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1. Introduction
To progress the work for the active antenna system (AAS) study item, there is a need to model the antenna. This paper shows a proposal for an improved antenna model.

2. Discussion
2.1.
Problem description
As discussed in [3],[4],[5] the spatial domain characteristics is an essential part of developing requirements for active antenna Systems of a base station. Currently antennas are passive systems with one input port, a phase-shifting module, a combining matrix and the radiating elements (dipoles). Active antenna systems have individual Tx/Rx modules. The combining of the radiated wave from each active element occurs on the air interface, shown inFigure  1, [6]. 
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Figure  1: Comparison of active (left) and passive (right) antenna structure [6].
For passive antenna systems 3GPP use the antenna model in 36.814  [1] to “transform” the requirements from the antenna connector to the space. This antenna model assumes that only the amplitude (gain) is depending on the position. Active antenna systems combine the signal on air in the same way as passive antennas, but there will exist differences for the noise and intermodulation products due to the active modules in the antenna. To solve this problem the noise has to be considered separately. In a first step this paper presents a more precise antenna model. 
For a passive antenna the field strength on the air depends only on the radiating characteristic and the input signal:
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IConnector represents the signal on the antenna connector, C((,() is the radiation characteristic of the antenna. Const is a complex number for adjusting the impedance and gain influence.
For active antenna systems the field strength can be calculated by means of two different radiation characteristics for the signal and the noise separately:

[image: image3.wmf][

]

)

(

)

,

(

)

(

)

,

(

)

,

,

(

,

,

t

I

C

t

I

C

Const

t

E

Noise

Noise

Sig

Sig

Noise

Signal

Air

×

+

×

×

=

q

j

q

j

q

j


On this way it is possible to describe the transmitted signal and the noise depending on the position. The signal to noise ratio thus may depend on the position if the radiation characteristics of the signal and the noise are different. This paper proposes to introduce a more precise antenna model for active antennas including side lobes based on a superposition of the signals of the active modules and offers the possibility of different characteristics.  

2.2.
Currently used Antenna Model
The current model is specified in [1]. The gain of the antenna is the sum of the horizontal and vertical gain. The approximation of the characteristics is based on two parable formulas, one for the horizontal direction and one for the vertical direction. 
	Parameter
	Assumption

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image6.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

q

q

q

q



[image: image7.wmf]dB

3

q

 = 10,  SLAv = 20 dB

The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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Figure  2: Antenna model 36.814 
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Figure  3:
 Horizontal and vertical Pattern
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Figure  4: 3D pattern of the antenna model used in 36.814

The antenna patter is describe only by one main lobe and a limit for the front to back ratio. Real antennas have a number of side lobes. For active antennas the difference between signal and noise radiation especially in the nulls between these side lobes may influence the network performance. 
As well, active antennas allow to use tilts per user or a group of users. This model cannot be used for such application.
3. New approach for an Antenna Model
Figure  5 shows the coordinate system for the 3D model. This is in line with the coordinate system in [2] (Annex A.2.1.6 Figure A.2.1.6.1-1), but not with the model in [1] (Annex A: Table A.2.1.1-2). The model in [1] has the main lobe vertical at 0° plus tilt. The model in [2] has this at 90° plus tilt. 
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The idea of the new model is, based on a general antenna model to derive a more practical form, which is close to the current used model.
The electrical field strength of an antenna with N antenna elements based on the superposition of single fed antenna elements can be calculated as
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This equation looks simple but it isn’t. Cn is the complex radiation characteristic of the radiating element. In is the complex feeding current of the dipole n. n is the number of the radiating element (dipole). k is the well known wave number. rn is the distance between the dipole n and the point of investigation (POI).

For the far field in a vertical cut (( = 0) in the main direction the following simplifications are valid:
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   (Fraunhofer’s approximation)

The vertical far field pattern can be calculated as:
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Assuming, that all patterns of the different dipoles are equal, we can write the pattern characteristic as a real function C(() outside the bracket. 
In the far field condition the signals from all dipoles are transmitted in the same direction ( with different phase shift for each dipole which can be calculated by:
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as shown in Figure  6.
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The vertical far field pattern for a linear antenna array with equal radiating elements and constant distance d between neighboured radiators therefore is described
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with complex weights 
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 representing the steering vector of the antenna system, the vertical radiation characteristic 
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 of the radiating elements as well as the arrangement phase vector
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The complex antenna weights are based on the amplitude and electrical phase of each antenna element. These weights determine the resulting pattern of the active antenna system as downtilt, side lobes and nulls. 

A typical amplitude distribution of the antenna weights might be triangular beginning with a minimum amplitude Amin at the top dipole, a maximum Amax at the middle dipole and ending with Amin at the bottom dipole. 

For a desired Downtilt DT  the phase difference between the top dipole 1 and a dipole n could be calculated according to Figure 7
 by:
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[image: image29]
The vertical radiation characteristic C(() for a realistic single antenna element in front of a reflector has a typical vertical half power beamwidth of 55-60 degree and could be approximated by
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as shown in Figure  8.
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As an example a typical 18dBi BTS antenna is based on 10 vertical arranged dipoles with a vertical separation of 
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With a typical triangular amplitude distribution w = [1, 1.25, 1.5, 1.75, 2, 2, 1.75, 1.5, 1.25, 1] and a phase distribution (=[0°, 0°, 0°, 0°, 0°, 0°, 0°, 0°, 0°, 0°] for 0° downtilt the vertical radiation pattern is shown in Figure  9 and for 10° downtilt in Figure 10.
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Figure  9: 10 Dipoles, d/(=0.9, Downtilt = 0°



Figure  10: 10 Dipoles, d/(=0.9, Downtilt = 10°

Another typical 15dBi BTS antenna is based on 5 vertical arranged dipoles with a vertical separation of 
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Figure  11: 6 Dipoles, d/(=0.9, Downtilt = 0°




Figure  12: 6 Dipoles, d/(=0.9, Downtilt = 10°
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Figure  13: 3D view of the model 10 Dipoles, d/(=0.9, Downtilt = 10°
In Figure 14 the footprint of an 18dBi BTS antenna in 10 m height according to the new model is shown.
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Figure  14: Footprint of New Antenna model (Antenna height 10m)

4. Proposal

	Parameter
	Assumption

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 65 degrees,  Am = 30 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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SLAv = 30 dB

The electrical antenna Downtilt is defined via the weighting vector wn. 


Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
	
[image: image50.wmf](

)

(

)

(

)

[

]

{

}

m

V

H

A

A

A

A

,

min

,

q

j

q

j

+

-

-

=




5. Open Points of the Model
The definition of the weighting vector wn is proposed for two typical BTS antennas and can be extended to more models. The downtilt of the antenna will be expressed as a function.

The determination of different weighting vectors for signal and noise/intermodulation is still open. Measurements or extended simulations for typical values are required.
Different weights for Tx and Rx can be used, but have to be determined.

The front to back ratio of the antenna array can be described more precise by extending this model also for the rear direction.

For the Rx parameters of the antenna modules the single element characteristic can be applied, this is still not explicitly described in this paper.
6. Summary

This paper descries an improved antenna model based on a superposition of single Tx/Rx modules to have a better approximation of the antenna characteristics of active antenna systems.
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Figure  � SEQ Figure_ \* ARABIC �5�: Definition of the coordinate system
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Figure  � SEQ Figure_ \* ARABIC �6�:	 Geometry for the calculation of  the phase shift for each dipole in the far field condition.





�


Figure  � SEQ Figure_ \* ARABIC �8�: Single element pattern with 55° half power beamwidth.
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Figure � SEQ Figure_ \* ARABIC �7�: Geometry for the calculation of  the phase shift for each dipole to realize a desired downtilt DT.
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