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1. Introduction
The starting point of the new study item 3D-Channel Modeling for Elevation Beamforming and FD-MIMO [1]  provides an excellent opportunity of addressing the needs of more realistic modeling of the propagation environment to take into account the inherent three-dimensional nature of reality. This will not only benefit evaluation of schemes such as elevation beamforming and FD-MIMO that explicitly and heavily relies on 3D properties of the channel, but is also obviously beneficial for assessing common and simple operations such as down-tilt or better seeing the impact of deploying small cells below rooftops in an urban environment where signals reflect and diffraction on nearby buildings in ways that can only be described in 3D. As evident from our companion papers in [2] 
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[3], there are ample opportunities to extend the current channel models in 3GPP for improved realism.
This contribution discusses scenarios important to model when extending the current channel models to properly handle all three dimensions. 
2. General Assumptions Concerning Height Locations
So far current channel models for system evaluation such as the 3GPP SCME and the ITU-R based channels have largely ignored the elevation domain. Consequently, propagation has been assumed to be confined to a two-dimensional plane. This may be argued to be a reasonable approximation for conventional above rooftop macro deployments with most UEs typically on the ground and far away from the base station. But it is not an accurate model for below rooftop deployments, including small cells using low power nodes such a micros/picos. 
Observation

· Current channel models assume propagation confined to a two-dimensional plane

· A reasonable approximation only for conventional above rooftop deployments with UEs far away from the base station

· Below rooftop deployments, including small cells are not presently accurately modeled

UE heights are traditionally in 3GPP assumed to be close to ground level and the fact that UEs often are significantly higher up than nearby nodes, especially of the low power kind, have been ignored. Addressing the currently limited assumption on UE height distributions would be in line with the objective of the SID [1] that states that models for location of UEs need to take azimuth as well as elevation into account. Ignoring the fact that the heights of UEs in practice vary substantially leads to inaccurate modeling of inter-cell interference even if the elevation domain is not exploited for sophisticated elevation domain techniques such as elevation beamforming and FD-MIMO. Schemes explicitly exploiting elevation domain techniques are even more dependent on accurate elevation modeling as it affects not only the properties of inter-cell interference but also directly the received signals of the UEs of interest. 
Observation
· Impact on performance assessments of ignoring commonly encountered UE and base station height characteristics is expected to be significant even when elevation domain is not heavily exploited 
· Elevation beamforming and FD-MIMO heavily exploits the elevation domain and hence appears even more dependent on using models that are flexible with respect to UE and base station height location 
As is obvious from geometrical considerations of typical propagation environments, the location of base stations and UEs in the elevation domain affects the elevation angles of the propagation paths. Also the spread of elevation angles is dependent on height locations. The heights of buildings strongly influence the elevation characteristics in general and elevation angles in particular since one common main propagation path is above the rooftops even if the transmitter is situated below rooftops. The impact of base station, UE and building heights on elevation angles is described in more detail in our companion contribution concerning channel modeling enhancements [3] .
Observation

· Elevation angles of the propagation are highly influenced by base station, UE and building heights
Proposal

· Extended channel models should consider scenarios with general base station, UE and building heights

· Base station can be above or below rooftops

· Buildings can be higher or lower than base station and/or UE

· UEs may be located on ground level or higher up all the way to the top of the buildings
3. Scenarios
Due to the high traffic needs in cities and often challenging propagation conditions, focus should be on accurately modeling urban environments. Many signals tend to propagate along streets so it is important that the direction and location of streets is included in the modeling. A simple way to accomplish this, which moreover already is part of the current ITU-R based channel models (c.f., Table B.1.2.1-1 in [4]) is to use the Manhattan Grid layout. Building height may as a first shot be assumed to obey a constant clutter height
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. Thus, the architecture is given by regularly placed rectangular cuboids as illustrated in Figure 1.
Proposal

· Focus modeling efforts on urban environments

· Take direction and location of streets into account in the modeling

· Consider using Manhattan Grid as baseline to in a simple way model the location of streets and buildings
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Figure 1: Manhattan Grid as a set of regularly spaced rectangular cuboids with constant height.

Obviously, situations with both indoor as well as outdoor UEs should be considered. Existing outdoor-to-indoor models may be reused. It appears reasonable to expect that base nodes deployed indoors typically see similar elevation angles for most or all UEs. As such, the usefulness of elevation beamforming and FD-MIMO may for this scenario be limited. Priority should therefore be given to developing models for outdoor deployments of nodes. 

Proposal

· UEs are placed indoor as well as outdoor

· Consider reusing existing outdoor-to-indoor models

· Baseline scenario assumes that network nodes are deployed outdoors

· Indoor deployments may be considered at a later stage if good models can be found and if use cases warrant such deployments
3.1. Extensions to Baseline Scenario
Urban environments often contain buildings that vary in height, in contrast to the proposed baseline scenario which assumes a constant building height. Height variations may be difficult to model in the general case if the needed geometrical calculations are to be kept simple, but it appears worthwhile to at least consider whether it is feasible to model a scenario with one or a few high rise buildings among buildings of constant and lower height.
Proposal

· Consider to introduce a high-rise scenario

· One or a few high-rises among buildings with a constant and lower height
In many cities, almost every building block contains internal yards. In other words, the building in a block surrounds a yard of relatively empty space. A satellite imagery exemplifying how common such yards may be is shown in Figure 2 for the city of Paris. The presence of a yard offers an excellent opportunity for achieving indoor coverage in the entire block by placing a low power node in the yard. The elevation domain may be exploited for covering different floors of the building for increasing the capacity. A yard deployment appears to lend itself particularly well for techniques exploiting the elevation domain since the building around the yard offers natural  isolation to other cells and thus problematic leakage of signals to other cells can be avoided or much reduced.

Observation

· Indoor coverage in buildings with yards may be efficiently achieved by an outdoor low power node in the yard

· Elevation domain techniques may be used for increasing capacity by e.g. covering separate floors

· The building surrounding the yard offers isolation to other cells and hence facilitate the use of elevation domain techniques
Proposal

· Consider amending baseline scenario with

· buildings containing yards

· outdoor deployments of low power nodes within a yard to cover the corresponding building
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Figure 2: An aerial photo of building blocks in Paris containing yards.

4. Conclusions

This contribution discussed scenarios to consider for extensions of the current ITU-R based channel models to realistically handle the three dimensional reality. Based on the discussions we observed
· Current channel models assume propagation confined to a two-dimensional plane

· A reasonable approximation only for conventional above rooftop deployments with UEs far away from the base station
· Below rooftop deployments, including small cells are not presently accurately modeled
· Impact on performance assessments of ignoring commonly encountered UE and base station height characteristics is expected to be significant even when elevation domain is not heavily exploited 
· Elevation beamforming and FD-MIMO heavily exploits the elevation domain and hence appears even more dependent on using models that are flexible with respect to UE and base station height location
· Elevation angles of the propagation are highly influenced by base station, UE and building heights
· Indoor coverage in buildings with yards may be efficiently achieved by an outdoor low power node in the yard

· Elevation domain techniques may be used for increasing capacity by e.g. covering separate floors

· The building surrounding the yard offers isolation to other cells and hence facilitate the use of elevation domain techniques
and hence propose

· Extended channel models should consider scenarios with general base station, UE and building heights

· Base station can be above or below rooftops

· Buildings can be higher or lower than base station and/or UE

· UEs may be located on ground level or higher up all the way to the top of the buildings
· Focus modeling efforts on urban environments

· Take direction and location of streets into account in the modeling

· Consider using Manhattan Grid as baseline to in a simple way model the location of streets and buildings

· UEs are placed indoor as well as outdoor

· Consider reusing existing outdoor-to-indoor models

· Baseline scenario assumes that network nodes are deployed outdoors

· Indoor deployments may be considered at a later stage if good models can be found and if use cases warrant such deployments

· Consider to introduce a high-rise scenario
· One or a few high-rises among buildings with a constant and lower height

· Consider amending baseline scenario with

· buildings containing yards
· outdoor deployments of low power nodes within a yard to cover the corresponding building
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