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1. Introduction

In [1] [2] [3], different antenna models of active antenna system (AAS) are described in detail. To progress the work of AAS study item, there is a need to indentify a precise antenna model. This contribution analyzes the three antenna models mentioned before to propose a confirmable pattern.
2.  Discussion of vertical array pattern and antenna element pattern
2.1 The vertical array pattern from [1]
The vertical antenna array pattern proposed in [1] is determined by the following formulas: 
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This antenna pattern is actually extending the original 3GPP antenna pattern [4], adding a biquadrate component in the main lobe and a quadratic component in the side lobe. The advantage of this antenna pattern is the simplicity for simulation and AAS antenna vertical array pattern shown in a certain extent. The vertical antenna array pattern [1] is shown by the following figures:
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Figure  1: ALU model , Downtilt = 0°                    Figure  2: ALU model , Downtilt = 10°

The attenuation of side lobe in [1] can be directly controlled by SLL(N) values. In this model, SLL(N)=-16-3*N. However, this method controlling the side lobe attenuation can’t embody the characteristic of AAS adjusting the down tilt by transmit weight vector.  It is not relative to application scenarios. Therefore, [1] is a simplified model but not an ideal model.

2.2 The vertical array pattern from [2]
The vertical array pattern in [2] is more complex than [1]. However, this antenna pattern displays the array controller of antenna array. The down tilt is adjusted by transmit weight vector, therefore this pattern is more precise to be applied in practice. Two groups of different values in the amplitude of 
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 are set in the formulas [2]. One is 
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and the other is from [2]. Fig.3 and Fig.4 illustrate the difference between the two cases with different down tilts. The vertical array pattern is shown by the following figure:
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      Figure 3: Kathrein model , Downtilt = 0°           Figure 4: Kathrein model , Downtilt = 10°
It’s obvious that the side lobe of 
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is greater than of [2], but with the same trend, which will result in worse coexistence results. So we propose
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to assess the worst case. The attenuation of side lobe will vary by adjusting the 
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 value in the antenna model [2]. Compared with [1], when down-tilt is not 0 degree, different antenna element corresponds to different 
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 phase, therefore the attenuation of side lobe is not uniform. Thus, antenna model [2] is more precise indicating the characteristic of AAS.
2.3 Antenna element pattern
When evaluating the blocking requirement at BS receiver and only considering one antenna element, it seems that antenna element pattern in [2] [3] can be employed for simulation. 
The vertical antenna element in [2] is described as follows:
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Figure 5 is from the above formula.
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Figure 5: antenna element vertical pattern [2]
Some considerations of antenna pattern [3] are given by the follows：
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Where 
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 = 30 dB is the front-back ratio on vertical domain, 
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is the evaluation angle, the maximum gain of vertical pattern are attained at
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. In [4] the maximum gain is attained at 
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), it is proposed that 
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 here conducting 
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will be in accordance with [4]. The formula describing antenna element pattern [3] seems not correct, and Fig.6 demonstrates the antenna element pattern described in [3].
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Figure 6: antenna element pattern [3]
So, the formulas can be rectified as the following:
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 = 30 dB is the front-back ratio on the vertical domain, as shown in figure 7.
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Figure 7: antenna element vertical pattern [3] rectified 
Comparison of the antenna patterns between [2] and [3] reveals that the antenna element pattern of [3] is more suitable for adopting in simulation assumption. However, some errors will be rectified.
3. Proposed antenna model
Antenna patterns should be defined regarding application scenarios. In application of downtilt and beamwidth control [5], A line array pattern can be defined the following: 
3.1 Antenna element pattern
The physical element’s 3D pattern is given by
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Where 
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the azimuth pattern:
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= 65 degrees, 
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and the elevation pattern:
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3.2 Antenna array pattern 
Array beamforming  3D pattern is given by
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Where, 
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the azimuth pattern: 
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and the elevation pattern:


[image: image46.wmf]]

),

(

min[

)

(

v

gesdB

V

SLA

C

A

q

q

-

=

                                                                    (15)

[image: image47.wmf]]

)

(

1

log[

20

)

(

1

max

,

n

N

n

n

ges

gesdB

a

w

C

C

C

å

=

×

×

×

×

-

=

q

q

                                           (16)

[image: image48.wmf])]

sin(

2

exp[

q

l

p

×

×

×

-

=

d

n

j

a

n

                                                                       (17)

[image: image49.wmf])

(

cos

)

(

3

q

q

=

C

, 
[image: image50.wmf]v

SLA

= 30 dB                                                                       (18)
The electrical antenna downtilt is defined via the weighting vector 
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In other application scenarios, the pattern may be extended to that of M×N antenna array.
4. Conclusion

This contribution analyzes the antenna pattern proposed in [1] [2] and [3]. A confirmable antenna pattern in application of downtilt and bandwith control is proposed.
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