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PRE-CODING METHOD FOR PROVIDING DIVERSITY GAIN IN
ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING SYSTEM
AND TRANSMISSION APPARATUS AND METHOD
USING THE PRE-CODING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention generally relates to an apparatus and method for

improving diversity gain in a wireless communication system, and in particular,
to a pre-coding method for improving diversity gain in a mobile communication
system based on Orthogonal Frequency Division Multiplexing (OFDM) and a
transmission apparatus and method using the pre-coding method.

2. Description of the Related Art
Generally, the term “wireless communication system” refers to a system

that has been developed for communication between terminals where a fixed
wire network is not used for connecting to a terminal. The wireless
communication system can typically be a mobile communication system, a
wireless local area network (WLAN), a Wireless broadband (Wibro) system, and
a mobile Ad Hoc system.

Unlike general wireless communication, mobile communication
assumes a user’s mobility. One purpose of mobile communication is to allow
users to exchange information media using cellular phones and wireless pagers
anywhere, anytime, and anyplace.

A typical mobile communication system is a cellular system. The term
“cellular system” refers to a system in which a service area is divided into
several cells and each of the cells has installed therein a single wireless base
station (cellular base station) operating at a different frequency than the
frequency assigned to its adjacent cell, thereby allowing the reuse of frequency.
A service area covered by the single wireless base station is referred to as a cell.
As such, the system operates per unit cell and thus is called a cellular system.
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With the rapid development of communication technology, current
mobile communication systems have evolved from the initial stage of providing
only a voice service to the stage of providing a data service to users moving at
high speeds. Rapidly developing wireless communication techniques in various
forms have been widely used in our daily lives. After Code Division
Multiplexing Access (CDMA) communication technology, known as second-
generation communication technology, current communication technology
enables high-speed transmission of data information as well as voice information
using third-generation wireless communication technology called International
Mobile Telecommunications (IMT)-2000. In addition, Wibro or a next-
generation wireless communication system that transmits higher-speed data aims
at efficiently providing a high-speed packet data service. Such development of
communication technology has been made in order to provide higher-quality
services to users and to provide techniques for efficient system operation to
operators. A representative one of the communication technology is an OFDM
system that performs communication using multi-carriers.

The OFDM system divides a broadband channel into several narrow
band channels, allocates frequencies that are orthogonal to each other to the
channels, and transmits different data simultaneously on the orthogonal
frequencies, thus being suitable for high-speed data transmission. The OFDM
system can increase the number of symbol intervals for each sub-carrier to as
many as the number of sub-carriers, thereby effectively reducing Inter Symbol
Interference (ISI) caused by a frequency selective fading channel, and thereby
simplifying the structure of a receiver.

Although the OFDM system can reduce ISI and fading resulting from
multiple paths, gain from a diversity effect cannot be expected. Therefore, the
OFDM system also needs a technique for improving diversity gain.

SUMMARY OF THE INVENTION
An aspect of the present invention is to address at least the above

problems and/or disadvantages and to provide at least the advantages described
below. Accordingly, an aspect of the present invention is to provide a pre-coding
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method for improving diversity gain in an Orthogonal Frequency Division
Multiplexing (OFDM) system.

Another aspect of the present invention is to provide a transmission
apparatus and method using a pre-coding method for improving diversity gain in
an OFDM system.

According to one aspect of the present invention, there is provided a
transmission apparatus which provides diversity gain in an Orthogonal
Frequency Division Multiplexing (OFDM) system. The transmission apparatus
includes a Serial-to-Parallel (S/P) converter for converting an input transmission
signal into parallel signals, a pre-coder for pre-coding the parallel signals with a
predetermined frequency offset, an Inverse Discrete Fourier Transform (IDFT)
unit for performing IDFT on the pre-coded signals, and a Radio Frequency (RF)
unit for up-converting the IDFT signals and outputting the up-converted signals
to a wireless network.

According to another aspect of the present invention, there is provided a
transmission method which provides diversity gain in an OFDM system. The
transmission method includes converting an input transmission signal into
parallel signals, pre-coding the parallel signals with a predetermined frequency
offset, performing IDFT on the pre-coded signals, and up-converting the IDFT
signals and outputting the up-converted signals to a wireless network.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of an exemplary
embodiment of the present invention will be more apparent from the following
detailed description taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a block diagram of a transmitter using a pre-coding method in
an Orthogonal Frequency Division Multiplexing (OFDM) system according to
an exemplary embodiment of the present invention;
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FIG 2 is a block diagram of a receiver including an equalizer in an
OFDM system according to an exemplary embodiment of the present invention;
and

FIG. 3 is a flowchart showing the operation of a transmitter in an OFDM
system according to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT

The matters defined in the description such as a detailed construction
and elements are provided to assist in a comprehensive understanding of an
exemplary embodiment of the invention. Accordingly, those of ordinary skill in
the art will recognize that various changes and modifications of the embodiment
described herein can be made without departing from the scope and spirit of the
invention. Also, descriptions of well-known functions and constructions are
omitted for clarity and conciseness. Throughout the drawings, the same
drawing reference numerals will be understood to refer to the same elements,
features and structures.

FIG. 1 is a block diagram of a transmitter 100 using a pre-coding method
in an Orthogonal Frequency Division Multiplexing (OFDM) system according to
an exemplary embodiment of the present invention.

Referring to FIG. 1, the transmitter 100 includes a Serial-to-Parallel
(S/P) converter 110 for converting an input bit stream into a plurality of parallel
bit streams, a pre-coder 120 for pre-coding the parallel bit streams output from
the S/P converter 110 and outputting the pre-coded bit streams as parallel
transmission symbols, an Inverse Discrete Fourier Transform (IDFT) unit 130
for performing IDFT on each of the parallel transmission symbols output from
the pre-coder 120, a Cyclic Prefix Inserter (CPI) 140 for inserting a Cyclic
Prefix (CP) for a guard interval, and a Radio Frequency (RF) unit 150 for up-
converting a signal output from the CPI 140 and outputting the up-converted
signal via a corresponding antenna ANT.

The present invention provides a technique for improving the diversity
gain of a transmission signal by applying a frequency offset to the pre-coder 120
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that provides diversity gain. The pre-coder 120 can be implemented by a pre-
coding matrix to be described later.

The pre-coder 120 is used to provide diversity gain in an OFDM system
or a multiple transmit antenna system. For example, the pre-coder 120 in an
M=xM unitary matrix with special properties converts symbol vectors that are sets
of symbols through a pre-coding matrix to transmit each of the symbols through
M different channels. If all the M channels do not undergo serious fading, the
symbols can be reconstructed stably at a receiver.

The pre-coder 120 provides a diversity gain of about M in non-
correlated channels. Generally, research on pre-coders has focused on algebraic
number theory. However, a conventional pre-coding method using algebraic
number theory cannot be implemented when the pre-coding matrix has a large
size M or is not a unitary matrix. On the other hand, a matrix of a direct Discrete
Fourier Transform (DFT) type or a Hadamard type does not guarantee full
diversity gain, though easily implementing the pre-coder 120. Thus, the present
invention provides a pre-coding matrix of the pre-coder 120, which can reduce
transmission energy at a transmission side and uses a unitary matrix. Because it
is based on DFT, the pre-coding matrix of the present invention can be used as a
fast algorithm even when M is large.

Hereinafter, the pre-coder 120 of the present invention will be described
in detail. The present invention provides the pre-coder 120 for Quadrature
Amplitude Modulation (QAM) signal constellation based on DFT, which applies
a frequency offset during pre-coding. To improve the diversity gain of a
transmission signal based on a frequency offset, any row of a pre-coding matrix
should not be spanned by a differential signal of the QAM constellation and the
pre-coder 120 satisfies such a condition.

To generate the pre-coding matrix, parameters are required as follows:

Table 1

Parameter Description
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S Set of symbol vectors having size M, Elements of
these symbols vectors are comprised of used symbol
constellation.

E Set of error vectors having size M, Elements of these

error vectors indicate difference vectors between
elements of S.

m Size of parameter S.

P Set of output vectors having size M, generated from E
by pre-coder.

F Pre-coding transformation.

e Elements of E.

In Table 1, “S” indicates a set of symbol vectors having a size of M and
elements of these symbol vectors are comprised of the symbol constellation. “E”
indicates a set of error vectors having a size of M and elements of these error
vectors indicate difference vectors indicating differential signals between the
elements of S. If S has a size of m, the size of E is equal to the number of
selections of two from m. “P” indicates a set of output vectors having a size of
M, generated from E by the pre-coder 120.

The pre-coder 120 using an MxM pre-coding matrix is used to spread
error symbols of E into M carriers and thus the output vectors of P do not have
“0” at any one of M symbol positions.

When “F” is pre-coding transformation as in Table 1, the above
description is equivalent to the design standard of the pre-coder 120 in which
any element e of E is a linear combination of M basis vectors of F. If e is a linear
combination of fewer vectors than the M basis vectors, a pre-coding transformed
vector has non-zero positions corresponding to the number of basis vectors used
in the linear combination. If a basis vector of F is not spanned by the
constellation for elements of e, the above-described standard is met.

On the assumption that basis vectors of a DFT kernel are generated by
points of 2knn/M (n and k=0, 1, 2, ..., M-1), these points can be spanned by
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error signal constellation between Binary Phase Shift Keying (BPSK) signal
points and signal points of Quadrature Phase Shift Keying (QPSK) can be
spanned by kxn (k=0, 1, 2, 3). The signal points spanned by QPSK are generated
in DFT in which M is a power greater than 2.

In the present invention, the pre-coder 120 has a frequency offset for
preventing the basis vectors e from being spanned for sets of BPSK and QPSK

signals through constellation analysis of a QAM signal.

To this end, signal points of the basis vectors are expressed as Equation

(1):
(21{—!—1)1'175/M .................................... (1),
wheren=0, 1,...,M-Dandk=1,2,...,M.
For M = 2, the signal points of the basis vectors can also be expressed as
Equation (2):

knm/4
wheren=0, landk=1, 5.

In the present invention, matrices of the pre-coder 120 are expressed as
Equation (3) for M = 2, and matrices of the pre-coder 120 are expressed as
Equation (4) for M > 2 (i.e.,, M >=3).

Lol e 3)
—_— N2 [ T R R I rnmmmmmhnx
~JT il t -
N2le '
1 1 : 1 )
_ji _j3_7r __j(ZM—l)fr
1 e M e M e M
— k M > 3 ........... (4)
N M : : :
MDDz 3(M-Dx _M-1)M-D)z
e M e M e e M |

FIG. 2 is a block diagram of a receiver 200 including an equalizer in an
OFDM system according to an exemplary embodiment of the present invention.
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Referring to FIG. 2, the receiver 200 includes an RF unit 210 for down-
converting signals received via a plurality of receive antennas corresponding to
the transmit antennas of FIG. 1, a CP Remover (CPR) 220 for removing a CP
from a signal output from the RF unit 210, a DFT unit 230 for performing DFT
on a CP-removed signal, an equalizer 240 for removing distortion caused by pre-
coding from the DFT signal, and a Parallel-to-Serial (P/S) converter 250.
Although not shown in FIG. 2, the receiver 200 may further include maximum
likelihood, variance of a sphere detector, Minimum Mean Square Error (MMSE),
zero-forcing, and a continuous interference filter.

The pre-coded vector is a diagonal element of a spatial-temporal
transmission matrix at multiple transmit antennas and in this case, the number of
antennas has to be smaller than M.

FIG. 3 is a flowchart of the operation of the transmitter 100 according to
an exemplary embodiment of the present invention. Referring to FIG. 3, if a
signal is input in step 300, the S/P converter 110 converts the input signal into
parallel signals in step 302. The pre-coder 120 pre-codes the parallel signals with
a frequency offset in step 304. The pre-coding in step 304 is performed using
Equation (3) or Equation (4) according to the size M of the pre-coder 120. In
step 306, the IDFT unit 130 performs IDFT on the pre-coded signals. The CPI
140 inserts a CP into the IDFT signal in step 308, and the RF unit 150 up-
converts the CP-inserted signal and transmits the up-converted signal to a
wireless network via an antenna ANT in step 310.

As described above, by performing pre-coding on a transmission signal
with a frequency offset in an OFDM system, diversity gain can be improved.

While the invention has been shown and described with reference to an
exemplary embodiment thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein without departing
from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A transmission apparatus which provides diversity gain in an
Orthogonal Frequency Division Multiplexing (OFDM) system, the transmission
apparatus comprising:

a Serial-to-Parallel (S/P) converter for converting an input transmission
signal into parallel signals;

a pre-coder for pre-coding the parallel signals with a predetermined
frequency offset;

an Inverse Discrete Fourier Transform (IDFT) unit for performing IDFT
on the pre-coded signals; and

a Radio Frequency (RF) unit for up-converting the IDFT signals and
outputting the up-converted signals to a wireless network.

2. The transmission apparatus of claim 1, wherein the frequency
offset is set in order not to span basis vectors of a kernel of the IDFT unit.

3. The transmission apparatus of claim 2, wherein a signal point on
a constellation of the basis vectors is expressed according to the frequency offset
as:

(2k+1Dn/M ,

wheren=20, 1, ..., M-1), k=1, 2, ..., M, and M indicates the size of
the pre-coder.

4. The transmission apparatus of claim 3, wherein for M = 2, a
signal point on a constellation of the basis vectors is expressed as:

knn/4 >

wheren=0,1andk=1, 5.

5. The transmission apparatus of claim 1, wherein for M = 2,
matrices of the pre-coder are expressed as:

111 1
= -5 —js—” M =2

e * e 4
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6. The transmission apparatus of claim 1, wherein for M >= 3,
matrices of the pre-coder are expressed as:

1 1 1
. _ 3= _(2M-Dx
1 e jM e JM . e M
— , M =3
~N M : : :
M-z _ 3(M=Dx _OM-I)YM-Dx
e M e Y e J M |

7. The transmission apparatus of claim 1, wherein the transmission

signal is a Quadrature Amplitude Modulation (QAM) signal.

8. A transmission method which provides diversity gain in an
Orthogonal Frequency Division Multiplexing (OFDM) system, the transmission
method comprising:

converting an input transmission signal into parallel signals;

pre-coding the parallel signals with a predetermined frequency offset;

performing Inverse Discrete Fourier Transform (IDFT) on the pre-coded
signals; and

up-converting the IDFT signals and outputting the up-converted signals
to a wireless network.

0. The transmission method of claim 8, wherein the frequency
offset is set in order not to span basis vectors of a kernel for the IDFT.

10. The transmission method of claim 9, wherein a signal point on a
constellation of the basis vectors is expressed according to the frequency offset
as:

(2k+1n/M ,

wheren=0, 1, ..., M-1), k=1, 2, ..., M, and M indicates the size of a
pre-coder for performing the pre-coding. |

11. The transmission method of claim 10, wherein for M = 2, a
signal point on a constellation of the basis vectors is expressed as:

kn7t/4 ,

wheren=0, landk=1, 5.
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12. The transmission method of claim 8, wherein for M = 2
matrices of a pre-coder for performing the pre-coding are expressed as:

1| 1 15
N0 sy

2

5 13.  The transmission method of claim 8, wherein for M >= 3,
matrices of a pre-coder for performing the pre-coding are expressed as follows:

1 1 1
_E _ 3T _ @Mz
1 e j]\/[ e j]v[ e / M
_\/7 . . . . :M = 3
_MDx M-l T eMayM-Dr
e M e M e / M
14. The transmission method of claim 8, wherein the transmission

10 signal is a Quadrature Amplitude Modulation (QAM) signal.
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