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6.6.2
Path loss and Shadow fading

The signal path between a satellite or HAPS transmitter and an NTN terminal undergoes several stages of propagation and attenuation. The path loss (PL) is composed of components as follows:
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where
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is the total path loss in dB,
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 is the basic path loss in dB,
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 is the attenuation due to atmospheric gasses in dB,
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 is the attenuation due to either ionospheric or tropospheric scintillation in dB,
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is building entry loss in dB.

This section specifies the basic path loss model (
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PL

) which accounts for the signal's free space propagation, clutter loss, and shadow fading. Attenuations due to building entry loss, atmospheric gasses and scintillation are described in Sections 6.6.3, 6.6.4 and 6.6.6, respectively. 

The free space path loss (FSPL) in dB for a separation distance d in meter and frequency [image: image9.png]


 in GHz is given by
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(6.6-2)
For a ground terminal, the distance d (a.k.a. slant range), as shown in Figure 6.6.2-1, can be determined by the satellite/HAPS altitude 
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 and elevation angle α by
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where 
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 denotes Earth radius.
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Figure 6.6.2-1: Slant range d between a satellite and a ground terminal
Clutter loss (CL) models the attenuation of signal power caused by surrounding buildings and objects on the ground. It depends on the elevation angle α, the carrier frequency fc, and the environment. Shadow fading (SF) is modeled by a log-normal distribution, which when expressed in decibel unit, is a zero-mean normal distribution with a standard deviation 
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The basic path loss in dB unit is modeled as
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where 
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 is the free space path loss, is clutter loss, and 
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 is shadow fading loss represented by a random number generated by the normal distribution, i.e., 
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. When the UE is in LOS condition, clutter loss is negligible and should be set to 0 dB in the basic path loss model.

The values of 
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 and  are given in tables 6.6.2-1 to 6.6.2-3 at reference elevation angles for different scenarios. The UE in a particular scenario should take the values corresponding to the reference angle nearest to its elevation angle α.

Table 6.6.2-1: Shadow fading and clutter loss for dense urban scenario
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS
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  (dB)
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(dB)

	10°
	3.5
	15.5
	34.3
	2.9
	17.1
	44.3

	20°
	3.4
	13.9
	30.9
	2.4
	17.1
	39.9

	30°
	2.9
	12.4
	29.0
	2.7
	15.6
	37.5

	40°
	3.0
	11.7
	27.7
	2.4
	14.6
	35.8

	50°
	3.1
	10.6
	26.8
	2.4
	14.2
	34.6

	60°
	2.7
	10.5
	26.2
	2.7
	12.6
	33.8

	70°
	2.5
	10.1
	25.8
	2.6
	12.1
	33.3

	80°
	2.3
	9.2
	25.5
	2.8
	12.3
	33.0

	90°
	1.2
	9.2
	25.5
	0.6
	12.3
	32.9


Table 6.6.2-2: Shadow fading and clutter loss for urban scenario
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS
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	10°
	4
	6
	34.3
	4
	6
	44.3

	20°
	4
	6
	30.9
	4
	6
	39.9

	30°
	4
	6
	29.0
	4
	6
	37.5

	40°
	4
	6
	27.7
	4
	6
	35.8

	50°
	4
	6
	26.8
	4
	6
	34.6

	60°
	4
	6
	26.2
	4
	6
	33.8

	70°
	4
	6
	25.8
	4
	6
	33.3

	80°
	4
	6
	25.5
	4
	6
	33.0

	90°
	4
	6
	25.5
	4
	6
	32.9


Table 6.6.2-3: Shadow fading and clutter loss for suburban and rural scenarios
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS
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(dB)
	
[image: image55.wmf]CL
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	10°
	1.79
	8.93
	19.52
	1.9
	10.7
	29.5

	20°
	1.14
	9.08
	18.17
	1.6
	10.0
	24.6

	30°
	1.14
	8.78
	18.42
	1.9
	11.2
	21.9

	40°
	0.92
	10.25
	18.28
	2.3
	11.6
	20.0

	50°
	1.42
	10.56
	18.63
	2.7
	11.8
	18.7

	60°
	1.56
	10.74
	17.68
	3.1
	10.8
	17.8

	70°
	0.85
	10.17
	16.50
	3.0
	10.8
	17.2

	80°
	0.72
	11.52
	16.30
	3.6
	10.8
	16.9

	90°
	0.72
	11.52
	16.30
	0.4
	10.8
	16.8


<not relevant clauses are omitted>
6.7.2
Frequency selective fading

In the fast fading model, the process in 7.5 of TR 38.901 [12] is used. This section is not a stand-alone description of the fast fading model, but it describes the differences between the channel models used for terrestrial and satellite/HAPS communications. As can be seen from Figure 6.7.2-1, there is not much difference in local scattering between the HAPS and satellite cases. Therefore, the same fast fading parameters can be used for the both cases, including different satellite orbits as well. The critical parameter is the elevation angle of the LOS path of the satellite/HAPS vs. ground horizon.
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Figure 6.7.2-1: HAPS to UE vs. satellite to UE propagation
Instead of the parameterization tables in TR 38.901 [12] (Table 7.5-6 Part-1 and Part-2) the following tables shall be used.

NOTE 1:
Some channel models may lead to pessimistic results of the performance of satellite/HAPS to UE link especially in the higher elevations due to the high number of clusters and low K factor.

NOTE 2:
In some cases, the correlation distances are shorter in real world conditions.
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 TR 38.901 [12] (Table 6.7.2-1aa below corresponds to Table 7.5-2 in TR 38.901 [12] and Table 6.7.2-1ab below corresponds to Table 7.5-3 in TR 38.901 [12]).
Table 6.7.2-1aa: 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 6.7.2-1ab: 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 6.7.2-1a: Channel model parameters for Dense Urban Scenario (LOS) in S band

	Scenarios
	Dense Urban LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.12
	-7.28
	-7.45
	-7.73
	-7.91
	-8.14
	-8.23
	-8.28
	-8.36

	
	lgDS
	0.80
	0.67
	0.68
	0.66
	0.62
	0.51
	0.45
	0.31
	0.08

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.06
	-2.68
	-2.51
	-2.40
	-2.31
	-2.20
	-2.00
	-1.64
	-0.63

	
	lgASD
	0.48
	0.36
	0.38
	0.32
	0.33
	0.39
	0.40
	0.32
	0.53

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.94
	0.87
	0.92
	0.79
	0.72
	0.60
	0.55
	0.71
	0.81

	
	lgASA
	0.70
	0.66
	0.68
	0.64
	0.63
	0.54
	0.52
	0.53
	0.62

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.82
	0.50
	0.82
	1.23
	1.43
	1.56
	1.66
	1.73
	1.79

	
	lgZSA
	0.03
	0.09
	0.05
	0.03
	0.06
	0.05
	0.05
	0.02
	0.01

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.52
	-2.29
	-2.19
	-2.24
	-2.30
	-2.48
	-2.64
	-2.68
	-2.61

	
	lgZSD
	0.50
	0.53
	0.58
	0.51
	0.46
	0.35
	0.31
	0.39
	0.28

	Shadow fading (SF) [dB]
	SF
	See Table 6.6.2-1

	
	
	
	
	
	
	
	
	
	
	

	K-factor (K) [dB]
	K
	4.4
	9.0
	9.3
	7.9
	7.4
	7.0
	6.9
	6.5
	6.8

	
	K
	3.3
	6.6
	6.1
	4.0
	3.0
	2.6
	2.2
	2.1
	1.9

	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
	24.4
	23.6
	23.2
	22.6
	21.8
	20.5
	19.3
	17.4
	12.3

	
	XPR
	3.8
	4.7
	4.6
	4.9
	5.7
	6.9
	8.1
	10.3
	15.2

	Number of clusters 
[image: image59.wmf]N


	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image60.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image61.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: image62.wmf]ASD

c

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

	Cluster ASA (
[image: image63.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image64.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
	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 6.7.2-1b: Channel model parameters for Dense Urban Scenario (LOS) in Ka band

	Scenarios
	Dense Urban LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.43
	-7.62
	-7.76
	-8.02
	-8.13
	-8.30
	-8.34
	-8.39
	-8.45

	
	lgDS
	0.90
	0.78
	0.80
	0.72
	0.61
	0.47
	0.39
	0.26
	0.01

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.43
	-3.06
	-2.91
	-2.81
	-2.74
	-2.72
	-2.46
	-2.30
	-1.11

	
	lgASD
	0.54
	0.41
	0.42
	0.34
	0.34
	0.70
	0.40
	0.78
	0.51

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.65
	0.53
	0.60
	0.43
	0.36
	0.16
	0.18
	0.24
	0.36

	
	lgASA
	0.82
	0.78
	0.83
	0.78
	0.77
	0.84
	0.64
	0.81
	0.65

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.82
	0.47
	0.80
	1.23
	1.42
	1.56
	1.65
	1.73
	1.79

	
	lgZSA
	0.05
	0.11
	0.05
	0.04
	0.10
	0.06
	0.07
	0.02
	0.01

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.75
	-2.64
	-2.49
	-2.51
	-2.54
	-2.71
	-2.85
	-3.01
	-3.08

	
	lgZSD
	0.55
	0.64
	0.69
	0.57
	0.50
	0.37
	0.31
	0.45
	0.27

	Shadow fading (SF) [dB]
	SF
	See Table 6.6.2-1

	K-factor (K) [dB]
	K
	6.1
	13.7
	12.9
	10.3
	9.2
	8.4
	8.0
	7.4
	7.6

	
	K
	2.6
	6.8
	6.0
	3.3
	2.2
	1.9
	1.5
	1.6
	1.3

	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
	24.7
	24.4
	24.4
	24.2
	23.9
	23.3
	22.6
	21.2
	17.6

	
	XPR
	2.1
	2.8
	2.7
	2.7
	3.1
	3.9
	4.8
	6.8
	12.7

	Number of clusters 
[image: image65.wmf]N


	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image66.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image67.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: image68.wmf]ASD

c

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

	Cluster ASA (
[image: image69.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image70.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
	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 6.7.2-2a: Channel model parameters for Dense Urban Scenario (NLOS) in S band

	Scenarios
	Dense Urban NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-6.84
	-6.81
	-6.94
	-7.14
	-7.34
	-7.53
	-7.67
	-7.82
	-7.84

	
	lgDS
	0.82
	0.61
	0.49
	0.49
	0.51
	0.47
	0.44
	0.42
	0.55

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.08
	-1.68
	-1.46
	-1.43
	-1.44
	-1.33
	-1.31
	-1.11
	-0.11

	
	lgASD
	0.87
	0.73
	0.53
	0.50
	0.58
	0.49
	0.65
	0.69
	0.53

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	1.00
	1.44
	1.54
	1.53
	1.48
	1.39
	1.42
	1.38
	1.23

	
	lgASA
	1.60
	0.87
	0.64
	0.56
	0.54
	0.68
	0.55
	0.60
	0.60

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	1.00
	0.94
	1.15
	1.35
	1.44
	1.56
	1.64
	1.70
	1.70

	
	lgZSA
	0.63
	0.65
	0.42
	0.28
	0.25
	0.16
	0.18
	0.09
	0.17

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.08
	-1.66
	-1.48
	-1.46
	-1.53
	-1.61
	-1.77
	-1.90
	-1.99

	
	lgZSD
	0.58
	0.50
	0.40
	0.37
	0.47
	0.43
	0.50
	0.42
	0.50

	
	
	
	
	
	
	
	
	
	
	

	Shadow fading (SF) [dB]
	SF
	See Table 6.6.2-1

	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
	23.8
	21.9
	19.7
	18.1
	16.3
	14.0
	12.1
	8.7
	6.4

	
	XPR
	4.4
	6.3
	8.1
	9.3
	11.5
	13.3
	14.9
	17.0
	12.3

	Number of clusters 
[image: image71.wmf]N


	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of rays per cluster 
[image: image72.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image73.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: image74.wmf]ASD

c

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

	Cluster ASA (
[image: image75.wmf]ASA

c

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

	Cluster ZSA (
[image: image76.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.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-2b: Channel model parameters for Dense Urban Scenario (NLOS) in Ka band

	Scenarios
	Dense Urban NLOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-6.86
	-6.84
	-7.00
	-7.21
	-7.42
	-7.86
	-7.76
	-8.07
	-7.95

	
	lgDS
	0.81
	0.61
	0.56
	0.56
	0.57
	0.55
	0.47
	0.42
	0.59

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.12
	-1.74
	-1.56
	-1.54
	-1.45
	-1.64
	-1.37
	-1.29
	-0.41

	
	lgASD
	0.94
	0.79
	0.66
	0.63
	0.56
	0.78
	0.56
	0.76
	0.59

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	1.02
	1.44
	1.48
	1.46
	1.40
	0.97
	1.33
	1.12
	1.04

	
	lgASA
	1.44
	0.77
	0.70
	0.60
	0.59
	1.27
	0.56
	1.04
	0.63

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	1.01
	0.96
	1.13
	1.30
	1.40
	1.41
	1.63
	1.68
	1.70

	
	lgZSA
	0.56
	0.55
	0.43
	0.37
	0.32
	0.45
	0.17
	0.14
	0.17

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.11
	-1.69
	-1.52
	-1.51
	-1.54
	-1.84
	-1.86
	-2.16
	-2.21

	
	lgZSD
	0.59
	0.51
	0.46
	0.43
	0.45
	0.63
	0.51
	0.74
	0.61

	Shadow fading (SF) [dB]
	SF
	See Table 6.6.2-1

	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
	23.7
	21.8
	19.6
	18.0
	16.3
	15.9
	12.3
	10.5
	10.5

	
	XPR
	4.5
	6.3
	8.2
	9.4
	11.5
	12.4
	15.0
	15.7
	15.7

	Number of clusters 
[image: image77.wmf]N


	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of rays per cluster 
[image: image78.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image79.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: image80.wmf]ASD

c

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

	Cluster ASA (
[image: image81.wmf]ASA

c

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

	Cluster ZSA (
[image: image82.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.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-3a: 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
	See Table 6.6.2-2

	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 
[image: image83.wmf]N


	4
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image84.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image85.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: image86.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: image87.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: image88.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 6.7.2-3b: 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
	See Table 6.6.2-2

	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: image89.wmf]N


	4
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image90.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image91.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: image92.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: image93.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: image94.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 6.7.2-4a: 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
	See Table 6.6.2-2

	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
	0.54
	0.46
	0.56
	0.52
	0.6
	0.59
	0.6
	0.57
	0.64

	
	ASA vs DS
	0.38
	0.36
	0.27
	0.29
	0.21
	0.24
	0.22
	0.24
	0.24

	
	ASA vs SF
	-0.05
	-0.04
	-0.04
	-0.04
	-0.03
	-0.05
	-0.02
	-0.01
	0

	
	ASD vs SF
	-0.48
	-0.53
	-0.52
	-0.52
	-0.54
	-0.51
	-0.5
	-0.48
	-0.43

	
	DS vs SF
	-0.22
	-0.26
	-0.21
	-0.25
	-0.21
	-0.19
	-0.19
	-0.2
	-0.2

	
	ASD vs ASA
	0.41
	0.4
	0.33
	0.37
	0.23
	0.23
	0.22
	0.23
	0.21

	
	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: image95.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image96.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image97.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: image98.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: image99.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: image100.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 6.7.2-4b: 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
	See Table 6.6.2-2

	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
	0.55
	0.47
	0.55
	0.52
	0.55
	0.57
	0.61
	0.59
	0.65

	
	ASA vs DS
	0.38
	0.37
	0.29
	0.3
	0.23
	0.21
	0.23
	0.23
	0.36

	
	ASA vs SF
	-0.05
	-0.04
	-0.04
	-0.04
	-0.03
	-0.05
	-0.03
	-0.01
	-0.03

	
	ASD vs SF
	-0.48
	-0.52
	-0.52
	-0.53
	-0.57
	-0.53
	-0.5
	-0.49
	-0.38

	
	DS vs SF
	-0.21
	-0.25
	-0.21
	-0.26
	-0.25
	-0.2
	-0.19
	-0.2
	-0.19

	
	ASD vs ASA
	0.41
	0.42
	0.34
	0.38
	0.28
	0.2
	0.26
	0.23
	0.31

	
	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
	-0.02
	0
	0.01
	0.01
	0.03
	0.03
	-0.02
	-0.05
	-0.12

	
	ZSA vs SF
	-0.31
	-0.32
	-0.33
	-0.33
	-0.41
	-0.4
	-0.36
	-0.37
	-0.33

	
	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
	0.68
	0.72
	0.68
	0.67
	0.65
	0.67
	0.63
	0.61
	0.54

	
	ZSA vs DS
	0.06
	0.1
	0.11
	0.13
	-0.04
	-0.14
	-0.11
	-0.24
	-0.19

	
	ZSD vs ASD
	0.52
	0.48
	0.59
	0.55
	0.54
	0.6
	0.64
	0.6
	0.6

	
	ZSA vs ASD
	0.06
	0.12
	0.14
	0.18
	0.01
	-0.1
	-0.11
	-0.24
	-0.2

	
	ZSD vs ASA
	0.4
	0.41
	0.34
	0.38
	0.31
	0.25
	0.23
	0.22
	0.29

	
	ZSA vs ASA
	0.05
	0.13
	0.16
	0.16
	0.18
	0.21
	0.02
	-0.13
	-0.35

	
	ZSD vs ZSA
	-0.02
	0.04
	0.09
	0.11
	0
	-0.09
	-0.15
	-0.29
	-0.33

	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: image101.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image102.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image103.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: image104.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: image105.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: image106.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 6.7.2-5a: Channel model parameters for Suburban Scenario (LOS) in S band

	Scenarios
	Suburban LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.16
	-8.56
	-8.72
	-8.71
	-8.72
	-8.66
	-8.38
	-8.34
	-8.34

	
	lgDS
	0.99
	0.96
	0.79
	0.81
	1.12
	1.23
	0.55
	0.63
	0.63

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.57
	-3.80
	-3.77
	-3.57
	-3.42
	-3.27
	-3.08
	-2.75
	-2.75

	
	lgASD
	1.62
	1.74
	1.72
	1.60
	1.49
	1.43
	1.36
	1.26
	1.26

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.05
	-0.38
	-0.56
	-0.59
	-0.58
	-0.55
	-0.28
	-0.17
	-0.17

	
	lgASA
	1.84
	1.94
	1.75
	1.82
	1.87
	1.92
	1.16
	1.09
	1.09

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.78
	-1.84
	-1.67
	-1.59
	-1.55
	-1.51
	-1.27
	-1.28
	-1.28

	
	lgZSA
	0.62
	0.81
	0.57
	0.86
	1.05
	1.23
	0.54
	0.67
	0.67

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-1.06
	-1.21
	-1.28
	-1.32
	-1.39
	-1.36
	-1.08
	-1.31
	-1.31

	
	lgZSD
	0.96
	0.95
	0.49
	0.79
	0.97
	1.17
	0.62
	0.76
	0.76

	Shadow fading (SF) [dB]
	SF
	Table 6.6.2-3

	K-factor (K) [dB]
	K
	11.40
	19.45
	20.80
	21.20
	21.60
	19.75
	12.00
	12.85
	12.85

	
	K
	6.26
	10.32
	16.34
	15.63
	14.22
	14.19
	5.70
	9.91
	9.91

	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(
	2.20
	3.36
	3.50
	2.81
	2.39
	2.73
	2.07
	2.04
	2.04

	XPR [dB]
	XPR
	21.3
	21.0
	21.2
	21.1
	20.7
	20.6
	20.3
	19.8
	19.1

	
	XPR
	7.6
	8.9
	8.5
	8.4
	9.2
	9.8
	10.8
	12.2
	13.0

	Number of clusters 
[image: image107.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image108.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image109.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: image110.wmf]ASD

c

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

	Cluster ASA (
[image: image111.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image112.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
	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.


Table 6.7.2-5b: Channel model parameters for Suburban Scenario (LOS) in Ka band 

	Scenarios
	Suburban LOS

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.07
	-8.61
	-8.72
	-8.63
	-8.54
	-8.48
	-8.42
	-8.39
	-8.37

	
	lgDS
	0.46
	0.45
	0.28
	0.17
	0.14
	0.15
	0.09
	0.05
	0.02

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.55
	-3.69
	-3.59
	-3.38
	-3.23
	-3.19
	-2.83
	-2.66
	-1.22

	
	lgASD
	0.48
	0.41
	0.41
	0.35
	0.35
	0.43
	0.33
	0.44
	0.31

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.89
	0.31
	0.02
	-0.10
	-0.19
	-0.54
	-0.24
	-0.52
	-0.15

	
	lgASA
	0.67
	0.78
	0.75
	0.65
	0.55
	0.96
	0.43
	0.93
	0.44

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.63
	0.76
	1.11
	1.37
	1.53
	1.65
	1.74
	1.82
	1.87

	
	lgZSA
	0.35
	0.30
	0.28
	0.23
	0.23
	0.17
	0.11
	0.05
	0.02

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-3.37
	-3.28
	-3.04
	-2.88
	-2.83
	-2.86
	-2.95
	-3.21
	-3.49

	
	lgZSD
	0.28
	0.27
	0.26
	0.21
	0.18
	0.17
	0.10
	0.07
	0.24

	Shadow fading (SF) [dB]
	SF
	Table 6.6.2-3

	K-factor (K) [dB]
	K
	8.9
	14.0
	11.3
	9.0
	7.5
	6.6
	5.9
	5.5
	5.4

	
	K
	4.4
	4.6
	3.7
	3.5
	3.0
	2.6
	1.7
	0.7
	0.3

	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
	23.2
	23.6
	23.5
	23.4
	23.2
	23.3
	23.4
	23.2
	23.1

	
	XPR
	5.0
	4.5
	4.7
	5.2
	5.7
	5.9
	6.2
	7.0
	7.6

	Number of clusters 
[image: image113.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image114.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image115.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: image116.wmf]ASD

c

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

	Cluster ASA (
[image: image117.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image118.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
	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.


Table 6.7.2-6a: 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
	Table 6.6.2-3

	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: image119.wmf]N


	4
	4
	4
	4
	4
	3
	3
	3
	3

	Number of rays per cluster 
[image: image120.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image121.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: image122.wmf]ASD

c

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

	Cluster ASA (
[image: image123.wmf]ASA

c

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

	Cluster ZSA (
[image: image124.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 6.7.2-6b: 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
	Table 6.6.2-3

	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: image125.wmf]N


	4
	4
	4
	4
	4
	3
	3
	3
	3

	Number of rays per cluster 
[image: image126.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image127.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: image128.wmf]ASD

c

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

	Cluster ASA (
[image: image129.wmf]ASA

c

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

	Cluster ZSA (
[image: image130.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 6.7.2-7a: 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
	Table 6.6.2-3

	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: image131.wmf]N


	2
	2
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image132.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image133.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: image134.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: image135.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: image136.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 6.7.2-7b: 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
	Table 6.6.2-3

	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: image137.wmf]N


	2
	2
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image138.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image139.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: image140.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: image141.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: image142.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 6.7.2-8a: 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
	Table 6.6.2-3

	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
	0.32
	0.19
	0.23
	0.25
	0.15
	0.08
	0.13
	0.15
	0.64

	
	ASA vs DS
	0.3
	0.32
	0.32
	0.4
	0.45
	0.39
	0.51
	0.27
	0.05

	
	ASA vs SF
	0.02
	0
	0
	0.01
	0.02
	0.02
	0.04
	0.01
	0.06

	
	ASD vs SF
	0.45
	0.52
	0.54
	0.53
	0.55
	0.56
	0.56
	0.58
	0.47

	
	DS vs SF
	-0.36
	-0.39
	-0.41
	-0.37
	-0.4
	-0.41
	-0.4
	-0.46
	-0.3

	
	ASD vs ASA
	0.45
	0.12
	0.07
	0.22
	0.16
	0.14
	0.2
	-0.04
	-0.11

	
	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
	-0.06
	-0.04
	-0.04
	-0.05
	-0.06
	-0.07
	-0.11
	-0.05
	-0.1

	
	ZSA vs SF
	-0.07
	-0.17
	-0.19
	-0.17
	-0.19
	-0.2
	-0.19
	-0.23
	-0.13

	
	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
	0.58
	0.67
	0.65
	0.73
	0.79
	0.81
	0.79
	0.7
	0.42

	
	ZSA vs DS
	0.06
	0.03
	0
	-0.09
	-0.2
	-0.22
	-0.32
	-0.41
	-0.35

	
	ZSD vs ASD
	0.6
	0.41
	0.37
	0.32
	0.19
	0.16
	0.2
	0.15
	0.28

	
	ZSA vs ASD
	0.21
	-0.02
	-0.09
	-0.1
	-0.12
	-0.11
	-0.1
	-0.14
	-0.25

	
	ZSD vs ASA
	0.33
	0.35
	0.31
	0.37
	0.46
	0.44
	0.49
	0.27
	0.07

	
	ZSA vs ASA
	0.1
	0.21
	0.22
	0.07
	-0.04
	-0.12
	-0.29
	-0.26
	-0.36

	
	ZSD vs ZSA
	0.01
	-0.02
	-0.12
	-0.21
	-0.27
	-0.27
	-0.38
	-0.35
	-0.36

	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: image143.wmf]N


	3
	3
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image144.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image145.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: image146.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: image147.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: image148.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 6.7.2-8b: 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
	Table 6.6.2-3

	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
	0.33
	0.24
	0.21
	0.26
	0.16
	0.12
	0.29
	0.14
	0.59

	
	ASA vs DS
	0.32
	0.34
	0.33
	0.43
	0.46
	0.38
	0.37
	0.28
	0.06

	
	ASA vs SF
	0.02
	0
	0
	0.01
	0.01
	0.02
	0.04
	0.01
	0.04

	
	ASD vs SF
	0.45
	0.52
	0.54
	0.53
	0.55
	0.56
	0.54
	0.57
	0.46

	
	DS vs SF
	-0.36
	-0.38
	-0.42
	-0.36
	-0.39
	-0.42
	-0.36
	-0.44
	-0.27

	
	ASD vs ASA
	0.45
	0.13
	0.08
	0.21
	0.12
	0.15
	0.22
	-0.03
	-0.11

	
	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
	-0.07
	-0.04
	-0.04
	-0.05
	-0.06
	-0.06
	-0.09
	-0.06
	-0.08

	
	ZSA vs SF
	-0.06
	-0.16
	-0.19
	-0.16
	-0.19
	-0.2
	-0.17
	-0.22
	-0.11

	
	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
	0.55
	0.65
	0.64
	0.73
	0.78
	0.77
	0.74
	0.75
	0.52

	
	ZSA vs DS
	0.06
	0.02
	0.04
	-0.06
	-0.16
	-0.17
	-0.3
	-0.35
	-0.28

	
	ZSD vs ASD
	0.61
	0.41
	0.39
	0.44
	0.15
	0.2
	0.3
	0.11
	0.41

	
	ZSA vs ASD
	0.19
	-0.02
	-0.06
	-0.08
	-0.13
	-0.09
	-0.09
	-0.14
	-0.25

	
	ZSD vs ASA
	0.38
	0.35
	0.33
	0.4
	0.46
	0.45
	0.33
	0.29
	0.06

	
	ZSA vs ASA
	0.12
	0.21
	0.22
	0.11
	0.02
	-0.08
	-0.2
	-0.16
	-0.18

	
	ZSD vs ZSA
	0.05
	-0.03
	-0.08
	-0.2
	-0.25
	-0.24
	-0.37
	-0.31
	-0.32

	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: image149.wmf]N


	3
	3
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image150.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image151.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: image152.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: image153.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: image154.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.
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