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1 Introduction
A SID on 3D-channel model for elevation beam forming and FD-MIMO (FS_LTE_3D_channel) was agreed in RAN # 58 meeting in Barcelona, Spain, in December 2012 [1]. Current antenna models define 2D radiation patterns for azimuth and elevation planes. In order to achieve accurate 3D geometry based channel modelling, the antenna model should also be defined in 3D. Furthermore, the polarization characteristics of the propagation environment play a key role in recent MIMO systems. Therefore we propose a new 3D-antenna model that incorporates antenna radiation pattern in complex format in 3D-space. 

The Antenna model is composed of single element radiation pattern (baseline element pattern), phase rotated replicas of the baseline element pattern and complex weights on each antenna element port.
2 Antenna Element Model
The antenna element pattern is defined in polar coordinates for phi and theta polarization as  
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The element pattern can be approximated by a simple function e.g. 
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The baseline antenna element has vertical (theta) polarization as co-polarization field and horizontal (phi) polarization as cross-polarization. The cross-polarization pattern may be approximated by 
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 in a main beam region and 
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 otherwise. The cross-polarization pattern may be phase shifted compared to co-polarization pattern in order to introduce elliptical polarization field. A measured or simulated reference antenna pattern of a well known antenna type, e.g. a patch antenna element with 6 - 8 dBi gain could also generated.

[image: image9.emf]
Figure 1. Co-polarization element pattern.
The polarization of the baseline element may be rotated in order to introduce any desired polarization for the antenna model. The rotation or radiation field is done by rotating the field around the axis that perpendicular to the boresight of the element radiation pattern. The rotation is calculated by multiplication by a rotation matrix, resampling the new theta and phi polarization components at original coordinate system by interpolation and projection onto theta and phi unit vectors.  
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3 Antenna Array Model
The antenna array model is constructed of the baseline element and replicas of the baseline element in desired locations according to the array geometry. The element locations are defined in x,y,z coordinate system and the location of the baseline element is x,y,z = 0,0,0. The element patterns of the replica antenna elements are phase shifted according to the array geometry such the phase reference point of each element is located at a common phase centre of the antenna. Note that mechanical tilt can be easily introduced by adjusting the element positions.

The phase shifts of the replicate element radiation patterns are calculated as 
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where
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where  
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 are the coordinates of the replica element, and 
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 is the elevation angle. The antenna array beam is composed of the multiplication of the element weight vector and a vector of antenna element patterns. The array pattern for polarization θ can be written as
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where N is the number of elements, are the element weights and 
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 are the element radiation patterns for θ. The array radiation pattern may be written similarly for polarization φ as 
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4 Conclusion

In this contribution we discussed the importance of full dual-polarized (theta, phi) 3D antenna model. It is important to model not only horizontal and vertical cut of 3D space, but full 3D sphere.  We also propose an antenna model to be used as a reference. Additionally, we explained how to calculate the antenna array model in which the phase reference is fixed and the same for all elements. 
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