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METHOD AND APPARATUS FOR
TRANSFORMING DATA SYMBOL FOR
INTERFERENCE AVOIDANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority of U.S. Pro-
visional application 61/863,390 filed on Aug. 7, 2013 which
are incorporated by reference in their entirety herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to wireless communication,
and more particularly, to a method and an apparatus for gen-
erating signals transmitted and received in a cellular network.

2. Related Art

In recent years, a service requiring ultra-high wireless
communication such as wireless Internet has increased rap-
idly. As a result, a research into a communication technique
that can ensure the ultra-high wireless communication for a
next-generation wireless communication system has been
actively progressed. Therefore, a lot of researches for a plu-
rality of users to efficiently use resources including time, a
frequency, a space, and the like for communication have been
progressed. However, when more users are present than given
resources, a high channel capacity for the ultra-high speed
communication cannot be acquired due to interuser interfer-
ence by the existing frequency division access, time-division
access, and a code division access techniques, and the like.

Accordingly, in recent years, interference alignment (IA)
technology in which a desired signal and undesired interfer-
ence are divisionally transmitted to different spaces is pro-
posed to turn over theoretical development on a transmission/
reception technique in order to solve the problem that the high
channel capacity cannot be acquired due to the interuser
interference. It is certified that such a technique prevents
performance deterioration by interference without compli-
cated error correction encoding under a multi-user environ-
ment of a general interference channel and acquires a degree-
of-freedom by maximizing the use of the given resources to
thereby acquire the high channel capacity.

Indetail, it is revealed that the interference alignment tech-
nique can almost achieve a channel capacity of an interfer-
ence channel under a situation in which a signal-to-noise ratio
is very high. The interference alignment technique is
extended to the cellular network as well as the interference
channel to be researched. It is revealed that in the cellular
network constituted by two cells, users positioned in other
cell may receive interference signals applied to a base station
of a current cell to be arranged, and as a result, a lot of signal
spaces for users for the current cell can be ensured. For
example, when respective users transmit one stream, the users
may allow an interference signal applied to the base station of
other cell to be aligned and received in one-dimension signal
space.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
for transforming a data symbol for interference avoidance.

Another object of the present invention is to provide an
apparatus for transforming a data symbol for interference
avoidance.

In accordance with an embodiment of the present inven-
tion, a method for transforming a data symbol includes: divid-
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2

ing a plurality of proper data symbols into a plurality of data
streams; granting individual spectral weightings to the plu-
rality of respective data streams; combining the plurality of
data streams granted with the individual spectral weightings
into one final data stream; performing inverse discrete Fourier
transform (IDFT) of the final data stream; and adding a cyclic
prefix (CP) to the plurality of data streams that is subjected to
the IDFT, wherein each of the plurality of data streams
granted with the individual spectral weightings include an
improper data symbol.

In accordance with another embodiment of the present
invention, a terminal for transforming a data symbol includes:
a radio frequency (RF) unit implemented to transmit or
receive a radio signal; and a processor selectively connected
to the RF unit, wherein the processor is implemented to divide
a plurality of proper data symbols into a plurality of data
streams, grant individual spectral weightings to the plurality
of respective data streams, combine the plurality of data
streams granted with the individual spectral weightings into
one final data stream, perform inverse discrete Fourier trans-
form (IDFT) of the final data stream, and add a cyclic prefix
(CP) to the plurality of data streams that is subjected to the
IDFT, and each of the plurality of data streams granted with
the individual spectral weightings include an improper data
symbol.

When the method and the apparatus for generating a signal
for interference avoidance are used, an improper complex
signal having desired 2D power spectral density (PSD) and
2D complementary power spectral density (PSD) on a trans-
mitter based on a proper symbol input by using an orthogonal
frequency division multiple access (OFDMA) transmitting
apparatus and a code phase division multiple access (CP-
DMA) transmitting apparatus. When a symbol having
improperness is used, more improved performance may be
acquired in a cellular network in which users are saturated
than the existing method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram illustrating a method for
transforming a proper data symbol to an improper data sym-
bol.

FIG. 2illustrates symmetric components and a period com-
ponent of an improper complex signal according to an
embodiment of the present invention.

FIG. 3 is a conceptual diagram illustrating a generated
improper signal according to the embodiment of the present
invention.

FIG. 4 is a conceptual diagram illustrating a method for
generating an improper signal based on CPDMA presented
by the present invention.

FIG. 5 is a conceptual diagram illustrating a correlation of
the improper signal according to the embodiment of the
present invention.

FIG. 6 is a conceptual diagram illustrating a method for
generating an improper signal based on CPDMA presented
by the present invention.

FIG. 7 is a conceptual diagram illustrating the correlation
of the improper signal according to the embodiment of the
present invention.

FIG. 8 is a conceptual diagram illustrating a method for
transforming a signal according to an embodiment of the
present invention.

FIG. 9 is a conceptual diagram illustrating a method for
transforming a signal according to an embodiment of the
present invention.
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FIG. 10 is a block diagram illustrating a wireless commu-
nication system according to an embodiment of the present
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A terminal (user equipment, UE) may be fixed or movable
and may be called other terms such as a mobile station (MS),
a mobile terminal (MT), a user terminal (UT), a subscriber
station (SS), a wireless device, a personal digital assistant
(PDA), a wireless modem, a handheld device, and the like.

The base station generally represents a fixed station that
communicates with a terminal, and may be called different
terms such as an evolved-NodeB (eNB), a base transceiver
system (BTS), an access point, and the like.

In recent years, services and users requiring ultra-high
wireless communication such as wireless Internet has
increased rapidly. In particular, in a floating population center
of a downtown area, more users than a capacity supported by
a communication system exist, and as a result, it is difficult to
satisfy individual quality of service. In order to satisfy a
quality of service requested by a plurality of terminals, inter-
ference alignment technology is researched.

In the case of the existing interference alignment technol-
ogy, only an interference channel is considered and a direct
channel is not considered. The direct channel indicates a
channel through which the terminal (or mobile station (MS)
transmits a signal to a base station (or base station) to which
the terminal belongs in the case of an uplink and indicates a
channel through which the base station (BS) transmits a sig-
nal to the mobile station (MS) included in the BS in the case
of a downlink. Since a main purpose of an interference net-
work interference alignment is an alignment of interference
as well as a cellular network interference alignment, only the
interference channel is considered and the direct channel is
not considered, in general. However, the interference align-
ment method may not be optimal in an infinite (SNR) section
but a finite SNR section. If the direct channel is to be consid-
ered in the interference alignment method, a gain may be
increased at the time of receiving a desired signal in the
terminal or the base station. Accordingly, in the interference
alignment method, when the direct channel is considered,
higher sum-rate may be achieved. When the direct channel is
considered in the interference alignment method, global
channel information may be required.

Inrecent years, in a lot of interference alignment methods,
a specific node having the global channel information is
present and the specific node generally notifies a transmission
method for interference alignment to each terminal or termi-
nal. However, it may be difficult for the specific node to know
the global channel information.

Distributed interference alignment (IA) is a representative
algorithm to solve an interference alignment problem in the
existing interference channel. A distributed interference
alignment method in the interference channel representa-
tively includes a signal to interference-plus-noise ratio (Max-
SINR) algorithm, and a minimum mean square error
(MMSE)-IA, and a plurality of iterative algorithms similar
thereto. The distributed interference alignment method may
be performed based on reciprocity of a channel. The channel
reciprocity may be generally established in an environment
using time-division duplexing (TDD).

When the channel reciprocity is established, a direction of
a received beam set for minimum interference in a receiver
becomes a direction in which minimum interference is
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applied to other transmitters at the time when the receiver
performs transmission contrary to this.

However, in a network in a saturated state, it is difficult to
separate the desired signal and the undesired interference
signal due to shortage of a signal space due to a plurality of
terminals. Accordingly, satisfactory performance may not be
achieved by only the existing Max-SINR and the existing
MMSE-IA algorithm. Accordingly, in the embodiment of the
present invention, a method is disclosed, which arbitrarily
ensures the signal space capable of using the distributed IA
when the signal space is short in a saturation state in the
number of users in a cell.

A probability variable (alternatively, random variable) in
which a reciprocal autocorrelation coefficient is 0 may be
proper or a proper probability variable. On the contrary, a
probability variable in which the reciprocal autocorrelation
coefficient is not 0 may be improper or an improper probabil-
ity variable. In general, a symbol used for communication is
a proper probability variable having a complex value. That is,
the symbol used of the communication has power of a real
number part and power of an imaginary number part and has
a characteristic in which a mutual correlation coefficient is 0.
However, in the cellular network in the saturated state, it is
necessary to ensure the signal space in order to acquire
desired interference alignment performance due to the short-
age of the signal space. In order to solve the problem, it is
necessary to ensure the signal space by using improperness of
a transmission symbol.

That is, in the interference alignment method according to
the embodiment of the present invention in order to ensure the
performance of the interference alignment in a cellular net-
work in which user numerical figures are saturated by con-
sidering the improper symbol, the signal space may be
ensured by using more improved performance than the exist-
ing method.

FIG. 1 is a conceptual diagram illustrating a method for
transforming a proper data symbol to an improper data sym-
bol.

In FIG. 1, an OFDMA based transmission structure is
illustrated.

Referring to FIG. 1, a process of transforming a proper data
symbol b[m] to a precoded data symbol vector d”[m] is
illustrated. Herein, i represents a user index and m represents
a block index. One block may mean information unit of data
which the terminal or base station downlink-transmits or
downlink-transmits.

The proper data symbol b®[m] may be expressed as rep-
resented by Equation 1 below.

5[] (Equation 1)

_ b[m)
29[m)] = .

b(»") 0
LM=3 2y Ny

]

Herein, LM represents a block length and N_a cyclic prefix
length.

The proper data symbol b®[m] may include L/2 division
data symbol streams

8im], 61m), 60 ]

LM=Ty= e
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having a length of 2M. The respective division data symbol
streams are expressed as illustrated in Equation 2 below.

() {Equation 2,
[b} [m]]zll‘;ll(z/ww,)u i )

(0]
(b2l sk} em Al

Bl 2| o .
(B2l skt em-nprt

0

The number of 0 fed in the respective division data symbol
stream b,”[m] is N,. A method for determining N, will be
described below in detail.

Spectral weightings R, may be granted in the respective
division data symbol streams (100).

The respective division streams granted with R,
determined as X,©.

X, as 2Mx1 may be defined as illustrated in Equation 3
below.

may be

X ;_i) {Equation 3)
TH

x4

LS
Z

XBy_
eM-nL

X
UL,

(i
Xom-
!ZM#H(

X(i)*
Lok

Where,

ke{l,Z,...,g}.

The reason for defining X, as illustrated in Equation 3 is
that since a signal X' to be generated is a complex number,
only a periodic part and only a symmetric part are correlated
to each other as illustrated in FIG. 2.

FIG. 2 illustrates symmetric components and a periodic
component of an improper complex signal according to an
embodiment of the present invention.

Therefore, when a covariance matrix of X,'¥) is represented
by R, X, may be determined to satisfy Equation 4 below.

R B

@) H B
By’ g

(i)

ko

{Equation 4)
kA =

5
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-continued

ke{1,2,....§}

Where, RO(f)) and RO(f,) are matrices having a size of
MxM and, and may be determined as a 2 dimensional (2D)
power spectral density (PSD) and a 2D complementary PSD,
respectively, and represent spectral correlations at a fre-
quency position fk.

In Equation 4, R, represents a Hermitian matrix having a
size of 2Mx2M. Now, herein, when N, is defined, N, is
described as illustrated in Equation 5 below. N, may represent
the number of 0 fed in the respective division data symbol
streams b,[m].

NAIM-Rank(R,®) <Equation 5>

Now, X,® may be acquired through a calculation of Equa-
tion 6.

. . ; . (Equation 6)
K0 = UPA

U.Y, A, of Equation 6 is a matrix acquired when R, is
subjected to eigenvalue decomposition as illustrated in Equa-
tion 7 below. It is assumed that A, is a diagonal matrix
arranged in a descending order. That is, last N, diagonal
entries is determined as 0.

RO=UDNO09 <Equation 7>

X, may be determined based on Equation 6 and X may
be determined through a relationship of Equation 3.

The generated may be generated by d”[m] which is an
LMx!1 matrix based on inverse discrete Fourier transform
W,/ 120 at the center of an LM point. d®[m1] which is the
LMx1 matrix is added with a CP 140 to be generated as
dCP(i)[m]'

Hereinafter, in the embodiment of the present invention,
when =2, M=2 and

0 [ I 0.512}
Yoosn b

are given, a method for generating an improper signal will be
disclosed. In this case, N,=0 is acquired by Equation 5.

First, X, may be defined as illustrated in Equation 8
below.

X; (Equation 8)
) X,
0] A 4
x'=|
X3
X{

When eigenvalue decomposition of R, is performed
based on Equation 7, U,®, A, may be determined. When
U9, A,? is determined,

1
. 03
U;‘], A,((l)

may be calculated in order to determine X, as illustrated in
Equation 9 below.
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-05 0 0 -0.866 {Equation 9)
1
AP 0 05 0866 0
ko 05 0 0 -0866
0 -05 0866 0 °

When X, is acquired by using Equation 6 based on

10
1
2

ko

UOA
X, may be expressed as illustrated in Equation 10 below.

205 0 0 —08667oV0m (Equation 10)
0 05 086 0
05 0 0 -0866

0 -05 086 0

[

xP =

)

5[]
1]
5'[m] 20
]

Bm
Xy
X
X3
Xy

b= 25

may be determined with 0

xP =
35

acquired as above.

FIG. 3 is a conceptual diagram illustrating a generated 49
improper signal according to the embodiment of the present
invention.

Referring to FIG. 3, in the case of the spectral correlation of
the signal generated through the aforementioned method, an
improper complex signal having only the symmetric correla-
tion may be generated.

Hereinafter, in the embodiment of the present invention, a
method for generating an improper complex signal based on
CPDMA will be disclosed.

FIG. 4 is a conceptual diagram illustrating a method for
generating an improper signal based on CPDMA presented
by the present invention.

Referring to FIG. 4, a method for generating d,%[m]
which is an improper signal based on b®[m] which is a proper
signal is illustrated.

Each of DFT W, 400 at the center of an L point of b®[m]
which is the proper signal may be performed. A result of
performing the DFT 400 and a result of performing complex
conjugation of the result is repeatedly performed andis grated ¢
with a spectral weighting F, )W, F,"W,, 420 to generate
the LMx1 matrix. The result of performing the complex con-
Jjugation may be additionally subjected to flip A, ,,430.

Two results are added to generate X. The generated X%
may be expressed as illustrated in Equation 11.

45

50

55

65

XO=F, D0, W, 6D sy W, W 5 <Equation 11>

In Equation 11,
B[m] L d$tm]
(0 (i)
w2 | A | g sl opga | A
b [m] I i m]

The determined X may be generated as d”'[m] by apply-
ing IDFT W, ,,” 440 at the center of the LM point. d,”[m]
may be generated by adding a cyclic shift 460 to d®[m]

FIG. 5 is a conceptual diagram illustrating a correlation of
the improper signal according to the embodiment of the
present invention.

In FIG. 5, the correlation of the improper signal generated
based on the CPDMA is illustrated like FIG. 4.

Referring to FIG. 5, in the case of the improper signal, a
signal that performs the complex conjugate with a periodic
correlation every L subcarrier may also have the correlation.
The signal generated by such a method may be subjected to
rank-2 signal transmission in terms of a real number.

FIG. 6 is a conceptual diagram illustrating a method for
generating an improper signal based on CPDMA according to
an embodiment of the present invention.

In FIG. 6, a method that generates d,.,’[m] which is the
improper signal based on b®[m)] of the real number is illus-
trated.

b®[m] which is a proper signal may perform DFT W, 600
at the center of the L-point. A result of performing the DFT
W, 600 at the center of the L-point with respect 1o b®[m]
which is the proper signal and repetition and spectral weight-
ing FUW, 620 is granted to the result to generate X® which
is the LMx1 matrix.

The generated X may be expressed as illustrated in Equa-
tion 11.

x® = FOg 50 (Equation 12)

Y
Ay

W A
m=

The determined X® may be generated as W, ,,~ by apply-
ing IDFT d”[m] 640 at the center of the LM point. d .,
may be generated by adding a cyclic shift 660 to d“[m].

FIG. 7 is a conceptual diagram illustrating the correlation
of the improper signal according to the embodiment of the
present invention.

In FIG. 7, the correlation of the improper signal generated
based on the CPDMA is illustrated like FIG. 5.

Referring to FIG. 7, a periodic correlation is generated
every L subcarrier and the correlation is generated even in a
symmetric part. The signal generated by such a method may
be subjected to rank-1 signal transmission in terms of the real
number.

Various other methods may be used to generate the
improper signal as well as such a method.

FIG. 8 is a conceptual diagram illustrating a method for
transforming a signal according to an embodiment of the
present invention.

Referring to FIG. 8, the method for transforming a signal
according to the embodiment of the present invention may
perform transformation by using improperness of a signal to
be generated.
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R, and R, may represent an autocorrelation matrix and a
complementary autocorrelation matrix of a random vector X,
respectively. R, may be decomposed as illustrated in Equa-
tion 13 below by a Takagi decomposition.

R=R/PFEFRP? <Equation 13>

In Equation 13, F represents a unitary matrix and K repre-
sents a diagonal matrix in which a diagonal component has a
value between 0 and 1. Herein, k, may represent a first diago-
nal component of K and N, may represent an improper con-
stant defined as the number in which k, is 1.

When such a definition is used, an autocorrelation matrix
of [X*, X*|” may be acquired as illustrated in Equation 14
below.

(Equation 14)

X x 1
RX:E * *
x|l x
Rx Ry
Ry ry
RFFIRYE  RFKFRY
RYY P kPR RYY PR
H
B ov | Foox [1N K[ F ON}
oy R low Pk lloy P
M oy |
oy RY
112
RY™ Onv || F Oy T Iy+K Oy
Tloy B |loy TV oy -k
T F ooy |[RY on
Moy F on RV

An autocorrelation matrix of [d%,d”[" is I, with respect to
a random vector d having properness. Therefore, when

1
o2 RV Ox [F 0y Uy+K2 Oy
12

Oy F*

}(ZTN)H

is multiplied by [d%,d“T", [X",X”]" having R , as the comple-
mentary autocorrelation matrix may be acquired.

Ty

L/2* 1
Oy Ry Oy  Uy-K)2

Now, in order to decrease the length of the random vector
d having required properness, the same [X%,X”|* may be
acquired by using the case in which K is 1. k; In the case in
which k, is 1, aposition in which the diagonal component is 0
is present in 1,~K)"%, and as a result, the same result may be
acquired in spite of removing the component of the random
vector d having properness, which is present at a position
corresponding thereto.

When acquiring the same result is described by the equa-
tion, the random vector with the improperness, which has R
and R, as the autocorrelation matrix and the comnplementary
autocorrelation matrix, respectively may be acquired from
the random vector d as illustrated in Equation 15 below, by
using the decomposition in Equation 13.
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{ X }_ R oy { F Oy (Equation 15)
x* On Rg(/zx« Oy P
L
4 (v +K)2 Oy Ix On d
2Tn) o P Ty p
oy Uy-k1 |7V

As illustrated in Equation 15, when the random vector X
and the complex conjugate thereof are acquired like a left
side, only the random vector X may be extracted and used. In
Equation 15, an NxN matrix T is a matrix defined in Equation
16 below.

Iv Iy (Equation 16)

—jlv jly

e

1
2

Theautocorrelation matrix of the complex random vector d
is a unit matrix and the complementary autocorrelation
matrix is 0. In Equation 15, a matrix P may be a unit matrix
having a size of N and the length of the complex random
vector d becomes N. Alternatively, the matrix P may be
defined as a matrix in which a 1-th column is deleted with
respect to 1 in which k; corresponds to 1 in the unit matrix
having the size of N, and in this case, the size of P becomes
N-by-(N-N,) and the length of the complex random vector d
becomes

N,
1 8 __k
N-[N 0]

and means a minimum integer number which is not smaller
than

N-—.

Herein, when N, is an odd number, a column in which all
components are O at predetermined positions is inserted into
P to be newly defined and calculated to achieve matrix mul-
tiplication. For example, in the case of N, =5, the length of the
complex random vector becomes N'=N-2 and the length of
[d°,d7T° becomes 2N'=2N-4. Therefore, since the matrix
multiplication cannot be achieved in Equation 15, the column
in which all components are 0 at predetermined positions is
inserted into P in order to adjust an intermatrix size is inserted
into P to be made into N-by-(N-4).

In the case of the transformation in Equation 13, the ran-
dom vector X becomes the complex random vector having
improperness and have R, and R as the autocorrelation
matrix and the complementary autocorrelation matrix,
respectively.

FIG. 9 is a conceptual diagram illustrating a method for
transforming a signal according to an embodiment of the
present invention.

In FIG. 9, a method that acquires the random vector d
having the properness from the random vector X transformed
by using the improperness of the signal is disclosed contrary
thereto.

Inverse transformation of Equation 15 may be acquired as
illustrated in Equation 17 below.
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Herein, a matrix
1
(Uy-K)2
may be defined as a pseudo inverse matrix of a matrix
1
(In-K)1Z.
That is, the matrix
1
(In-K)1

may be a matrix in which components other than the diagonal
component which has 0 has a reciprocal number and the
component having 0 just has 0.

Hereinafter, in the embodiment of the present invention, a
detailed example of the transformation method described in
FIGS. 7 and 8 will be described.

It is assumed that the autocorrelation matrix and the
complementary autocorrelation matrix of the random vector
X to be calculated are given as

respectively. In this case, when the Takagi decomposition of
Equation 13 is applied,
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and F=I,, and as a result, k,=1,k,=0.4. Accordingly, since
there is one case of k=1, N'=2,N,=1. In addition,

is determined. In this case, Equation 15 may be written as
below.

(Equation 15)

Oy T Iv+K Oy Iy Op d
(ZTN) N
F Oy Iy+K||Oy P d*
L
y (L+K)?2 0 L, O d
}(ZTZ) ! [0 P }T”'[d*}
0 (h-Kz |7
Now, when the equation is used by generating the proper
random vector d that satisfies d=CN(O,,1,) the improper ran-
dom vector X which we desire is acquired. Forexample, in the
25 case where the generated d is
0.3+ 0.5
=] ol
~0.2+j09
30
when X is acquired by using the equation,
35 ‘. 04243
-0.2366 + j0.6971
is acquired. The random vector X acquired as above has
40

re=|! Ol=s
N
and

o [0

o 04

as the autocorrelation matrix and the complementary auto-
correlation matrix, respectively.

FIG. 10 is a block diagram illustrating a wireless commu-
nication system according to an embodiment of the present
invention.

Referring to FIG. 10, a base station 1000 includes a pro-
cessor 1010, a memory 1020, and a radio frequency (RF) unit
1030. The memory 1020 is connected with the processor
1010 to store various pieces of information for driving the
processor 1010. The RF unit 1020 is connected with the
processor 1010 to transmit and/or receive the radio signal.
The processor 1010 implements a function, a process, and/or
amethod which are proposed. In the aforementioned embodi-
ment, the operation of the base station may be implemented
by the processor 1010.

Similarly, a UE 1050 includes a processor 1060, a memory
1070, and an RF unit 1080. The memory 1070 is connected
with the processor 1060 to store various pieces of information
for driving the processor 1060. The RF unit 1080 is connected
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with the processor 1060 to transmit and/or receive the radio
signal. The processor 1060 implements a function, a process,
and/or a method which are proposed. In the aforementioned
embodiment, the operation of the terminal may be imple-
mented by the processor 960.

For example, the processors 1010 and 1060 may perform
the interference alignment based on an improper signal in a
cellular network. The processors 1010 and 1060 may divide a
plurality of proper data symbols to a plurality of data streams
and grant individual spectral weightings to a plurality of
respective data streams. The processors 1010 and 1060 may
be implemented to combine the plurality of data streams
granted with the individual spectral weightings into one final
data stream, perform inverse Fourier transform (IDFT) of the
final data stream, and add a cyclic prefix (CP) to the plurality
of data streams which are subjected to the IDFT. The plurality
of data streams granted with the individual spectral weight-
ings may include the improper data symbol.

The processor may include an application-specific inte-
grated circuit (ASIC), another chip set, a logic circuit and/or
a data processing apparatus. The memory may include a
read-only memory (ROM), a random access memory (RAM),
a flash memory, a memory card, a storage medium, and/or
another storage device. The RF unit may include a baseband
circuit for processing the radio signal. When the embodiment
is implemented by software, the aforementioned technique
may be implemented by a module (a process, a function, and
the like) that performs the aforementioned function. The
module may be stored in the memory and executed by the
processor. The memory may be present inside or outside the
processor and may be connected with the processor through
various well-known means.

In the aforementioned exemplary system, methods have
been described based on flowcharts as a series of steps or
blocks, but the methods are not limited to the order of the
steps of the present invention and any step may occur in a step
or an order different from or simultaneously as the aforemen-
tioned step or order. Further, it can be appreciated by those
skilled in the art that steps shown in the flowcharts are not
exclusive and other steps may be included or one or more
steps do not influence the scope of the present invention and
may be deleted.

What is claimed is:
1. A method for transforming a data symbol, the method
comprising:

dividing a plurality of proper data symbols into a plurality
of data streams;

granting individual spectral weightings to the plurality of
respective data streams;

combining the plurality of data streams granted with the
individual spectral weightings into one final data stream;

performing inverse discrete Fourier transform (IDFT) of
the final data stream; and

adding a cyclic prefix (CP) to the plurality of data streams
that is subjected to the IDFT,

wherein each of the plurality of data streams granted with
the individual spectral weightings include an improper
data symbol.

2. The method of claim 1, wherein:

the plurality of data streams is determined as

1
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U7.A, is acquired when R, is subjected to eigenvalue

decomposition by R,V=U,“A @U@,
U, is a unitary matrix,
A, is a diagonal matrix arranged in a descending order,
b,”[m] represents each of the plurality of data streams, and
R,? represents a covariance matrix of X,
3. The method of claim 2, wherein:

N, represents the number of 0 fed in the plurality of respec-
tive data streams,

N, is determined by N,& 2M-Rank(R,®), and

2M represents the length of each of the plurality of data
streams.

4. The method of claim 2, wherein:

X, @ is determined to satisfy

o Ry B
E{X,:‘)kaH}= oow _ ,((n’
R R-f)
L
L 2 _
AE{Lﬂ._,z}

5. A terminal for transforming a data symbol, comprising:

a radio frequency (RF) unit implemented to transmit or
receive a radio signal; and

a processor selectively connected to the RF unit,
wherein the processor is implemented to

divide a plurality of proper data symbols into a plurality of
data streams;

grant individual spectral weightings to the plurality of
respective data streams;

combine the plurality of data streams granted with the
individual spectral weightings into one final data stream;

perform inverse discrete Fourier transform (IDFT) of the
final data stream; and

add a cyclic prefix (CP) to the plurality of data streams that
is subjected to the IDFT, and

each of the plurality of data streams granted with the indi-
vidual spectral weightings include an improper data
symbol.

6. The terminal of claim 5, wherein:
the plurality of data streams is determined as

1
X = U0 A" b,

U”.A, % is acquired when R, is subjected to eigenvalue
decomposition by R, P=U,®A U, @

U, % is a unitary matrix,

A is a diagonal matrix arranged in a descending order,

b,[m] represents each of the plurality of data streams, and

R,® represents a covariance matrix of X,

7. The terminal of claim 6, wherein:

N, represents the number of 0 fed in the plurality of respec-
tive data streams,

N, is determined by N, 4 2M-Rank(R, ), and

2M represents the length of each of the plurality of data
streams.

8. The terminal of claim 6, wherein:

X, @ is determined to satisfy
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