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1 Introduction
This is a modified version of [7].
Based on way forward paper [1], and contributions [2],[3],[4] a text proposal on 3D antenna models for system simulations for AAS is provided for TR ver. 0.2.0 for AAS SI [5]. 
The antenna 3D model has been separated from the rest of the simulation assumptions so it can be more easily defined.
2 Discussion
The 3D antenna pattern proposed by 3GPP [3] can be viewed as a composite beam-pattern which is a product of the vertical array pattern and a radiating element pattern. However it is too simplified to capture the dynamic nature of the AAS side lobe performance. To evaluate AAS RF requirement, it is proposed to use a more precise vertical array pattern when obtaining the composite pattern. To accomplish this, an element radiating pattern is defined using a simplified model and then superposition is used to calculate the array pattern with different weights to provide realistic electrical tilt performance and correlation to simulate the un-correlated performance of the antenna array.

Correlation of 2 transceiver paths is represented by a correlation coefficient ,0≤ρ≤1, defined below as the similarity of the unwanted signals at the output of 2 paths when an identical signal is applied at the the input. Unwanted signals generated in the transceivers can under different circumstances be regarded as correlated , ρ=1, (e.g. unwanted signals generated by CFR will be generated digitally and hence identical in each path), or un-correlated,ρ=0, (e.g. amplified thermal noise is random in nature and hence will have no similarity in different paths). As the type of unwanted signal is implementation specific and hence unknown, the correlation matrix allows varying levels of correlation to be investigated so the worst case can be identified for specification purposes.
2.1 3D antenna pattern

Using the one-column linear array as baseline, it 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

(defined between 0° and 180°, 90° represents perpendicular to array)  and the azimuth angle is denoted as
[image: image2.wmf]j

(defined between -180° and 180°)  , all shown in Figure 1.

[image: image3]
Figure 1. Antenna Array Geometry

There are N radiation elements in the array, and the normalised 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 nth radiation element is
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 is the distance between radiation elements and 
[image: image7.wmf]l

is the wave length. 
The complex gain of the nth 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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so
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Denoting the weights of the radiation elements using vector notation as 
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And the signals at all elements as
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The complex output of the array system at far field becomes
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(1)
Where 
[image: image17.wmf]W

~

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

and 
[image: image19.wmf]V

.
The pattern of the antenna is given by the magnitude square of the array output, that is,

[image: image20.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

W

~

t

S

t

S

W

~

,

P

t

,

,

y

t

,

,

y

t

,

,

y

t

,

,

P

H

H

E

*

×

×

×

×

j

q

=

j

q

×

j

q

=

j

q

=

j

q

2

2



    (2)
To find the coherent beam pattern it can be assumed that the signal is an all 1 vector hence (2) is reduced to:


[image: image21.wmf](

)

(

)

(

)

(

)

max

,

10

~

,

log

*

20

,

E

E

A

G

W

P

abs

A

+

×

=

j

q

j

q


The maximum element gain is added to the response as the element response 
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2.2 The radiation pattern of the radiation element
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The element radiation pattern is defined as having a horizontal and a vertical 3dB beam width. A typical element will consist of 2 antennas elements orientated at ±45° to provide polarization diversity. Hence there is no difference in beam pattern due to antenna polarization. The defined element spacing of 0.9λ is approximately the same as a typical antenna width so the horizontal and vertical beam width will be similar. Thus the element horizontal and vertical beam width are defined as the same width of 65°.

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 (1). A method similar to 3GPP modeling is proposed to model the element radiation pattern model, which is
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Where

· 
[image: image27.wmf]q

the elevation angle is defined between 0° and 180° (90° represents perpendicular to array)

· 
[image: image28.wmf]j

the azimuth angle is defined between -180° and 180°

· 
[image: image29.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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is the horizontal pattern of the radiation element, 
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where 
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 = 65° is the horizontal 3dB bandwidth, and 
[image: image33.wmf]m
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= 30dB is the front-back ratio. 
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· 
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is the vertical radiation pattern of the radiation element offset by 90° to point perpendicular to array, 
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where
[image: image37.wmf]dB

3

q

 = 65° is the vertical 3dB bandwidth, 
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is the lower limit, which is set as 30dB.
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Figure 2. Vertical and Horizontal element radiation patterns
2.3 The weighting vector W
The weighting vector W is a matrix of complex variables which can be used to weight both the amplitude (for tapering) and the phase (for electrical down tilt or beam steering).

For simplicity, the amplitude of the weighting vector is assumed to be identical for each radiation element. The phase of the weighting vector is used to implement electrical down tilt and is dependent on the required tilt and the element spacing.
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[image: image43.wmf]etilt

q

= electrical downtilt ( perpendicular to array = 90°, so 10° down tilt = 80°)

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 (1), and this can be handled by modifying the elevation angle according to down tilting setting during the simulations. See the details in TR36.814 [6].

2.4 The correlation Matrix

It can be assumed that the components of the signal vector
[image: image44.wmf](
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 are a zero-mean stationary processes, hence 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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If E[] denotes the expectation operator then
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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: image50.wmf]nm

R

denotes the correlation between the nth and the mth 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: image56.wmf]W

, but also the correlation levels between the radiation elements.

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. Hence the correlation matrix R has been added to the 3D antenna model proposed in equation (1).

[image: image57.wmf](

)

(

)

W

~

R

W

~

,

P

,

P

H

E

×

×

×

j

q

=

j

q

2

      (6)
For simplicity but still having the correlation sufficiently modelled in the coexistence study, it is proposed to assume the same correlation level 
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, where 
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 is a value between 0 and 1, between radiation elements, or


[image: image60.wmf](

)

(

)

[

]

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

×

=

1

1

1

1

L

L

L

L

L

L

r

r

r

r

r

r

t

S

t

S

E

R

H


If the identical signals are induced at the radiation elements, the correlation matrix 
[image: image61.wmf]R

 is an all-1 matrix 
[image: image62.wmf]U

, and the radiation pattern is determined by the weighting vector
[image: image63.wmf]W

, that is:
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Then the radiation pattern of the active antenna array is:
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or
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If the weighting vector 
[image: image67.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.
The maximum gain of the pattern is given by the array gain which is equal to 10*log10(N) and the element pattern gain which is given by definition (
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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: image70.wmf]W

, that is:
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Then the radiation pattern of the active antenna array is:
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The radiation patterns for uncorrelated signals are the same as the radiation element, or the antenna shows no array gain for uncorrelated inputs.
[image: image73.png]
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Figure 3 a) antenna pattern for correlation =1 b) antenna pattern for correlation=0.8 c) antenna pattern for correlation=0
3 Conclusion

Based on the above discussion, a text proposal on simulation assumptions is provided for TR ver. 0.2.0 for AAS SI [5].
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<Start of the TP>
5.4.3 Antenna 3D model
The differences of the radiation patterns for individual antenna element and the composite antenna mainly reside in the vertical plane. For the comparison study between AAS transceiver and the transceiver in the traditional BS, the coexistence simulation shall be carried out with 3D modeling, and the radiation pattern in vertical plane shall be modeled.
5.4.3.1 Methodology

Using the one-column linear array as an example, shown in Figure 5.4.4-1. 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: image76.wmf]q

(defined between 0° and 180°, 90° represents perpendicular to array)  and the azimuth angle is denoted as
[image: image77.wmf]j

(defined between -180° and 180°).

[image: image78]
Figure 5.4.4-1. Antenna Array Geometry

The beam pattern formed by the AAS antenna is due to 3 things:

· The individual radiation element pattern

· The array factor

· The signals applied to the system

Each of these is defined below:

5.4.4.1.1 Element Pattern

A method similar to 3GPP modeling is applied to model the element radiation pattern model, which is
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Where
· PE is the magnitude of the element pattern
· 
[image: image80.wmf]q

the elevation angle is defined between 0° and 180° (90° represents perpendicular to array)
· 
[image: image81.wmf]j

the azimuth angle is defined between -180° and 180°
· 
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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 
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 = 65° is the horizontal 3dB bandwidth, and 
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= 30dB is the front-back ratio. 
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· 
[image: image88.wmf](

)

q

V

,

E

A

is the vertical radiation pattern of the radiation element offset by 90° to point perpendicular to array, 
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where
[image: image90.wmf]dB
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 = 65° is the vertical 3dB bandwidth, 
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is the lower limit, which is set as 30dB.
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Figure 5.4.4-2. Vertical and Horizontal element radiation patterns
5.4.4.1.2 Array factor for single column
The performance of the array depends on the spacing and weighting of the radiation elements, which can be represented by 
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in which 
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is the phase shift due to array placement, denoted as
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and 
[image: image99.wmf]W

is the weighting factor, which can provide control of side lobe levels and also to provide electrical down-tilt. For simplicity, the amplitude of the weighting vector is assumed to be identical for each radiation element. The phase of the weighting vector is used to implement electrical down tilt and is dependent on the required tilt and the element spacing. For mechanical down-tilt, this can be handled by modifying the elevation angle according to down tilting setting, which is described in TR36.814 A2.1.6.2 in details.
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5.4.4.1.3 Array factor for multiple column
<Texts to be added>
5.4.4.1.4 Signals and correlation matrix for single column
Correlation of 2 transceiver paths is represented by a correlation coefficient ,0≤ρ≤1, defined below as the similarity of the unwanted signals at the output of 2 paths when an identical signal is applied at the input. Unwanted signals generated in the transceivers can under different circumstances be regarded as correlated , ρ=1, (e.g. unwanted signals generated by CFR (Crest Factor Reduction) will be generated digitally and hence identical in each path), or un-correlated,ρ=0, (e.g. amplified thermal noise is random in nature and hence will have no similarity in different paths). As the type of unwanted signal is implementation specific and hence unknown, the correlation matrix allows varying levels of correlation to be investigated so the worst case can be identified for specification purposes.
The signals at all elements are defined as
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The complex output of the array system at far field becomes
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where 
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 denotes the complex gain of the nth radiation element, together with the phase shift due to array placement, expressed as
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Then 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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and R is the array correlation matrix defined by
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Elements of this matrix denote the correlation between signals in the various transceiver paths. For example, 
[image: image110.wmf]nm

R

denotes the correlation between the signals in the nth and the mth transceiver paths, assuming that the fast fading between antenna elements is spatially correlated.
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For simplicity but still having the correlation sufficiently modelled in the coexistence study, it is proposed to assume the same correlation level 
[image: image112.wmf]r

, where 
[image: image113.wmf]r

 is a value between 0 and 1, between signals in transceiver paths, or
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Note that uniform correlation may be an over-simplification of an active array implementation, when multiple sub-arrays are within the antenna elements it is possible they have different correlation levels. The modelling of this effect is FFS.

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 pattern is simplified as
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When 
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r

, the correlation matrix 
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 is an all-1 matrix 
[image: image119.wmf]U

, and the radiation pattern is the same as a passive antenna.
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When 
[image: image121.wmf]0
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r

, the correlation matrix 
[image: image122.wmf]R

 is the unit matrix I with 1 on the diagonal elements and the radiation pattern is the same as the radiation element, or the antenna shows no array gain for uncorrelated inputs.
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5.4.4.1.5 Signals and correlation matrix for multiple column
<Texts to be added>
5.4.4.2 Summarized parameters 
The parameters for the 3D antenna model are defined below:
	Table 5.4.4-1 Element pattern 
Horizontal Radiation Pattern 
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	horizontal 3dB bandwidth
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	Front to back ratio
	Am = 30dB

	Vertical Pattern  method
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	Vertical 3dB bandwidth
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	3D element Pattern 
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	maximum directional gain of the element 
	GE,max  = 8dBi   (Note 1)

	Note 1: Valid only for horizontal and vertical element beam width of 65˚.


Table 5.4.4-2 Composite array pattern for single column
	Configuration
	Single column (10 elements)

	Vertical radiating element spacing 
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	Composite Array radiation pattern in dB 
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the weighting is given by
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the super position vector is given by
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	Max Array Gain
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	Cable loss of AAS
	0 dB

	Cable loss with Passive Antenna system
	1 dB

	Note 1: Value of 0.9λ is used for simulation purposes so the AAS gain is comparable with the passive antenna system. Other value may be used in practice.


Table 5.4.4-3 Composite array pattern for multiple column
<T able to be added>
<End of TP>
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