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(57) ABSTRACT

Provided is a switched beam-forming apparatus which
includes a beam-forming unit forming a plurality of beams
using an array antenna, a beam selection adjusting unit mea-
suring Quality of Service (QoS) values of each of a plurality
of signals received through the plurality of beams, a beam
selecting unit selecting at least two beams with high QoS
from among the plurality of beams according to the results of
the QoS measuring, and a beam combining unit combining
the at least two beams selected by the beam selecting unit.

16 Claims, 6 Drawing Sheets
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SWITCHED BEAM-FORMING APPARATUS
AND METHOD USING MULTI-BEAM
COMBINING SCHEME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(a) of a Korean Patent Application No. 10-2008-0013589,
filedon Feb. 14, 2008, the disclosure of which is incorporated
herein in its entirety by reference.

TECHNICAL FIELD

The following description relates to a beam-forming sys-
tem for wireless communications, and more particularly, to a
switched beam-forming apparatus and method for improving
a Signal to Interference plus Noise Ratio (SINR) using a
plurality of beams.

BACKGROUND

Beam-forming is a spatial filtering technique for transmit-
ting signals in a desired direction or for receiving only signals
transmitted in a desired direction, using a plurality of trans-
mission/reception antennas. A method of forming beams in a
desired direction includes a switched beam-forming method
and an adaptive beam-forming method. The switched beam-
forming method forms beams by setting weight vectors for
several directions, and the adaptive beam-forming method
updates weight vectors according to a user’s positions.

By using such a beam-forming technique, Spatial Division
Multiple Access (SDMA) can be implemented in such a man-
ner that the range of a cell is increased or the same frequency
is allocated to different users in different directions, in a
wireless communication system.

Meanwhile, since a wireless communication system
requires a very high channel capacity in order to transmit data
at a high speed, a Multiple Input Multiple Output (MIMO)
system has been developed to satisfy such a high channel
capacity. In the MIMO system, generally, different transmis-
sion antennas transmit different types of information in order
to increase the amount of information that is to be transmitted,
or diversity is applied to transmission information in order to
enhance reliability of information. Signals which are trans-
mitted through a MIMO system undergo fading that varies
depending on the spatially different paths of the signals,
according to scatterers on a wireless channel, so that the
signals have different spatial characteristics.

In the beam-forming system, a plurality of antennas
receive signals with time differences according to the anten-
nas’ locations. The time differences are expressed by so-
called steering vectors that represent the characteristics of the
antennas in specific directions.

In order to form a beam in the beam-forming systen, the
antennas must have correlation and a distance (called
“Nyquist space”) between two antennas, and the distance has
to be smaller than A/2. However, if the antennas are installed
atintervals which are narrower than /2, spatial diversity may
not be utilized in the MIMO system. This is because antennas
have to be spaced by about 10 through 20% in order to utilize
spatial diversity.

SUMMARY

According to an aspect, there is provided a switched beam-
forming apparatus and a method using a multi-beam combin-
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2

ing scheme for forming a plurality of beams, selecting beams
subjected to independent wireless environments from among
the plurality of beams, and combining the selected beams, so
as to improve a Signal to Interference plus Noise Ratio
(SINR) in a wireless communication system.

According to another aspect, instant application utilizes a
concept that signals received through different beams are
considered as independent signals because the signals are
subjected to different channel environments. Here, by select-
ing beams with high Quality of Service (QoS) when beams
are selected to be combined with each other, spatial diversity
may be maximized.

According to still another aspect, there is provided a
switched beam-forming apparatus using a multi-beam com-
bining scheme including a beam-forming unit forming a plu-
rality of beams using an array antenna, a beam selection
adjusting unit measuring Quality of Service (QoS) values of
each of a plurality of signals received through the plurality of
beams, a beam selecting unit selecting at least two beams with
high QoS from among the plurality of beams according to the
results of the QoS measuring, and a beam combining unit
combining the at least two beams selected by the beam select-
ing unit.

The beam-forming unit may include a plurality of hybrid
couplers.

The beam selection adjusting unit may measure the QoS
value of each signal using power of the signal, and the beam
selection adjusting unit may measure the QoS of each signal
using correlation between the signal and a preamble.

The beam selecting unit may select beams with low corre-
lation between channels, and the beam selecting unit may
select beams which are spaced from each other such that no
overlapping area is generated between the beams.

The beam combining unit may assign predetermined
weights to the at least two beams selected by the beam select-
ing unit, and combine the at least two beams to which the
predetermined weights are assigned, and the beam combining
unit may synchronize the at least two beams and combines the
synchronized at least two beams.

According to yet another aspect, there is provided a
switched beam-forming method using a multi-beam combin-
ing scheme, including forming a plurality of beams using an
array antenna, measuring a Quality of Service (QoS) value of
each of a plurality of signals received through the plurality of
beams, selecting at least two beams with high QoS from
among the plurality of beams according to the results of the
QoS measurements, and combining the selected at least two
bearms.

Other features will become apparent to those skilled in the
art from the following detailed description, which, taken in
conjunction with the attached drawings, discloses exemplary
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a switched beam-forming
apparatus using a multi-beam combining scheme, according
to an exemplary embodiment.

FIG. 2 is a view showing a beam-forming unit illustrated in
FIG. 1, according to an exemplary embodiment.

FIG. 3 illustrates beam patterns according to an exemplary
embodiment.

FIG. 4 is a block diagram of a beam combiner illustrated in
FIG. 1, according to an exemplary embodiment.

FIG. 5 shows graphs plotting antenna gains, according to
an exemplary embodiment.
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FIG. 6 is a flowchart of a switched beam-forming method
using a multi-beam combining scheme, according to an
exemplary embodiment.

Throughout the drawings and the detailed description, the
same drawing reference numerals will be understood to refer
to the same elements, features, and structures.

DETAILED DESCRIPTION

The following detailed description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods, apparatuses and/or systems described herein. Accord-
ingly, various changes, modifications, and equivalents of the
systems, apparatuses and/or methods described herein will be
suggested to those of ordinary skill in the art. Also, descrip-
tions of well-known functions and constructions are omitted
to increase clarity and conciseness.

FIG. 1 is a block diagram of a switched beam-forming
apparatus using a multi-beam combining scheme, according
to an exemplary enmbodiment.

Referring to FIG. 1, the switched beam-forming apparatus
includes a beam-forming unit 101, a beam selection adjusting
unit 102, a beam selector 103, and a beam combiner 104.

The switched beam-forming apparatus may be installed in
areceiving terminal of a wireless communication system. For
example, signals output from a transmitting terminal may be
transmitted in the form of a plurality of beam patterns to the
switched beam-forming apparatus through multiple paths.
That is, the beam-forming unit 101 forms a plurality of beam
patterns, and the beam selector 103 may select two or more
beams according to Quality of Service (QoS) of the beam
patterns. A criterion by which the beam selector 103 selects
the two or more beams is provided from the beam selection
adjusting unit 102, and the selected beams are combined by
the beam combiner 104 for spatial diversity.

The configurations and functions of the respective compo-
nents of the switched beam-forming apparatus will be
described below.

The beam-forming unit 101 forms a plurality of beams
having a specific pattern using an array antenna 201 including
a plurality of antenna elements. For example, the beam form-
ing unit 101 forms M beams through the array antenna 201
including L antenna elements. Here, the array antenna 201
may include a plurality of omni-directional antennas or direc-
tional antennas having a single beam pattern. Accordingly, by
using combinations of the antennas, that is, by using the array
antenna 201, a plurality of beam patterns may be created.

The beam-forming unit 101 may form the beams using a
Butler matrix. FIG. 2 is a view showing a beam-forming unit,
which forms 8 input/output beams using the Butler matrix,
according to an exemplary embodiment. Referring to FIG. 2,
the beam-forming unit 101 may include a plurality of hybrid
couplers 202 each of which couples two different signals so
that they have different phases and outputs the coupled sig-
nals as two outputs. Accordingly. signals received through the
array antenna 201 pass through the plurality of hybrid cou-
plers 202, and then are formed as beams in desired directions.

Since the beams formed by the beam-forming unit 101
have specific patterns or specific directions, it is possible to
independently receive signals which are transmitted in differ-
ent directions.

M beams are formed in the above-described manner, N
beams among the M beams are selected, and the selected N
beams are combined by the beam combiner 104.

The beam selection adjusting unit 102 provides a criterion
by which the beam selector 103 selects beams. That is, the
beam selection adjusting unit 102 measures QoS values of
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signals which are received in the form of the beams formed by
the beam-forming unit 101, and applies a predetermined con-
trol signal to the beam selector 103 so that the beam selector
103 may select beams with high QoS values.

The beam selection adjusting unit 102 may measure QoS
values of the received signals using various methods. For
example, QoS values of a received signal may be measured
using the intensity or power of the signal or using correlation
between the signal and a preamble. In more detail, the inten-
sity or power of the received signal is measured, and the
greater the intensity or power of the received signal is deter-
mined to be, the better the QoS of the received signal. A
correlation value between the received signal and 64 bits of a
preamble used in the 802.11a WLAN is measured, and the
greater the correlation value is determined to be, the better the
QoS of the received signal.

However, a method in which the beam selection adjusting
unit 102 measures the QoS of the received signal is not limited
to the above-described method, and a method of measuring
QoS values of a received signal using a bit error rate (BER) is
also possible. Also, combining the above-mentioned methods
is possible.

The beam selector 103 selects N beams with high QoS
values from among the M beams, according to the results of
the QoS measurements, wherein N may be an integer of 2 or
greater.

When the beam selector 103 selects specific beams, the
beam selector 103 may select the specific beams considering
correlation between channels, while selecting the specific
beams according to a QoS constraint required by the beam
selection adjusting unit 102 or according to the results of the
QoS measurements of the beam selection adjusting unit 102.
That s, the beam selector 103 selects specific beams accord-
ing to a predetermined QoS constraint, and beam selector 103
also selects beams with low correlation between channels so
that signals (or beam patterns) subjected to independent chan-
nel environments are selected.

For example, as illustrated in FIG. 3, if no overlapping area
between selected beams exists (A), the selected beams can be
used because there is no correlation between channels. How-
ever, if overlapping areas between selected beams exist (B),
the selected beams are not used even when they have high
QoS values, and different beams which are separated from
each other are selected.

The beam combiner 104 combines the beams selected by
the beam selector 103. An oscillator 203 for lowering the
frequencies of the selected beams to basebands and an A/D
converter 204 for converting analog signals into digital sig-
nals may be positioned between the beam combiner 104 and
the beam selector 103.

FIG. 4 is a block diagram of the beam combiner 104
according to an exemplary embodiment.

Referring to FIG. 4, the beam combiner 104 includes a
compensator 401, a multiplier 402, an adder 403, and an
estimator 404. The estimator 404 and the compensator 401
are used for synchronization. The multiplier 402 multiplies a
synchronized beam by a size compensation variable C,,
wherein the size compensation variable C, may vary depend-
ing on a beam combining method. Predetermined weights are
assigned to at least two beams selected by the beam selector
103, and the at least two beams to which the predetermined
weights are assigned are combined. Or, at least two beams
selected by the beam selector 103 are synchronized, and the
synchronized at least two beams are combined.
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The beam combining method may be a Maximal Ratio
Combining (MRC) method or an Equal Gain Combining
(EGC) method. The adder 403 combines the resultant beams
with each other.

For example, the beam combiner 104 synchronizes beams
selected by the beam selector 103, assigns predetermined
weights to the synchronized beams, and then combines the
resultant beams with each other.

Generally, signals received through the array antenna 201
undergo fading due to transmission along multiple paths.
Here, the multiple paths refer to a plurality of paths via which
a plurality of transmission signals are received by antennas.
That is, if a plurality of signals are received via different
paths, when the signals are combined, the intensities of the
signals may be different from their original intensities afteran
elapse in time, because the signals have been subjected to
different amplitude attenuations and different changes in
phase. In this case, several signals subjected to independent
fading are selected, and are appropriately combined, thereby
overcoming the affects of fading.

As aresult, according to the switched beam-forming appa-
ratus, since beams with high QoS values are selected by the
beam selection adjusting unit 102 and the beam selector 103,
and the selected beams are combined by the beam combiner
104, a SINR may be improved.

The operation of the switched beam-forming apparatus
will be described using the equation, below.

A received signal which is input to the array antenna 201
via K multiple paths may be expressed by equation 1 below.

H=Sx(8) - x(0=lh (=T ), hod(t=T,), . . ., Iyl
wl"

In equation 1, x(t) represents the received signal, h, and T,
respectively represent a channel value and a delay value of a
k-th path, and a matrix S represents a steering vector for a
direction of the k-th path.

The received signal is multiplied by a matrix B through the
beam-forming unit 101, and the multiplied signal may be
expressed by equation 2 below.

(1

z(t)=Br(t) (2)

In equation 2, the matrix B is an MxN dimensional matrix,
and an m-th beam signal may be expressed by equation 3.

Pm 3
ZnlD) = Find (1= Tr) + Zﬁpd(z —T,) + T

p=1

For example, in equation 3, if it is assumed that b, is a
desired signal, several different multiple path components
flow to respective beams and interfere which each other.

Inorder to select N signals from among M received signals,
the beam selection adjusting unit 102 measures QoS values
for the M signals. For example, if it is assumed that 4 beams
are formed and 2 beams among the 4 beams are selected in a
system which uses a preamble having 128 samples, it is
possible to group the 4 beams into two sub groups, and
measure QoS values using 64 samples for each group.

The selected beams may be expressed by a matrix P below.

Z()=Pz(t) 4

In equation 4, the matrix P is a NxN unit matrix.
The selected beams are combined by the beam combiner
104. A signal of an n-th beam obtained after estimating and

delaying the combined beam may be expressed by equation 5
below.
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Zu(0) = d(D) + Z hdt-1,)+m,
p=1

Accordingly, a final signal may be expressed as shown
below.

yO=wz() (6)

The final signal may have various values according to a
weight vector w.

FIG. 5 shows a graph (A) plotting antenna gains for four
beam patterns which are selected and combined according to
an exemplary embodiment, and a graph (B) plotting antenna
gains for a beam pattern of a reference antenna. Referring to
FIG. 5, it is seen that the beam patterns formed by the
switched beam-forming apparatus according to an embodi-
ment have a faster reduction in antenna gain with respect to an
incident angle than in the beam pattern formed by the refer-
ence antenna. This means that the switched beam-forming
apparatus according to an embodiment may reduce more
multiple path components than a general directional antenna
carl.

Now, a switched beam-forming method using a multi-
beam combining scheme according to an exemplary embodi-
ment will be described with reference to FIG. 6.

First, a plurality of beams are formed using an array
antenna (operation S601). In order to form the plurality of
beams, the beam-forming unit 101 (see FIG. 1) including a
plurality of hybrid couplers and an array antenna may be
utilized.

Then, a QoS value of each signal received through the
plurality of beams is measured (operation S602). The mea-
suring of a QoS value may be performing by measuring
Received Signal Strength Indicator (RSSI), Bit Error Rate
(BER), etc. or by obtaining correlation between the received
signal and a preamble. The beam selection adjusting unit 102
(see FIG. 1) may be used to measure the QoS value of the
signal.

Then, at least two beams with high QoS are selected
according to the results of the QoS measurements (operation
S603). By selecting beams with both low correlation between
channels and high QoS values, spatial diversity may be maxi-
mized. If any overlapping area is generated between the
selected beams, selecting beams which are spaced from each
other is preferable to selecting two adjacent beams, even
when the two adjacent beams have high QoS values. The
beam selector 103 may be used to select the at least two beams
with high QoS values considering correlation between chan-
nels.

Finally, the selected beams are combined (operation S604).
The combining of the beams may be implemented by the
beam combiner 104, and it is possible to provide predeter-
mined weights to the selected beams and then combine the
beams to which the predetermined weights are provided, or to
synchronize the selected beams and combine the synchro-
nized beams with the same phase (for example, using a Max
Rate Combining (MRC)method or an Equal Gain Combining
(EGC) method).

Therefore, according to certain switched beam-forming
apparatus and method described above, since output beams
for signals received in different directions are formed and
beams with high QoS values are selected from among the
output beams, spatial filtering and spatial diversity may be
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efficiently used, and since the beams are combined, a SINR
may be enhanced in a wireless communication system.

The methods described above may be recorded, stored, or
fixed in one or more computer-readable media that includes
program instructions to be implemented by a computer to
cause a processor to execute or perform the program instruc-
tions. The media may also include, alone or in combination
with the program instructions, data files, data structures, and
the like. Examples of computer-readable media include mag-
netic media, such as hard disks, floppy disks, and magnetic
tape; optical media such as CD ROM disks and DVDs; mag-
neto-optical media, such as optical disks; and hardware
devices that are specially configured to store and perform
program instructions, such as read-only memory (ROM), ran-
dom access memory (RAM), flash memory, and the like. The
media may also be a transmission medium such as optical or
metallic lines, wave guides, and the like including a carrier
wave transmitting signals specifying the program instruc-
tions, data structures, and the like. Examples of program
instructions include both machine code, such as produced by
a compiler, and files containing higher level code that may be
executed by the computer using an interpreter. The described
hardware devices may be configured to act as one or more
software modules in order to perform the operations and
methods described above.

A number of exemplary embodiments have been described
above. Nevertheless, it will be understood that various modi-
fications may be made. For example, suitable results may be
achieved if the described techniques are performed in a dif-
ferent order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. A switched beam-forming apparatus using a multi-beam
combining scheme comprising:

a beam-forming unit configured to form a plurality of

beams using an array antenna;

a beam selection adjusting unit configured to concurrently
measure Quality of Service (QoS) values of each of a
plurality of signals received through the plurality of
beams;

a beam selecting unit configured to select at least two
beams with high QoS from among the plurality of beams
according to the results of the QoS measuring; and

a beam combining unit configured to combine the at least
two beams selected by the beam selecting unit.

2. The switched beam-forming apparatus of claim 1,
wherein the beam-forming unit comprises a plurality of
hybrid couplers.

3. The switched beam-forming apparatus of claim 1,
wherein the beam selection adjusting unit is further config-
ured to measure the QoS value of each signal using power of
the signal.

4. The switched beam-forming apparatus of claim 1,
wherein the beam selection adjusting unit is further config-

20

25

35

40

45

50

55

8

ured to measure the QoS of each signal using correlation
between the signal and a preamble.

5. The switched beam-forming apparatus of claim 4,
wherein the preamble comprises 64 bits of preamble used in
a802.11a WLAN.

6. The switched beam-forming apparatus of claim 1,
wherein the beam selecting unit is further configured to select
beams with low correlation between channels.

7. The switched beam-forming apparatus of claim 1,
wherein the beam selecting unit is further configured to select
beams which are spaced from each other such that no over-
lapping area is generated between the beams.

8. The switched beam-forming apparatus of claim 1,
wherein the beam combining unit is further configured to:

assign predetermined weights to the at least two beams

selected by the beam selecting unit; and

combine the at least two beams to which the predetermined

weights are assigned.

9. The switched beam-forming apparatus of claim 1,
wherein the beam combining unit is further configured to:

synchronize the at least two beams; and

combine the synchronized at least two beams.

10. A switched beam-forming method using a multi-beam
combining scheme, comprising:

forming a plurality of beams using an array antenna;

concurrently measuring a Quality of Service (QoS) value

of each of a plurality of signals received through the
plurality of beams;

selecting at least two beams with high QoS from among the

plurality of beams according to the results of the QoS
measurements; and

combining the selected at least two beams.

11. The switched beam-forming method of claim 10,
wherein the forming of the plurality of beams is performed by
a Butler matrix method.

12. The switched beam-forming method of claim 10,
wherein the measuring of the QoS value is performed by
measuring power of each signal or by calculating correlation
between the signal and a preamble.

13. The switched beam-forming method of claim 10,
wherein the selecting of the at least two beams comprises
selecting at least two beams with low correlation between
channels.

14. The switched beam-forming method of claim 10,
wherein the selecting of the at least two beams comprises
selecting at least two beams which are spaced from each other
such that no overlapping area is generated between the
selected at least two beams.

15. The switched beam-forming method of claim 10,
wherein the combining of the at least two beams comprises
assigning predetermined weights to the selected at least two
beams and then combing the at least two beams to which the
predetermined weights are assigned.

16. The switched beam-forming method of claim 10,
wherein the combining of the at least two beams comprises
synchronizing the selected at least two beams and combining
the synchronized at least two beams.
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