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1. Introduction
In RAN1#74bis the following was agreed as a working assumption for ZOD generation:
· Step 7 for ZOD
· PAS step: 
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· Generation of ZOD[image: image2.png]On = OnXpn+ Yn+ Or0s + Oorfsec + W
7




· Xn~ uniform distribution to the discrete set of {1,–1}

· Yn ~ N(0,σZOD/7)

· W ~ N(0, σZOD-offset)

· Generation of rays within a cluster
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· Reuse Table B.1.2.2.1-2 (cZOD TBD)

· Number of clusters and number of rays per cluster as in 36.814
· FFS how to restrict the value within a valid range

In this contribution we address some of the remaining open issues regarding ZOD generation.
2. Proposal for ZOD generation
In RAN1#74bis the high level steps for ZOD generation was agreed as a working assumption. In this section we propose detailed ZOD generation steps and address the remaining details. 

Step 7: ZOD generation

The generation of ZOD assumes that the composite PAS in the zenith dimension of all clusters is Laplacian. The ZODs are determined by applying the inverse Laplacian function (1) with input parameters Pn and RMS ZOD angle spread σZOD (limited to 30 degrees).
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In equation (1) the constant C is a scaling factor related to the total number of clusters and is given in Table 1:
Table 1: Scaling factors for Laplacian PAS (values for #clusters 15, 19 are the same as in 36.814)
	# clusters
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20

	C
	0.9224
	0.9887
	1.1640
	1.2610  
	1.3035    
	1.3421
	1.4073
	1.434
	1.4567    
	1.501
	1.5078


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 
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where W is a realization of a random variable that represents the ZOD offset. Note that 
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Finally add offset angles m from Table 2 to the cluster angles




[image: image8.wmf]m

ZOD

ZOD

n

ZOD

m

n

a

s

q

q

)

8

/

3

(

,

,

,

+

=

,
(3)
Note that the cluster ZOD spread is defined in relation to σZOD in (3). The motivation here is to have a similar variation of cZSD (as a function of distance) as ZSD. The ratio between ZSD and cZSD (3/8 in this case) follows the WINNERII proposal. In equation (3) 
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is limited between 0 and 180 degrees.
Table 2: Ray offset angles within a cluster, given for 1 rms angle spread (same as Table 7.3-3 in 36.814)

	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 proposed parameters for ZSD and ZOD-offset distributions are given in Table 3 and Table 4.
Table 3: Elevation parameters for 3D-UMi

	Scenarios
	3D-UMi

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread (σZSD) log10([(])
	ZSD
	max[-1, -1.6(d2D/1000)+ +0.67]
	max[-1, -2.3(d2D/1000)+ +0.81]
	max[-1, -1.6(d2D/1000)+0.02(hUT - 1.5)+0.67]
	max[-1, -2.3(d2D/1000)+0.02(hUT - 1.5)+0.81]

	
	(ZSD
	0.38
	1.4
	0.38
	1.4

	ZoD offset
	offset,ZOD
	0
	10^{-0.4log10(max(25,d2D))+1.6}
	0
	10^{-0.4log10(max(25,d2D))+1.6}

	
	offset,ZOD
	0
	max[0.5,-5.25log10(max(25, d2D))+18]
	0
	max[0.5,-5.25log10(max(25, d2D))+18]


Table 4: Elevation parameters for 3D-UMa

	Scenarios
	3D-UMa

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread (σZSD) log10([(])
	ZSD
	max[-1, -1.35(d2D/1000)+ +0.44]
	max[-1, -1.6(d2D/1000)+ +0.58]
	max[-1, -1.35(d2D/1000)+0.008(hUT - 1.5)+0.44]
	max[-1, -1.6(d2D/1000)+0.008(hUT - 1.5)+0.58]

	
	(ZSD
	0.38
	0.71
	0.38
	0.71

	ZoD offset
	offset,ZOD
	0
	10^{-0.72log10(max(25, d2D))+2.13}
	0
	10^{-0.72log10(max(25, d2D))+2.13-0.08(hUT-1.5)}

	
	offset,ZOD
	0
	max[0.5,-3.6log10(max(25, d2D))+12.3]
	0
	max[0.5,-3.6log10(max(25, d2D))+12.3]


3. Validation of ZOD generation for 3D-UMa
In this section the proposed ZOD generation steps above are validated against the results obtained from ray-tracing. The equations (1), (2) and (3) are used to generate ZODs for multiple BS-UE links using the parameters in Table 3, Table 4.The ZSD computed from the generated ZODs are plotted by blue dots in Figure 1. The green line in Figure 1 is a plot of µZSD which is determined from ray-tracing data and is given in Table 4. The red-line in Figure 1 is the best-fit curve obtained from the blue dots. Therefore Figure 1 shows that the equations (1), (2), (3) indeed can generate ZSD spreads that follow µZSD very closely.

In a similar way, equations (1), (2) and (3) are used to generate ZODs for multiple BS-UE links and the standard deviation of the resulting ZSD is determined and plotted by the red curve in Figure 2. The green line in Figure 2 is the value of (ZSD which is determined from ray-tracing data and given in Table 4. Figure 2 shows that the equations (1), (2), (3) indeed can generate standard deviation of ZSD spread that follow (ZSD very closely.
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Figure 1: 3D-UMa-NLOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD is plotted by blue dots. Green line represents µZSD from Table 4 and red curve represents the best-fit curve for the blue dots. 
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Figure 2: 3D-UMa-NLOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD standard deviation is plotted by the red curve. Green line represents (ZSD from Table 4.
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Figure 3: 3D-UMa-LOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD is plotted by blue dots. Green line represents µZSD from Table 4 and red curve represents the best-fit curve for the blue dots.
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Figure 4: 3D-UMa-LOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD standard deviation is plotted by the red curve. Green line represents (ZSD from Table 4.

4. Validation of ZOD generation for 3D-UMi
In this section we do a similar exercise for validating the ZOD generation steps for 3D-UMi. The results are given in Figure 5, Figure 6, Figure 7 and Figure 8. 
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Figure 5: 3D-UMi-NLOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD is plotted by blue dots. Green line represents µZSD from Table 3 and red curve represents the best-fit curve for the blue dots. 
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Figure 6: 3D-UMi-NLOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD standard deviation is plotted by the red curve. Green line represents (ZSD from Table 3.
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Figure 7: 3D-UMi-LOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD is plotted by blue dots. Green line represents µZSD from Table 3 and red curve represents the best-fit curve for the blue dots. 
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Figure 8: 3D-UMi-LOS: Equations (1), (2), (3) used to generate ZODs and the resulting ZSD standard deviation is plotted by the red curve. Green line represents (ZSD from Table 3.

5. Justification of ZSD equations in Table 3 and Table 4
In this section we justify the models proposed in Table 3 and Table 4 describing the dependence of ZSD on UE height and distance from the eNB. Note that in this section ray-tracing data is shown from one particular database but the models are derived from multiple ray-tracing databases. Also models are proposed for LOS O-to-I and NLOS O-to-I cases separately. 
3D-UMa scenario:

The model for µ in NLOS O-to-I case is given by µ = max[-1, -1.6(d2D/1000)+0.008(hUT - 1.5)+0.58], where d2D(m) and hUT(m) represent the 2D distance and the height of a UE respectively. The dependency of µ on UE height is observed to be rather small and may also be ignored for modeling. 
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Figure 9: Log-normal ZSD parameter µ from ray-tracing as a function of UE height and distance for 3D UMa NLOS O-to-I case. 
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Figure 10: Model for the log-normal ZSD parameter µ as a function of UE height and distance for 3D UMa NLOS O-to-I case.
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Figure 11: Log-normal ZSD parameter µ from ray-tracing as a function of UE height and distance for 3D UMa LOS O-to-I case. 
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Figure 12: Model for the log-normal ZSD parameter µ as a function of UE height and distance for 3D UMa LOS O-to-I case

The model for µ in LOS O-to-I case can be given by µ = max[-1, -1.35(d2D/1000)+0.008(hUT - 1.5)+0.44], where d2D (m) and hUT (m) represent the 2D distance and the height of a UE respectively. The dependency of µ on UE height is observed to be rather small and may also be ignored for modeling.
The model for σ can be given as σ=0.71 for NLOS O-to-I and σ=0.38 for LOS O-to-I cases respectively. 

3D-UMi scenario:
The model for µ in NLOS O-to-I case can be given by µ = max[-1, -2.3(d2D/1000)+0.02(hUT - 1.5)+0.81], where d2D (m) and hUT (m) represent the 2D distance and the height of a UE respectively. The dependency of µ on UE height is observed to be rather small and may also be ignored for modeling. 
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Figure 13: Log-normal ZSD parameter µ from ray-tracing as a function of UE height and distance for 3D UMi NLOS O-to-I case.
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Figure 14: Model for the log-normal ZSD parameter µ as a function of UE height and distance for 3D UMi NLOS O-to-I case.
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Figure 15: Log-normal ZSD parameter µ from ray-tracing as a function of UE height and distance for 3D UMi LOS O-to-I case.
[image: image25.emf]0 500 1000 1500 2000 2500

0

2

4

6

8

10

12

14

Distance from eNB (meter)

avgMicroElevationAoDSLOS

Model: avgMicroElevationAoDSLOS

 

 

Height(m)=1.5

Height(m)=4.5

Height(m)=7.5

Height(m)=10.5

Height(m)=13.5

Height(m)=16.5


Figure 16: Model for the log-normal ZSD parameter µ as a function of UE height and distance for 3D UMi LOS O-to-I case.

The model for µ in LOS O-to-I case can be given by µ = max[-1, -1.6(d2D/1000)+0.02(hUT - 1.5)+0.67], where d2D (m) and hUT (m) represent the 2D distance and the height of a UE respectively. 
The model for σ can be given as σ=1.4 for NLOS O-to-I and σ=0.38 for LOS O-to-I cases respectively.  

6. Median ZOD and Mean ZOD for O-to-I

Apart from the ZSD, the direction of mean ZOD is also needed for modelling of fast fading. Typically mean ZOD is not modelled directly but is modelled as an offset angle from the LOS ZOD. This offset is called the median ZOD or ZOD offset. In Figure 17 we introduce the notation of mean ZOD and median ZOD followed in this contribution. In this section we study the dependence of median ZOD on UE height and distance from the eNB.
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Figure 17: Notation of mean ZOD and median ZOD (or ZOD offset) used in the following. (a) and (b) shows the direction of +ve and –ve mean ZOD. (c) and (d) shows the direction of +ve and –ve median ZOD or ZOD offset.
In the following the median ZOD or ZOD offset is proposed to be modelled as a distribution parameterized by µ and σ. The models below are proposed separately for NLOS O-to-I and LOS O-to-I cases.

3D-UMa scenario:

The model for µ in NLOS O-to-I case can be given by µ =10^{-0.72log10(max(25, d2D))+2.13-0.08(hUT-1.5)}, where d2D (m) and hUT (m) represent the 2D distance and the height of a UE respectively. 
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Figure 18: ZOD offset parameter µ from ray-tracing as a function of UE height and distance for 3D UMa NLOS O-TO-I case.
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Figure 19: Model for ZOD offset parameter µ as a function of UE height and distance for 3D UMa NLOS O-TO-I case.
The model for µ in LOS O-to-I case can be given by µ =0.
The model for σ for NLOS O-to-I case can be given as σ= max[0.5,-3.6log10(max(25, d2D))+12.3], where d2D (m) represent the 2D distance of a UE. σ=0 for LOS O-to-I case.
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Figure 20: ZOD offset parameter σ from ray-tracing as a function of UE height and distance for 3D UMa NLOS O-TO-I case.
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Figure 21: Model for ZOD offset parameter σ as a function of distance for 3D UMa NLOS O-TO-I case.

3D-UMi scenario:
The model for µ in NLOS O-TO-I case can be given by µ =10^{-0.4log10(max(25,d2D))+1.6}, where d2D (m) represent the 2D distance of a UE. 
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Figure 22: ZOD offset parameter µ from ray-tracing as a function of UE height and distance for 3D UMi NLOS O-TO-I case.
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Figure 23: Model for ZOD offset parameter µ as a function of UE height and distance for 3D UMi NLOS O-TO-I case.

The model for µ in LOS O-TO-I case can be given by µ =0.
The model for σ for NLOS O-TO-I case can be given as σ= max[0.5,-5.25log10(max(25, d2D))+18], where d2D(m) represent the 2D distance of a UE. σ=0 for LOS O-TO-I case.
[image: image33.emf]0 500 1000 1500 2000 2500

0

2

4

6

8

10

12

Distance from eNB (meter)

avgMicroElevationAoDoffsetNLOSstd(deg)

 avgMicroElevationAoDoffsetNLOSstd

 

 

Height(m)=1.5

Height(m)=4.5

Height(m)=7.5

Height(m)=10.5

Height(m)=13.5

Height(m)=16.5


Figure 24: ZOD offset parameter σ from ray-tracing as a function of UE height and distance for 3D UMi NLOS O-TO-I case.
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Figure 25: Model for ZOD offset parameter σ as a function of distance for 3D UMi NLOS O-TO-I case.
7. Conclusions
In this contribution some remaining fast fading modeling issues associated with the 3D channel model were investigated. The following conclusions are drawn:
The following equations are proposed for the generation of ZOD:
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along with the following parameter tables:
Table 1: Scaling factors for Laplacian PAS (values for #clusters 15, 19 are the same as in 36.814)
	# clusters
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20

	C
	0.9224
	0.9887
	1.1640
	1.2610  
	1.3035    
	1.3421
	1.4073
	1.434
	1.4567    
	1.501
	1.5078


Table 5: Elevation parameters for 3D-UMi

	Scenarios
	3D-UMi

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread (σZSD) log10([(])
	ZSD
	max[-1, -1.6(d2D/1000)+ +0.67]
	max[-1, -2.3(d2D/1000)+ +0.81]
	max[-1, -1.6(d2D/1000)+0.02(hUT - 1.5)+0.67]
	max[-1, -2.3(d2D/1000)+0.02(hUT - 1.5)+0.81]

	
	(ZSD
	0.38
	1.4
	0.38
	1.4

	ZoD offset
	offset,ZOD
	0
	10^{-0.4log10(max(25,d2D))+1.6}
	0
	10^{-0.4log10(max(25,d2D))+1.6}

	
	offset,ZOD
	0
	max[0.5,-5.25log10(max(25, d2D))+18]
	0
	max[0.5,-5.25log10(max(25, d2D))+18]


Table 6: Elevation parameters for 3D-UMa

	Scenarios
	3D-UMa

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread (σZSD) log10([(])
	ZSD
	max[-1, -1.35(d2D/1000)+ +0.44]
	max[-1, -1.6(d2D/1000)+ +0.58]
	max[-1, -1.35(d2D/1000)+0.008(hUT - 1.5)+0.44]
	max[-1, -1.6(d2D/1000)+0.008(hUT - 1.5)+0.58]

	
	(ZSD
	0.38
	0.71
	0.38
	0.71

	ZoD offset
	offset,ZOD
	0
	10^{-0.72log10(max(25, d2D))+2.13}
	0
	10^{-0.72log10(max(25, d2D))+2.13-0.08(hUT-1.5)}

	
	offset,ZOD
	0
	max[0.5,-3.6log10(max(25, d2D))+12.3]
	0
	max[0.5,-3.6log10(max(25, d2D))+12.3]
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