
	5.7392
	-11.914
	0
	-88.8
	140
	174.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10


Table C.1-3. NTN-CDL-C at elevation [image: image79.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.394
	0
	-180
	140
	40

	
	Laplacian
	0
	-10.618
	0
	-180
	140
	40

	2
	Laplacian
	14.8124
	-23.373
	0
	-75.9
	140
	87.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16


Table C.1-4. NTN-CDL-D at elevation [image: image81.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.284
	0
	-180
	140
	40

	
	Laplacian
	0
	-11.991
	0
	-180
	140
	40

	2
	Laplacian
	0.5596
	-9.887
	0
	-135.4
	140
	146.2

	3
	Laplacian
	7.3340
	-16.771
	0
	-121.5
	140
	136.0

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16


C.2.2
TDL models

The Tapped Delay Line (TDL) models are filtered from the CDL models according to the section 7.7.4 of TR 38.901 by assuming isotropic UE antenna. Two TDL models, namely NTN-TDL-A and NTN-TDL-B are constructed to represent two different channel profiles for NLOS, while NTN-TDL-C and NTN-TDL-D are constructed for LOS. The parameter of these models can be found in Tables C.2.2-1 to C.2.2-4.
The Doppler spectrum for each tap is defined as described in subclause 7.7.2 of TR 38.901. Each TDL model can be scaled in delay to achieve desired RMS delay spread according to the procedure specified in subclause 7.7.3 of TR 38.901. For LOS channel models, the K-factor of NTN-TDL-C and NTN-TDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.
Additional Doppler shift due to satellite motion should be taken into account according to the following formula:
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 denotes the satellite speed, c denotes the speed of light, R denotes the earth radius, h denotes the satellite altitude, 
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 denotes the satellite elevation angle, and 
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 denotes the carrier frequency.
This additional Doppler shift should be applied to all taps of the TDL model.
The satellite speed, satellite elevation angle and UE speed should be considered to be constant during the simulation duration, if limited to few TTIs.
An illustration of the effect of additional Doppler shift due to satellite motion on the Doppler power spectrum is displayed on the next figure.
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Figure C-1 : Illustration of Doppler power spectrum in NTN in LOS conditions
Table C.2-1. NTN-TDL-A at elevation [image: image88.png]



	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	1.0811
	-4.675
	Rayleigh

	3
	2.8416
	-6.482
	Rayleigh


Table C.2-2. NTN-TDL-B at elevation [image: image90.png]50°





	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	0.7249
	-1.973
	Rayleigh

	3
	0.7410
	-4.332
	Rayleigh

	4
	5.7392
	-11.914
	Rayleigh


Table C.2-3. NTN-TDL-C at elevation [image: image92.png]50°





	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:
The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.


Table C.2-4. NTN-TDL-D at elevation [image: image94.png]50°





	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.284
	LOS path

	
	0
	-11.991
	Rayleigh

	2
	0.5596
	-9.887
	Rayleigh

	3
	7.3340
	-16.771
	Rayleigh

	NOTE:
The first tap follows a Ricean distribution with a K-factor of K1 = 11.707 dB and a mean power of 0 dB.


C.3 HAPS/Satellite antenna

Satellite antenna pattern

The following normalized antenna gain pattern, corresponding to a typical reflector antenna with a circular aperture, is considered

1
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[image: image99.emf]for  ȁ 𝜃 ȁ > 90 °  


where J1(x) is the Bessel function of the first kind and first order with argument x, [image: image101.wmf]a



 is the radius of the antenna's circular aperture, k = 2f/c is the wave number, f is the frequency of operation, c is the speed of light in a vacuum and  is the angle measured from the bore sight of the antenna's main beam. Note that ka equals to the number of wavelengths on the circumference of the aperture and is independent of the operating frequency. 

The normalized gain pattern for a = 10 c/f (aperture radius of 10 wavelengths) is shown in Figure 6.4.1-1.
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Figure 6.4.1-1: Satellite antenna gain pattern for aperture radius 10 wavelengths, a=10 c/f
HAPS antenna pattern

Two different antenna patterns are considered:

1. The above antenna pattern defined for satellite scenarios, based on the Bessel function.

2. The 3GPP antenna pattern defined for the base station in Section 7.3 of [12], corresponding to a uniform rectangular panel array with dual linear polarization.
--- end of text proposal ---
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