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METHOD AND APPARATUS FOR 
BEAMFORMING USING POLARIZED 

ANTENNA IN A WIRELESS 
COMMUNICATION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is the National Phase of PCT/KR2014/ 
001370 filed on Feb. 20, 2014, which claims priority under 
35 U.S.C. 119(e) to U.S. Provisional Application No. 
61/830,612 filed on Jun. 3, 2013, all of which are hereby 
expressly incorporated by reference into the present appli 
cation. 

TECHNICAL FIELD 

The present invention relates to a wireless communication 
system, and more particularly, to a method and apparatus for 
beam forming using a polarized antenna in a wireless com 
munication system. 

BACKGROUND ART 

In the present invention, coupling between elements of a 
polarized antenna is considered. Coupling between antenna 
elements changes an antenna radiation pattern, compared to 
an ideal antenna radiation pattern. Accordingly, there is a 
need for efficiently controlling coupling between antenna 
elements. 

DISCLOSURE 

Technical Problem 

An object of the present invention devised to solve the 
problem lies on an interference cancellation method using 
beam forming through a polarized antenna in a wireless 
communication system. 

Technical Solution 

The object of the present invention can be achieved by 
providing a transmission apparatus in a wireless communi 
cation system, including a processor configured to process a 
signal, and a multi-polarized antenna including a plurality of 
antenna elements, configured to transmit the signal. The 
plurality of antenna elements include an electric-field dipole 
antenna and a magnetic-field dipole antenna, and current is 
applied to the electric-field dipole antenna and the magnetic 
field dipole antenna in the same direction or in opposite 
directions. 

In another aspect of the present invention, provided herein 
is a method for transmitting a signal using a multi-polarized 
antenna including a plurality of antenna elements at a 
transmission apparatus in a wireless communication system, 
including transmitting a signal in a radiation pattern gener 
ated by applying current to an electric-field dipole antenna 
and a magnetic-field dipole antenna in the same direction or 
in opposite directions, the magnetic-field dipole antenna and 
the electric-field dipole antenna being included in the plu 
rality of antenna elements. 

In the above aspects of the present invention, if the current 
is applied to the electric-field dipole antenna and the mag 
netic-field dipole antenna in the same direction, a radiation 
pattern of the multi-polarized antenna may include a pre 
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2 
ferred radiation pattern and a backlobe pattern in a direction 
opposite to a direction of the preferred radiation pattern. 

If the current is applied to the electric-field dipole antenna 
and the magnetic-field dipole antenna in the opposite direc 
tions, a radiation pattern of the multi-polarized antenna may 
include a preferred radiation pattern and a pattern in the 
same direction as a direction of the preferred radiation 
pattern, overlapped with the preferred radiation pattern. If 
the plurality of antenna elements include a first electric-field 
dipole antenna, a first magnetic-field dipole antenna, a 
second electric-field dipole antenna, and a second magnetic 
field dipole antenna, currents having opposite phases may be 
applied to the first electric-field dipole antenna and the first 
magnetic-field dipole antenna, and currents having opposite 
phases may be applied to the second electric-field dipole 
antenna and the second magnetic-field dipole antenna. 

Advantageous Effects 

According to embodiments of the present invention, 
beam forming may be performed efficiently using a polarized 
antenna in a wireless communication system. 

It will be appreciated by persons skilled in the art that the 
effects that can be achieved with the present invention are 
not limited to what has been particularly described herein 
above and other advantages of the present invention will be 
more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings. 

DESCRIPTION OF DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the principle of the invention. 

In the drawings: 
FIG. 1 illustrates an antenna array according to an 

embodiment of the present invention; 
FIG. 2 illustrates an antenna layout for single polarization 

and an antenna layout for multi-polarization; 
FIG. 3 illustrates a beam pattern of a single-polarized 

antenna array; 
FIG. 4 illustrates beam patterns of a multi-polarized 

antenna array; and 
FIGS. 5 to 8 illustrate results of simulations that control 

the direction of a beam pattern by applying a phase differ 
ence to current input to an antenna array. 

BEST MODE 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings. 
The present invention provides a method for physically 

controlling interference between multiple users by polariza 
tion. 

Polarization refers to the trace of an electric field drawn 
on the plane perpendicular to the direction of travel of 
electromagnetic waves. 

In a polarized antenna, elements are densely arranged in 
a narrow space, thus being Susceptible to coupling. Accord 
ingly, it is necessary to efficiently control the coupling. 

FIG. 1 illustrates an antenna array according to an 
embodiment of the present invention. 

Referring to FIG. 1, a base station includes a polarized 
antenna. 
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When beam forming is performed using the radiation 
pattern of an electric field in a conventional non-polarization 
scenario, a backlobe opposite to an intended direction 
always occurs symmetrically, resulting in interference 
between multiple users. The present invention is intended to 
remove a backlobe using polarization, obtain an asymmetric 
radiation pattern, and control the asymmetric radiation pat 
tern in an intended direction. 

First, a scattering channel model reflecting a pattern/ 
polarization? orientation is considered. A matrix representing 
an electric field radiated from a polarized antenna or a 
radiation pattern of the polarized antenna may be expressed 
as the following equation. 

A(8 3 sin6 ... O Equation 1 
(6, d) = | O ... a 

where the first row represents a 6-direction component, 
the second row represents a d-direction component, and the 
pattern is normalized to use unit power. 

Then a channel model is defined in the form of an array. 
A matrix representing a linear array of M antennas in 
three-dimensional space is given as Equation 2. 

1 Equation 2 
exp(-i27 Asin6cos(i) 

e(A, 6, (i) = 

exp(-i27 (M - 1)Asinecosd) 

where A is the distance between antennas in an antenna 
array. It is assumed that each antenna array radiates an 
electric field independently, without mutual coupling. An 
electric field radiated from this antenna array may be 
expressed as B(A.0.cp)=e (A.0.cp) & A (0.cp) based on pattern 
multiplication. 
Now, performance evaluation will be described. FIG. 2 

illustrates an antenna layout for single polarization and an 
antenna layout for multi-polarization, FIG. 3 illustrates a 
beam pattern of a single polarized antenna array, and FIG. 4 
illustrates beam patterns of a multi-polarized antenna array. 

FIG. 3 is a graph illustrating a beam pattern achieved from 
a single-polarized antenna (i.e. an antenna array of 4 elec 
tric-field dipole antennas) as illustrated in FIG. 2 in the case 
of the above-described channel model. Particularly, it is 
assumed in FIG. 3 that 1 1 1 1 is applied as an input. 

FIG. 4 is graphs illustrating beam patterns achieved from 
a multi-polarized antenna (i.e. an antenna array of 2 electric 
field dipole antennas and 2 magnetic-field dipole antennas) 
as illustrated in FIG. 2 in the case of the above-described 
channel model. Particularly, 1 1 1 1 is applied as an input 
in FIG. 4(a) and 1 - 1 1-1 is applied as an input in FIG. 
4(b). If the multi-polarized antenna is used, the conventional 
symmetric beam forming pattern may be prevented. The 
radiation pattern may be inversed by applying an input 
current to the magnetic-field dipole antennas in an opposite 
direction. 

FIGS. 5 to 8 illustrate results of simulations that control 
the direction of a beam pattern by applying a phase differ 
ence to current input to an antenna array. A uniform phase 
difference is applied to each antenna and the simulations are 
performed by increasing the phase difference by 30 degrees 
each time, starting from 0 degree. 
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4 
To achieve the same beamwidth in two cases, a single 

polarized antenna is configured to be an array of 4 electric 
field dipole antennas and a multi-polarized antenna is con 
figured to be an array of 2 electric-field dipole antennas and 
2 magnetic-field dipole antennas. A channel input is 
assumed to be 1e' e'e'. Particularly, the input is 
provided to an electric dipole, a magnetic dipole, the other 
electric dipole, and the other magnetic dipole in this order in 
the multi-polarized antenna. 

That is, FIGS. 5 to 8 illustrate beam patterns according to 
changes of (p. FIGS. 5 and 6 illustrate radiation patterns of 
the single-polarized antenna and FIGS. 7 and 8 illustrate 
radiation patterns of the multi-polarized antenna. 
A comparison between FIGS. 5 and 6 and FIGS. 7 and 8 

reveals that a radiation pattern may be inversed by applying 
an input current to the magnetic-field dipole antennas in an 
opposite direction. Therefore, when a multi-polarized 
antenna is used, beam forming may be performed in a beam 
pattern different from the conventional symmetric beam 
pattern and multiple users may be serviced by respective 
beams. 
The embodiments of the present invention described 

above are combinations of elements and features of the 
present invention. The elements or features may be consid 
ered selective unless otherwise mentioned. Each element or 
feature may be practiced without being combined with other 
elements or features. Further, an embodiment of the present 
invention may be constructed by combining parts of the 
elements and/or features. Operation orders described in 
embodiments of the present invention may be rearranged. 
Some constructions of any one embodiment may be 
included in another embodiment and may be replaced with 
corresponding constructions of another embodiment. It is 
obvious to those skilled in the art that claims that are not 
explicitly cited in each other in the appended claims may be 
presented in combination as an embodiment of the present 
invention or included as a new claim by a Subsequent 
amendment after the application is filed. 
The embodiments of the present invention may be 

achieved by various means, for example, hardware, firm 
ware, Software, or a combination thereof. In a hardware 
configuration, the methods according to exemplary embodi 
ments of the present invention may be achieved by one or 
more Application Specific Integrated Circuits (ASICs), 
Digital Signal Processors (DSPs), Digital Signal Processing 
Devices (DSPDs), Programmable Logic Devices (PLDs), 
Field Programmable Gate Arrays (FPGAs), processors, con 
trollers, microcontrollers, microprocessors, etc. 

In a firmware or Software configuration, an embodiment 
of the present invention may be implemented in the form of 
a module, a procedure, a function, etc. Software code may 
be stored in a memory unit and executed by a processor. The 
memory unit is located at the interior or exterior of the 
processor and may transmit and receive data to and from the 
processor via various known means. 

Those skilled in the art will appreciate that the present 
invention may be carried out in other specific ways than 
those set forth herein without departing from the spirit and 
essential characteristics of the present invention. The above 
embodiments are therefore to be construed in all aspects as 
illustrative and not restrictive. The scope of the invention 
should be determined by the appended claims and their legal 
equivalents, not by the above description, and all changes 
coming within the meaning and equivalency range of the 
appended claims are intended to be embraced therein. 
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MODE FOR INVENTION 

Various embodiments have been described in the best 
mode for carrying out the invention. 

INDUSTRIAL APPLICABILITY 

The method and apparatus for beam forming using a 
polarized antenna according to the present invention are 
applicable to various wireless communication systems. 
The invention claimed is: 
1. A transmission apparatus in a wireless communication 

System, the transmission apparatus comprising: 
a processor configured to process a signal; and 
a multi-polarized antenna including a plurality of antenna 

elements, configured to transmit the signal, 
wherein the plurality of antenna elements include an 

electric-field dipole antenna and a magnetic-field 
dipole antenna, and 

wherein, if a current is applied to the electric-field dipole 
antenna and the magnetic-field dipole antenna in oppo 
site directions, a radiation pattern of the multi-polarized 
antenna includes a preferred radiation pattern and a 
pattern in a same direction as a direction of the pre 
ferred radiation pattern, overlapped with the preferred 
radiation pattern. 

2. The transmission apparatus according to claim 1, 
wherein if the current is applied to the electric-field dipole 
antenna and the magnetic-field dipole antenna in a same 
direction, the radiation pattern of the multi-polarized 
antenna includes the preferred radiation pattern and a back 
lobe pattern in a direction opposite to a direction of the 
preferred radiation pattern. 

3. The transmission apparatus according to claim 1, 
wherein the plurality of antenna elements include a first 
electric-field dipole antenna, a first magnetic-field dipole 
antenna, a second electric-field dipole antenna, and a second 
magnetic-field dipole antenna, and 
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6 
wherein currents having opposite phases are applied to the 

first electric-field dipole antenna and the first magnetic 
field dipole antenna, and currents having opposite 
phases are applied to the second electric-field dipole 
antenna and the second magnetic-field dipole antenna. 

4. A method for transmitting a signal using a multi 
polarized antenna including a plurality of antenna elements 
at a transmission apparatus in a wireless communication 
System, the method comprising: 

transmitting a signal in a radiation pattern generated by 
applying a current to an electric-field dipole antenna 
and a magnetic-field dipole antenna in the same direc 
tion or in opposite directions, the magnetic-field dipole 
antenna and the electric-field dipole antenna being 
included in the plurality of antenna elements, 

wherein if the current is applied to the electric-field dipole 
antenna and the magnetic-field dipole antenna in the 
opposite directions, a radiation pattern of the multi 
polarized antenna includes a preferred radiation pattern 
and a pattern in a same direction as a direction of the 
preferred radiation pattern, overlapped with the pre 
ferred radiation pattern. 

5. The method according to claim 4, wherein if the current 
is applied to the electric-field dipole antenna and the mag 
netic-field dipole antenna in a same direction, the radiation 
pattern of the multi-polarized antenna includes the preferred 
radiation pattern and a backlobe pattern in a direction 
opposite to a direction of the preferred radiation pattern. 

6. The method according to claim 4, wherein the plurality 
of antenna elements include a first electric-field dipole 
antenna, a first magnetic-field dipole antenna, a second 
electric-field dipole antenna, and a second magnetic-field 
dipole antenna, and wherein currents having opposite phases 
are applied to the first electric-field dipole antenna and the 
first magnetic-field dipole antenna, and currents having 
opposite phases are applied to the second electric-field 
dipole antenna and the second magnetic-field dipole 
antenna. 
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