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Discussion and Decision
The following was agreed in the email discussion started in RAN1#74 given by “[74-08] E-mail discussion on 3D Coordinate System”
· Retain the ability to model mechanical downtilt
· The content of A.2.1.6 from TR 36.814 is included in the 3D channel model TR 36.873
· The derivation of the equations 1-5 given in A.2.1.6 of TR 36.814 to be introduced in an informative section of TR 36.873 
· TP to be prepared later
The TP given below follows this conclusion. The text below is copied from TR 36.814 section A.2.1.6 with modifications shown by change marks.
Start of text proposal –

A.X Antenna gain for a given bearing and downtilt angle

A.X.X
Polarized antenna modelling
In case of polarized antennas, the polarization is modelled as angle-independent in both azimuth and elevation, in the antenna local coordinate system. For a linearly polarized antenna, the antenna element field pattern, in the horizontal polarization and in the vertical polarization, are given by
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respectively, where 
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 is the polarization slant angle
 and
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 is the 3D element antenna gain pattern as a function of azimuth angle, 
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, which are defined in Figure A.X.X. Note that the zenith and azimuth field directions are defined in terms of the spherical basis vectors, 
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For 2D element antenna gain pattern:
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Figure A.X.X
Definition of spherical angles and spherical unit vectors in a Cartesian coordinate system, where
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are the spherical basis vectors.
A.X.X
Antenna gain for a given direction and mechanical tilt angle

A global coordinate system with Cartesian coordinates (x,y,z)  and a local (“primed”) coordinate system with Cartesian coordinates (x’,y’,z’) are defined with a common origin, with the y’-axis being parallel to the y-axis; that is, the x-axis of the global coordinate system, should be aligned with the pointing direction of the sector
. The global coordinate system is oriented with its z-axis along a vertical direction, thus having its xy-plane coinciding with a horizontal plane, and all directions in space (angles of arrival and departure) are defined in the global coordinate system angular coordinates and , see Figure A.2.1.6.1-1. 

Assume that an antenna is installed with the antenna aperture normal direction (and antenna main beam peak for a conventional sector antenna) in the xz-plane and that the antenna radiation pattern is defined in terms of angles 
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 in the local coordinate system, with the local coordinate system antenna-fixed. 

Mechanical tilt is modeled as a rotation of the antenna-fixed coordinate system around the y-axis. For zero mechanical tilt the antenna-fixed coordinate system coincides with the global coordinate system. Conventionally, for sector antennas with cylindrical shape, the antenna radiation pattern defined in the antenna-fixed coordinate system is measured with the antenna cylinder axis installed to coincide with the z'-axis of the antenna-fixed coordinate system. Note that electric tilt, and hence beam pointing direction, does not in general affect the choice of antenna-fixed coordinate system.

By rotating the local coordinate system with respect to the global coordinate system the same effect as mechanical tilting is attained. Since the antenna pattern is defined in the local coordinate system, which has been rotated with respect to the global coordinate system, a transformation must be performed to allow evaluation of the tilted antenna pattern as a function of coordinates in the global coordinate system. This transformation relates the spherical angles (
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,
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) in the global coordinate system to spherical angles (
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) in the local (antenna-fixed) coordinate system and is defined as follows:
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where 
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 is the mechanical tilt angle around the y-axis as defined in Figure A.2.1.6.2-1.


Having only the total gain pattern 
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in the local system, the total gain in the global 
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with 
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given by (1) and (2).
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Figure A.2.1.6.2-1
Definition of angles and unit vectors when the local coordinate system has been rotated an  angle 
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 around the y-axis of the global coordinate system.

For polarized fields a transformation of the field components is needed, in addition to the coordinate transformation. For a mechanical tilt angle 
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, the global coordinate system field components 
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 are calculated from the field components 
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 of the radiation pattern in the local (antenna-fixed) coordinate system as 
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where 
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 are defined as in (1) and (2), and 
[image: image53.wmf]y

 is defined as:
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As an example, in the horizontal cut, i.e., for 
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, equations (1), (2) and (5) become
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The notation 
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, used below, should be interpreted as the field components for the specific
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 that is given by the direction of the propagation; that is, the angle between the global z-axis and the line connecting the site antenna and the UE.

If  
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 polarized antennas are used, the field components 
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 are related to the co-polarized and cross-polarized field components in the local (antenna-fixed) coordinate system for the 
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 polarized antenna as
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and similarly for the 
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 polarized antenna.

-End of text proposal-
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� Hence, an antenna with� EMBED Equation.3 ���degrees corresponds to a purely horizontally polarized antenna.


� Note that the global coordinate system should not be interpreted as a system wide global coordinate system, but a coordinate system centered at the site antenna, with the xy-plane parallel to horizontal plane.
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