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1. Introduction
This contribution investigates the properties of elevation of departure for the 3D-channel model. Based on a ray tracing evaluation power angular spectrum distribution are obtained and studied.
2. Ray Tracing Results of an Urban Environment

To investigate how the elevation of departure characteristics for the 3D-channel in NLOS conditions depends on distance and UE height, a geometric 3D model of a city was developed, corresponding to the current baseline assumption in the calibration scenarios. The city model incorporates streets/avenues rather similar to the city of Barcelona we are now in and with a building height uniformly distributed between 4 and 8 floors with a 3 m floor height. Three-sector macro base stations with an ISD of 500 m were placed on the roofs of buildings with the antenna 5 m above the roof and placed along a roof edge. Micro sites were placed 10 m above ground on building walls. UEs were dropped in the environment and ray tracing was conducted to compute channel properties for each link between each UE and each network node. 

Observation

· A synthetic geometric model of a city was generated to investigate how elevation of departure characteristics varies with distance and UE height


Figure 1: Synthetically generated city with macro antennas on top of buildings and micro antennas on building walls. 

3. Elevation of Departure Properties for Macro Links

The previous meeting discussed the statistical distribution of elevation angles. It was pointed out that PDFs of elevation angles presented so far always consider all UE positions in the same PDF. This means that the results are effectively averaged over all UE positions – a marginal PDF is obtained. With such averaging over all UE positions, it is not too surprising that one always ends up with something of Gaussian or Laplacian character. The same goes for the related quantity of power angular spectrum (PAS) which henceforth will be the focus in this contribution. 

The PAS of elevation angles that we seek to use in the channel model should actually be conditioned on the UE position as opposed to the common approach so far of only studying the PAS averaged over all UE positions (marginal PAS). It is then no longer obvious that the conventionally assumed Laplacian or Gaussian PAS shapes are actually correct. 
Observation

· Power angular spectrum (PAS) of elevation angles in channel model should be derived from statistics conditioned on UE position and not marginal statistics averaged over all UE positions.

· Just because PAS averaged over all, or many UE, positions has a certain shape does not mean that conditional PAS for a specific UE position or positions has the same shape

· Assuming Gaussian or Laplacian PAS for elevation statistics solely based on the approach so far of employing marginal statistics averaged over all sorts of different UE positions may be a wrong conclusion
Using ray tracing it is fairly easy to estimate PAS conditioned on UE position. The UE positions were binned in terms of distance and UE height and the PAS estimated by summing the powers of all rays that fall into a bin. Results are presented in Figure 2. It is seen that the PAS tends to have two peaks (e.g. two separate red dots on the same horizontal line, see for example 200 m distance, UE height 1.5 m). The dual peak shape is also visible in the alternative but more limited characterization presented in Figure 3 where conventional PAS curves are plotted for two different distance examples. As the distance increases the whole distribution becomes narrower. The characteristics are thus quite far from the single peak Gaussian or Laplacian characteristics.

Observation

· Ray tracing results indicate that power angular spectrum of elevation of departure has two different peaks

· Single peak shapes such as Gaussian or Laplacian do not seem appropriate
Proposal

· Consider dual peak shapes for power angular spectrum
· A mixture of two Laplacian PAS with individual mixture weights, mean, and variance appears like a reasonable candidate
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Figure 2: PAS of elevation of departure angles conditioned on distance and UE height. Elevation angles are zero at the horizon and increases upwards. The elevation angles are absolute, as opposed to being relative to e.g. LOS or median angle of departure per link.
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Figure 3: PAS at two different distance (225 and 825 m) for three different heights (floor 1, 4, 7). These curves give an alternative view of PAS for a few particular distances and heights.
To illustrate the difference between marginal and conditional PAS, the conditional PAS estimates in Figure x were averaged over a large distance interval (0 – 1000 m) producing the marginal PAS curves in Figure 4. This averaging approach is similar to the PAS estimation strategies often used in the measurement campaigns and analysis so far performed in this study item. As expected, the dual peak shape disappears as a result of the averaging and the PAS shape starts becoming rather similar to a Laplacian shape.

Observation

· Averaging PAS over a too large area removes dual peak shape and makes the shape more Laplacian
· Just what is commonly done in most experiments
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Figure 4: PAS averaged over a large range of distances (0 –1000 m) giving a sort of marginal PAS. As seen the dual peak behavior disappears and the shape becomes rather Laplacian in shape. 
The collected statistics can also be partly characterized using common parameters such as median EoD, relative LOS direction, median EoD spread and the standard deviation of the logarithm of EoD spread. These metrics are shown in Figure 3. We see that these metrics are both distance and UE height dependent and that both the relative EoD and the EoD spread approaches zero as the distance increase. This is consistent with the actual propagation, which tends to be dominated by the above rooftop route and thus appear close to the horizon from the perspective of the macro.

Observation

· Median relative EoD is a function of distance and UE height

· Median EoD spread is a function of distance and UE height
Proposal

· Power elevation angular spectrum is a function of distance and height

· A mixture of two Laplacian PAS with individual mixture weights, mean, and variance appears like a reasonable candidate
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Figure 5: Median relative EoD and EoD spread as well as standard deviation of the logarithm of EoD spread.
4. Elevation of Departure Properties for Micro Links

PAS statistics of EoD angles for specific UE distance and height were collected also for micro links. The result is presented in Figure 4. Also here are there some indications of dual peak characteristics but it is now much less pronounced than in the macro case. Nevertheless, a mixture of two Laplacian shaped PAS with separate mixture weight, mean and variance may still capture the essentials of the EoD characteristics.

Observation

· Less of dual peak characteristics than in macro case

· An appropriate distribution may be non-symmetric
· PAS shape: Consider a mixture of two Laplacian shaped PAS with individual mixture weights, mean, and variance 
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Figure 6: Distribution of elevation of departure angles conditioned on distance and UE height. Elevation angles are zero at the horizon and increases upwards. The elevation angles are absolute, as opposed to being relative to e.g. LOS or median angle of departure per link.
Partial characterization of the distribution is presented in Figure 5. All parameters are seen to be distance and height dependent. It is also seen that median relative EoD decreases with increasing UE height which makes sense considering the dominance of around building propagation. Furthermore, at least for larger distances the median EoD decreases with increasing UE height. 
Observation

· Median relative EoD, median EoD spread, and logarithm of EoD spread are all distance and height dependent

Proposal
· Introduce a distance and height dependent EoD distribution
[image: image13.emf]0 200 400 600 800 1000

-20

-15

-10

-5

0

5

10

15

20

Distance [m]

Median relative EoD [



]

Micro

Increasing floor number

Reference: LOS direction

[image: image14.emf]0 200 400 600 800 1000

0

0.5

1

1.5

2

2.5

3

Distance [m]

Median EoD spread [



]

Micro

Increasing floor number


[image: image15.emf]0 200 400 600 800 1000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Distance [m]

std(log

10

(EoD spread)

Micro


Figure 7: Median relative EoD and EoD spread as well as standard deviation of the logarithm of EoD spread.
5. Path Loss Estimated from Ray Tracer

Directional statistics is not the only channel property that can be estimated by a ray tracer. Also path loss can be estimated, which provides an indication of the behavior of the ray tracer. Figure 8 presents estimated path loss for macro and micro indoor links. A comparison is also made with the corresponding ITU NLOS path loss (to the wall) plus 25 dB as a sort of penetration loss.  As seen, the estimated path loss exhibits a similar slope as the corresponding ITU channel model for both macro and micro which provides a sanity check for the ray tracer.
Observation

· Estimated NLOS path loss slope from ray tracer is well aligned with path loss slope of the corresponding ITU channel model
· Providing an indication of the validity of the ray tracer
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Figure 8: NLOS path loss estimated from ray tracing data for macro and micro links with indoor UEs compared with corresponding ITU NLOS out-door path losses plus a fixed penetration loss. 
6. Conclusions

In this contribution we studied the distribution of elevation of departure angles for macro and micro links based on ray tracing evaluations. We observe and propose as follows
Macro links:
Observation
· Ray tracing results indicate that power angular spectrum of elevation of departure has two different peaks

· Single peak distributions such as Gaussian or Laplacian do not seem appropriate
· Median relative EoD is a function of distance and UE height

· Median EoD spread is a function of distance and UE height
Proposal

· Consider dual peak distributions for power angular spectrum
· A mixture of two Laplacian PAS with individual mixture weights, mean, and variance appears like a reasonable candidate
· Power elevation angular spectrum is a function of distance and height

Micro links:

Observation
· Less of dual peak characteristics than in macro case

· An appropriate distribution may be non-symmetric
· Median relative EoD, median EoD spread, and logarithm of EoD spread are all distance and height dependent

Proposal

· PAS shape: Consider a mixture of two Laplacian shaped PAS with individual mixture weights, mean, and variance 
· Introduce a distance and height dependent EoD distribution


