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1 Introduction
It was agreed in last RAN4 meeting [1] that the 3D antenna model shall be determined, preferably in this meeting. The methods for 3D antenna model are proposed in this paper. The proposed model is capable of evaluating the differences of the radiation patterns due to the different correlation levels between the radiation elements.
2 The active antenna array and the radiation pattern
2.1 Radiation pattern with relations to correlation matrix between radiation elements
The key point here that we should keep in mind is the radiation pattern of an active antenna array is not only determined by the weighting vectors, but also is dependent on the signals induced at the radiation elements. This is totally different from traditional antenna where a single signal is weighted by a fixed phase shifting and power distribution network, which generates a fixed radiation pattern, as the weighting vectors over the radiation elements are fixed values determined by the phase shifting and power distribution network. 
The radiation pattern of an active antenna array will be elaborated below. Let’s start from the one-column linear array as baseline, which is shown in Figure 1. The radiation elements are placed uniformly along the vertical z axis in the Cartesian coordination and the x-y axis constructs the horizontal plane. A signal acting at the array elements is in the direction of u, and elevation angle of the signal direction is denoted as 
[image: image1.wmf]q

 and the azimuth angle is denoted as
[image: image2.wmf]j

, all shown in Figure 1.
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Figure 1. Antenna Array Geometry
There are N radiation elements in the array, and the gain (in scale) of the array element is denoted as
[image: image4.wmf](
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. There are phase differences experienced at each radiation elements due to the distance differences of the radiation elements. Taking the first radiation element as the reference (phase shift as zero), the phase shift experienced at the ith radiation element is
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, where 
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 is the distance between radiation elements and 
[image: image7.wmf]l

is the wave length. 
The complex gain of the ith radiation element, together with the phase shift due to array placement is denoted as
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Using the vector notation, and defining the following vectors:
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Denoting the weights of the radiation elements using vector notation as 
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And the signals induced at all elements as
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The complex output of the array system at far field becomes
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Where 
[image: image17.wmf]W

~

is the dot product between 
[image: image18.wmf]W

and 
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, or
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The superscript T and H, respectively, denote transposition and the complex conjugate transposition of a vector or matrix. 
The output power of the antenna array at any time t is given by the magnitude square of the array output, that is,
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It’s nature to assume the components of the induced signal vector
[image: image25.wmf](
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 are zero-mean stationary processes, then for a given weighting vector 
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, the radiation pattern of the antenna array is the mean output power which can be obtained by taking conditional expectation over 
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where E[] denotes the expectation operator and R is the array correlation matrix defined by
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Elements of this matrix denote the correlation between various elements. For example, 
[image: image30.wmf]ij

R

denotes the correlation between the ith and the jth element of the antenna array.
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Here we represent 
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, and the power of the input signal at each radiation element is normalized as 1.
It is clear that the radiation pattern of the active antenna array is not only the function of weighting vector
[image: image36.wmf]W

, but also the correlation levels between the radiation elements. 
2.2 Radiation pattern for full correlation between radiation elements
If the identical signals are induced at the radiation elements, the correlation matrix 
[image: image37.wmf]R

 is an all-1 matrix 
[image: image38.wmf]U

, and the radiation pattern is determined by the weighting vector
[image: image39.wmf]W

, that is:
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By applying the uniform weighting over radiation elements, or
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Then the radiation pattern of the active antenna array is:
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The gain of the active antenna array for correlated inputs (where the power of the input signal is normalized to 1) is
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Where the gain of the radiation element is defined as
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If the weighting vector 
[image: image45.wmf]W

is configured as the same as the fixed phase shifting and power distribution network of a traditional antenna, the radiation patterns are the same as the traditional antenna.
2.3 Radiation pattern for un-correlation between radiation elements
If uncorrelated signal signals are induced at the radiation elements, the correlation matrix is reduced as an unit matrix I with 1 on the diagonal elements, and the radiation pattern is determined by the weighting vector 
[image: image46.wmf]W

, that is:
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By applying the uniform weighting over radiation elements, or
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Then the radiation pattern of the active antenna array is:

[image: image49.wmf](

)

(

)

j

q

=

j

q

,

P

,

P

E

2


The radiation patterns for uncorrelated signals are the same as the radiation element, or the antenna shows no array gain for uncorrelated inputs.
3 The 3D antenna model
Giving the nature that the radiation pattern of an active antenna array is dependent on the correlations between radiation elements, it is proposed to establish the 3D antenna model with the correlation matrix included. The following equation was derived in section 2.1, which is
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To numerically evaluate the 3D antenna model proposed in equation (1), three factors shall be resolved: the radiation pattern of individual radiation element
[image: image51.wmf](
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, the correlation level R, and the weighting vector W. Those three factors are discussed below separately.
3.1 The correlation matrix R
For simplicity but still having the correlation sufficiently modelled in the coexistence study, it is proposed to assume the same correlation level 
[image: image52.wmf]r

 between radiation elements, or
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It’s clear that 
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where U is the all-1 matrix and I is the unit matrix with 1 on the diagonal elements only. The radiation patterns modelled in equation (1) are simplified as
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     (2)
The uniform weighting is performed over all the radiation elements in equation (2), which will be discussed in section 3.2.
3.2 The weighting vector W
For simplicity, weighting vector is assumed to be identical to each radiation elements, or 
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It’s proposed not to model the mechanical down titling by weighting vector, as mechanical down titling is implemented by physically transposing the orientations of the radiation pattern generated by equation (2), and this can be handled by modifying the elevation angle according to down tilting setting during the simulations.
3.3 The radiation pattern of the radiation element 
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In the section, the element radiation pattern 
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 is denoted in dB, where a conversion from dB to scale shall be performed if 
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 is used in equation (2). A method similar to 3GPP modelling is proposed to model the element radiation pattern model, which is
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Where
· 
[image: image62.wmf]Max
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 is the maximum directional gain of the radiation element (in dB), which is assumed to be 8dBi;
· 
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where 
[image: image65.wmf]dB

3

j

 = 65 degrees is the horizontal 3dB bandwidth, and 
[image: image66.wmf]m
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= 25dB is the front-back ratio. 
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 is plotted in Figure 2. 
· 
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is the vertical radiation pattern of the radiation element, and
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where
[image: image70.wmf]dB
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 = 50 degrees is the vertical 3dB bandwidth, 
[image: image71.wmf]v
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is the lower limit, which is set as 25dB.
There is another proposal in [2] to model 
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The difference is plotted in Figure 3 and there are very close. 
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Figure 2. Horizontal element radiation pattern
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Figure 3 Comparison of the vertical radiation element 
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Figure 4. 3D Radiation pattern of the radiation element 
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4 Conclusion
Giving the nature that the radiation pattern of an active antenna array is dependent on the correlations between radiation elements, it is proposed to establish the 3D antenna model with correlation matrix included. The following equation was derived in section 2.1, which is
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To set the lower limit of the 3D radiation pattern including rear direction, the radiation pattern is modified as
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The ratio between element separation and wave length is proposed to be 0.9, or
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The correlation matrix is proposed to be
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The weighting vector is proposed to be 
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It’s proposed not to model mechanical down titling by weighting vector, and the down tilting can be handled by modifying the elevation angle according to down tilting setting during the simulations.

The element radiation pattern 
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where 
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