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1. Introduction
To model active antennas it is need to improve the existing model of the antenna in more detail. At the last meeting, Ran4#62, it was proposed in [2] a general antenna model.
This paper extends the model. Additional the differences between up-link and down-link are discussed.

2. Discussion
2.1. General Antenna Model for AAS (summary)
The main advantage of the new model is the inclusion of the side lobes and a control of the vertical pattern. In [2] the proposed antenna model was introduced. This chapter gives a summary.
The horizontal pattern remains unchanged to [1]:
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normalized horizontal pattern of the antenna
(


angle horizontal [+/- 180°]
(3dB

half power beam with [65°]
Am


lower limit of the gain [-30dB]

The vertical pattern has a new approach. It is based on the antenna superposition theory of typical radiators and is simplified for the system simulations. The approach is described in more detail in [2].
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vertical pattern of a single radiating element
sin3

functional approximation of the behavior of a typical radiation element
(


vertical angle [0° - 180°], at 90° is the horizon
For a simplified calculation a phase vector is defined as:
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arrangement phase vector
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ratio of the distance (d) between neighboured radiation elements to the wave length (()
(


angle vertical [0° - 180°], at 90° is the horizon

n


number of the radiating element

The vertical pattern is finally calculated as:
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AgesdB(()
normalized vertical pattern of antenna in dB
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steering vector of the antenna system

Ages,max
scaling to 0dB gain

N


Number of radiation elements [i.e. 10]

To avoid nulls between the lobes, there is defined a lower limit SLVV. So the vertical pattern can be calculated:
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SLVV

lower limit between the side lobes.

The three dimensional formula is the sum of both patterns. The gain of this model is normalized to 0dB, therefore the real antenna gain has to be added to this formula: 
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Gain of the antenna dependent on ( and (
AA


maximum antenna gain in main beam direction
Am


lower limit of the 3D pattern  [-30dB] including rear direction

The total gain of the antenna depends on the number of the radiation elements and the single element gain. Typical values of passive antennas with 65 deg horizontal half power beamwidth with a typical ratio of d/( =0.9 are shown in the following table. The values for the passive antenna include typical losses in the feeding system, for the AAS the total gain depends on the losses between amplifier output and radiator. If these losses are comparable to a passive feeding system the values in the table can be applied also for AAS.
	Number of 
radiation elements
	Antenna gain 
in downlink /dBi

	5
	[15]

	10
	[18]

	15
	[19.5]


Example:

(3dB = 65°

Am = -30dB

[image: image9.wmf]l

d


= 0.9
N = 10

[image: image10.wmf]n

w

 = 

	Element number n
	Magnitude
	Phase / rad

	1
	
[image: image11.wmf]0

.

1


	0

	2
	
[image: image12.wmf]25

.

1


	0

	3
	
[image: image13.wmf]5

.

1


	0

	4
	
[image: image14.wmf]75

.

1


	0

	5
	
[image: image15.wmf]0

.

2


	0

	6
	
[image: image16.wmf]0

.

2


	0

	7
	
[image: image17.wmf]75

.

1


	0

	8
	
[image: image18.wmf]5

.

1


	0

	9
	
[image: image19.wmf]25

.

1


	0

	10
	
[image: image20.wmf]0

.

1


	0


AA = 18 dBi
2.2. Steering vector calculation for different tilts  

The steering vector 
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 has an influence of the side lobes and the tilt. The n-th element of the complex steering vector can be written as follows:
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The phase for the n-th element for a defined downtilt (DT) of the antenna can be found as follows: 
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2.3. Differences for up-link an down-link in the antenna model
The proposed antenna model describes the radiation pattern in down-link direction. A UE receives the coherent sum of the power of the individual radiators  of the active antenna. In the up-link case the signals from the UE are received in separate receiving amplifiers or systems. Therefore not the total gain of the antenna array but the gain of the single active elements shall be applied.
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Figure  1:
 The signal at the UE is the sum of the signals from each radiation element 
In up-link direction the combining is part of the digital signal processing and is not included in the antenna model. The radiating elements have to be treated independently. The gain of each single radiating element ASRE can be deduced from the total gain of the antenna array considering the directivity of a linear antenna array with N radiators with the formula:
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, valid for d/( < 0.9.
 Typical values are 6.5 dBi for an antenna with 65deg horizontal half power beam width. This gain shall be applied for the parameters of the receiving amplifier systems. 
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Figure  2: The signal at the radiation element is not the antenna gain divided by the number of radiation elements  .
3. Open Points of the Model
The determination of different weighting vectors for signal and noise/intermodulation is still open. Measurements or extended simulations for typical values are required.
The front to back ratio of the antenna array can be described more precise by extending this model also for the rear direction.

4. Summary

This paper extends the model. Additional the differences between up-link and down-link are discussed.
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