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1. Introduction
At RAN1#72 discussion began on the SI “Study on 3D-channel model for elevation beamforming and FD-MIMO studies for LTE” [1].  The discussion focused on the priority of deployment scenarios and their corresponding  user and building dropping models. 
Agreement: 

· Urban Micro cell with high (outdoor/indoor) UE density

· Base station is below surrounding buildings

· Multi-floor UE dropping in buildings modelled

· Urban Macro cell with high (outdoor/indoor) UE density

· Base station is above surrounding buildings

· Consider two options for indoor UE: single-floor indoor UE and multi-floor indoor UE modelling
· Models taking multi-floor indoor UE into account should be developed
· Second priority

· Indoor hotspot with high UE density

· Focus on single-floor scenario.

· Rural scenario

· Outdoor/Indoor user dropping: 

· x% outdoor UEs on a fixed height on the ground plane

· y% indoor UEs on different floors

· x+y = 100.

· Outdoor user dropping:

· Users are dropped on a fixed height on the ground plane.

· FFS Users are dropped on a fixed height on a hilly terrain.

· Indoor user dropping:

· 3D Locations of UEs are related to building locations and heights. 

· Details of building dropping modeling for UE dropping

· Details such as floor height, building location/height distribution needed

· Macro-pico scenarios for Hetnet FFS

· Azimuth-adaptable or (Azimuth+Elevation)-adaptable antennas for Macro/Pico.

· Pico: outdoor only or indoor/outdoor mix

2. UE and Building Distributions
Recommendations on the dropping models for the Us and buildings are given below along with recommendations on building size in the horizontal and vertical direction.
2.1. UE Position Distribution

For outdoor dropping, UEs should be uniformly distributed across the outdoor portions of a cell on a horizontal plane a fixed height above the ground, e.g., 3m.
There are two methods of dropping indoor UEs. One method is to randomly assign UEs a height based on some distribution independent of any notion of buildings. The second is to drop buildings and drop UEs within the confines of the dropped buildings. While the first method is simpler to implement it has the disadvantage of not modeling the correlation between UE locations. This correlation is important in MU MIMO where sector throughput performance is highly dependent upon the similarity of channel matrices between possible pairs of UEs.  In other words pairs of UEs in a cell would tend to have more similar channels when they are dropped within the confines of building than when they were independent dropped throughout a cell.

Users dropped indoors a building should be randomly assigned a floor index 
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 according to a uniform distribution on the number of floors, 
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, in the building. The UE height is then calculated as 
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 is the height of a floor and 
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 is a fixed height.  This is the basis for the UE height calculation in the Winner II UMi O-to-I propagation model where 
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m.  The UE’s horizontal position should be uniformly distributed on the building floor.
Proposal
· Outdoor UEs should be uniformly distributed over the outdoor portions of a cell at a fixed height above the horizontal plane.

· Indoor UE position is determined by first dropping buildings in a cell and then distributing UEs within the dropped building.

· Indoor UEs should be uniformly distributed across the floors of a building both vertically and horizontally

2.2. Building Position Distribution

Buildings may be dropped within a cell either on a grid or randomly in the cell. For UMi scenarios a single building per cell is realistic while UMa scenarios would typically have multiple buildings per cell. Dropping multiple buildings per cell introduces its own sets of issues such as the minimum distance between building edges and the possibility of buildings overlapping across multiple cells. The choice of building dropping model  should therefore include the following considerations:
Observation

· Whether the building should be dropped on a grid or uniformly within a cell
· Minimum distance between building edges.
· Possibility of a building overlapping across multiple cells.
2.3. Building Geometry
Building geometry includes both the height as measured by the number of floors, 
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, and the size and shape of the building.  The number of floors can be either random or fixed.  While a fixed building height eases simulation development, it may lead to optimistic results in the sense that typical cities have a distribution of heights and it may well be that the tallest buildings, those at the tail of the height distribution, will limit coverage due to their corresponding path loss occupying the tail of the cell’s pathloss distribution.  We therefore propose that the building height be random.  The distribution of heights for both the UMa and UMi scenarios should be different and are for FFS.
On the other hand the building’s area in the x/y plane should only have a minor impact on pathloss and therefore can be fixed.  The buildings’ area and shape, e.g cuboid, or cylindrical, should be FFS.
Proposal

· Building heights should be random according to different distributions for UMa and UMi. The distribution should be FFS.

· All buildings should have identical areas. The fixed area is related to the number of buildings per cell and is FFS.

· Building shape, e.g. cuboid or cylinder, is FFS.

3. Antenna Configurations
3.1. eNB Antenna Element Patterns
eNB antennas typically consist of vertically stacked antenna elements which are fed with fixed amplitude and fixed phase offsets from the antenna input.  By adjusting these fixed offsets the vertical pattern of the antenna can then be optimized.  With elevation beamforming and FD-MIMO on the other hand the phase and gain offsets are dynamically adjusted according to the eNB precoding weights.  The relevant antenna pattern in this case is not the antenna patterns currently defined in TR 36.814 which correspond to one particularly set of weights but instead the antenna patterns of the individual antenna elements.  3D channel modelling of elevation beamforming and FD-MIMO therefore requires specification of the antenna element patterns in both azimuth and elevation.  Coupling effects between elements may also need to be modelled (note that this is not required to perform the baseline simulations).
Proposal

· Antenna element radiation patterns are required for 3D modelling of elevation beamforming and FD-MIMO
3.2. Antenna Gain Patterns in 
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When waves propagate with a non-zero elevation, the electric fields generally may be polarized in the 
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directions (
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are the unit vectors in the 
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directions respectively ) which is a generalization of the elevation = 0 case when the electric fields are polarized in the 
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directions for a wave traveling in the +x direction.  The antenna patterns required for computation of the complex channel matrix are therefore 
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. Indeed these are required even for 2D channel modeling with mechanical tilt as discussed in TR 36.814. in Section A.2.1.6.  In this section the assumption was made that 
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 is the 3D element antenna gain pattern and 
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 is the polarization slant angle, 
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=0 corresponding to horizontal polarization of waves emitted with zero elevation, i.e. 
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.  While this may be a reasonable approximation for small 
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, it is not true in general. Take for example a vertical dipole, i.e. 
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 is constant since a vertical dipole has a uniform gain pattern in the elevation equal 0 plane and therefore 
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 is constant. If we evaluate 
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, a horizontal dipole we get 
[image: image34.wmf](

)

,0

A

f

 as being a figure eight pattern.
We conclude that in order to model cross polarized transmission in 3D channels it is necessary to have the co-polarized and cross-polarized antenna patterns 
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 respectively for the eNB antenna without resorting to Equation 
(1)

.  The antenna pattern of []  is specified in terms of  GOTOBUTTON ZEqnNum606960  \* MERGEFORMAT  and 
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 but does not break the gain down into the polarization components 
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Proposal

· Antenna patterns in the co-polarized and cross-polarized directions 
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 are required for 3D channel modeling. These should be obtained without the aid of Equation (1)

.

4. Conclusion
This contribution addressed UE and building dropping models for the UMi and UMa scenarios. It also discussed the required antenna patterns necessary to derive the complex-valued channel matrix.  We propose the following:
Proposal

· UE positions

· Outdoor UEs should be uniformly distributed over the outdoor portions of a cell at a fixed height above the horizontal plane.

· Indoor UE position is determined by first dropping buildings in a cell and then distributing UEs within the dropped building.
· Indoor UEs should be uniformly distributed across the floors of a building both vertically and horizontally. 

· Building geometry

· Building heights should be random according to different distributions for UMa and UMi. The distribution should be FFS.

· All buildings should have identical areas. The fixed area is related to the number of buildings per cell and is FFS.

· Building shape, e.g. cuboid or cylinder, is FFS.

Proposal

· Antenna element radiation patterns are required for 3D modelling of elevation beamforming and FD-MIMO
· Antenna patterns in the co-polarized and cross-polarized directions 
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 are required for 3D channel modeling. These should be obtained without the aid of Equation (1)
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