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1.  Coordination System

The antenna array geometry is shown in figure 1:
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2. 
 Pattern for a single radiation element

The basis of each antenna model is the model of a single radiation element.

In the past 3GPP used a parable function as basis.

Horizontal:





[image: image2.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

C

C

,

12

min

2

3

j

j

j




 CH(() 
normalized horizontal pattern of a single column
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horizontal angle [+/- 180°]
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half power beam with [90°]

Cm

lower limit of the gain [dB]

Vertical:




[image: image3.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

V

C

C

,

90

12

min

2

3

q

q

q




CH(() 
normalized vertical pattern of a single column

(

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

(3dB

half power beam with [90°]

Cv

lower limit of the gain [dB]

The parable function is easy to use and a good assumption for the behavior of real antennas in the main beam.  For angles higher than 3 or 4 times of the half power beam the function does not work so precise. The solution in the moment is to define al lower limit of the gain from -20 to -30 dB.  Deep notches cannot be simulated in this way. 

This problem can be solved with the sin-function for the single radiation element.
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The antenna pattern has to be calculated as:
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To avoid nulls between the lobes, there is also defined a lower limit CV:


[image: image6.wmf](

)

[

]

v

dB

gesdB

V

C

A

A

,

)

(

min

]

[

q

q

-

=


CV

lower limit between the side lobes [30 dB].

There is no direct relation between the parameter ‘exp’ and the half power beam with. For example exp = 3 is a good assumption for a half power beam with of 65°. However every value from 2 to 5 seems applicable. 

3.  Steering vector or complex weight vector

The complex weight vector determines the behavior of the antenna. The amplitude of the complex vector has influence on the distribution of the power between the main and the side lobes. The phases of the vector determine the tilt in first approximation.

The amplitude distribution is typical triangular. For example : |w|= [1, 1.25, 1.5, 1.75, 2, 2, 1.75, 1.5,1.25, 1] for the amplitude and  arc(w) =[0°, 0°, 0°, 0°, 0°, 0°, 0°, 0°, 0°, 0°] for the phase distribution for 0° downtilt antenna with 10 radiation elements.

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 of the antenna can be found as follows: 
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  is typical a triangular function
The Antenna model is defined as:
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Wn
complex weighting factors 
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Vn
Super position vector
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4. 
 Parameters for typical antennas

The parameters for the antenna model and the formulas for the model are well defined. In the future different sets of parameters will be used. It is proposed to separate the parameter from the model itself.

One of the most important values for the system performance at all is the gain. The directivity of the model depends on the beam width. The difference between gain and directivity depends on many things. To open the model for future work it is proposed to define a gain for each antenna type.

The name of the antenna type is composed of an upper case for the number of columns (A = one column, B = two columns ) and a number equal to the number of radiation elements. (A15 = 1 Column with 15 radiation elements). If further extensions are required, variants of the basic types can use lower case. (A15a,  A15b, … ). 
Examples for typical array antenna parameters of passive antennas
Table x: Parameter of typical passive antenna types

	Antenna type
	A1
	A5
	A10
	A15
	B5
	B10
	B15
	D5
	D10
	D15

	No of radiation elements
	1
	5
	10
	15
	5
	10
	15
	5
	10
	15

	No of columns
	1
	1
	1
	1
	2
	2
	2
	4
	4
	4

	Max array gain for a single column / dBi
	8.7
	15
	18
	19.5
	14.5
	17
	18.5
	14.5
	17
	18.5

	Max antenna gain / dBi
	8.7
	15
	18
	19.5
	17
	19.5
	21
	20
	22.5
	24

	Vertical radiating element spacing d/ 
	-
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	Horizontal radiating element spacing d/
	-
	-
	-
	-
	0.6
	0.6
	0.6
	0.5
	0.5
	0.5

	Vertical 3dB bandwidth of single element / deg
	65
	65
	65
	65
	65
	65
	65
	65
	65
	65

	Horizontal 3dB bandwidth of single element / deg
	65
	65
	65
	65
	80
	80
	80
	80
	80
	80

	Losses of cable network / dB
	0.5
	0.8
	1.0
	1.2
	0.8
	1.0
	1.2
	0.8
	1.0
	1.2


5. Examples

Example 1 for steering vectors WV and WH:

(3dB  = 90° , (3dB Array  = 45°
Am = -30dB
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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
	[image: image25.png]



	[image: image26.png]



	[image: image27.png]





Figure 1: 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

[image: image28.wmf]l

V

d

= 0.9;
 
[image: image29.wmf]l

H

d

= 0.6

N = 10, M= 4

WV= 

	Element number WVn
	Magnitude
	Phase / rad

	1
	
[image: image30.wmf]0

.

1


	0

	2
	
[image: image31.wmf]25

.

1


	0

	3
	
[image: image32.wmf]5

.

1


	0

	4
	
[image: image33.wmf]75

.

1


	0

	5
	
[image: image34.wmf]0

.

2


	0

	6
	
[image: image35.wmf]0

.

2


	0

	7
	
[image: image36.wmf]75

.

1


	0

	8
	
[image: image37.wmf]5

.

1


	0

	9
	
[image: image38.wmf]25

.

1


	0

	10
	
[image: image39.wmf]0

.

1


	0


WH =

	Element number WHm
	1
	2
	3
	4

	Magnitude
	1
	1
	1
	1

	Phase/rad
	0
	4
	2
	34


AA = 22.5 dBi
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Figure  2: Horizontal radiation pattern for the described example with four columns.
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Fig. 1: Definition of the coordinate system for M=4 columns and N=5 rows.
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