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1. Introduction

In previous RAN4 meeting, modeling of AAS has been discussed and different models for AAS with single column linear array were presented in [1-3]. As an essential part of AAS antenna pattern model, the array factor for single column linear array, which is depended on the number, spacing and current distribution of the array elements, was proposed. In addition, modeling AAS with multiple-column planar array and the array factor for planar array should be studied. This contribution analyzes the radiation pattern model for AAS with planar array based on the study of radiation pattern for AAS with one-column array and proposes the corresponding text proposal.

2. Discussion

A uniform planar array antenna with [image: image1.wmf]VH

NN

×

radiation elements is employed for modeling AAS with multiple columns, as shown in figure 1. The numbers of the elements placed along Y axis and Z axis are [image: image2.wmf]H

N

 and[image: image3.wmf]V

N

, respectively.
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Figure 1 The geometry distribution of AAS with multiple columns array

The array factor of the planar array can be represented by 
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, i.e.,
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in which 
[image: image7.wmf]V

is the phase shift due to array placement, denoted as

[image: image8.wmf]VV

1,11,21,N2,12,22,N,1,2,

(,),,...,,,,...,,..., ,,...

HHHV

T

NNNN

Vvvvvvvvvv

jq

éù

=

ëû

,
[image: image9.wmf](

)

,,

exp

T

mnmn

vi

=-×

pk


where [image: image10.wmf]k

 is the3D wave-number, expressed as, 
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[image: image12.wmf]u

 is the direction of the path as shown in Figure 1.
[image: image13.wmf],

mn

p

 is the 3D position vector of the element on the m-th column and the n-th row,
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Therefore 
[image: image15.wmf]V

 can be expressed by Kronecker form, as shown below,
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where ‘[image: image17.wmf]Ä

’ denotes the Kronecker product, [image: image18.wmf]H

v

 is the Nh×1 horizontal steering vector,
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and [image: image20.wmf]V

v

 is the Nv×1 vertical steering vector
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[image: image22.wmf]H

p

=[0, dH, …, (NH-1) dH]T is the NH×1 horizontal position vector, [image: image23.wmf]V

p

=[0, dv, …, (Nv-1) dv]T is the Nv×1 vertical position vector.


[image: image24.wmf]W

is the weighting factor, which can provide control of side lobe levels and also to provide electrical steering, both horizontal and vertical. 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 steering and is dependent on the required horizontal and vertical steering angle and the element spacing.
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where 
[image: image27.wmf]etilt

q

is the electrical vertical steering, and 
[image: image28.wmf]escan

j

 is the electrical horizontal steering. 
The methodology of antenna modeling for multiple columns follows the same way with that for single column in TR37.840 Section 5.4.4.1.4. 

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 
[image: image31.wmf](
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 denotes the complex gain of the radiation element of m-th column and the n-th row, 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: image36.wmf])
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denotes the correlation between the signals in the {ith column, jth row} and the {kth column, tth row} transceiver paths, assuming that the fast fading between antenna elements is spatially correlated.
For simplicity but still having the correlation sufficiently modeled in the coexistence study, it is proposed to assume the same correlation level 
[image: image37.wmf]r

, where 
[image: image38.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 
[image: image42.wmf]1
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r

, the correlation matrix 
[image: image43.wmf]R

 is an all-1 matrix 
[image: image44.wmf]U

, and the radiation pattern is the same as a passive antenna.
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When 
[image: image46.wmf]0
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r

, the correlation matrix 
[image: image47.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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3. Conclusion

In this contribution, the radiation pattern model for AAS with planar array is proposed based on the outcome of the radiation pattern for AAS with one-column array. It’s proposed to endorse the attached text proposal.
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<Text to be added>
5.4.4.1.3
Array factor for multiple column

A uniform planar array antenna with [image: image49.wmf]VH

NN

×

radiation elements is employed for modeling AAS with multiple columns, as shown in figure 5.4.4.1.3-1. The numbers of the elements placed along Y axis and Z axis are [image: image50.wmf]H

N

 and[image: image51.wmf]V

N

, respectively.

[image: image52]
Figure 5.4.4.1.3-1 Geometry distribution of AAS with multiple columns array

The array factor of the planar array can be represented by 
[image: image53.wmf]W
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, i.e.,
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in which 
[image: image55.wmf]V

is the phase shift due to array placement, denoted as
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[image: image57.wmf]W

is the weighting factor, which can provide control of side lobe levels and also to provide electrical steering, both horizontal and vertical. 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 steering and is dependent on the required horizontal and vertical steering angle and the element spacing.
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where 
[image: image60.wmf]etilt

q

is the electrical vertical steering, and 
[image: image61.wmf]escan

j

 is the electrical horizontal steering.  
<Next section>
5.4.4.1.5 Signals and correlation matrix for multiple column

The methodology of antenna modeling for multiple columns follows the same way with that for single column in Section 5.4.4.1.4. 

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 radiation element of m-th column and the n-th row, 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: image69.wmf])
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denotes the correlation between the signals in the {ith column, jth row} and the {kth column, tth row} transceiver paths, assuming that the fast fading between antenna elements is spatially correlated.
For simplicity but still having the correlation sufficiently modeled in the coexistence study, it is proposed to assume the same correlation level 
[image: image70.wmf]r

, where 
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 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 
[image: image75.wmf]1
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, the correlation matrix 
[image: image76.wmf]R

 is an all-1 matrix 
[image: image77.wmf]U

, and the radiation pattern is the same as a passive antenna.
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When 
[image: image79.wmf]0
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, the correlation matrix 
[image: image80.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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<End of text proposal>
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