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Introduction

In [1] it was agreed to:

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in [2] and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by Rel-11) with the modified evaluation methodology  

This contribution constitutes a text proposal for the study item FS_LTE_3D_channel and hence TR 36.873, dealing with mechanical and electrical antenna tilting.
Remark: This is a revised version of [3], [4], [5].
Text Proposal

[-------------------------------------------------TEXT START -----------------------------------------------]
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Array Element: a subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern.

Array Factor: the radiation pattern of an array antenna when each array element is considered to radiate isotropically.
NOTE:
When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the element radiation pattern gives the radiation pattern of the entire array.
Antenna Array: a group of antenna elements characterized by the geometry and the properties of the array elements. The geometry of the array elements can be either linear or non-linear to meet the system requirements. 
Directivity (of an antenna) (in a given direction): the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions.

NOTES:
1
The average radiation intensity is equal to the total power radiated by the antenna divided by 4π.

2
If the direction is not specified, the direction of maximum radiation intensity is implied.
Downtilt Angle: the elevation angle between the direction orthogonal to the antenna element axis and the maximum of its main beam in the elevation plane. A positive electrical tilt angle means that the antenna beam is directed below the direction orthogonal to the antenna axis. An antenna has separate values for electrical and mechanical tilt. The mechanical tilt is fixed by the geometry of the installation.

Far-Field Region: that region of the field of an antenna where the angular field distribution is essentially independent of the distance from a specified point in the antenna region.

NOTES:
1
In free space, if the antenna has a maximum overall dimension, D, that is large compared to the wavelength, the far-field region is commonly taken to exist at distances greater than 2D2/λ from the antenna, λ being the wavelength. The far-field patterns of certain antennas, such as multi-beam reflector antennas, are sensitive to variations in phase over their apertures. For these antennas, 2D2/λ may be inadequate.

2
In physical media, if the antenna has a maximum overall dimension, D, that is large compared to π/|γ|, the far-field region can be taken to begin approximately at a distance equal to |γ|D2/π from the antenna, γ being the propagation constant in the medium.

Front-to-Back Ratio: the ratio of maximum directivity of an antenna to its directivity in a specified rearward direction.
NOTES:
1
This definition is usually applied to beamtype patterns.

2
If the rearward direction is not specified, it shall be taken to be that of the maximum directivity in the rearward hemisphere relative to the antenna’s orientation.
Gain (in a given direction): the ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically.

NOTES: 1
Gain does not include losses arising from impedance and polarization mismatches.

2
The radiation intensity corresponding to the isotropically radiated power is equal to the power accepted by the antenna divided by 4π.

3
If an antenna is without dissipative loss, then in any given direction, its gain is equal to its directivity.

4
If the direction is not specified, the direction of maximum radiation intensity is implied.

5
The term absolute gain is used in those instances where added emphasis is required to distinguish gain from relative gain; for example, absolute gain measurements.

Radiation Pattern: the spatial distribution of a quantity that characterizes the electromagnetic field generated by an antenna. Syn: antenna pattern.

NOTES
1
The distribution can be expressed as a mathematical function or as a graphical representation.

2
The quantities that are most often used to characterize the radiation from an antenna are proportional to, or equal to, power flux density, radiation intensity, directivity, phase, polarization, and field strength.

3
The spatial distribution over any surface or path is also an antenna pattern.

4
When the amplitude or relative amplitude of a specified component of the electric field vector is plotted graphically, it is called an amplitude pattern, field pattern, or voltage pattern. When the square of the amplitude or relative amplitude is plotted, it is called a power pattern. 
5
When the quantity is not specified, an amplitude or power pattern is implied.

3.2
Symbols

For the purposes of the present document, the following symbols apply:
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rotation matrices
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complex polarized radiation field pattern

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

GCS
global coordinate system
LCS
local coordinate system

ULA
uniform linear array

UPA
uniform planar array
4
Mechanical and Electrical Antenna Tilting
4.1
Spherical Coordinate System
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Figure 4.1-1: Spherical Coordinate System

All the following derivations are based on the spherical coordinate system specified in the ISO 31-11 standard with 
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 being the azimuth angle measured from the positive x-axis.
The basis vectors 
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 form an orthonormal right-handed coordinate system and are defined as follows:
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4.2
Rotation Matrices

The three basic rotation matrices are given in the following.

Rotation around the x-axis by an angle of 
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Rotation around the y-axis by an angle of 
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Rotation around the z-axis by an angle of 
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4.3
Vector Field Rotation / Mechanical Tilting

We define a global coordinate system (GCS) with coordinates 
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 and a local coordinate system (LCS) with coordinates 
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 being an arbitrary rotation matrix from one system to the other, it follows:
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and equivalently
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since 
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 is an orthogonal matrix (
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 may be any of the basic rotation matrices 
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or be a combination of multiple sequentially applied rotations, e.g., 
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Note that this relationship between GCS and LCS does not apply for the other two basis vectors 
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Given the rotation matrix 
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, the LCS coordinates 
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Rotating a vector field requires the rotation of each vector component.

In general, the complex electromagnetic radiation field in the far-field region, known as radiation field pattern, is defined by
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Measured antenna radiation field patterns are usually given in the LCS as
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When an antenna is rotated or mechanically tilted, the field components are being rotated as well. Therefore in order to calculate the radiation field pattern in the GCS, the polarization needs to be rotated
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with
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and
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The radiation power pattern 
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The vector field rotation is unimportant for the radiation power pattern since
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4.3.1
Example 1: Mechanical Downtilt
Mechanical downtilt equals a rotation around the y-axis, thus 
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. It follows for the LCS angles:
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4.3.2
Example 2: Slanted Dipoles
Slanted dipoles are dipoles rotated around the x-axis, thus 
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4.4
Electrical Tilting
[image: image67.png]



Figure 4.4-1: Planar Wave Arriving at the Antenna Array

Assume a planar electromagnetic wave arrives at an antenna array with multiple antenna elements with their location defined by position vector 
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 being the Fourier transform of 
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The incoming wave vector 
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 is defined by its direction in terms of 
[image: image77.wmf](

)

j

q

,

 and its wave number
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As can be seen in Figure 4.4-1 the time delay 
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 is proportional to 
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, which denotes the additional distance the wave has to travel until it reaches antenna element 
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Figure 4.4-2: Beamforming Principle
In order to compensate the time delays or respective phase shifts, so-called beamforming weights 
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 are applied at the antenna elements, such that the signal from a desired direction 
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The weighted and combined receive signal yields
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4.4.1
Example 1: Uniform Linear Array

In case of a vertical uniform linear array (ULA), the antenna elements are equally spaced on the z-axis. Placing the reference element in the origin and all remaining elements above, the position vector 
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 is given by
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Figure 4.4.1-1: Spherical Coordinate System

The phase shifts can be calculated as
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The beamforming weights follow with
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or equivalently using electrical tilt angles
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4.4.2
Example 2: Uniform Planar Array

In case of a uniform planar array (UPA), the antenna elements are equally spaced on the z- and y-axis. Placing the reference element in the origin and all remaining elements above and in direction of the positive y-axis, the position vector 
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 being the element spacing and 
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 being the number of elements in the vertical direction, while 
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 and 
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 denote the element spacing and number of elements in the horizontal direction.
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Figure 4.4.2-1: Uniform Planar Array
The phase shifts can be calculated as
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The beamforming weights follow with
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or equivalently using electrical tilt angles
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[---------------------------------------------------TEXT END ------------------------------------------------]
Conclusion

In this contribution, a text proposal (TP) on electrical and mechanical antenna tilting is provided.

Proposal: Include the provided TP in the specification for study item FS_LTE_3D_channel, which is supposed to be TR 36.873.
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