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Discussion and Decision
1. Introduction
In RAN1#73 a proposal in R1-132748 was agreed as the working assumption. In this contribution we provide ray-tracing results mainly to determine the nature of dependency of the elevation angle of departure (EOD) as a function of UE height and distance from the base station.
Ray-tracing studies were conducted for the following scenarios:

a) Real city: A building database for a dense European city was used in this case. The simulated area was 5.3 x 5.1 km with a resolution of 10m x 10m. The average building height in the simulated area was 18m. 52 actual macro sites varying in height (with an average height of approximately 25m) was used. 10 hypothetical micro sites, each with 10m height were placed. In this case the ray-tracing tool was calibrated (using pathloss) with actual drive-test results for some drive routes within the simulated area. 

b) Synthesized city: A virtual city was synthesized to simulate a very dense environment. The area of the city was 1.5km x 1.5km and simulated with a 10m x 10m resolution. This environment is based on a real city environment but the building heights were modified to be uniformly distributed between 4 and 8 floors – this was done to preserve the randomness of a real city environment (streets, building shapes, open spaces, vegetation) at the same time ensuring a constant 25m BS height for above rooftop macros. 20 macro sites, each at 25m height and 20 micro sites each at 10m height were simulated. 
Throughout the contribution we present results from the real city scenario or the synthesized city scenario or both. Even though we have an agreed upon simplified building model (and UE height model) and fixed eNB heights in RAN1, the pathloss models developed here should be applicable to realistic scenarios as well. The intention here is to show some variation of results between a real city scenario and a synthesized city scenario, both of which can be considered to be dense urban in nature but with different landscapes and BS heights. 
2. Elevation AoD spread (ESD) for O-to-I
In this section we study the dependence of ESD on UE height and distance from the eNB.
Macro case:

The macro eNB is located above rooftops, therefore from the point of view of a UE at 1.5m height, the primary propagation phenomenon in the elevation dimension is multiple diffraction over rooftops. As the UE height is increased to somewhat below the macro transmitter level the primary nature of propagation in the elevation dimension is expected to remain the same though the difference in environment at a high floor may lead to some differences in the ESD. This is also observed from ray-tracing in Figure 1 and Figure 2 where the dependence of ESD on height is not shown to be significant. On the other hand, it is clear that the ESD depends on the distance from the eNB.
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Figure 1: ESD from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMa. 
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Figure 2: ESD from ray-tracing for a synthesized city scenario as a function of UE height and distance from the eNB for 3D UMa.

Observation-1: In the case of 3D-UMa the elevation angle spread (ESD) depends clearly on distance but no significant dependence on UE height was observed.
Micro case:
In the micro case, given a UE at 1.5m height and under the assumption of a dense urban scenario with buildings ranging from 4 to 8 floors, the dominant propagation paths are around corners, through buildings and between buildings. The main propagation mechanisms that are modelled include specular reflections and diffraction. As the UE height is increased, the receiver receives energy from over-the-rooftop propagation path – the fraction of energy due to over-the-rooftop propagation depends on the UE height and the base-station height relative to the height of the buildings around the UE. Therefore there is a possibility of increased ESD as a function of UE height. In Figure 3 and Figure 4 we show the ray tracing results for a real city scenario and a synthesized city scenario respectively where some dependence on UE height is observable especially at high floors but it remains to be seen whether this is significant enough to model.  
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Figure 3: ESD from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMa.
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Figure 4: ESD from ray-tracing for a real synthesized city scenario as a function of UE height and distance from the eNB for 3D UMi

Observation-2: In the case of 3D-UMi the elevation angle spread (ESD) depends on distance, some dependence on UE height was observed for high floors.

3. 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 5: 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.
Macro case:

The macro eNB being located above rooftops, in the elevation dimension the propagation is above rooftops and therefore the mean EoD is negative for all UE heights. This is also evidenced by the ray tracing results shown in Figure 6 and Figure 8 which also shows a strong dependence of the mean EoD on distance from the eNB. Figure 7 and Figure 9 show a strong dependence of the median EoD on distance. It is also observed (especially at small distances) that the median EoD reduces as the UE height increases and takes values very close to 0 for UEs at the highest floors – this is expected from the geometrical considerations as shown above in Figure 5 (c). 
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Figure 6: Mean EoD from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMa. 
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Figure 7: Median EoD (or EoD offset) from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMa.
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Figure 8: Mean EoD from ray-tracing for a synthesized city scenario as a function of UE height and distance from the eNB for 3D UMa. 
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Figure 9: Median EoD (or EoD offset) from ray-tracing for a synthesized city scenario as a function of UE height and distance from the eNB for 3D UMa.
Observation-3: In the case of 3D-UMa the median EoD depends on distance and shows some dependence on UE height.
Micro case:
In the micro case, Figure 10 and Figure 12 show the variation of mean EoD as a function of UE height and distance from the eNB. It may be observed that the mean EoD is mostly positive indicating that the above rooftop propagation is contributing most of the energy. In some cases of low UE heights and close to the eNB, the mean EoD turns negative indicating significant energy from around buildings or ground bounce. Figure 11 and Figure 13 show that the median EoD depends on the distance from the eNB but the dependence on UE height is not clearly evident.  
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Figure 10: Mean EoD from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMi.
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Figure 11: Median EoD (or EoD offset) from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMi.
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Figure 12: Mean EoD from ray-tracing for a synthesized city scenario as a function of UE height and distance from the eNB for 3D UMi.
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Figure 13: Median EoD (or EoD offset) from ray-tracing for a synthesized city scenario as a function of UE height and distance from the eNB for 3D UMi.

Observation-4: In the case of 3D-UMi the median EoD depends on distance but the dependence on UE height is small 
4. Elevation AoD parameters for outdoor UEs

In the case of outdoor UEs which are all at 1.5m height, we study the behaviour of the EoD parameters, specifically EoD spread and EoD offset in F14 and F15 below. The results shown below correspond to the real city scenario and the micro case though similar results are also observed in the other cases. It is observed that both ESD and Median EoD depend strongly on distance from the eNB except the median EoD for LOS cases is approximately zero.  
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Figure 14: ESD from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMi outdoor (NLOS and LOS)
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Figure 15: Median EoD from ray-tracing for a real city scenario as a function of UE height and distance from the eNB for 3D UMi outdoor (NLOS and LOS)

Observation-5: In the case of outdoor UEs at 1.5m height, the ESD and the median EoD depends on distance from the eNB for both LOS and NLOS cases with one exception – median EOD is approximately zero for the LOS case
5. Conclusions
In this contribution fast fading modeling issues associated with the 3D channel model were investigated. The following conclusions are drawn:
Observation-1: In the case of 3D-UMa the elevation angle spread (ESD) depends clearly on distance but no significant dependence on UE height was observed.
Observation-2: In the case of 3D-UMi the elevation angle spread (ESD) depends on distance, some dependence on UE height was observed for high floors.
Observation-3: In the case of 3D-UMa the median EoD depends on distance and shows some dependence on UE height.

Observation-4: In the case of 3D-UMi the median EoD depends on distance but the dependence on UE height is small.

Observation-5: In the case of outdoor UEs at 1.5m height, the ESD and the median EoD depends on distance from the eNB for both LOS and NLOS cases with one exception – median EOD is approximately zero for the LOS case.
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