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Description

APPARATUS AND METHOD FOR ACQUARING FRAME SYN-

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

CHRONIZATION
Technical Field

The present invention relates to technology for acquiring frame synchronization in an
orthogonal frequency division multiplexing (OFDM)-based system.
Background Art

An orthogonal frequency division multiplexing (OFDM)-based system uses a
training symbol that a transmitter and a receiver know to indicate the start of a frame.
The receiver must find the training symbol, which indicates the start of the frame, so
that the transmitter and the receiver can perform normal communication. The present
invention relates to technology for acquiring frame synchronization in an OFDM-based
system.

FIG. 1 is a block diagram illustrating a conventional method of acquiring synchro-
nization. In this case, frame synchronization is acquired using a method of calculating
a correlation value with respect to a received training symbol to find a maximum
position.

When this method is used in a channel state in which multiple paths exist, a
maximum position varies according to powers of the respective paths as shown in FIG.
3. Thus, it is difficult to know an accurate maximum position, and an unstable value
may be obtained.

Meanwhile, a fast Fourier transform (FFT) must be performed with respect to a
signal corresponding to a first path among signals received through several paths to
eliminate inter-symbol interference (ISI). Based on conventional art, it is impossible to
know which correlation value s position corresponds to a signal received through the
first of multiple paths, and thus ISI may occur.

Accordingly, the present invention suggests an accurate and stable method of
acquiring frame synchronization by detecting a maximum position according to each

path and obtaining the position of a signal received through the first path.
Disclosure of Invention
Technical Problem

The present invention is directed to accurately and stably acquiring frame synchro-
nization.
Technical Solution

In an orthogonal frequency division multiplexing (OFDM)-based system, an initial

synchronization process is required to perform communication between a transmitter
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and a receiver. To this end, the receiver must detect a first signal of a frame consisting
of a predetermined training symbol. Conventionally, a correlator is prepared to acquire
synchronization using a time-domain signal before a fast Fourier transform (FFT). To
prevent inter-symbol interference (ISI) in an OFDM-based system, a signal received
through a first path of several paths must be detected. However, when the conventional
method is used in a channel state in which multiple paths exist, it is impossible to dis-
tinguish a signal received through the first path from signals received through other
paths. Thus, the present invention suggests a synchronization acquiring method that
uses a conventional correlation value of a time-domain signal before FFT and detects a
position delayed according to each path to eliminate ISI in a multipath environment.
Also, when only a conventional correlator is used, it is difficult to obtain a precise
maximum position. However, when delayed positions are detected according to paths
using the suggested method, an accurate synchronization position can be obtained, and
thus it is possible to find a stable synchronization position.
Advantageous Effects

The present invention can accurately recognize frame synchronization of a signal
received through a first path in a multipath channel environment in comparison with
conventional art, and thus it is possible to know a start time point of a frame and
prevent inter-symbol interference (ISI), which is fatal to an orthogonal frequency
division multiplexing (OFDM) system.

Also, since received signals can be detected according to paths, a stable value can be

obtained when a synchronization position is determined.

Brief Description of Drawings

FIG. 1 is a block diagram illustrating a conventional method of acquiring frame syn-
chronization.

FIG. 2 is a block diagram illustrating a suggested method of acquiring frame syn-
chronization.

FIG. 3 is a simulation result obtained when only a correlator is used according to a
conventional method.

FIG. 4 is a simulation result obtained when the suggested method is applied to the

conventional method.

Mode for the Invention

The present invention can be modified in various ways and have several example
embodiments. Specific example embodiments of the present invention will be shown
in the drawings and described in detail. However, the present invention is not limited
to the example embodiments disclosed below, but can be implemented in various

types. Therefore, the present example embodiments are provided for complete
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disclosure of the present invention and to fully inform the scope of the present
invention to those ordinarily skilled in the art.

The present invention involves receiving training symbols passed through channels
via an antenna, calculating correlation values between a training symbol in the time
domain and received signals, determining the largest one of the correlation values as a
position at which the training symbol is located, informing the position to a synchro-
nization tracker, removing a protection section according to the position, and then
performing a fast Fourier transform (FFT) to analyze the signal in the frequency
domain.

In an orthogonal frequency division multiplexing (OFDM)-based system, a first
symbol of a frame is a training symbol that a transmitter and a receiver know. The

transmitter performs an inverse FFT (IFFT) on a frequency-domain value
P(k)

of the training symbol and then transmits the IFFT-processed value via an antenna.

N—-1

2m

p() = ) PUe/ V"
k=0

(1)
A training symbol

pn)

in the time domain transmitted after the IFFT-processed value is delayed as shown in

Equation (2) and received by the receiver.

N-1 : N-1 2 2

Tl LLTT .10
p(n-1) = Z P(k)e! Wk = 2 P(k)e/ W™ W
k=0 k=0

(2)
To find this signal, the receiver calculates a correlation value with respect to the
training symbol in the time domain and finds a maximum position.
Based on the found maximum position, a protection section is eliminated from the
received signal, and an FFT is performed on the signal.
N—-1 rN-1

2 2 2
P'(k) = Z z P(k)ejWnnke_JWnrk e—]_IVTETk

n=0 Lk=0

3)
Equation (3) is expanded into Equation (4) below.
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[26] Equation (4) is a result obtained after the FFT, in which the training symbol

[27]

[28]
[29]
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[33]

P(k)

is multiplied by a phase rotation term

generated by delay.

To calculate only the phase term

2T
e -] 'ﬁfk
generated by delay, the training symbol term is eliminated by multiplying Equation
(4) by the training symbol in the frequency domain.
(Here, the frequency-domain value of the training symbol is assumed to be 1 or -1.)
When an IFFT is performed on a value obtained by multiplying Equation (4) by the

training symbol in the frequency domain, Equation (5) is obtained.

N-1 ) ) N-1
2T 2T 2T
t(n) = z o STk LIk _ z o0k
k=0 k=0
)
Here, only when
n=t

, does the result become N. In other words, as shown in FIG. 4, the result becomes N
at a delayed position and becomes 0 with respect to other values of n. Thus, it is
possible to know the accurate delayed position. Equation (5) is a result obtained in a
single path, and Equation (6) is an IFFT result obtained when multiple paths exist.

N-1

.2 .2 .2
tM(n) = Z (ejﬁn(n—rl)k + e]—NE(n—TZ)k 4 o e]TVTE(n—IM)k)
k=0
(6)
When multiple paths exist, the results sequentially become N at the same position. In
this case, using a position corresponding to a first-detected value for frame synchro-

nization, it is possible to find an accurate synchronization position at which ISI can be
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[34] FIG. 2 is a block diagram illustrating a suggested method of acquiring frame syn-
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chronization. A suggested apparatus for acquiring orthogonal frequency division
multiple access (OFDMA) downlink frame synchronization includes

- a time-domain training symbol table storing a time-domain value of a training
symbol used in common by a transmitter and a receiver,

- a correlator for calculating correlation values between received training symbols in
the time domain and a training symbol that the receiver already knows,

- a maximum detector for determining the largest one of the correlation values output
from the correlator and finding the position of the largest correlation value,

- a protection section eliminator eliminating the protection section of a received
signal,

- an FFT processor for analyzing the frequency domain of the received signal,

- a training symbol eliminator for removing a training symbol term from the output
of the FFT processor including a phase rotation term generated by delay and the
training symbol term,

- a frequency-domain training symbol table storing a frequency-domain value of a
training symbol used in common by the transmitter and the receiver,

- an IFFT processor for finding a delayed position based on the phase rotation term
generated by delay,

- a synchronization position determiner for finding the first path among multiple
paths, and

- a switch selecting one of synchronization positions output from an initial synchro-
nization acquirer and a synchronization tracker. The apparatus according to an example
embodiment of the present invention operates as described below.

In an OFDM-based system, a transmitter transmits a training symbol that a receiver
also knows at the beginning of a frame to inform the start of the frame to the receiver.
The receiver receives the training symbol passed through a channel via an antenna, and
the received signal undergoes down conversion, demodulation, and analog/digital
(A/D) conversion and becomes a baseband signal.

As illustrated in FIG. 2, a synchronization process may be divided by an initial syn-
chronization acquirer and a synchronization tracker. The initial synchronization
acquirer calculates correlation values between a training symbol in the time domain
that the receiver knows and received signals. The initial synchronization acquirer de-
termines the largest one of the correlation values as a position at which the training
symbol is located, and informs the position to the synchronization tracker.

The synchronization tracker eliminates a protection section with respect to the

position informed by the initial synchronization acquirer and then performs an FFT to
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analyze the signals in the frequency domain.
A signal output after the FFT consists of a training symbol term and a term generated

by delay. Due to the training symbol eliminator, only the term generated by delay can
be obtained from the signal. The training symbol eliminator multiplies the input signal
by the training symbol in the frequency domain that the receiver already knows and
makes a sign, thereby removing the training symbol term. An IFFT is performed on the
signal that has only the phase rotation term generated by delay due to the training
symbol eliminator so that a delayed position can be detected. Here, when multiple
paths exist, the degree of delay can be detected according to the paths, and thus the
synchronization position determiner can obtain the position of the first path.

In an initial synchronization process, a synchronization signal of the initial synchro-
nization acquirer is used, and then when a precise position is output from the synchro-
nization tracker, a synchronization signal of the synchronization tracker is used.
Industrial Applicability

The present invention can be used to acquire accurate and stable frame synchro-
nization in an OFDM-based system.

While the invention has been shown and described with reference to certain example
embodiments 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 as defined by the appended claims.
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Claims

An apparatus for acquiring frame synchronization, comprising:

a time-domain training symbol table configured to store a time-domain value of a
training symbol used in common by a transmitter and a receiver;

a correlator configured to calculate correlation values between received training
symbols in a time domain and a training symbol that the receiver already knows;
a maximum detector configured to determine the largest one of the correlation
values output from the correlator and find a position of the largest correlation
value;

a protection section eliminator configured to eliminate a protection section of a
received signal;

a fast Fourier transform (FFT) processor configured to analyze a frequency
domain of the received signal;

a training symbol eliminator configured to eliminate a training symbol term from
an output of the FFT processor including a phase rotation term generated by
delay and the training symbol term;

a frequency-domain training symbol table configured to store a frequency-
domain value of the training symbol used in common by the transmitter and the
receiver;

an inverse FFT (IFFT) processor configured to find a delayed position based on
the phase rotation term generated by delay;

a synchronization position determiner configured to find a first path among
multiple paths; and

a switch configured to select one of synchronization positions output from an
initial synchronization acquirer and a synchronization tracker.

A method of acquiring frame synchronization, comprising:

receiving training symbols passed through channels via an antenna;

calculating correlation values between a training symbol in a time domain and
received signals;

determining the largest one of the correlation values as a position at which the
training symbol is located and informing the position to a synchronization
tracker; and

eliminating a protection section according to the position, and performing a fast

Fourier transform (FFT) to analyze the signals in a frequency domain.
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