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(57) ABSTRACT

A preamble acquisition apparatus includes a first PN code
generation unit for generating a first PN code having a bit
string, a first correlation calculation unit for correlating a
received frequency domain preamble signal with the first PN
code within a first correlation range to generate a first corre-
lation value, a first correlation value comparison unit for
comparing the first correlation value with a first threshold
value, a second PN code generation unit for generating a
second PN code, a second correlation calculation unit for
correlating the received frequency domain preamble signal
with the second PN code within a second correlation range to
generate a second correlation value, and a preamble acquisi-
tion determination unit for comparing the second correlation
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APPARATUS AND METHOD FOR
ACQUIRING A PREAMBLE IN AN
ORTHOGONAL FREQUENCY DIVISION
MULTIPLE ACCESS MOBILE TERMINAL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/694,243, filed on Mar. 30, 2007, and
claims the benefit of and priority from Korean Patent Appli-
cation No. 10-2006-0037986, filed Apr. 27, 2006 which are
both hereby incorporated by reference for all purpose as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an apparatus and
method for acquiring a preamble in an orthogonal frequency
division multiple access (OFDMA) mobile terminal, and
more particularly, to an apparatus and method for acquiring a
preamble by correlating a received preamble symbol with two
types of pseudo-noise (PN) codes having different lengths.
[0004] 2. Discussion of the Background

[0005] The portable Internet, wireless broadband (WiBro),
which is in the spotlight as a substitute for third generation
(3G) wireless mobile communication technology based on
Wideband Code Division Multiple Access (WCDMA),
CDMA 2000, and the like, may offer solutions to problems of
the third generation mobile communication technology, such
as the limit of transmission speed.

[0006] The portable Internet, referred to as a 3.5 generation
(3.5G) mobile communication technology, has advantages of
mobility, which is provided in the third generation wireless
mobile communication, and a high data transmission speed of
broadband Internet.

[0007] The portable Internet adopts an orthogonal fre-
quency division multiple access (OFDMA) system using a
transmission band of about 100 MHz from a frequency band
between 2.3 GHz and 2.4 GHz, and even when a user is
traveling at a speed of about 60 km/hour, the portable Internet
may support stable data transmission of more than 1 Mbps,
which is different from the conventional third generation
mobile communication technology. Accordingly, the por-
table Internet may be capable of simultaneously providing
various types of services, and of transmitting multimedia data
in real time.

[0008] OFDMA, which is a multi-access method adopted
by the portable Internet, designates a system where a single
channel carrier band is divided into many sub-channel carri-
ers, which are also referred to as subcarriers, and users are
allocated to a different group of valid subcarriers.

[0009] A connection between a mobile base station and a
mobile terminal according to the OFDMA system includes an
upstream channel corresponding to data transmission from
the mobile terminal to the mobile base station, and a down-
stream channel corresponding to data transmission from the
mobile base station to the mobile terminal. An upstream
channel and a downstream channel transmit data by a frame
unit, which includes a plurality of symbols. Here, a first
symbol of each frame corresponds to a preamble, and the
preamble is used for searching a cell and for performing base
station identification and initial synchronization of a portable
Internet terminal. Specifically, a cell searching process for
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searching for a cell of the portable Internet terminal and
identifying a target base station with which to establish a
wireless connection may frequently occur when supplying
power to the portable Internet terminal or when performing a
hand-oft due to a portable Internet terminal’s movement
between cells. Also, the cell searching process should be
performed quickly to ensure and maintain quality of service.
[0010] According to the Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.16d/e standard, each frequency
band includes 1,024 subcarriers. Of these 1,024 subcarriers,
172 subcarriers are guard band subcarriers, and 852 subcar-
riers are utilized for data transmission. Each base station is
allocated with a plurality of subcarriers for each designated
segment, and transmits a plurality of data symbols using the
allocated subcarriers. Also, according to the IEEE 802.16d/e
standard, each of 284 subcarriers in a group of 852 subcarri-
ers, which are included in each of the frequency bands, are
allocated among 3 segments. Accordingly, a single OFDMA
symbol includes a bit string which is transmitted via 284
subcarriers.

[0011] FIG.1is a diagram illustrating a preamble transmis-
sion structure for each segment in a frequency domain. As
shown in FIG. 1, the preamble, a type of the OFDMA symbol,
is transmitted via 284 subcarriers, which are regularly
arranged at intervals of 3 subcarriers. In FIG. 1, only a seg-
ment number of ‘0’ is described.

[0012] A preamble signal, which is transmitted from the
base station, includes a unique bit string allocated to each
base station. The mobile terminal receives the transmitted
preamble signal, and compares the received preamble signal
with a PN code generated in the mobile terminal, and thereby
identifies the unique bit string contained in the preamble
signal.

[0013] When comparing the preamble signal with the PN
code, a correlation in the frequency domain is generally used.
Specifically, a frequency domain preamble signal is corre-
lated with a plurality of PN codes, and when a correlation
value is greater than a predetermined threshold value, a bit
string ofa corresponding PN code is determined to be equal to
the bit string of the received preamble signal. The above-
described process is referred to as a preamble acquisition
process.

[0014] FIG. 2is a block diagram illustrating a conventional
preamble acquisition apparatus according to the conventional
art. Referring to FIG. 2, a correlation calculation unit 210
receives a preamble signal 201, and correlates the received
preamble signal 201 and a candidate PN code 204. Here, the
candidate PN code 204 is generated by a PN code generation
unit 230. Also, a preamble acquisition determination unit 220
compares a correlation value 202 with a predetermined
threshold value, and determines whether to acquire the pre-
amble. When the correlation value 202 is greater than the
threshold value, the PN code 204 is acquired and outputted as
an acquired preamble. When the correlation value 202 is less
than the predetermined threshold value, another PN code is
generated by the PN code generation unit 230, and this cor-
relation process is repeated.

[0015] Even a mobile communication system according to
a conventional CDMA system uses a method for correlating a
received preamble signal and a PN code in a terminal to
identify a base station. In the case of the CDMA system, the
length of the PN code that is used to identify the base station
is 2*° bits. According to this method, correlating the preamble
signal and the candidate PN codes generated by the terminal
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requires a large number of calculations and a significant
amount of time. This method also consumes scarce terminal
resources to acquire the preamble. Accordingly, the entire
system performance may deteriorate. Also, when the pre-
amble is acquired by performing a large number of calcula-
tions each time the initial synchronization and the cell search-
ing process are performed, power from a battery power
source, which has only a limited power supply, may be con-
sumed unnecessarily.

[0016] However, a systematic correlation method may
reduce a preamble acquisition time. In a systematic correla-
tion method, a preamble signal is initially correlated with a
portion of a candidate PN code. If a correlation value is
greater than a predetermined threshold value such that the
preamble signal and the candidate PN code are determined to
be sufficiently similar to each other, the preamble signal is
further correlated with the remainder of the candidate PN
code.

[0017] This systematic correlation method is referred to as
a double dwell algorithm, and is applied to a preamble acqui-
sition apparatus included in a CDMA mobile terminal. FIG. 3
is a block diagram illustrating the preamble acquisition appa-
ratus using the double dwell algorithm.

[0018] Referring to FIG. 3, a local correlation calculation
unit 310 correlates a received preamble signal 301 with a
local PN code 302 corresponding to a portion of an entire PN
code 305 generated by a PN code generation unit 350. When
a correlation value 303 is greater than a predetermined thresh-
old value, a correlation calculation is performed with respect
to the received preamble signal 301 and the length of the
entire PN code 305 via an entire correlation calculation unit
330. When the correlation value 303 acquired from the local
correlation calculation unit 310 is less than the threshold
value, a control signal 304 is transmitted to the PN code
generation unit 350 to generate another PN code. Another
local PN code 302 corresponding to a portion of the addition-
ally generated PN code is then used for a local correlation
with the preamble signal 301 in the local correlation calcula-
tion unit 310.

[0019] Also, when a correlation value 306 acquired from
the entire correlation calculation unit 330 is less than a pre-
determined threshold value, a preamble acquisition determi-
nation unit 340 transmits a control signal 307 to the PN code
generation unit 350 to generate an additional entire PN code
305 based upon the local PN code 302 having a correlation
value 303 that is greater than a predetermined threshold value.
The additionally generated entire PN code 305 is correlated in
the entire correlation calculation unit 330, and acquired if the
preamble acquisition determination unit 340 determines to
acquire the preamble based on the correlation value 306.

[0020] According to the double dwell algorithm, a pre-
amble acquisition time may be significantly reduced by elimi-
nating an unnecessary correlation time. However, when using
the double dwell algorithm, the calculation time may be
reduced via a systematic correlation calculation, but an opera-
tion of generating a PN code is not systematically performed.
Accordingly, the entire PN code 305 is generated for each
calculation even when the local PN code 302, which is a
portion of an entire PN code 305, results in a correlation value
303 that is less that the threshold value.

[0021] Also, a preamble acquisition apparatus using the
conventional double dwell algorithm must repeat a local cor-
relation calculation at the local correlation calculation unit
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310 even when a local PN code 302, which is used for the
local correlation calculation, is identical to a previously used
local PN code 302.

[0022] Ineffectiveness of the double dwell algorithm, as
described above, is attributed to the property of a CDMA PN
code. Specifically, the length of the CDMA PN code is 2*°
bits, which is relatively long. Also, the CDMA PN code is not
clearly defined in a standard of possible PN codes. Accord-
ingly, performance of the double dwell algorithm may be
improved by improving a method of generating entire PN
codes 305, and systematically correlating a preamble signal
with a portion of the entire PN codes 305.

[0023] However, in the case of the OFDMA PN code, the
length of the OFDMA PN code is 284 bits, which is compara-
tively very short. Also, the types of possible PN codes are
limited to 114. Accordingly, when appropriately using this
feature of OFDMA PN codes, the problems which occur in
the double dwell algorithm may be solved. Specifically, using
properties of PN codes contained in OFDMA that differ from
CDMA PN code properties may permit the improvement of
performance over performance when using the conventional
double dwell algorithm.

[0024] Accordingly, a new technology has been developed
to improve preamble acquisition speed by applying a system-
atic correlation calculation method to an OFDMA mobile
terminal, and to prevent unnecessary power consumption by
leveraging the properties of OFDMA PN codes.

SUMMARY OF THE INVENTION

[0025] This invention provides an apparatus and method
for acquiring a preamble in an OFDMA mobile terminal by
correlating a received preamble symbol with two types of
pseudo-noise (PN) codes having different lengths to thereby
reduce a preamble acquisition time.

[0026] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0027] The present invention discloses an apparatus for
acquiring a preamble in an orthogonal frequency division
multiple access (OFDMA) mobile terminal. The apparatus
includes a first PN code generation unit to generate a first PN
code comprising a bit string including at least one bit, a first
correlation calculation unit to correlate a preamble signal
with the first PN code within a first correlation range to
generate a first correlation value, a first correlation value
comparison unit to compare the first correlation value with a
first threshold value and to determine whether to generate a
second PN code, a second PN code generation unit to gener-
ate a second PN code comprising bit values of the first PN
code, a second correlation calculation unit to correlate the
preamble signal with the second PN code within a second
correlation range to generate a second correlation value, and
a preamble acquisition determination unit to compare the
second correlation value with a second threshold value.
[0028] The present invention also discloses an orthogonal
frequency division multiple access (OFDMA) mobile termi-
nal apparatus including a frequency domain transform unit to
transform a time domain preamble signal into a frequency
domain preamble signal, a preamble acquisition unit to
acquire a preamble by correlating the frequency domain pre-
amble signal with a PN code, and a cell search unit to extract
base station information of a cell where the terminal appara-
tus is located from the acquired preamble. The preamble
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acquisition unit correlates the frequency domain preamble
signal with a first PN code within a first correlation range, and
correlates the frequency domain preamble signal with a sec-
ond PN code comprising bit values of the first PN code within
a second correlation range to determine whether to acquire
the preamble.

[0029] The present invention also discloses a method for
acquiring a preamble in an orthogonal frequency division
multiple access (OFDMA) mobile terminal. The method
includes correlating a frequency domain preamble signal
with a first PN code within a first correlation range to generate
a first correlation value, comparing the first correlation value
with a first threshold value, and determining whether to gen-
erate a second PN code; generating a second PN code com-
prising bit values of the first PN code, correlating the fre-
quency domain preamble signal with the second PN code
within a second correlation range to generate a second corre-
lation value, and comparing the second correlation value with
a second threshold value, and acquiring the second PN code
as the preamble.

[0030] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0032] FIG. 1 is a diagram illustrating a conventional
OFDMA preamble transmission structure in a frequency
domain.

[0033] FIG. 2 is a block diagram illustrating a preamble
acquisition apparatus according to a conventional art.
[0034] FIG. 3 is a block diagram illustrating a preamble
acquisition apparatus using a double dwell algorithm accord-
ing to the conventional art.

[0035] FIG. 4 is a block diagram illustrating a preamble
acquisition apparatus according to an exemplary embodiment
of the present invention.

[0036] FIG. 5illustrates an index table included in an index
table storage unit of a preamble acquisition apparatus accord-
ing to an exemplary embodiment of the present invention.
[0037] FIG. 6 illustrates a code table included in a code
table storage unit of a preamble acquisition apparatus accord-
ing to an exemplary embodiment of the present invention.
[0038] FIG. 7 is a block diagram illustrating an OFDMA
mobile terminal according to an exemplary embodiment of
the present invention.

[0039] FIG. 8is a flowchart illustrating a method for acquir-
ing a preamble according to an exemplary embodiment of the
present invention.

[0040] FIG.9isaflowchartillustrating a method for acquir-
ing a preamble according to another exemplary embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0041] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
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however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the draw-
ings, the size and relative sizes of layers and regions may be
exaggerated for clarity. Like numbers refer to like elements
throughout.

[0042] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises™ and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0044] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0045] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.
[0046] FIG. 4 is a block diagram illustrating a preamble
acquisition apparatus according to an exemplary embodiment
of'the present invention. Referring to FIG. 4, a first correlation
calculation unit 410 correlates areceived preamble signal 401
in the frequency domain with a first PN code 404 within a first
correlation range, and generates a first correlation value 402.
The first PN code 404 is generated by a first PN code genera-
tion unit 430. The first correlation value 402 is inputted into a
first correlation value comparison unit 420, and compared
with a first threshold value. Whether the received preamble
signal 401 is correlated with a second PN code 407 depends
upon the result of this comparison.

[0047] Specifically, according to an exemplary embodi-
ment of the present invention, if the first correlation value 402
is greater than the first threshold value, the received preamble
signal 401 is correlated with the second PN code 407, which
is generated by a second PN code generation unit 460, within
a predetermined second correlation range. To the contrary, if
the first correlation value 402 is less than the first threshold
value, the first correlation value comparison unit 420 trans-
mits a first control signal 403 to the first PN code generation
unit 430 to generate an additional first PN code 404.

[0048] If the first correlation value comparison unit 420
determines that the received preamble signal 401 should be
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correlated with the second PN code 407 in a second correla-
tion calculation unit 440, the second PN code generation unit
460 generates the second PN code 407 where a code identical
to the first PN code 404 is located in specific bits of the second
PN code 407. Also, the second correlation calculation unit
440 correlates the preamble signal 401 with the generated
second PN code 407 within the second correlation range.

[0049] A second correlation value 405, which is acquired in
the second correlation calculation unit 440, is inputted into a
preamble acquisition determination unit 450. The preamble
acquisition determination unit 450 compares the second cor-
relation value 405 with a second threshold value, and deter-
mines whether to acquire the preamble.

[0050] Specifically, according to an exemplary embodi-
ment of the present invention, if the second correlation value
405 is greater than the second threshold value, the second PN
code 407, which is used for calculating the second correlation
value 405, is acquired as the preamble. To the contrary, if the
second correlation value 405 is less than the second threshold
value, the preamble acquisition determination unit 450 trans-
mits a second control signal 406 to the second PN code
generation unit 460, to generate an additional second PN code
407.

[0051] As described above, the preamble acquisition appa-
ratus according to the present invention may significantly
reduce an unnecessary correlation calculation by separating a
process of correlating a preamble signal with candidate PN
codes into at least two operations, and by using a pre-process-
ing procedure. In the pre-processing procedure, a first PN
code 404 with a low preamble acquisition probability is fil-
tered via a first correlation calculation unit 410, before a
second correlation calculation unit 440 performs a more
accurate correlation calculation. Also, according to the
present invention, power consumption by a mobile terminal
may be reduced and quick cell searching may be supported
during a hand-off.

[0052] The operation of each configuration element shown
in FIG. 4 will be described in further detail below.

[0053] As described above, the first correlation calculation
unit 410 correlates the received preamble signal 401 with the
first PN code 404 within the first correlation range, and gen-
erates the first correlation value 402. The length of the first PN
code 404 may be shorter than the entire received preamble
signal 401. In this case, the length of the first correlation range
where the entire received preamble signal 401 and the first PN
code 404 are correlated may be identical to the length of the
first PN code 404.

[0054] Also, the first correlation range may have the same
length as the first PN code 404 where a specific bit of the
preamble signal 401 is a starting location. Also, the second
correlation range for the second correlation calculation unit
440 to correlate the preamble signal 401 with the second PN
code 407 may have the same length as the second PN code
407, which is generated by the second PN code generation
unit 460.

[0055] According to an exemplary embodiment of the
present invention, the length of the first correlation range may
be shorter than the length of the second correlation range. For
example, the length of the first correlation range may be 4
bits. Also, the length of the second correlation range may be
determined to have a value less than a number of subcarriers,
and more specifically, less than the length of a received pre-
amble signal 401.
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[0056] In an OFDMA mobile communication system, a
single preamble signal includes a unique bit string 0284 bits.
The preamble signal may include a single bit string among
different bit strings for a total of 114 bits. Since each single
subcarrier is allocated to each bit, the single preamble signal
is transmitted via 284 subcarriers. Accordingly, the length of
the second PN code and the second correlation range may not
exceed 284 bits. Also, according to the above-described
exemplary embodiment, the length of the first correlation
range may be shorter than 284 bits.

[0057] Hereinafter, this exemplary embodiment will be
described where the length of the first correlation range is four
bits and the length of the second correlation range is 284 bits.
Also, although the first correlation range may start from a
specific location of the preamble signal, this exemplary
embodiment will be described where the first correlation
range corresponds to the first four bits of the preamble signal.
It will be apparent to those of ordinary skill in the related art
that the present invention is not limited thereto.

[0058] Referring again to FIG. 4, the first PN code 404 is
generated by the first PN code generation unit 430, and may
have a length of four bits. In this circumstance, a total of 16
(=2*) unique codes may exist. These may be referred to as
possible first PN codes, and may depend upon the number of
bits of the first PN code. Each first PN code 404 may be
indicated by a hexadecimal.

[0059] Accordingly, the first correlation calculation unit
410 performs a total of 16 correlation calculations with
respect to the received preamble signal 401 within the 4-bit
correlation range. If the first PN code 404 has a greater cor-
relation value than the first threshold value among the first
correlation values 402 according to the comparison result of
the first correlation value comparison unit 420. The first PN
code 404 also has a comparatively similar value to the first
four bits of the preamble signal 401. Accordingly, the first PN
code 404 may also be used for a correlation calculation with
the second PN code 407 having, for example, 284 bits, which
is equal to the number of subcarriers of the preamble signal
401 and greater than the first PN code 404. Conversely, when
the first correlation value 402 is less than the first threshold
value, the second PN code 407 corresponding to the first PN
code 404 is not generated for the correlation calculation in the
second correlation calculation unit 440.

[0060] Specifically, the second PN code 407 may be deter-
mined so that a bit string of a pattern identical or similar to the
first PN code 404 is located in specific bits of the second PN
code 407. Accordingly, the single second PN code 407 cor-
responds to the single first PN code 404. Also, the single first
PN code 404 may correspond to at least one second PN code
407.

[0061] Accordingly, when the first correlation value com-
parison unit 420 determines that the received preamble signal
401 should be correlated with the second PN code 407, the
second PN code generation unit 460 may generate the second
PN code 407 with the length of 284 bits by referring to a
corresponding relation between the first PN code 404 and the
second PN code 407 as described above.

[0062] For example, the first correlation value 402 is
acquired by correlating the first four bits of the received
preamble signal 401 and the first PN code 404 having a binary
“0000” value, i.e. a hexadecimal ‘0’ value, and when the first
correlation value 402 is greater than the first threshold value,
the second PN code generation unit 460 generates only sec-
ond PN codes 407 that start with the hexadecimal ‘0’ value,
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from a total of 114 possible second PN codes 407 having a
length of 284 bits. The second PN code generation unit 460
then inputs the generated second PN codes 407 into the sec-
ond correlation calculation unit 440.

[0063] Hereinafter, an operation of the second PN code
generation unit 460 generating a second PN code 407 from
the first PN code 404 will be described in detail.

[0064] According to an exemplary embodiment of the
present invention, the second PN code generation unit 460
may include an index table storage unit and a code generator.
The index table storage unit stores an index of a second PN
code 407 corresponding to a first PN code 404. The code
generator generates the second PN code 407 based on an
index value of the second PN code 407.

[0065] FIG. 5 illustrates an example of an index table
according to the above-described exemplary embodiment.
Referring to FIG. 5, an index of the second PN code 407
corresponding to each of 16 first PN codes is stored in a form
of a table. Specifically, indexes of second PN codes 407
which start with the hexadecimal ‘0’ may be 37, 42, 52, 54,
89, 86, and 101.

[0066] Accordingly, the code generator may generate the
second PN code 407 based on the index value of the second
PN code 407 that is stored in the index table storage unit.
[0067] For example, the code generator may be a PN code
generator that includes a series of shift registers, and may
generate the second PN code 407, which consists of a total of
284 bit strings, by using the index of the second PN code 407
as a seed or an initial input pattern.

[0068] As described above, in the case of a PN code which
is used for identifying an OFDMA preamble, a limited num-
ber of code patterns may be defined according to a standard.
Accordingly, it is possible to pre-store the corresponding
relation in the form of the table and refer to the table when
performing the correlation calculation. However, the length
of a CDMA PN code using a double dwell algorithm is
relatively very long and a code pattern thereof is not pre-
defined. Accordingly, the CDMA PN code may not configure
the preamble acquisition apparatus as described in the present
exemplary embodiment. Thus, according to the present
exemplary embodiment where the property of an OFDMA
PN code is sufficiently used, it is possible to effectively pre-
vent a repeated local correlation calculation that occurs in the
conventional double dwell algorithm.

[0069] Also, according to another exemplary embodiment
of the present invention, the second PN code generation unit
460 may include a code table storage unit and a code genera-
tor. The code table storage unit may store a PN code corre-
sponding to the first PN code 404. The code generator may
generate the second PN code 407 by selecting the stored PN
code with reference to the code table storage unit.

[0070] FIG. 6 illustrates an example of a code table accord-
ing to the above-described exemplary embodiment. Referring
to FIG. 6, a PN code corresponding to each first PN code 404
is stored in a form of a table. The length of the stored PN code
may be, for example, 284 bits, which is identical to the length
of the entire preamble signal.

[0071] Accordingly, the code generator may generate the
second PN code 407 by selecting and outputting a PN code
corresponding to the first PN code 404 with reference to the
code table storage unit as shown in FIG. 6.

[0072] Here, PN code indexes as shown in FIG. 6 are only
an example for convenience of description, and are not nec-
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essarily required to implement the present invention, and the
present invention is also not limited thereto.

[0073] The present exemplary embodiment may include an
additional memory storage space for storing PN codes, which
is different from the above-described exemplary embodi-
ments. However, unlike the CDMA PN code, the length of the
OFDMA PN code is limited to 284 bits, and the number of the
OFDMA PN codes is limited to 114. Accordingly, PN codes
may be stored in the memory space of about 30 kilobits,
which can be easily configured.

[0074] Also, when sharing a portion of the memory space
and storing PN codes in the shared memory space, a shift
register and other calculation logics for generating the PN
code may not be required. Also, the PN code may be gener-
ated by referring to the memory once. Accordingly, the time
required to generate the PN code may be reduced.

[0075] As described above, it is possible to secure further
improved performance over the double dwell algorithm,
which is applied to the CDMA PN code, by simplifying the
process of generating the second PN code.

[0076] Like the second PN code generation unit 460, the
first PN code generation unit 430 may pre-store a total of 16
first PN codes 404, and may use the same for the correlation
calculation within the first correlation range. Specifically, the
first PN code generation unit 430 according to the present
exemplary embodiment may include a code table storage
unit, and a code generator. The code table storage unit may
generate and store PN codes, and the code generator may
generate the first PN code 404 by sequentially selecting the
stored PN code from the code table storage unit.

[0077] Since the first PN code 404 may be one of 16 bit
strings with the length of 4 bits, the first PN code 404 may be
stored more easily than the second PN code 407. The con-
figuration of the first PN code generation unit 430 described
above may improve performance by having a substantially
similar configuration as the second PN code generation unit
460 according to the above-described exemplary embodi-
ment.

[0078] Hereinafter, the first correlation value comparison
unit 420 and the preamble acquisition determination unit 450
will be described. While the first correlation value compari-
son unit 420 compares the first correlation value with the first
threshold value, the preamble acquisition determination unit
450 compares the second correlation value with the second
threshold value. Except for the above described case, the first
correlation value comparison unit 420 and the preamble
acquisition determination unit 450 may be configured by
using a substantially similar method.

[0079] According to an exemplary embodiment of the
present invention, the first threshold value which is used by
the first correlation value comparison unit 420, or the second
threshold value which is used by the preamble acquisition
determination unit 450, may be determined based on at least
one of a number of subcarriers transmitting the received pre-
amble signal 401, the length of the first correlation range, the
length of the second correlation range, a total number of the
first PN codes 404, and a total number of'the second PN codes
407.

[0080] In this instance, the preamble acquisition apparatus
may be delivered with the first threshold value or the second
threshold value being pre-configured. Also, the first threshold
value or the second threshold value may be configured by a
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user, or may be configured based on a parameter value calcu-
lated during the operation of the preamble acquisition appa-
ratus.

[0081] Specifically, the preamble acquisition apparatus
according to an exemplary embodiment of the present inven-
tion may include a parameter configuration unit. The param-
eter configuration unit may configure a parameter value asso-
ciated with at least one of the first threshold value, the second
threshold value, the length of the first correlation range, and
the length of the second correlation range. Also, the param-
eter configuration unit may perform the configuration based
on a parameter value which is inputted from a user, or based
on a parameter value calculated in association with a property
of the wireless channel that transmits the preamble.

[0082] Also, the preamble acquisition apparatus according
to the present exemplary embodiment may include a prede-
termined parameter calculation unit to calculate a parameter
value in association with the property of a wireless channel.
The parameter calculation unit may include a semiconductor
circuit for calculating a parameter, or a microprocessor, a
digital signal processing unit, and other calculation units,
which are included in the OFDMA mobile terminal having
the preamble acquisition apparatus.

[0083] FIG. 7 is a block diagram illustrating an OFDMA
mobile terminal according to an exemplary embodiment of
the present invention. The OFDMA mobile terminal includes
a frequency domain transform unit 710, a preamble acquisi-
tion unit 720, and a cell searching unit 730.

[0084] Hereinafter, the elements of the OFDMA mobile
terminal according to the present exemplary embodiment will
be described in detail.

[0085] A preamble signal transmitted via a wireless chan-
nel and received at a wireless terminal may be a time domain
signal 701, and may be transformed into a frequency domain
signal to acquire a preamble according to the present exem-
plary embodiment. Accordingly, the frequency domain trans-
form unit 710 transforms a time domain preamble signal 701
into a frequency domain preamble signal 702. For example,
the frequency domain transform unit 710 may include a fast
Fourier transform (FFT). Also, the frequency domain trans-
form unit 710 may be widely applied even to other units
which can transform the time domain signal 701 into the
frequency domain signal 702.

[0086] Also, the preamble acquisition unit 720 systemati-
cally correlates a transformed frequency domain preamble
signal 702 with a first PN code 404 and a second PN code 407,
which are generated in the OFDMA mobile terminal, accord-
ing to the present exemplary embodiment.

[0087] Specifically, the preamble acquisition unit 720 cor-
relates the transformed frequency domain preamble signal
702 with the first PN code within a first correlation range, and
according to the correlation result, correlates the frequency
domain preamble signal 702 with the second PN code within
a second correlation range, and thereby, determines whether
to acquire a preamble 703. The second PN code includes a
code identical or substantially similar to the first PN code in
specific bits of the second PN code.

[0088] More specifically, the length of the first PN code and
the first correlation range may be shorter than the length of the
second PN code and the second correlation range. The first
[0089] PN code may have the length of four bits. Also, the
length of the second PN code may be a value no longer than
the length of the entire preamble signal 702.
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[0090] The preamble 703, which is acquired via the sys-
tematic correlation calculation, is inputted into the cell
searching unit 730, and the cell searching unit 730 may
extract base station information of a cell where the OFDMA
mobile terminal is located, from the preamble 703 according
to the present exemplary embodiment.

[0091] The base station of an OFDMA mobile communi-
cation system transmits the preamble 703 to each mobile
terminal by using a group of subcarriers of a segment. The
preamble includes a unique bit string which is assigned to the
base station. Accordingly, the OFDMA mobile terminal may
perform cell searching by extracting the base station infor-
mation of the cell where the terminal is located using the bit
string. Here, the bit string is included in the preamble 703
acquired by the preamble acquisition unit 720.

[0092] The present invention may be applied to amethod of
acquiring a preamble from a received preamble signal in an
OFDMA mobile terminal. FIG. 8 is a flowchart illustrating a
method of acquiring a preamble according to an exemplary
embodiment of the present invention. Hereinafter, the pre-
amble acquisition method will be described in detail with
reference to FIG. 8.

[0093] Inoperation S810, the preamble acquisition method
correlates a received frequency domain preamble signal with
a first PN code within a first correlation range, and generates
afirst correlation value. The length of the first PN code and the
first correlation range may be shorter than the length of the
entire preamble signal, and may be four bits for example.
[0094] Inoperation S820, the preamble acquisition method
compares the first correlation value with a first threshold
value, and determines whether to generate a second PN code
corresponding to the first PN code. The first threshold value
may be determined based on at least one of a number of
subcarriers transmitting the preamble, the length of the first
correlation range, the length of the second correlation range,
atotal possible number of first PN codes, and a total possible
number of second PN codes.

[0095] Inoperation S830, the preamble acquisition method
generates the second PN code corresponding to the first PN
code according to the result from operation S820. In this case,
the second PN code is generated so that a code substantially
similar to oridentical to the first PN code is located in specific
bits of the second PN code. The length of the second PN code
may be longer than the length of the first PN code, and may be
no longer than the length of the entire received preamble
signal. In particular, the second PN code may include an equal
number of bit strings as the total number of subcarriers which
are used for transmitting the preamble.

[0096] Inoperation S840, the preamble acquisition method
correlates the received frequency domain preamble signal
with the second PN code within a second correlation range,
and generates a second correlation value. The length of the
second correlation range may be equal to the length of the
second PN code.

[0097] Inoperation S850, the preamble acquisition method
compares the second correlation value with a second thresh-
old value, and acquires the second PN code as the preamble
according to the comparison result.

[0098] FIG. 9 is aflowchart illustrating a method of acquir-
ing a preamble according to another exemplary embodiment
of the present invention. Operations S810, S830, and S840
shown in FIG. 9 are substantially similar to operations S810,
S830, and S840 described with respect to FIG. 8. Thus, a
detailed description thereof will be omitted.
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[0099] FIG. 9 illustrates operations S820 and S850 for a
method of acquiring a preamble according to an exemplary
embodiment of the present invention in further detail.
[0100] As shown in FIG. 9, operation S820 of comparing
the first correlation value with the first threshold value and
determining whether to generate a second PN code corre-
sponding to the first PN code may include operation S821 and
operation S822. In operation S821, the preamble acquisition
method generates the second PN code corresponding to the
first PN code when the first correlation value is greater than
the first threshold value. In operation S822, the preamble
acquisition method repeats operation S810 when the first
correlation value is less than the first threshold value.

[0101] Also, operation S850 of acquiring the second PN
code as the preamble may include operation S851 and opera-
tion S852. In operation S852, the preamble acquisition
method repeats operation S830 of generating the second PN
code and operation S840 of generating the second correlation
value. In operation S851, the preamble acquisition method
acquires the second PN code as the preamble when the second
correlation value is greater than the second threshold value.
[0102] Asshown in FIG. 9, when the first correlation value
generated in operation S810 is less than a predetermined
value, operation S840, which includes more calculations than
operation S810, is not performed. Accordingly, it is possible
to prevent unnecessary calculations from being performed for
a PN code with a low preamble acquisition probability. Also,
a preamble acquisition time in a mobile terminal may be
reduced, which may significantly improve cell searching
speed and performance.

[0103] Also, unlike the conventional double dwell algo-
rithm, the preamble acquisition apparatus according to the
present invention may perform a total of 16 correlation cal-
culations with respect to the received preamble signal where
the first PN code has four bits. Accordingly, a calculation
burden of the first correlation calculation unit may be greatly
decreased.

[0104] However, the conventional double dwell algorithm
performs a local correlation calculation for local codes
included in all PN codes since a group of PN codes is not
clearly defined according to CDMA standards.

[0105] As described above, according to the present inven-
tion, an apparatus and method are provided that can overcome
disadvantages of the double dwell algorithm as applied to the
conventional CDMA PN code, and can leverage advantages
of the double dwell algorithm by using properties of the
OFDMA PN code, and thereby can acquire a preamble in a
more suitable manner for OFDMA.

[0106] The method for acquiring a preamble and a mobile
terminal with a preamble acquisition function according to
another exemplary embodiment of the present invention has
been described. Description for FIG. 4, FIG. 5, and FIG. 6
may be applicable to the present exemplary embodiment.
Thus, further detailed description related thereto will be omit-
ted.

[0107] The term “mobile terminal” used throughout the
present specification may include communication devices,
such as an orthogonal frequency division multiplexing
(OFDM) and OFDMA communication device; portable ter-
minals such as a personal digital assistant (PDA), a hand-held
PC, a notebook computer, a laptop computer, a WiBro termi-
nal, an MP3 player, and an MD player; and all types of
hand-held based wireless communication devices. Also, the
“mobile terminal” may include a predetermined communica-

Apr. 7,2011

tion module such as an OFDMA module, a CDMA module, a
Bluetooth module, an Infrared Data Association (IrDA) mod-
ule, a wired/wireless local area network (LAN) card and a
wireless communication device having a global positioning
system (GPS) chip to enable tracking of a position via GPS.
Also, the “mobile terminal” may include a microprocessor
that can play multimedia and perform a certain calculation
operation.

[0108] The preamble acquisition method according to the
above-described embodiment of the present invention may be
recorded in computer-readable media including program
instructions to implement various operations embodied by a
computer. The media may also include, alone or in combina-
tion with the program instructions, data files, data structures,
and the like. Examples of computer-readable media include
magnetic media such as hard disks, floppy disks, and mag-
netic tape; optical media such as CD-ROM disks and DVD;
magneto-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 of the
above-described embodiments of the present invention.

[0109] As described above, a method and apparatus for
acquiring a preamble according to the present invention may
simplify a preamble acquisition process via a pre-processing
procedure using a portion of PN codes, and thereby reduce a
preamble acquisition time. Here, the PN codes are used for a
preamble carrier modulation.

[0110] Also, according to the present invention, it is pos-
sible to prevent a correlation calculation from being repeated
during a pre-processing procedure using a portion of PN
codes where some patterns of the PN codes are identical.
[0111] Also, according to the present invention, it is pos-
sible to efficiently use the entire resources of a terminal by
reducing hardware and software resources used for acquiring
a preamble.

[0112] Also, according to the present invention, it is pos-
sible to prevent repeating an unnecessary calculation with
respect to a PN code with a low preamble acquisition prob-
ability, and to thereby more precisely verify PN codes with a
high preamble acquisition probability.

[0113] Also, according to the present invention, it is pos-
sible to store a portion of or all PN codes in a terminal since
the length and a number of PN codes, which are used for
acquiring an OFDMA preamble, are limited, and to thereby
reduce a preamble acquisition time.

[0114] Also, according to the present invention, it is pos-
sible to enable threshold values used for a two-step correla-
tion calculation and the length of a correlation range to be
adjusted by a user or according to a channel status, and to
adaptively control a preamble acquisition performance.
[0115] Also, according to the present invention, it is pos-
sible to improve performance of a cell searching process that
occurs during a hand-off of an OFDMA mobile, and to pre-
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vent unnecessary power consumption by the terminal when
identifying a base station in the cell searching process.
[0116] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An apparatus to acquire a preamble in an orthogonal
frequency division multiple access (OFDMA) mobile termi-
nal, the apparatus comprising:

a first pseudo-noise (PN) code generation unit to generate

a first PN code comprising a bit string including at least
one bit;

a first correlation calculation unit to correlate a received
preamble signal with the first PN code within a first
correlation range to generate a first correlation value;

a first correlation value comparison unit to compare the
first correlation value with a first threshold value and to
determine whether to generate a second PN code;

a second PN code generation unit to generate a second PN
code according to the determination result;

a second correlation calculation unit to correlate the pre-
amble signal with the second PN code to generate a
second correlation value; and

a preamble acquisition determination unit to compare the
second correlation value with a second threshold value
and to determine whether to acquire the preamble.

2. The apparatus of claim 1, wherein the second correlation
calculation unit correlates the preamble signal with the sec-
ond PN code within a second correlation range.

3. The apparatus of claim 1, wherein the second PN code
generation unit comprises:

an index table storage unit to store an index value of the
second PN code corresponding to the first PN code; and

a code generator to generate the second PN code based on
the index value of the second PN code.

4. The apparatus of claim 1, wherein the second PN code

generation unit comprises:

a code table storage unit to store a stored PN code corre-
sponding to the first PN code; and

acode generator to generate the second PN code by select-
ing the stored PN code from the code table storage unit.

5. The apparatus of claim 1, wherein the first PN code
generation unit comprises:

a code table storage unit to store a plurality of PN codes;

and

a code generator to generate the first PN code by selecting
a stored PN code from the code table storage unit.

6. The apparatus of claim 1, wherein a bit length of the first
correlation range is less than a bit length of a second correla-
tion range.

7. The apparatus of claim 1, wherein a bit length of the first
correlation range is four bits.

8. The apparatus of claim 1, wherein a bit length ofa second
correlation range is no longer than a number of subcarriers
transmitting the preamble.

9. The apparatus of claim 1, wherein the first threshold
value or the second threshold value is determined based on at
least one of a number of subcarriers transmitting the pre-
amble, a bit length of the first correlation range, a bit length of
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a second correlation range, a number of possible first PN
codes, and a number of possible second PN codes.

10. The apparatus of claim 1, further comprising:

a parameter configuration unit to configure a parameter
value associated with at least one of the first threshold
value, the second threshold value, a bit length of the first
correlation range, and a bit length of a second correlation
range,

wherein the parameter configuration unit configures the
parameter value based on an input from a user or a
property of a wireless channel transmitting the preamble
signal.

11. An orthogonal frequency division multiple access

(OFDMA) mobile terminal apparatus, comprising:

a frequency domain transform unit to transform a time
domain preamble signal into a frequency domain pre-
amble signal;

a preamble acquisition unit to acquire a preamble by cor-
relating the transformed frequency domain preamble
signal with a PN code; and

a cell search unit to extract base station information of a
cell where the mobile terminal apparatus is located from
the acquired preamble,

wherein the preamble acquisition unit correlates the trans-
formed frequency domain preamble signal with a first
PN code within a first correlation range to generate a first
correlation value, determines whether to generate a sec-
ond PN code according to the first correlation value, and
correlates the transformed frequency domain preamble
signal with the second PN code to determine whether to
acquire the preamble.

12. The OFDMA mobile terminal apparatus of claim 11,
wherein the preamble acquisition unit correlates the trans-
formed frequency domain preamble signal with the second
PN code within a second correlation range.

13. A method for acquiring a preamble in an orthogonal
frequency division multiple access (OFDMA) mobile termi-
nal, comprising:

correlating a received preamble signal with a first PN code
within a first correlation range to generate a first corre-
lation value;

comparing the first correlation value with a first threshold
value, and determining whether to generate a second PN
code according to the comparison result;

generating a second PN code according to the determina-
tion result;

correlating the preamble signal with the second PN code to
generate a second correlation value; and

comparing the second correlation value with a second
threshold value, and acquiring the second PN code as the
preamble according to the comparison result.

14. The method of claim 13, wherein correlating the pre-
amble signal with the second PN code further comprises
correlating the preamble signal with the second PN code
within a second correlation range.

15. The method of claim 13, wherein generating the second
PN code further comprises:

generating the second PN code if the first correlation value
is greater than the first threshold value; and

correlating the preamble signal with a new first PN code
within the first correlation range to generate a new first
correlation value if the first correlation value is less than
the first threshold value.
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16. The method of claim 13, wherein the acquiring the
second PN code as the preamble further comprises:

generating a new second PN code comprising bit values of
the first PN code and correlating the preamble signal
with the new second PN code within a second correla-
tion range to generate a new second correlation value if
the second correlation value is less than the second
threshold value; and

acquiring the second PN code as the preamble ifthe second
correlation value is greater than the second threshold
value.
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17. The method of claim 13, wherein a bit length of the first
correlation range is less than a bit length of a second correla-
tion range.

18. The method of claim 13, wherein a bit length of the first
correlation range is four bits.

19. The method of claim 13, wherein a bit length of a
second correlation range is no longer than a number of sub-
carriers transmitting the preamble.
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