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The generation of ZOD follows the same procedure as ZOA described above except equation (7.3-16) is replaced by 
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where variable Xn is with uniform distribution to the discrete set of {1,–1}, 
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is given in Tables 7.3-7, 7.3-8 and equation (7.3-18) is replaced by 
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where 
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is the mean of the ZSD log-normal distribution. 

In the LOS case, the generation of ZOD follows the same procedure as ZOA described above using equation (7.3-17).

Step 8: Coupling of rays within a cluster for both azimuth and elevation

Couple randomly AOD angles (n,m,AOD to AOA angles (n,m,AOA within a cluster n, or within a sub-cluster in the case of two strongest clusters (see Step 11 and Table 7.3-3). Couple randomly ZOD angles 
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 with ZOA angles 
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using the same procedure. Couple randomly AOD angles (n,m,AOD with ZOD angles 
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within a cluster n or within a sub-cluster in the case of two strongest clusters.

Step 9: Generate XPRs

Generate the cross polarization power ratios (XPR) for each ray m of each cluster n. XPR is log-Normal distributed. Draw XPR values as
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where 
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 is Gaussian distributed with 
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and 
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from Tables 7.3-6 and 7.3-6a.

Coefficient generation:

Step 10: Draw initial random phases

Draw random initial phase 
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 for each ray m of each cluster n and for four different polarisation combinations (θθ, θϕ, ϕθ, ϕϕ). The distribution for initial phases is uniform within (-).

In the LOS case, draw also a random initial phase 
[image: image16.wmf]LOS

F

 for both θθ and ϕϕ polarisations.
Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.

For the N – 2 weakest clusters, say n = 3, 4,…, N, the channel coefficients are given by:
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(7.3-22)
where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors, 
[image: image18.wmf]q
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 and 
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 respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors, 
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 and 
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 is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
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where n denotes a cluster and m denotes a ray within cluster n. 
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 is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
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where n denotes a cluster and m denotes a ray within cluster n. Also, 
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is the location vector of receive antenna element u and 
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is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.

The Doppler frequency component vn,m is calculated from the arrival angles (AOA, ZOA), UT velocity vector 
[image: image29.wmf]v

with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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For the two strongest clusters, say n = 1 and 2, rays are spread in delay to three sub-clusters (per cluster), with fixed delay offset {0,5,10 ns} (see Table 7.3-5). The delays of the sub-clusters are
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(7.3-26)

Twenty rays of a cluster are mapped to sub-clusters as presented in Table 7.3-5 below. The corresponding offset angles are taken from Table 7.3-3 with mapping of Table 7.3-5.

Table 7.3-5: Sub-cluster information for intra cluster delay spread clusters

	sub-cluster #
	mapping to rays
	power
	delay offset

	1
	1,2,3,4,5,6,7,8,19,20
	10/20
	0 ns

	2
	9,10,11,12,17,18
	6/20
	5 ns

	3
	13,14,15,16
	4/20
	10 ns


In the LOS case, define 
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 and determine the channel coefficients by adding a single line-of-sight ray and scaling down the other channel coefficients generated by (7.3-22). The channel coefficients are given by:
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(7.3-27)
where (.) is the Dirac’s delta function and KR is the Ricean K-factor as generated in Step 4 converted to linear scale.

Step 12: Apply pathloss and shadowing for the channel coefficients.

Note that when multi-band simulation is needed, i.e., evaluating different frequencies for a certain BS-UT link at the same time, additional correlation modelling across different frequencies should be taken into account. To be specific, the propagation conditions generated in Step 2 (LOS states), the parameters generated in Step 4, the cluster delays and angles generated in Steps 5-7 are the same for all frequency bands. Other parameters and steps are independent for the frequency bands. Note that this additional correlation modelling applies for bands below 6GHz.

Table 7.3-6: Channel model parameters for 3D-UMi and 3D-UMa
	Scenarios
	3D-UMi
	3D-UMa

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I

	Delay spread (DS)
lgDS=log10(DS/1s)

	lgDS
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-6.62

	
	lgDS
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32

	AOD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	1.20
	1.41
	1.25
	1.15
	1.41
	1.25

	
	lgASD
	0.43
	0.17
	0.42
	0.28
	0.28
	0.42

	AOA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	1.75
	1.84
	1.76
	1.81
	1.87
	1.76

	
	lgASA
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16

	ZOA spread (ZSA)

lgZSA=log10(ZSA/1()
	lgZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01

	
	lgZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43

	Shadow fading (SF) [dB]
	SF
	3
	4
	7
	4
	6
	7

	K-factor (K) [dB]
	K
	9
	N/A
	N/A
	9
	N/A
	N/A

	
	K
	5
	N/A
	N/A
	3.5
	N/A
	N/A

	Cross-Correlations

	ASD vs DS
	0.5
	0
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.4
	0.4
	0.8
	0.6
	0.4

	
	ASA vs SF
	-0.4
	-0.4
	0
	-0.5
	0
	0

	
	ASD vs SF
	-0.5
	0
	0.2
	-0.5
	-0.6
	0.2

	
	DS vs SF
	-0.4
	-0.7
	-0.5
	-0.4
	-0.4
	-0.5

	
	ASD vs ASA
	0.4
	0
	0
	0
	0.4
	0

	
	ASD vs K
	-0.2
	N/A
	N/A
	0
	N/A
	N/A

	
	ASA vs K
	-0.3
	N/A
	N/A
	-0.2
	N/A
	N/A

	
	DS vs K
	-0.7
	N/A
	N/A
	-0.4
	N/A
	N/A

	
	SF vs K
	0.5
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSD vs SF
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	0
	0
	0
	-0.8
	-0.4
	0

	
	ZSD vs K
	0
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSA vs K
	0
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSD vs DS
	0
	-0.5
	-0.6
	-0.2
	-0.5
	-0.6

	
	ZSA vs DS
	0.2
	0
	-0.2
	0
	0
	-0.2

	
	ZSD vs ASD
	0.5
	0.5
	-0.2
	0.5
	0.5
	-0.2

	
	ZSA vs ASD
	0.3
	0.5
	0
	0
	-0.1
	0

	
	ZSD vs ASA
	0
	0
	0
	-0.3
	0
	0

	
	ZSA vs ASA
	0
	0.2
	0.5
	0.4
	0
	0.5

	
	ZSD vs ZSA
	0
	0
	0.5
	0
	0
	0.5

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian

	Delay scaling parameter r(
	3.2
	3
	2.2
	2.5
	2.3
	2.2

	XPR [dB], see note 6
	XPR
	9
	8.0
	9
	8
	7
	9

	
	XPR
	3
	3
	5
	4
	3
	5

	Number of clusters 
[image: image34.wmf]N


	12
	19
	12
	12
	20
	12

	Number of rays per cluster 
[image: image35.wmf]M


	20
	20
	20
	20
	20
	20

	Cluster ASD (
[image: image36.wmf]ASD

c

) in [deg]
	3
	10
	5
	5
	2
	5

	Cluster ASA (
[image: image37.wmf]ASA

c

) in [deg]
	17
	22
	8
	11
	15
	8

	Cluster ZSA (
[image: image38.wmf]ZSA

c

) in [deg], see note 4
	7
	7
	3
	7
	7
	3

	Per cluster shadowing std  [dB]
	3
	3
	4
	3
	3
	4

	Correlation distance in the horizontal plane [m], see note 3
	DS
	7
	10
	10
	30
	40
	10

	
	ASD
	8
	10
	11
	18
	50
	11

	
	ASA
	8
	9
	17
	15
	50
	17

	
	SF
	10
	13
	7
	37
	50
	7

	
	K
	15
	N/A
	N/A
	12
	N/A
	N/A

	
	ZSA
	12
	10
	25
	15
	50
	25

	
	ZSD
	12
	10
	25
	15
	50
	25

	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:
The cross correlation values for ZSD, ZSA are based on WINNER+ and field measurements in sources WINNER+, R1-134221,R1-134222,R1-134795 , R1-131861 ,R1-132543, R1-132544, R1-133525 and adjustment is made to ensure positive definiteness.

NOTE 4:
ZSA and cluster ZSA values are reused from Winner+.

NOTE 5:
All large scale parameters are assumed to have no correlation between different floors. 
This is assumed for simplicity due to lack of measurement results although it may not represent the reality.

NOTE 6:
The value of XPR standard deviation for O2I 3D-UMi and O2I 3D-UMa is changed from 11 dB to 5 dB following the discussion in R1-150894.
NOTE 7:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.


Table 7.3-6a: Channel model parameters for 3D-InH

	Scenarios
	Indoor Hotspot

	
	LOS
	NLOS

	Delay spread (DS)
lgDS=log10(DS/1s)

	lgDS
	–7.70
	–7.41

	
	lgDS
	0.18
	0.14

	AOD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	1.60
	1.62

	
	lgASD
	0.18
	0.25

	AOA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	1.62
	1.77

	
	lgASA
	0.22
	0.16

	ZOA spread (ZSA)

lgZSA=log10(ZSA/1()
	lgZSA
	1.22
	1.26

	
	lgZSA
	0.23
	0.67

	Shadow fading (SF) [dB]
	SF
	See Table 7.2-1

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	4
	N/A

	Cross-Correlations

	ASD vs DS
	0.6
	0.4

	
	ASA vs DS
	0.8
	0

	
	ASA vs SF
	–0.5
	–0.4

	
	ASD vs SF
	–0.4
	0

	
	DS vs SF
	–0.8
	–0.5

	
	ASD vs ASA
	0.4
	0

	
	ASD vs K
	0
	N/A

	
	ASA vs K
	0
	N/A

	
	DS vs K
	–0.5
	N/A

	
	SF vs K
	0.5
	N/A

	
	ZSD vs SF
	0.2
	0

	
	ZSA vs SF
	0.3
	0

	
	ZSD vs K
	0
	N/A

	
	ZSA vs K
	0.1
	N/A

	
	ZSD vs DS
	0.1
	-0.27

	
	ZSA vs DS
	0.2
	-0.06

	
	ZSD vs ASD
	0.5
	0.35

	
	ZSA vs ASD
	0
	0.23

	
	ZSD vs ASA
	0
	-0.08

	
	ZSA vs ASA
	0.5
	0.43

	
	ZSD vs ZSA
	0
	0.42

	Delay distribution
	Exp

	AoD and AoA distribution
	Laplacian 

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter  r(
	3.6
	3

	XPR [dB]
	XPR
	11
	10

	
	XPR
	3
	3

	Number of clusters 
[image: image39.wmf]N


	
	19

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


	
	20

	Cluster ASD (
[image: image41.wmf]ASD

c

) in [deg]
	5
	5

	Cluster ASA (
[image: image42.wmf]ASA

c

) in [deg]
	8
	11

	Cluster ZSA (
[image: image43.wmf]ZSA

c

) in [deg]
	9
	9

	Per cluster shadowing std  [dB]
	6
	3

	Correlation distance in the horizontal plane [m]

	DS
	8
	5

	
	ASD
	7
	3

	
	ASA
	5
	3

	
	SF
	10
	6

	
	K
	4
	N/A

	
	ZSA
	4
	4

	
	ZSD
	4
	4

	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:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.


Table 7.3-6b: Channel model parameters for 3D-RMa
	Scenarios
	Rural

	
	LOS
	NLOS

	Delay spread (DS)
lgDS=log10(DS/1s)

	lgDS
	-7.49
	-7.43

	
	lgDS
	0.55
	0.48

	AOD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	0.90
	0.95

	
	lgASD
	0.38
	0.45

	AOA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	1.52
	1.52

	
	lgASA
	0.24
	0.13

	ZOA spread (ZSA)

lgZSA=log10(ZSA/1()
	lgZSA
	0.14
	0.27

	
	lgZSA
	0.29
	0.27

	Shadow fading (SF) [dB]
	SF
	See Table 7.2-1

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	4
	N/A

	Cross-Correlations

	ASD vs DS
	0
	-0.4

	
	ASA vs DS
	0
	0

	
	ASA vs SF
	0
	0

	
	ASD vs SF
	0
	0.6

	
	DS vs SF
	-0.5
	-0.5

	
	ASD vs ASA
	0
	0

	
	ASD vs K
	0
	N/A

	
	ASA vs K
	0
	N/A

	
	DS vs K
	0
	N/A

	
	SF vs K
	0
	N/A

	
	ZSD vs SF
	0
	0

	
	ZSA vs SF
	-0.8
	-0.4

	
	ZSD vs K
	0
	N/A

	
	ZSA vs K
	0
	N/A

	
	ZSD vs DS
	0
	-0.5

	
	ZSA vs DS
	0
	0

	
	ZSD vs ASD
	0.5
	0.5

	
	ZSA vs ASD
	0
	-0.1

	
	ZSD vs ASA
	0
	0

	
	ZSA vs ASA
	0
	0

	
	ZSD vs ZSA
	0
	0

	Delay distribution
	Exp

	AoD and AoA distribution
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter r(
	3.8
	1.7

	XPR [dB]
	XPR
	12
	7

	
	XPR
	4
	3

	Number of clusters 
[image: image44.wmf]N


	11
	10

	Number of rays per cluster 
[image: image45.wmf]M


	20
	20

	Cluster ASD (
[image: image46.wmf]ASD

c

) in [deg]
	2
	2

	Cluster ASA (
[image: image47.wmf]ASA

c

) in [deg]
	3
	3

	Cluster ZSA (
[image: image48.wmf]ZSA

c

) in [deg]
	2
	2.5

	Per cluster shadowing std  [dB]
	3
	3

	Correlation distance in the horizontal plane [m]
XPR [dB]
	DS
	50
	36

	
	ASD
	25
	30

	
	ASA
	35
	40

	
	SF
	37
	120

	
	K
	40
	N/A

	
	ZSA
	15
	50

	
	ZSD
	15
	50

	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:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.


Table 7.3-7: ZSD and ZoD offset parameters for 3D-UMa

	Scenarios
	3D-UMa

	
	LOS
	NLOS

	ZOD spread (ZSD)

lgZSD=log10(ZSD/1()
	μlgZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000) -0.01(hUT - 1.5)+0.9]

	
	σlgZSD
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	-10^{-0.62log10(max(10, d2D))+1.93-0.07(hUT-1.5)}

	NOTE 1:
The proposed average ESD is smaller than that of Winner+

NOTE 2: 
The ZSD parameters for O2I links are the same parameters that are used for outdoor links, depending on the LOS condition of the outdoor link part.


Table 7.3-8: ZSD and ZoD offset parameters for 3D-UMi
	Scenarios
	3D-UMi

	
	LOS
	NLOS

	ZOD spread (ZSD)

lgZSD=log10(ZSD/1()
	μlgZSD
	max[-0.5, -2.1(d2D/1000)+0.01|hUT - hBS|+0.75]
	max[-0.5, -2.1(d2D/1000) +0.01max(hUT - hBS,0) +0.9]

	
	σlgZSD
	0.4
	0.6

	ZoD offset
	µoffset,ZOD
	0
	-10^{-0.55log10(max(10, d2D))+1.6}

	NOTE 1:
The proposed average ESD is smaller than that of Winner+

NOTE 2:
The height dependence of ZOD offset observed from the ray-tracing data in R1-135765, R1-135999 and R1-135588 is not showing a common and strong trend.

NOTE 3: 
The ZSD parameters for O2I links are the same parameters that are used for outdoor links, depending on the LOS condition of the outdoor link part.


Table 7.3-9: ZSD and ZoD offset parameters for 3D-RMa

	Scenarios
	3D-RMa

	
	LOS
	NLOS

	ZOD spread (ZSD)

lgZSD=log10(ZSD/1()
	μlgZSD
	-0.03
	0.15

	
	σlgZSD
	-0.55
	0.02

	ZoD offset
	µoffset,ZOD
	0
	0


Table 7.3-10: ZSD and ZoD offset parameters for 3D-InH

	Scenarios
	3D-InH

	
	LOS
	NLOS

	ZOD spread (ZSD)

lgZSD=log10(ZSD/1()
	μlgZSD
	1.02
	1.08

	
	σlgZSD
	0.41
	0.36

	ZoD offset
	µoffset,ZOD
	0
	0
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