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1. Introduction
In an email discussion initiated in RAN1#74 the following was agreed as a working assumption:
· Model for PAS in elevation:
· TBD 
· ESD model:
· 3D-UMa case: Log-normal (µ, σ): µ is 2D-distance dependent and UE height dependent, σ  is constant
· 3D-UMi case: Log-normal (µ, σ): µ is 2D-distance dependent and UE height dependent, σ  is constant
· EoD is generated from a PAS and a EoD offset

· In LOS cases (outdoor UE), EoD offset is zero 
· In NLOS cases (outdoor UE), EoD offset is 2D-distance dependent (decreases with distance)
· In O-to-I 3D-UMa case, EoD offset is 2D-distance dependent and UE height dependent
· In O-to-I 3D-UMi case, EoD offset is 2D-distance dependent and UE height dependent
· Note that the UE height and distance dependency indicated above can be achieved by modeling either [image: image2.png]


 or EoD offset
· EoA:
· Distribution: Laplacian 
· ESA:
· Log-normal (µ, σ): µ, σ is a constant
· FFS association of EoD/EoA to AoD/AoA 
· Modeling of O-to-I fast fading parameters separately for the cases when the outdoor pathloss is NLOS or LOS is for further study 
· Step 1: (Set environment, network layout, and antenna array parameters) 
· Introduce LOS EoD and EoA 
· Step 4: (Generate correlated large scale parameters) 
· correlated large scale parameters ESA, ESD, and large scale parameters EoD offset, EoA offset, CESD, CESA 
· Step 7: (Generate arrival angles and departure angles)
· Azimuth parameters generated according to 36.814
· Elevation departure and arrival angles are generated with the same procedure as azimuth angles
· EoD/EoA for each cluster is drawn from a probability distribution and then shifted according to EoD/EoA offset. Then EoD/EoA within each cluster is determined by CESD, CESA. 
· Steps to reuse 36.814 description:
· Step 5, 6: (Generate delays, cluster powers)
· Step 9 (generate XPRs):
· Step 10: (Draw random initial phases) 
· Except LOS case
· Step 12: (Apply pathloss and shadowing) 
In this contribution we address some of the remaining open issues regarding fast-fading models.
2. Elevation AoD power angular spectrum (EoD PAS)

In Step 7 (see 36.814 equations 13, 14) of the channel coefficient generation process an inverse PAS is used for generating azimuth AoDs and AoAs as a function of cluster powers for a given UE position. These AoDs and AoAs are then translated based on the azimuth LOS angle. A similar method can be envisioned for the generation of EoDs and therefore there is a need to have an idea of the shape of the EoD PAS.
In the following figures the EOD PAS is estimated from ray-tracing. The ray tracing environment including the building structures and streets are shown in Figure 26, Figure 27 and Figure 28 in the Appendix. In ray tracing, multiple propagation paths are used for each pixel and the EODs for a given pixel are centered by subtracting the EOD with the maximum power to that pixel. This distribution of power and centered EODs are collected for a set of pixels at a given distance and height from a base-station. This data is then binned and the power summed within each bin providing an estimate of the PAS called “binned data” in the following plots. An empirical PAS curve is also derived by smoothing of the data shown as “empirical PAS estimate” in the following plots.   

Macro scenario: UE distance = 525m from eNB
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Figure 1: EOD PAS estimates for UE height = 1.5m
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Figure 2: EOD PAS estimates for UE height = 19.5m
Macro scenario : UE distance = 175 m from eNB
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Figure 3: EOD PAS estimates for UE height = 1.5m
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Figure 4: EOD PAS estimates for UE height = 19.5m
Macro scenario: UE distance = 75m from eNB
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Figure 5: EOD PAS estimates for UE height = 1.5m
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Figure 6: EOD PAS estimates for UE height = 19.5m

Micro scenario : UE distance = 75m from eNB
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Figure 7: EOD PAS estimates for UE height = 1.5m
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Figure 8: EOD PAS estimates for UE height = 19.5m
Micro scenario: UE distance = 175m from eNB
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Figure 9: EOD PAS estimates for UE height = 1.5m
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Figure 10: EOD PAS estimates for UE height = 19.5m
Micro scenario: UE distance = 525m from eNB

[image: image13.emf]-40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

UE height = 1.5m, UE distance = 525m (Micro)

 

 

empirical PAS estimate

binned data


Figure 11: EOD PAS estimates for UE height = 1.5m
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Figure 12: EOD PAS estimates for UE height = 19.5m
Additional plots showing the PAS estimates (binned data) for a macro scenario are provided in Figure 29, Figure 30 and for a micro scenario in Figure 31, Figure 32 in the appendix. From the data shown in this contribution we believe that a Laplacian EOD PAS is sufficient to describe the channel coefficient generation.
3. Elevation AoD spread (ESD)
In this section we study models describing the dependence of ESD on UE height and distance from the eNB. We present models of log-normal parameters µ and σ for 3D-UMa and 3D-UMi. 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 LOS2I and NLOS2I cases separately. 
Macro scenario:

The model for µ in NLOS2I case can be given by µ =max[-1,-1.6(d2D/1000)+0.57+0.008(hUT)], 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 ESD parameter µ from ray-tracing as a function of UE height and distance for 3D UMa NLOS2I case. 
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Figure 14: Model for the log-normal ESD parameter µ as a function of UE height and distance for 3D UMa NLOS2I case.
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Figure 13: Log-normal ESD parameter µ from ray-tracing as a function of UE height and distance for 3D UMa LOS2I case. 
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Figure 14: Model for the log-normal ESD parameter µ as a function of UE height and distance for 3D UMa LOS2I case.

The model for µ in LOS2I case can be given by µ = max[-1,-1.35(d2D /1000)+0.43+0.008(hUT)], 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 NLOS2I and σ=0.38 for LOS2I cases respectively. 
Micro scenario:
The model for µ in NLOS2I case can be given by µ = max[-1,-2.3(d2D/1000)+0.78+0.02(hUT)], 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 15: Log-normal ESD parameter µ from ray-tracing as a function of UE height and distance for 3D UMi NLOS2I case.
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Figure 16: Model for the log-normal ESD parameter µ as a function of UE height and distance for 3D UMi NLOS2I case.
[image: image21.emf]0 500 1000 1500 2000 2500

0

2

4

6

8

10

12

14

Distance from eNB (meter)

avgMicroElevationAoDSLOS

 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 15: Log-normal ESD parameter µ from ray-tracing as a function of UE height and distance for 3D UMi LOS2I case.
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Figure 16: Model for the log-normal ESD parameter µ as a function of UE height and distance for 3D UMi LOS2I case.

The model for µ in LOS2I case can be given by µ =max[-1,-1.6(d2D /1000)+0.64+0.02(hUT)], 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 NLOS2I and σ=0.38 for LOS2I cases respectively.  

4. Median EoD and Mean EoD for O-to-I

Apart from the ESD, the direction of mean EoD is also needed for modelling of fast fading. Typically mean EoD is not modelled directly but is modelled as an offset angle from the LOS EoD. This offset is called the median EoD or EoD offset. In Figure 5 we introduce the notation of mean EoD and median EoD followed in this contribution. In this section we study the dependence of median EoD on UE height and distance from the eNB.
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Figure 17: Notation of mean EOD and median EOD (or EOD offset) used in the following. (a) and (b) shows the direction of +ve and –ve mean EOD. (c) and (d) shows the direction of +ve and –ve median EOD or EOD offset.
In the following the median EOD or EOD offset is proposed to be modelled as a distribution parameterized by µ and σ. The models below are proposed separately for NLOS2I and LOS2I cases.

Macro scenario:

The model for µ in NLOS2I case can be given by µ =10^{-0.72log10(d2D)+2.25-0.08(hUT)}, where d2D(m) and hUT(m) represent the 2D distance and the height of a UE respectively. 
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Figure 18: EOD offset parameter µ from ray-tracing as a function of UE height and distance for 3D UMa NLOS2I case.
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Figure 19: Model for EOD offset parameter µ as a function of UE height and distance for 3D UMa NLOS2I case.
The model for µ in LOS2I case can be given by µ =0.
The model for σ for NLOS2I case can be given as σ=10^{max[0.5,-3.6log10(d2D)+12.3]}, where d2D(m) represent the 2D distance of a UE. σ=0 for LOS2I case.
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Figure 22: EOD offset parameter σ from ray-tracing as a function of UE height and distance for 3D UMa NLOS2I case.
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Figure 23: Model for EOD offset parameter σ as a function of distance for 3D UMa NLOS2I case.

Micro scenario:
The model for µ in NLOS2I case can be given by µ =10^{-0.4log10(d2D)+1.6}, where d2D(m) represent the 2D distance of a UE. 
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Figure 20: EOD offset parameter µ from ray-tracing as a function of UE height and distance for 3D UMi NLOS2I case.
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Figure 21: Model for EOD offset parameter µ as a function of UE height and distance for 3D UMi NLOS2I case.

The model for µ in LOS2I case can be given by µ =0.
The model for σ for NLOS2I case can be given as σ=10^{max[0.5,-5.25log10(d2D)+18]}, where d2D(m) represent the 2D distance of a UE. σ=0 for LOS2I case.
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Figure 24: EOD offset parameter σ from ray-tracing as a function of UE height and distance for 3D UMi NLOS2I case.
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Figure 25: Model for EOD offset parameter σ as a function of distance for 3D UMi NLOS2I case.
5. Conclusions
In this contribution fast fading modeling issues associated with the 3D channel model were investigated. The following conclusions are drawn:
The EOD PAS can be modelled as a Laplacian function

The following models are proposed:

· EOD spread (ESD), log10([0])
· 3D-UMa-NLOS: µ =max[-1,-1.6(d2D/1000)+0.57+0.008(hUT)], σ=0.71
· 3D-UMa-LOS: µ =max[-1,-1.35(d2D /1000)+0.43+0.008(hUT)], σ=0.38
· 3D-UMi-NLOS: µ =max[-1,-2.3(d2D/1000)+0.78+0.02(hUT)], σ=1.4
· 3D-UMi-LOS: µ =max[-1,-1.6(d2D /1000)+0.64+0.02(hUT)], σ=0.38
· EOD offset 
· 3D-UMa-NLOS: µ =10^{-0.72log10(max(25, d2D))+2.25-0.08(hUT)}, 
σ=max[0.5,-3.6log10(max(25, d2D))+12.3]
· 3D-UMa-LOS: µ =0, σ=0
· 3D-UMi-NLOS: µ =10^{-0.4log10(max(25,d2D))+1.6}, σ=max[0.5,-5.25log10(max(25, d2D))+18]
· 3D-UMi-LOS: µ =0, σ=0
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Appendix

The following figures show the nature of the area used for ray-tracing studies that were performed for the determination of the EoD PAS.
[image: image32.jpg]



Figure 26: Arial picture of the dense urban area that was approximated by ray-tracing
[image: image33.jpg]



Figure 27: Top-view of the building database used for ray-tracing showing complex building structures and streets
[image: image34.png]



Figure 28: 3D view of the building structures that were used for ray-tracing with building heights uniformly distributed between 4-8 floors.
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Figure 29: EOD PAS estimates (binned data) for macro scenario and UE height = 1.5m
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Figure 30: EOD PAS estimates (binned data) for macro scenario and UE height = 19.5m
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Figure 31: EOD PAS estimates (binned data) for micro scenario and UE height = 1.5m
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Figure 32: EOD PAS estimates (binned data) for micro scenario and UE height = 19.5m
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