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1. Introduction
Last meeting made some progress on how to model elevation of departure parameters in that three alternatives where proposed concerning modeling of mean spread of EoD and it was accepted to perform a down–selection among those alternatives

Working assumption:

· Mean of ESD model will be down selected:

· For O-2-I LOS, from the 3 alternatives in R1-134944
· For all other cases, between Alt 1 and Alt 2 in R1-134944
· Note that the linear model for UMi in Alt 1 and Alt 2 is a simplified model
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 and curve fitting experiments are conducted to match some of the alternatives in the working assumption for modeling mean spread of EoD.
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 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 on 25 m height 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
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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

Elevation of departure statistics was collected from the ray tracing. Such statistics can 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
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Figure 2: Median relative EoD and EoD spread as well as standard deviation of the logarithm of EoD spread.
A curve fitting attempt was made for median EoD spread according to Alternative 1 in the way forward [1] 
µ(k) =max[d(k), a(k)(d2D/1000)+b(k)(hUT - 1.5)+c(k)]
using the parameters
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The result of the curve fitting is shown in Figure 3. It seen that a fairly decent fit is obtained for shorter distances while for longer distances the difference is large in the log domain, but in the linear domain this is insignificant since the angular spread is anyway so small.

Proposal

· For Urban Macro with NLOS (outdoor as well as indoor) log10 of median EoD spread may be obtained as

µ(k) =max[d(k), a(k)(d2D/1000)+b(k)(hUT - 1.5)+c(k)]
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Figure 3: Curve fitting for median EoD spread.
Another way to get reasonable fitting for the macro NLOS case is to utilize similar principles as in Alternative 3 in the way forward [1] but modified so as to use the concept of effective floor height instead of a fixed floor height of 3 m. Figure 4 illustrates how an elevation angular opening 
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is first derived from simple geometrical considerations giving
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Figure 4: Alternative 3 in way forward can be slightly modified and combined with the concept of effective floor height 
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to provide good curve fitting candidates even for Macro NLOS. The red rectangle symbolizes the actual floor height of 3 m.
The effective floor height then serves as a tuning parameter to obtain a good fit for 
[image: image12.wmf]a

with measurement / ray tracing results of median EoD spread. With the above modification of Alternative 3, we get fitting curves as shown in Figure 5, which if we compare with Figure 2 are not too bad.
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Figure 5: Slight modification of Alternative 3 enables its use also for NLOS macro case with the correct behavior that angular spread decreases with UE height.
4. Elevation of Departure Properties for Micro Links

Statistics of elevation of departure parameters were also collected for micro links. The results are shown in Figure 6.
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Figure 6: Median relative EoD and EoD spread as well as standard deviation of the logarithm of EoD spread.
Interestingly, it can be observed that median EoD spread decreases with increasing UE height for large distances but for small distances it is smallest for a UE height close to the basestation height (10 m). The latter is rather reasonable considering that for low UE heights multi-path propagation tends to raise the elevation angle towards the horizon while when the UE is on the same height as the basestation, the multi-path propagation does not change the elevation angles substantially from the LOS direction. As the UE height increases beyond the basestation height, the over-rooftop propagation route starts becoming more significant thus increasing angular spread.

Observation

· Median EoD spread should have a minimum close to the basestation height for short distances.
The fact that the median EoD spread has a minimum around the basestation height makes curve fitting according to Alternative 2 in the way forward reasonable. Using
µ(k) =max[d(k), a(k)(d2D/1000)+b(k)|hBS-hUT|+c(k)]
with
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leads to the fitting shown in Figure x. Since bk is positive, the fitted curve has, as it should, a minimum for short distance when the UE height equals the basestation height.
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Figure 7: Curve fitting for median EoD spread (in log domain).

Proposal
· For Urban Micro Scenario use the following model for curve fitting median EoD spread (Alternative 2)
µ(k) =max[d(k), a(k)(d2D/1000)+b(k)|hBS-hUT|+c(k)]
5. 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

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

· Median EoD spread is a function of distance and UE height
Proposal
· For Urban Macro with NLOS (outdoor as well as indoor) log10 of median EoD spread may be obtained as

µ(k) =max[d(k), a(k)(d2D/1000)+b(k)(hUT - 1.5)+c(k)]
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Micro links:

Observation

· Median EoD spread should have a minimum close to the basestation height for short distances.
Proposal

· For Urban Micro Scenario use the following model for curve fitting median EoD spread (Alternative 2)
µ(k) =max[d(k), a(k)(d2D/1000)+b(k)|hBS-hUT|+c(k)]
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