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Text Proposal

< Unchanged parts are omitted >
7.3
Fast fading model

< Unchanged parts are omitted>
General parameters:

Step 1: Set environment, network layout, and antenna array parameters

a)
Choose one of the scenarios (3D-UMa, 3D-UMi, 3D-InH). Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors [image: image1.wmf]q

ˆ

, [image: image2.wmf]f

ˆ

 as shown in Figure 7.3-2.

b)
Give number of BS and UT

c)
Give 3D locations of BS and UT, and LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), LOS ZOA (θLOS,ZOA) of each BS and UT in the global coordinate system

d)
Give BS and UT antenna field patterns Frx and Ftx in the global coordinate system and array geometries

e)
Give BS and UT array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). UT array orientation is defined by three angles ΩUT,α (UT bearing angle), ΩUT,β (UT downtilt angle) and ΩUT,γ (UT slant angle).

f)
Give speed and direction of motion of UT in the global coordinate system

g)
Give system centre frequency

< Unchanged parts are omitted>
Step 7: Generate arrival angles and departure angles for both azimuth and elevation.

The composite PAS in azimuth of all clusters is modelled as wrapped Gaussian, except for the indoor hotspot scenario (3D-InH) which is modelled by a wrapped Laplacian distribution. For the other scenarios the AOAs are determined by applying the inverse Gaussian function (7.3-9) with input parameters Pn and RMS angle spread ASA
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(7.3-9)

while the following inverse Laplacian function is used for the InH scenario
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(7.3-9a)

The constant C is a scaling factor related to the total number of clusters N and is given in Table 7.3-2:

Table 7.3-2: Scaling factors for AOA, AOD generation
	scenario
	3D-UMa, 3D-UMi
	3D-InH

	N
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20
	15
	19

	C
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.226
	1.273
	1.289
	1.434
	1.501


In the LOS case, constant C is dependent also on the Ricean K-factor and needs to be substituted by CLOS. Additional scaling of the angles is required to compensate for the effect of LOS peak addition to the angle spread. The heuristically determined Ricean K-factor dependent scaling constant for 3D-UMa and 3D-UMi is given by
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(7.3-10)

while in case of 3D-InH it is given by
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(7.3-10a)

where K [dB] is the Ricean K-factor defined in Table 7.3-6.

Assign positive or negative sign to the angles by multiplying with a random variable Xn with uniform distribution to the discrete set of {1,–1}, and add component [image: image7.wmf](
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 to introduce random variation
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(7.3-11)

where ϕLOS,AOA is the LOS direction defined in the network layout description, see Step1c.

In the LOS case, substitute (7.3-11) by (7.3-12) to enforce the first cluster to the LOS direction ϕLOS, AOA 


[image: image9.wmf](

)

(

)

AOA

LOS

AOA

n

AOA

n

n

AOA

n

Y

X

Y

X

,

1

,

1

1

,

,

'

'

f

f

f

f

-

+

-

+

=

.
(7.3-12)

Finally add offset angles m from Table 7.3-3 to the cluster angles
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where cAoA is the cluster-wise rms azimuth spread of arrival angles (cluster ASA) in Table 7.3-6 and Table 7.3-6a.

Table 7.3-3: Ray offset angles within a cluster, given for 1 rms angle spread
	Ray number m
	Basis vector of offset angles m

	1,2
	± 0.0447

	3,4
	± 0.1413

	5,6
	± 0.2492

	7,8
	± 0.3715

	9,10
	± 0.5129

	11,12
	± 0.6797

	13,14
	± 0.8844

	15,16
	± 1.1481

	17,18
	± 1.5195

	19,20
	± 2.1551


The generation of AOD ((n,m,AOD) follows a procedure similar to AOA as described above.

The generation of ZOA assumes that the composite PAS in the zenith dimension of all clusters is Laplacian. The ZOAs are determined by applying the inverse Laplacian function (7.3-14) with input parameters Pn and RMS angle spread σZSA
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(7.3-14)

In equation (7.3-14) the constant C is a scaling factor related to the total number of clusters and is given in Table 7.3-4:

Table 7.3-4: Scaling factors for ZOA, ZOD generation
	
	
	
	

	
	
	
	


	scenario
	3D-UMa, 3D-UMi, 3D-InH

	N
	10
	11
	12
	15
	19
	20

	C
	0.9854
	1.013
	1.04
	1.1088
	1.1764
	1.1918


In the LOS case, constant C in (7.3-14) for 3D-UMa,3D-UMi and 3D-InH is substituted by CLOS given by:
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(7.3-15)
where K [dB] is the Ricean K-factor defined in Table 7.3-6.

Assign positive or negative sign to the angles by multiplying with a random variable Xn with uniform distribution to the discrete set of {1,–1}, and add component [image: image14.wmf](
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where [image: image16.wmf]0

90

=

ZOA

q

 if the UT is located indoors and [image: image17.wmf]ZOA
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q

q

=

if the UT is located outdoors. The LOS direction is defined in the network layout description, see Step1c.

In the LOS case, substitute (7.3-16) by (7.3-17) to enforce the first cluster to the LOS direction θLOS,ZOA 
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(7.3-17)

Finally add offset angles m from Table 7.3-3 to the cluster angles
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where cZOA is the cluster-wise rms spread of ZOA (cluster ZOA) in Table 7.3-6 and Table 7.3-6a. Assuming that [image: image20.wmf]ZOA
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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}, [image: image25.wmf](
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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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(7.3-20)

where [image: image28.wmf]ZSD

m

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).

< Unchanged parts are omitted>
Table 7.3-6a: Channel model parameters for 3D-InH
	Scenarios
	Indoor Hotspot

	
	LOS
	NLOS

	Delay Spread (DS)

log10([s])
	DS
	–7.70
	–7.41

	
	(DS
	0.18
	0.14

	AoD spread (ASD) log10([(])
	ASD
	1.60
	1.62

	
	(e
	0.18
	0.25

	AoA spread (ASA) log10([(])
	ASA
	1.62
	1.77

	
	(ASA
	0.22
	0.16

	ZoA spread (ZSA) log10([(])
	ZSA
	1.22
	1.26

	
	(ZSA
	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

	Cross-Correlations 1)
	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]
	
	11
	10

	
	
	3
	3

	Number of clusters
	15
	19

	Number of rays per cluster
	20
	20

	Cluster ASD (
[image: image29.wmf]ASD

c

) in [deg]
	5
	5

	Cluster ASA (
[image: image30.wmf]ASA

c

) in [deg]
	8
	11

	Cluster ZSA (
[image: image31.wmf]ZSA

c

) in [deg]
	9
	9

	Per cluster shadowing std  [dB]
	6
	3

	Correlation distance in the horizontal plane [m]
XPR [dB]
	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.
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