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1. Introduction
At the last meeting, Ran4#62bis, it was decided that the study item shall include two dimensional antenna models for the simulation of radiation characteristics of active antennas. Therefore the model for active antennas proposed in [1] has to be improved. This paper describes a model for two dimensional antenna arrays. 
2. Discussion
2.1. 2D Antenna Model for AAS 
The general model for a single column antenna based on the superposition principle of the separate radiators was described in [1],[2]. The 2D antenna array can be simulated according to the same principle. For every column the same vertical steering vector wv will be used, for excitation of the different columns we introduce the horizontal steering vector wh, which steers the main beam in the horizontal direction. The antenna array geometry is shown in figure 1:

[image: image1]
To keep the model simple it is proposed to separate the 2D steering of the main beam in two cuts like in the actual 3GPP antenna modelling. This means that every column has the same weighting vector and every row has the same weighting vector. The electrical separation between two dipoles in vertical direction is dv/ and in horizontal direction is dh/.

In [1] the proposed antenna model was introduced. The horizontal characteristic of a single column is expressed according to the present 3GPP model:
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normalized horizontal pattern of a single column
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For more than one column we apply the superposition according to
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AH(()
normalized horizontal pattern of antenna array in dB
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horizontal steering vector of the antenna array, (m=1…M)
AH,ges,max
scaling to 0dB gain

M


Number of antenna columns [i.e. 1, 2, 4]

The horizontal phase vector is defined as:
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arrangement phase vector
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ratio of the distance (dh) between neighboured columns to the wave length (()

(


horizontal angle  [-90° …  90°],   0° is orthogonal to the radiator plane
m


number of the columns
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 (
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maximum antenna gain in main beam direction
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lower limit of the 3D pattern  [-30dB] including rear direction

The total gain of the antenna depends on the number of the radiation elements, the single element gain and the steering vector wH for large horizontal panning angles. Typical values of passive antennas with 1, 2 or 4 column  and the corresponding horizontal half power beamwidth of 65° or 90° of a single column are shown in table 1. In case of a single column antenna 65° half power beamwidth is a typical application, for antenna arrays with more columns 90° half power beamwidth shall be used. The typical ratio of the vertical distance between the radiators is  dV/( =0.9 and the horizontal separation dH/ = 0.6. The values for the passive antenna include typical losses in the feeding system. 

If the panning angle will be to high, horizontal sidelobes will reduce the maximum gain. In this case the directivity gain calculation shall be used.

	Number of 
radiation elements N
	Number of columns M
	Horizontal half power beamwidth of a single column / deg
	Antenna gain 
in downlink /dBi

	5
	1
	65
	[15]

	10
	1
	65
	[18]

	15
	1
	65
	[19.5]

	5
	2
	90
	[17]

	10
	2
	90
	[20]

	15
	2
	90
	[21.5]

	5
	4
	90
	[19.5]

	10
	4
	90
	[22.5]

	15
	4
	90
	[24]


Example 1 for steering vectors WV and WH:

(3dB  = 90° , (3dB Array  = 45°
Am = -30dB
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	Element number WVn
	Magnitude
	Phase / rad

	1
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WH =

	
	Example A
	Example B
	Example C

	Element number WHm
	1
	2
	1
	2
	1
	2

	Magnitude
	1
	1
	1
	1
	1
	1

	Phase/rad
	0
	3
	0
	
	0
	4


AA = 20 dBi
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Figure  2: Horizontal radiation pattern for the described example with two columns: left example A, middle example B, right example C.
Example 2 for steering vectors WV and WH:

(3dB  = 90° , (3dB Array  = 22°
Am = -30dB
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N = 10, M= 4
WV= 

	Element number WVn
	Magnitude
	Phase / rad

	1
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	Element number WHm
	1
	2
	3
	4

	Magnitude
	1
	1
	1
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	Phase/rad
	0
	4
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Figure  3: Horizontal radiation pattern for the described example with four columns.
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Figure  4: 3D radiation pattern for the described example with four columns.

3. Open Points of the Model
The determination of different weighting vectors for signal and unwanted emission 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 describes a model for two dimensional antenna arrays.  The idea is to use only two independent steering vectors, one for the vertical and one for the horizontal direction This approach simplifies the model considerably.
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Fig. 1: Definition of the coordinate system for M=4 columns and N=5 rows.
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