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METHOD FOR GENERATING DOWNLINK
FRAME, AND METHOD FOR SEARCHING
CELL

it is dif?cult to acquire diversity gain by accumulating syn

CROSS-REFERENCE TO RELATED
APPLICATION

cell identi?cation information or the cell group identi?cation

chronization identi?cation information so as to conduct rapid

synchronization acquisition.
[0008]

[0001] This application is a continuation of PCT applica
tion No. PCT/KR2008/004223, ?led on Jul. 18, 2008, Which
claims priority to and the bene?t of Korean Patent Applica
tion No. 10-2007-0072837 ?led on Jul. 20, 2007, Korean
Patent Application No. 10-2007-0083915 ?led on Aug. 21,
2007, Korean Patent Application No. 10-2008-0042907 ?led
on May 8, 2008, Korean Patent Application No. 10-2008
0063388 ?led on Jul. 1, 2008, the entire contents of Which are

incorporated herein by reference.
BACKGROUND

[0002] (a) Field
[0003] The present invention relates to a method of gener
ating a doWnlink frame and a method of searching cells. More
particularly, the present invention relates to a method of gen
erating a doWnlink frame and a method of searching cells by

using the doWnlink frame in an orthogonal frequency division

multiplexing (OFDM)-based cellular system.
[0004]

(b) Description of the Related Art

[0005]

In a direct sequence code division multiple access

(DS-CDMA) system, a sequence hopping method is applied
to a pilot channel so as to acquire cell synchronization and

unique cell identi?cation information. According to the
sequence hopping method, a mobile station easily performs a
cell search Without a separating synchronization channel by
introducing a sequence hopping technology to the pilot chan
nel. HoWever, in the OFDM system, a number of channels

According to the second frame structure, the unique

information is correlated along With the synchronization
acquisition. Therefore, a cell searching process is complex
and a rapid cell search is dif?cult.

[0009] As an example of another technology for searching
the cell, a method of acquiring the synchronization and
searching the cell by using a separate preamble has been
proposed. HoWever, this method cannot be applied to a sys
tem in Which the preamble does not exist. Moreover, the
preamble is disposed in front of the frame. Accordingly, in a
case in Which the mobile station Would like to acquire the
synchronization at a time location that is not the start of the
frame, there is a problem in that it must Wait for the next

frame. Particularly, the mobile station should acquire initial
symbol synchronization Within 5 msec during the handover
among a GSM mode, a WCDMA mode, and a 3GPP LTE

mode, but may acquire the synchronization by a frame unit.
For this reason, in some cases, the mobile station cannot

acquire the initial symbol synchronization Within 5 msec.
[0010] As an example of another technology for searching
a cell, there is a method of searching the cell by allocating tWo
short sequences to a secondary synchronization channel and
by mapping cell ID information to a combination of tWo short

sequences. According to this method, since interference
occurs betWeen cells When the same short sequence is allo

cated to sectors adjacent to each other, there is a problem in

that performance in searching cells is reduced.
SUMMARY

in a symbol duration of one time domain is greater than that of

[0011] The present invention has been made in an effort to
provide a method of generating a doWnlink frame that is
capable of averaging interference betWeen sectors and a

those that are capable of being distinguished by a spread of

method of e?iciently searching cells by receiving the doWn

CDMA in the symbol duration of one time domain. Accord

link frame.

ingly, When only the time domain is used, resources may be
Wasted in terms of capacity. For this reason, it is inef?cient to

[0012] An exemplary embodiment of the present invention
provides a method of generating a doWnlink frame, including:

directly apply the sequence hopping method to the time
domain of the pilot channel in the OFDM-based system.
Therefore, it is preferable to search the cell by ef?ciently
using received signals in both time domain and frequency
domain.

indicating cell group information; generating a ?rst scram
bling sequence and a second scrambling sequence deter

that are capable of being distinguished by a frequency domain

[0006] An example of an existing technology for searching
a cell in the OFDM system includes a method that allocates

synchronization information and cell information by dividing
one frame into four time blocks. For the above-described
method, tWo frame structures have been proposed. In a ?rst

frame structure, synchronization identi?cation information,

generating a ?rst short sequence and a second short sequence

mined by the primary synchronization signal; generating a
third scrambling sequence determined by the ?rst short
sequence and a fourth scrambling sequence determined by
the second short sequence; scrambling the ?rst short
sequence With the ?rst scrambling sequence and scrambling
the second short sequence With the second scrambling
sequence and the third scrambling sequence; scrambling the
second short sequence With the ?rst scrambling sequence and

cell group identi?cation information, and cell unique identi

scrambling the ?rst short sequence With the second scram

?cation information are allocated to four time blocks, respec

bling sequence and the fourth scrambling sequence; and map

tively. In a second frame structure, the synchronization iden
ti?cation information and the cell unique identi?cation

ping the secondary synchronization signal that includes the
?rst short sequence scrambled With the ?rst scrambling

information are allocated to a ?rst time block and a third time

sequence, the second short sequence scrambled With the sec

block, and the synchronization identi?cation information and
the cell group identi?cation information are allocated to a

ond scrambling sequence and the third scrambling sequence,
the second short sequence scrambled With the ?rst scrambling

second time block and a fourth time block.

sequence and the ?rst short sequence scrambled With the

[0007]

According to the ?rst frame structure, since the sym

second scrambling sequence and the fourth scrambling

bol synchronization is acquired in only the ?rst time block, it
is impossible for the mobile station to conduct rapid synchro

sequence to a frequency domain.

nization acquisition Within a prescribed 5 ms during poWer
on or handover betWeen heterogeneous netWorks. In addition,

vides an apparatus for generating a doWnlink frame includ
ing: a sequence generating unit that generates a ?rst short

[0013]

Another embodiment of the present invention pro
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sequence and a second short sequence indicating cell group
information, a ?rst scrambling sequence and a second scram

sequence is determined by the ?rst short sequence and the
fourth scrambling sequence is determined by the second short

bling sequence determined by the primary synchronization

sequence.

signal, a third scrambling sequence determined by the ?rst

[0016]

short sequence and a fourth scrambling sequence determined

provides a recording medium that records a program for

by the second short sequence; and a synchronization signal
generating unit that scrambles the ?rst short sequence With
the ?rst scrambling sequence and scrambles the second short
sequence With the second scrambling sequence and the third
scrambling sequence to generate one secondary synchroniza
tion signal, and scrambles the second short sequence With the
?rst scrambling sequence and scrambles the ?rst short
sequence With the second scrambling sequence and the fourth
scrambling sequence to generate the other secondary syn

executing the method of generating the doWnlink frame. The
recording medium records a program including: generating a
?rst short sequence and a second short sequence indicating
cell group information; generating a ?rst scrambling
sequence and a second scrambling sequence determined by
the primary synchronization signal; generating a third scram
bling sequence determined by the ?rst short sequence and a
fourth scrambling sequence determined by the second short
sequence; scrambling the ?rst short sequence With the ?rst

chronization signal.

sequence With the second scrambling sequence and the third

[0014] Yet another embodiment of the present invention
provides a method of searching a cell, including: receiving a

scrambling sequence; scrambling the second short sequence
With the ?rst scrambling sequence and scrambling the ?rst
short sequence With the second scrambling sequence and the
fourth scrambling sequence; and mapping the secondary syn
chronization signal that includes the ?rst short sequence
scrambled With the ?rst scrambling sequence and the second
short sequence scrambled With the second scrambling
sequence and the third scrambling sequence, the second short
sequence scrambled With the ?rst scrambling sequence and
the ?rst short sequence scrambled With the second scrambling

doWnlink frame including a primary synchronization signal
and tWo secondary synchronization signal Which are different
from each other; and estimating information of a cell by using

the primary synchronization signal and the tWo secondary
synchronization signal. In this case, in one secondary syn

chronization signal of the tWo secondary synchronization
signal, a ?rst short sequence scrambled With a ?rst scrambling
sequence and a second short sequence scrambled With a sec

ond scrambling sequence and a third scrambling sequence are

alternately disposed on a plurality of sub-carriers, in the other

secondary synchronization signal of the tWo secondary syn

Still another embodiment of the present invention

scrambling sequence and scrambling the second short

sequence and the fourth scrambling sequence to a frequency
domain.

[0017]

According to the above-mentioned present inven

tion, interference betWeen sectors can be reduced by scram

chronization signal, a second short sequence scrambled With
a ?rst scrambling sequence and a ?rst short sequence
scrambled With a second scrambling sequence and a fourth

bling the short sequences due to the scrambling sequences,

scrambling sequence are alternately disposed on a plurality of
sub-carriers, and the ?rst short sequence and the second short
sequence indicate cell group information, the ?rst scrambling
sequence and the second scrambling sequence are determined

BRIEF DESCRIPTION OF THE DRAWINGS

by the primary synchronization signal, the third scrambling
sequence is determined by the ?rst short sequence, and the
fourth scrambling sequence is determined by the second short
sequence.

[0015] Still another embodiment of the present invention
provides an apparatus for searching a cell, including: a receiv
ing unit that receives a doWnlink frame including a primary

synchronization signal and tWo secondary synchronization
signals Which are different from each other; a cell group

estimating unit that identi?es a cell group by using the tWo

secondary synchronization signal; and a cell estimating unit
that identi?es a cell in the cell group by using the primary
synchronization signal. In this case, in one secondary syn

thereby improving performance for searching cells.
[0018] FIG. 1 is a diagram illustrating a doWnlink frame in
an OFDM system according to an exemplary embodiment of

the present invention.
[0019] FIG. 2 is a diagram illustrating a con?guration of a
secondary synchronization channel When tWo sequences are
mapped to a frequency domain in a localization form.
[0020] FIG. 3 is a diagram illustrating a con?guration of a
secondary synchronization channel When tWo sequences are
mapped to a frequency domain in a distribution form.
[0021] FIG. 4 is a block diagram ofan apparatus for gen

erating a doWnlink frame according to the exemplary embodi
ment of the present invention.
[0022] FIG. 5 is a ?owchart illustrating a method of gener
ating a doWnlink frame according to the exemplary embodi
ment of the present invention.
[0023] FIG. 6 is a diagram illustrating a ?rst method of

chronization signal of the tWo secondary synchronization

generating a secondary synchronization signal according to

signal, a ?rst short sequence scrambled With a ?rst scrambling

the exemplary embodiment of the present invention.

sequence and a second short sequence scrambled With a sec

[0024]

ond scrambling sequence and a third scrambling sequence are

generating a secondary synchronization signal according to

FIG. 7 is a diagram illustrating a second method of

alternately disposed on a plurality of sub-carriers, and in the

the exemplary embodiment of the present invention.

other secondary synchronization signal of the tWo secondary

[0025]

synchronization signal, a second short sequence scrambled

generating a secondary synchronization signal according to

With a ?rst scrambling sequence and a ?rst short sequence
scrambled With a second scrambling sequence and a fourth

the exemplary embodiment of the present invention.

scrambling sequence are alternately disposed on a plurality of
sub-carriers, and the ?rst short sequence and the second short
sequence indicate cell group information, the ?rst scrambling
sequence and the second scrambling sequence are determined

ing cells according to an exemplary embodiment of the
present invention.

by the primary synchronization signal, the third scrambling

[0026]

FIG. 8 is a diagram illustrating a third method of

FIG. 9 is a block diagram of an apparatus for search

[0027] FIG. 10 is a ?owchart illustrating a method of
searching a cell according to a ?rst exemplary embodiment of
the present invention.
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[0028] FIG. 11 is a ?owchart illustrating a method of
searching a cell according to a second exemplary embodi
ment of the present invention.

[0037]

The primary synchronization channel includes a pri

mary synchronization signal having information for identify

ing symbol synchronization and frequency synchronization,
and some information for cell identi?cation (ID). The sec

DETAILED DESCRIPTION

[0029] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shoWn and described, simply by Way of illustration. As those
skilled in the art Would realize, the described embodiments
may be modi?ed in various different Ways, all Without depart
ing from the spirit or scope of the present invention. In addi
tion, parts that are irrelevant to the description of the present
invention are omitted in the draWings, to clarify the present
invention. Like reference numerals designate like elements

throughout the speci?cation.
[0030] Throughout the speci?cation, unless explicitly
described to the contrary, the Word “comprise” and variations

ondary synchronization channel includes a secondary syn
chronization signal having remaining information for the cell
ID, and information for identifying frame synchronization. A
mobile station identi?es the cell ID of cell by combining the
cell ID information of the primary synchronization channel
and the cell ID information of the secondary synchronization
channel.

[0038]

For instance, assuming that the total number of cell

IDs is 510, if three identi?cation sequences are allocated to

the primary synchronization channel to divide all 510 cell IDs
into three groups and if 170 sequences are allocated to the

secondary synchronization channel (3x170:510), the infor
mation on all of the 510 cell IDs can be represented.
[0039] Another method is that the 510 cell IDs are divided

such as “comprises” or “comprising” Will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements. In addition, the term “unit” described in

channel, and information on cell IDs in each cell group can be

the speci?cation means a unit for processing at least one

represented by three primary synchronization signals that are

function and operation, and can be implemented by hardWare

allocated to the primary synchronization channel.

components or softWare components and combinations
thereof.
[0031] First, referring to FIGS. 1 to 3, a doWnlink frame of
an OFDM system and a con?guration of a synchronization
channel according to an exemplary embodiment of the
present invention Will be described.
[0032] FIG. 1 is a diagram illustrating a doWnlink frame of
an OFDM system according to an exemplary embodiment of
the present invention. In FIG. 1, a horizontal axis represents a
time axis and a vertical axis represents a frequency axis or
sub-carrier axis.
[0033] As shoWn in FIG. 1, a doWnlink frame 110 accord

ing to the exemplary embodiment of the present invention has
a time duration of 10 msec and includes ten sub-frames 120.
Each sub-frame 120 has a time duration of 1 msec and
includes tWo slots 130. Each slot 130 includes six or seven

OFDM symbols. The length of a cyclic pre?x in a case in
Which one slot includes six symbols is greater than that of a
cyclic pre?x in a case in Which one slot includes seven sym
bols.
[0034] As shoWn in FIG. 1, the doWnlink frame 110 accord

ing to the exemplary embodiment of the present invention
includes tWo synchronization durations 140 in total, includ
ing synchronization durations 140 in slot No. 0 and slot No.

10, respectively. HoWever, it is not necessarily limited
thereto. The doWnlink frame 110 may include a synchroniza
tion duration in any slot, and may include one synchroniza
tion duration or three or more synchronization durations.

Since the length of the cyclic pre?x may be different in each
slot, it is preferable that the synchronization duration is
located at an end of the slot.

[0035]

Each slot includes a pilot duration.

[0036]

The synchronization duration according to the

exemplary embodiment of the present invention includes a

primary synchronization channel and a secondary synchro
nization channel, and the primary synchronization channel
and the secondary synchronization channel are disposed so as
to be adjacent to each other in vieW of time. As shoWn in FIG.

1, the primary synchronization channel is located at the end of
the slot, and the secondary synchronization channel is located
right ahead of the primary synchronization channel.

into 170 groups by using 170 secondary synchronization
signals that are allocated to the secondary synchronization

[0040]

Since the secondary synchronization channel

includes the information for identifying the frame synchro
nization as Well as information for the cell ID, tWo secondary
synchronization channels included in one frame are different
from each other.

[0041]

FIG. 2 is a diagram illustrating a con?guration of a

secondary synchronization channel When tWo short
sequences are mapped to a frequency domain in a localization

form, and FIG. 3 is a diagram illustrating a con?guration of a

secondary synchronization channel When tWo short
sequences are mapped to a frequency domain in a distribution

form.

[0042] Referring to FIG. 2 to FIG. 3, a secondary synchro
nization signal, Which is inserted into a secondary synchro
nization channel, according to an exemplary embodiment of
the present invention is formed by combining tWo short
sequences. Cell group information and frame synchroniza
tion information are mapped to the tWo short sequences.
[0043] As shoWn in FIG. 2, a ?rst short sequence may be

locally allocated to sub-carriers, and then the second short
sequence may be locally allocated to remaining sub-carriers.
In addition, as shoWn in FIG. 3, the ?rst short sequence may
be allocated to every even-numbered sub-carriers (n:0, 2, 4,
. . . , 60), and the second short sequence may be allocated to
every odd-numbered sub-carrier (n:1, 3, 5, . . . , 61).

[0044] The short sequence length corresponds to half of the
number of sub-carriers allocated to the secondary synchroni
zation channel. That is, the number of short sequence ele
ments that can be generated is up to half of the number of

sub-carriers allocated to the secondary synchronization chan
nel. For instance, When the number of sub-carriers allocated

to the secondary synchronization channel is 62, the short
sequence length corresponds to 31 and the number of short
sequence elements that can be generated is up to 31.
[0045] Since tWo short sequences are allocated to each

secondary synchronization channel, the number of secondary
synchronization sequences generated by a combination of
tWo short sequences is 961 (:31><31) at maximum. HoWever,
since the information that should be included in the secondary
synchronization channel is cell group information and frame

boundary information, 170 or 340 (:170x2) secondary syn
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chronization sequences are required. Accordingly, the num

embodiment of the present invention, it is described that one

ber 961 is a suf?ciently large value in comparison With the

frame includes tWo secondary synchronization channels.

number 170 or 340.

HoWever, it is not limited thereto.
[0057] Referring to FIG. 6 to FIG. 8, three different meth

[0046] Next, an apparatus for generating a doWnlink frame
according to an exemplary embodiment of the present inven
tion Will be described With reference to FIG. 4. FIG. 4 is a

block diagram of the apparatus for generating the doWnlink
frame according to the exemplary embodiment of the present
invention.

[0047] As shoWn in FIG. 4, the apparatus for generating the
doWnlink frame according to the exemplary embodiment of
the present invention includes a sequence generating unit 410,
a synchronization signal generating unit 420, a frequency
mapping unit 430, and an OFDM transmitting unit 440.
[0048] The sequence generating unit 410 generates a
sequence for acquiring time and frequency synchronization, a
cell identi?cation sequence, a plurality of short sequences,

and a scrambling sequence for reducing adjacent cell inter
ference, respectively, and transmits them to the synchroniza

tion signal generating unit 420.
[0049] The synchronization signal generating unit 420 gen
erates a primary synchronization signal, a secondary syn

chronization signal, and a pilot pattern by using sequences
received from the sequence generating unit 410.

[0050] The synchronization signal generating unit 420 gen
erates the primary synchronization signal by using the
sequence for acquiring time and frequency synchronization

ods of generating a secondary synchronization signal accord
ing to an exemplary embodiment of the present invention Will
be described. FIG. 6 is a diagram illustrating the ?rst method

of generating a secondary synchronization signal according
to the exemplary embodiment of the present invention, FIG. 7
is a diagram illustrating the second method of generating a

secondary synchronization signal according to the exemplary
embodiment of the present invention, and FIG. 8 is a diagram
illustrating the third method of generating a secondary syn

chronization signal according to the exemplary embodiment
of the present invention.
[0058] A short sequence (Wn) is a binary sequence (or

binary code) representing cell group information. That is, the
short sequence (Wn) is the binary sequence allocated to a cell

group number and frame synchronization. Moreover, the
length of the short sequence corresponds to half of the number
of sub-carriers allocated to the secondary synchronization
channel. In the exemplary embodiment of the present inven
tion, it is described that the number of sub-carriers allocated
to the secondary synchronization channel is 62. HoWever, it is
not limited thereto. Accordingly, the short sequence length
according to the exemplary embodiment of the present inven

and the cell identi?cation sequence. In addition, the synchro

tion is 31.
[0059] The ?rst short sequence W0 is allocated to even

nization signal generating unit 420 generates the secondary
synchronization signal by using the plurality of short

numbered sub-carriers of the ?rst secondary synchronization
channel and is de?ned as given in Equation 1.

sequences and the scrambling sequences for reducing adja
. , W0(k), . . . , W0(30)]

cent cell interference.

[0051] The synchronization signal generating unit 420 gen
erates the pilot pattern of doWnlink signals by allocating a
unique scrambling sequence allocated to each cell for encod
ing a common pilot symbol and data symbol of a cellular
system to the pilot channel.

(Equation 1)

[0060] Here, k denotes an index of the even-numbered sub
carriers used for a secondary synchronization channel.
[0061] The second short sequence W1 is allocated to odd
numbered sub-carriers of the ?rst secondary synchronization
channel and is de?ned as given in Equation 2.

[0052] The frequency mapping unit 430 generates the
doWnlink frame by mapping the primary synchronization
signal, the secondary synchronization signal, and the pilot

[0062]

pattern that are generated from the synchronization signal

carriers used for the secondary synchronization channel.

. , W1 (m), . . . , W1(30)]

(Equation 2)

Here, In denotes an index of the odd-numbered sub

generating unit 420 and frame control information and trans

[0063]

mission tra?ic data that are transmitted from external sources

numbered sub-carriers of the second secondary synchroniza

to the time and frequency domains.
[0053] The OFDM transmitting unit 440 receives the
doWnlink frame from the frequency mapping unit 430 and

The third short sequence W2 is allocated to even

tion channel and is de?ned as given in Equation 3.
. , W2(k), . . . , W2(30)]

(Equation 3)

transmits the doWnlink frame through given transmission

[0064]

antenna.

numbered sub-carriers of the second secondary synchroniza

[0054] Referring to FIG. 5 to FIG. 8, a method of generat
ing a doWnlink frame according to an exemplary embodiment
of the present invention Will be described. FIG. 5 is a How

tion channel and is de?ned as given in Equation 4.

chart illustrating the method of generating the doWnlink
frame according to the exemplary embodiment of the present

[0065] Here, the short sequences W0, W1, W2, and W3 may
be different sequences. In addition, the relationship betWeen
the short sequences W0, W1, W2, and W3 may be represented
as W0qv3 and W1qv2 (or W0qv2 and W1qv3). Given that
W0qv3 and W1qv2, then the pattern of short sequences allo
cated to the second secondary synchronization channel can be
determined only through the pattern of short sequences allo
cated to the ?rst secondary synchronization channel. Accord

invention.

[0055]

As shoWn in FIG. 5, the sequence generating unit

410 generates a plurality of short sequences and a plurality of

scrambling sequences for reducing interference of a plurality
of adjacent cells and transmits them to the synchronization

signal generating unit 420 (S510).
[0056] The synchronization signal generating unit 420 gen
erates a secondary synchronization signal by using the short
sequences and the scrambling sequences for reducing inter
ference of the plurality of adjacent cells received from the
sequence generating unit 410 (S520). In the exemplary

The fourth short sequence W3 is allocated to odd

. , W3(m), . . . , W3(30)]

(Equation 4)

ingly, by storing only 170 secondary synchronization
sequences generated by a combination of tWo short sequences
allocated to the ?rst secondary synchronization channel, a
mobile station can reduce the complexity needed to obtaining
the cell group information and frame boundary information.
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[0066]

According to the ?rst method of generating a sec

[0075] In addition, the scrambling sequence SW0 is SW0:

ondary synchronization signal as shoWn in FIG. 6, the ?rst

[SWO(0), SWO(1), . . . , SWO(m), . . . , SWO(30)], and the scram

short sequence is allocated to every even-numbered sub-car

bling sequence SW0 is determined by the ?rst short sequence

rier of the ?rst secondary synchronization channel and the

W0.
[0076]

second short sequence is allocated to every odd-numbered

sub-carrier of the ?rst secondary synchronization channel. In

At this time, a plurality of short sequences are
grouped into a plurality of short sequence group and the SW0

addition, the third short sequence is allocated to every even

may be determined by a short sequence group to Which the

numbered sub-carrier of the second secondary synchroniza

?rst short sequence is assigned by grouping short sequences.
[0077] For example, according to the exemplary embodi
ment of the present invention, since the length of the ?rst short

tion channel and the fourth short sequence is allocated to
every odd-numbered sub-carrier of the second secondary syn
chronization channel.

[0067]

According to the ?rst method of generating the sec

ondary synchronization signal, the secondary synchroniza
tion signal is formed by a combination of tWo short sequences
having the length of 3 1 . Accordingly, the number of second

ary synchronization signals is 961 Which is a suf?ciently large
value in comparison With the number 170 or 340.

[0068] According to the second method of generating the
secondary synchronization signal shoWn in FIG. 7, a ?rst
sequence determined by Equation 5 is allocated to every
even-numbered sub-carrier of the ?rst secondary synchroni
zation channel(slot 0), and a second sequence determined by
Equation 6 is allocated to every odd-numbered sub-carrier of

the ?rst secondary synchronization channel(slot 0). In addi
tion, a third sequence determined by Equation 7 is allocated to
every even-numbered sub-carrier of the second secondary

synchronization channel(slot 10), and a fourth sequence
determined by Equation 8 is allocated to every odd-numbered

sub-carrier of the second secondary synchronization channel

(slot 10).
[0069] A scrambling sequence PLO,l scrambling the ?rst
short sequence W0 is de?ned by Pj,O,l:[P]-,O,1(0), Pj,o,l(l), . . .

,Pj,O,l(k), . . . ,Pj,O,1(30)],Wherej (jIO, 1, 2) is the number of

the cell identi?cation sequence allocated to the primary syn

chronization channel. Accordingly, the scrambling sequence

PLO,l is determined by the primary synchronization signal.
The scrambling sequence PLO,l is a knoWn value When a
sequence is demapped to ?nd a cell ID group and a frame

sequence is 31, there are 31 short sequences. Accordingly, by
assigning the short sequences Nos. 0-7 to the group 0, the
short sequences Nos. 8-15 to the group 1, the short sequences
Nos. 16-23 to the group 2, and the short sequences Nos. 24-30
to the group 3. Accordingly SW0 is determined by mapping a
length-3 1 scrambling code to the group to Which the ?rst short
sequence number is assigned.
[0078] Furthermore, 31 short sequences may be classi?ed

into eight groups by grouping the numbers of the ?rst short
sequences having the identical remainder When We divide

each number of short sequences by 8. That is, by assigning the
short sequence number having the remainder of 0 When divid
ing the short sequence numbers by 8 to the group 0, the short
sequence having the remainder of 1 When dividing the short
sequence numbers by 8 to the group 1, the short sequence
having the remainder of 2 When dividing the short sequence
numbers by 8 to the group 2, the short sequence having the
remainder of 3 When dividing the short sequence numbers by
8 to the group 3, the short sequence having the remainder of
4 When dividing the short sequence numbers by 8 to the group
4, the short sequence having the remainder of 5 When dividing
the short sequence numbers by 8 to the group 5, the short
sequence having the remainder of 6 When dividing the short
sequence numbers by 8 to the group 6, and the short sequence
having the remainder of 7 When dividing the short sequence
numbers by 8 to the group 7. Accordingly SW0 is determined
by mapping a length-31 scrambling code to the group to
Which the ?rst short sequence number is assigned.
[0079] As indicated in Equation 6, each element of a second

boundary in the mobile station.
[0070] As indicated in Equation 5, each element of a ?rst
sequence cO according to the second method of generating the
secondary synchronization signal is a product of each ele

ment of the second short sequence W1 and each element of the

ment of the ?rst short sequence W0 and each element of the

scrambling sequences PH,l and SW0 corresponding thereto.

sequence c 1 according to the second method of generating the

secondary synchronization signal is a product of each ele

scrambling sequence PLO,l corresponding thereto.
C1:[W1 (O)SWO(O)P_/I,I,I(O)7W1(1)SWO(1)%,l,l(1)7 - - - ,
- , W0(k)P,-,o,1(k), -

[0071]

W1(m)SW0(m)P/;1,1(m), - - - , W1(30)SW0(30)P/;1,1(30)l

(Equation 5)

Here, k denotes an index of the even-numbered sub

carriers used for the secondary synchronization channel.
[0072] The scrambling sequence scrambling the second
short sequence W1 is PL],l and SW0.

[0073] The scrambling sequence PL],l is Pj,1,l:[P]-,1,1(0),
Pj,1,l(1), . . . , Pj,1,l(m), . . . , Pj,l,l(30)], Wherej (jIO, 1, 2) is

the number of the cell identi?cation sequence allocated to the

primary synchronization channel. Accordingly, the scram

bling sequence PL],l is determined by the primary synchro
nization signal. In addition, the scrambling sequence PH,l
may be the same as the scrambling sequence PLO,l or may be

different from the scrambling sequence PLOJ. When the
scrambling sequence P131, 1 is different from the scrambling

[0080]

(Equation 6)

Herein, m denotes the index of odd-numbered sub

carriers used for the secondary synchronization channel.
[0081] A scrambling sequence PLO,2 for scrambling a third
short sequence W2 is Pj,O,2:[P]-,O,2(0), Pj,O,2(1), . . . , Pj,o,2(k) .

. , 13-92(30)], Wherej (jIO, 1, 2) is the number of the cell
identi?cation sequence allocated to the primary synchroniza

tion channel. Accordingly, the scrambling sequence PLO,2 is
determined by the primary synchronization signal. In addi
tion, the scrambling sequence PLO,2 is a previously knoWn
value When the sequence is demapped to ?nd the cell ID
group and frame boundary in the mobile station.
[0082] As indicated in Equation 7, each element of a third
sequence c 2 according to the second method of generating the

secondary synchronization signal is a product of each ele

sequence PLOJ, it can be possible to reduce interference.

ment of the third short sequence W2 and each element of the

[0074]

scrambling sequence PLO,2 corresponding thereto.

The scrambling sequence PL],l is a previously

knoWn value When a sequence is demapped to ?nd a cell ID
group and a frame boundary in the mobile station.
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[0083] Herein, k denotes the index of even-numbered sub
carriers used for the secondary synchronization channel.
[0084] Scrambling sequences for scrambling a fourth short
sequence are Pj, 1,2 and SW2.

[0085] The scrambling sequence PL],2 is Pj,1,2:[P]-,1,2(0),
Pj,l,2(1), . . . , Pj,l,2(m), Pj,l,2(30)], and j (jIO, 1, 2) is the
number of the cell identi?cation sequence allocated to the

primary synchronization channel. Accordingly, the scram

bling sequence P131,2 is determined by the primary synchro
nization signal. The scrambling sequence Pj, 1,2 is a previously
knoWn value When a sequence is demapped to ?nd the cell ID

group and frame boundary in the mobile station.

[0086] Furthermore, the scrambling sequence SW2 is SW2:
[SW2(0), SW2(1), SW2(m), . . . , SW2(30)], and the scrambling

sequence SW2 is determined by the third short sequence W2.
[0087] At this time, the SW2 may be determined by a short
sequence group to Which the third short sequence is assigned

by grouping short sequences.
[0088] For example, according to the exemplary embodi
ment of the present invention, since the length of the third
short sequence is 31 as Well, there are 31 short sequences.

Accordingly, by assigning the short sequences Nos. 0-7 to the
group 0, the short sequences Nos. 8-15 to the group 1, the
short sequences Nos. 16-23 to the group 2, and the short
sequences Nos. 24-30 to the group 3. Accordingly SW2 is

determined by mapping a length-31 scrambling code to the
group to Which the third short sequence number is assigned.
[0089] Furthermore, 31 short sequences may be classi?ed

into eight groups by grouping the numbers of the third short
sequences having the identical remainder When We divide

each number of short sequences by 8. That is, by assigning the
short sequence number having the remainder of 0 When divid
ing the short sequence numbers by 8 to the group 0, the short
sequence having the remainder of 1 When dividing the short
sequence numbers by 8 to the group 1, the short sequence
having the remainder of 2 When dividing the short sequence
numbers by 8 to the group 2, the short sequence having the
remainder of 3 When dividing the short sequence numbers by
8 to the group 3, the short sequence having the remainder of
4 When dividing the short sequence numbers by 8 to the group
4, the short sequence having the remainder of 5 When dividing
the short sequence numbers by 8 to the group 5, the short
sequence having the remainder of 6 When dividing the short
sequence numbers by 8 to the group 6, and the short sequence
having the remainder of 7 When dividing the short sequence
numbers by 8 to the group 7. Accordingly SW2 is determined
by mapping a length-31 scrambling code to the group to
Which the third short sequence number is assigned.
[0090] As indicated in Equation 8, each element of a fourth
sequence c3 according to the second method of generating the

secondary synchronization signal is a product of each ele
ment of the fourth short sequence W3 and each element of the

scrambling sequences P131,2 and SW2 corresponding thereto.
C3:[W3(0)SW2(0)I?,1,2(0),W3(1)SWXUQJQU), - - - ,

W3(m)SW2(m)Pj-712(m), . . . , w3(30)SW2(30)Pj-7L2(30)]

[0091]

scrambling of secondary synchronization channel deter
mined by the cell identi?cation sequence number of the pri
mary synchronization channel is reduced to 3.
[0093] Furthermore, the relationship betWeen the scram
bling sequences and the short sequences may be set as PLO,

1#Pj,O,2, PLLEPLIQ, PLQEPLU, Pj,O,2#P]-,l,2, W0qv2, and
W1qv3. In this case, the cell group information is mapped to
the combination of the ?rst short sequence and the second
short sequence, and the frame synchronization information is

mapped to the scrambling sequences (PLOJ, PLOQ, FLU, PL],
2) of the secondary synchronization channel determined by
the cell identi?cation sequence number of the primary syn

chronization channel. Then, the number of descrambling
hypotheses of the mobile station With respect to the scram

bling of the secondary synchronization channel determined
by the cell identi?cation sequence number of the primary
synchronization channel is increased to 6. HoWever, the com
bination number of the cell group identi?cation sequences is

reduced to half, and the number of descrambling hypotheses
of the mobile station With respect to the scrambling deter
mined by the ?rst and third short sequences is also reduced to
half.
[0094] As shoWn in FIG. 8, in the third method of generat
ing a secondary synchronization signal, a ?rst sequence deter
mined by Equation 9 is allocated to every even-numbered

sub-carrier of a ?rst secondary synchronization channel, and
a second sequence determined by Equation 10 is allocated to
every odd-numbered sub-carrier of the ?rst secondary syn
chronization channel. Moreover, a third sequence determined
by Equation 11 is allocated to every even-numbered sub
carrier of a second secondary synchronization channel, and a
fourth sequence determined by Equation 12 is allocated to
every odd-numbered sub -carrier of the second secondary syn
chronization channel.

[0095]

That is, according to the second method of generat

ing the secondary synchronization signal, the ?rst short
sequence is scrambled With a ?rst scrambling sequence hav

ing the length of 31, Which is determined by the cell identi
?cation sequence allocated to the primary synchronization
channel, and the second short sequence is scrambled With a

second scrambling sequence having the length of31, Which is
determined by the cell identi?cation sequence allocated to the

primary synchronization channel. HoWever, according to the
third method of generating the secondary synchronization
signal, the ?rst short sequence and the second short sequence
are scrambled With a scrambling sequence having the length
of 62, Which is determined by the cell identi?cation sequence

allocated to the primary synchronization channel.
[0096] Pj,l is the scrambling sequence that scrambles the
?rst short sequence and the second short sequence, and Pj,2 is
the scrambling sequence that scrambles the third short
sequence and the fourth short sequence. The scrambling

sequences Pj,l and Pj,2 are represented as Pj,1:[Pj,1(0),Pj,l(1),
(Equation 8)

...,Pj,l(k), . . . , Pj,l(61)], and Pj,2:[P]-,2(0), Pj,2(1), . . . , Pj,2(k),

Herein, m denotes the index of odd-numbered sub

carriers used for the secondary synchronization channel.

[0092] Here, the relationship betWeen the scrambling
sequences and the short sequences may be set as PLOJIPLOQ,

PLUIPLLZ, Pj,O,l#Pj,1,l, Pj,O,2#Pj,1,2, and W0¢W1¢W2¢W3 (or

[0097] Here,j 6:0, 1, 2) is the number of the cell identi?
cation sequence allocated to the primary synchronization

channel. Accordingly, the scrambling sequences Pj,l and Pj,2
are determined by the number of the cell identi?cation

W0qv3 and W1qv2). In this case, the cell group and frame
identify information are mapped to the combination of the
?rst to fourth short sequences, and the number of descram

sequence allocated to the primary synchronization channel.
[0098] According to the third method of generating the
secondary synchronization signal, the ?rst sequence cO is as

bling hypotheses in the mobile station With respect to the

indicated in Equation 9, the second sequence c 1 is as indicated
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in Equation 10, the third sequence c2 is as indicated in Equa
tion 1 1, and the fourth sequence C3 is as indicated in Equation
12.

frequency offset may be compensated in the frequency
domain after performing the Fourier transform.
[0107] The Fourier transforming unit 730 performs Fourier
transform of the received signals on the basis of the symbol

synchronization estimated by the symbol synchronization
estimating and frequency offset compensating unit 720

(S820).
[0108]

The cell ID estimating unit 740 estimates a cell ID

group and frame synchronization by respectively correlating
the Fourier transformed received signal With a plurality of

knoWn secondary synchronization signals S830. The cell ID
estimating unit 740 respectively correlates a plurality of sec
W3(m)SW2(m)Pj-2(31+m), . . . , W3(30)SW2(30)Pj-72(6l)]

(Equation 12)

[0099] In Equation 9 to Equation 12, k denotes the index of
the even-numbered sub-carriers to be used for the secondary
synchronization channel, and m denotes the index of the
odd-numbered sub-carriers to be used for the secondary syn
chronization channel.

[0100] The frequency mapping unit 430 generates the
doWnlink frame by mapping the secondary synchronization
signal that are generated from the synchronization signal
generating unit 420, and transmission tra?ic data to the time
and frequency domains S530.
[0101] The OFDM transmitting unit 440 receives the
doWnlink frame from the frequency mapping unit 430 and

transmits the doWnlink frame through given transmission
antenna S540.

[0102] A method of searching cells by the mobile station by
using the doWnlink frame generated by the exemplary

ondary synchronization signals With the Fourier transformed
received signal, and estimates the frame synchronization and
the cell ID group by using a secondary synchronization signal
that has the largest correlation value. Herein, the plurality of

secondary synchronization signals are given by applying PLO,
1, PLO,” PL 1, 1 and Pj,l ,2 that are determined in accordance With

a primary synchronization signal that corresponds to the
number of a primary synchronization signal transmitted from

the symbol synchronization estimating and frequency offset
compensating unit 720 to Equation 5 to Equation 8, At this
time, in the case that a synchronization channel symbol exists
in one slot or one OFDM symbol Within one frame, the

symbol synchronization becomes frame synchronization, and
therefore, it is not necessary to additionally acquire frame

synchronization.
[0109] In addition, the cell ID estimating unit 740 estimates
cell IDs by using the number of a primary synchronization
signal transmitted from the symbol synchronization estimat
ing and frequency offset compensating unit 720 and the esti

embodiment of the present invention Will noW be described
With reference to FIG. 9 and FIG. 11.

mated cell ID group S840. At this time, the cell ID estimating

[0103]

unit 740 estimates the cell ID With reference to a knoWn

FIG. 9 is a block diagram ofan apparatus for search

ing cells according to the exemplary embodiment of the
present invention, FIG. 10 is a ?owchart illustrating a cell

searching method according to a ?rst exemplary embodiment
of the present invention, and FIG. 11 is a ?owchart illustrating
a cell searching method according to a second exemplary
embodiment of the present invention.
[0104] As shoWn in FIG. 9, the apparatus for searching the
cells according to the exemplary embodiment of the present
invention includes a receiving unit 710, a symbol synchroni

mapping relationship betWeen cell ID, the cell ID group, and
a number of primary synchronization signal.
[0110]

The estimated cell ID information may be veri?ed

by using scrambling sequence information included in the

pilot symbol duration.
[0111]

A cell searching method according to the second

exemplary embodiment of the present invention Will noW be
described With reference to FIG. 11.

zation estimating and frequency offset compensating unit

[0112] As shoWn in FIG. 11, the receiving unit 710 receives
a frame transmitted from the base station, and the symbol

720, a Fourier transforming unit 730, and a cell ID estimating
unit 740.

ing unit 720 ?lters the received signal by as much as a band

[0105] A cell searching method according to the ?rst exem
plary embodiment of the present invention Will noW be

the symbol synchronization by respectively correlating the

described With reference to FIG. 10.

?ltered received signal and a plurality of knoWn primary

[0106] As shoWn in FIG. 10, the receiving unit 710 receives
the frames transmitted from the base station, and the symbol

synchronization signals, and compensates the frequency off
set by estimating frequency synchronization S910. The sym
bol synchronization estimating and frequency offset compen

synchronization estimating and frequency offset compensat

synchronization estimating and frequency offset compensat
Width allocated to the synchronization channel and acquires

ing unit 720 ?lters the received signal by as much as a band

sating unit 720 respectively correlates the ?ltered received

Width allocated to the synchronization channel and acquires

signal and the plurality of knoWn primary synchronization

the symbol synchronization by respectively correlating the

signals and estimates a time of the largest correlation value as
the symbol synchronization, and transmits a plurality of cor

?ltered received signal and a plurality of knoWn primary

synchronization signals, and compensates the frequency off
set by estimating frequency synchronization (S810). The
symbol synchronization estimating and frequency offset
compensating unit 720 respectively correlates the ?ltered
received signal and the plurality of knoWn primary synchro

relation values of the plurality of knoWn primary synchroni
zation signals and ?ltered received signal to the cell ID esti
mating unit 740. At this time, the frequency offset
compensation may be performed in the frequency domain
after Fourier-transformed.

nization signals and estimates a time of the largest correlation
value as the symbol synchronization, and transmits a number

[0113] The Fourier transforming unit 730 Fourier-trans
forms the received signal With reference to the symbol syn

of a primary synchronization signal having the largest corre

chronization that is estimated by the symbol synchronization
estimating and frequency offset compensating unit 720 S920.

lation value to the cell ID estimating unit 740. At this time, the

Oct. 8, 2009

US 2009/0252335 A1

[0114] The cell ID estimating unit 740 estimates cell IDs by
using the plurality of correlation values transmitted from the

symbol synchronization estimating and frequency offset
compensating unit 720, and correlation values of the Fourier
transformed received signal and a plurality of knoWn second

ary synchronization signals S930. The cell ID estimating unit

searches a secondary synchronization signal having the larg
est correlation value by correlating each of the plurality of
knoWn secondary synchronization signals With the Fourier
transformed received signal for each of the plurality of knoWn

primary synchronization signals. Here, the plurality of sec

ondary synchronization signals are given by applying PLOJ,
PLO,” PH,l and P131,2 that are determined in accordance With

the corresponding primary synchronization signal to Equa
tion 5 to Equation 8.
[0115] In addition, the cell ID estimating unit 740 combines

the correlation value of each knoWn primary synchronization

signal transmitted from the symbol synchronization estimat
ing and frequency offset compensating unit 720 and the cor

relation value of the secondary synchronization signal having
the largest correlation value for each of the plurality of knoWn

primary synchronization signals.
[0116] The cell ID estimating unit 740 estimates frame
synchronization and a cell ID group by using a secondary

synchronization signal having the largest combined value
among the combined values of the correlation values of a

primary synchronization signal and a secondary synchroni
zation signal. In addition, the cell ID estimating unit 740
estimates a cell ID by using the primary synchronization
signal having the largest combined value and the estimated
cell ID group. At this time, the cell ID estimating unit 740
estimates the cell ID With reference to a knoWn mapping

relationship betWeen the cell ID group, cell ID and the pri

mary synchronization signal number.
[01 17] The exemplary embodiment of the present invention
can be not only implemented by the above-described appara
tus and/ or method, but can be implemented by, for example,
a program that achieves the function corresponding to the

con?guration of the exemplary embodiment of the present

scrambling the ?rst short sequence With the ?rst scram

bling sequence and scrambling the second short
sequence With the second scrambling sequence and the
third scrambling sequence;
scrambling the second short sequence With the ?rst scram

bling sequence and scrambling the ?rst short sequence
With the second scrambling sequence and the fourth

scrambling sequence; and

mapping the secondary synchronization signal that
includes the ?rst short sequence scrambled With the ?rst
scrambling sequence, the second short sequence
scrambled With the second scrambling sequence and the
third scrambling sequence, the second short sequence
scrambled With the ?rst scrambling sequence and the
?rst short sequence scrambled With the second scram
bling sequence and the fourth scrambling sequence to a

frequency domain.
2. The method of claim 1, Wherein the mapping of the

secondary synchronization signal includes
alternately disposing the ?rst short sequence scrambled
With the ?rst scrambling sequence and the second short
sequence scrambled With the second scrambling
sequence and the third scrambling sequence on a plural

ity of sub-carriers to generate one secondary synchroni
zation signal; and
alternately disposing the second short sequence scrambled
With the ?rst scrambling sequence and the ?rst short
sequence scrambled With the second scrambling
sequence and the fourth scrambling sequence on a plu
rality of sub-carriers to generate the other secondary

synchronization signal.
3. The method of claim 2, Wherein the ?rst scrambling
sequence and the second scrambling sequence are different
from each other.
4. The method of claim 2, Wherein:
a plurality of cells are grouped into a plurality of cell
groups, each of the cell groups including at least tWo

cells;

invention and a recording medium in Which the program is

the plurality of cell groups are distinguished by cell group

recorded. This Will be easily implemented from the above
described exemplary embodiment of the present invention by

at least tWo cells in each of the cell groups are distinguished

those skilled in the related art.
[0118] While this invention has been described in connec
tion With What is presently considered to be practical exem

plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con

trary, is intended to cover various modi?cations and equiva
lent arrangements included Within the spirit and scope of the

appended claims.
What is claimed is:
1. A method of generating a doWnlink frame including a

primary synchronization signal and secondary synchroniza
tion signals, comprising:
generating a ?rst short sequence and a second short

sequence indicating cell group information;

numbers;
by the numbers of cell identi?cation sequences allocated

to the primary synchronization signal; and
the ?rst short sequence and the second short sequence
correspond to the cell group numbers.
5. The method of claim 2, Wherein:
the doWnlink frame includes a plurality of slots, each slot

having a plurality of symbols; and
the primary synchronization signal is located on a last
symbol of a slot, and the one and the other secondary
synchronization signal is located on a symbol right
ahead of the last symbol of the slot.
6. An apparatus for generating a doWnlink frame including

a primary synchronization signal and secondary synchroni
zation signals, comprising:
a sequence generating unit that generates a ?rst short
sequence and a second short sequence indicating cell

generating a ?rst scrambling sequence and a second scram

group information, the ?rst scrambling sequence and the

bling sequence determined by the primary synchroniza
tion signal;

second scrambling sequence determined by the primary
synchronization signal, a third scrambling sequence

generating a third scrambling sequence determined by the

determined by the ?rst short sequence, and a fourth

?rst short sequence and a fourth scrambling sequence

scrambling sequence determined by the second short

determined by the second short sequence;

sequence; and
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a synchronization signal generating unit that scrambles the
?rst short sequence With the ?rst scrambling sequence

the ?rst short sequence and the second short sequence

indicate cell group information, the ?rst scrambling

and scrambles the second short sequence With the sec

sequence and the second scrambling sequence are deter

ond scrambling sequence and the third scrambling
sequence to generate one secondary synchronization
signal, and scrambles the second short sequence With the
?rst scrambling sequence and scrambles the ?rst short
sequence With the second scrambling sequence and the

mined by the primary synchronization signal, the third

fourth scrambling sequence to generate the other sec

ondary synchronization signal.
7. The apparatus of claim 6, further comprising a frequency
mapping unit that alternately disposes the ?rst short sequence
scrambled With the ?rst scrambling sequence and the second
short sequence scrambled With the second scrambling
sequence and the third scrambling sequence on a plurality of

sub-carriers, and alternately disposing the second short
sequence scrambled With the ?rst scrambling sequence and
the ?rst short sequence scrambled With the second scrambling
sequence and the fourth scrambling sequence on a plurality of
sub-carriers.
8. The apparatus of claim 7, Wherein the ?rst scrambling
sequence and the second scrambling sequence are different
from each other.
9. The apparatus of claim 7, Wherein:
a plurality of cells are grouped into a plurality of cell
groups, each of the cell groups including at least tWo

cells;
the plurality of cell groups are distinguished by cell group

numbers;
at least tWo cells in each of the cell groups are distinguished

by the numbers of cell identi?cation sequences allocated

to the primary synchronization signal; and
the ?rst short sequence and the second short sequence
correspond to the cell group numbers.

10. The apparatus of claim 7, Wherein:
the doWnlink frame includes a plurality of slots, each slot

having a plurality of symbols; and
the primary synchronization signal is located on a last
symbol of a slot, and the one and the other secondary
synchronization signal is located on a symbol right
ahead of the last symbol of the slot.
11. A method of searching a cell by a mobile station,

comprising:
receiving a doWnlink frame including a primary synchro

nization signal and tWo secondary synchronization sig
nals Which are different from each other; and

identifying a cell by using the primary synchronization
signal and at least one of the tWo secondary synchroni

zation signal, Wherein,
in one secondary synchronization signal of the tWo second
ary synchronization signal, a ?rst short sequence
scrambled With a ?rst scrambling sequence and a second
short sequence scrambled With a second scrambling
sequence and a third scrambling sequence are alter

nately disposed on a plurality of sub-carriers,
in the other secondary synchronization signal of the tWo
secondary synchronization signal, a second short
sequence scrambled With a ?rst scrambling sequence
and a ?rst short sequence scrambled With a second

scrambling sequence and a fourth scrambling sequence
are alternately disposed on a plurality of sub-carriers,
and

scrambling sequence is determined by the ?rst short
sequence, and the fourth scrambling sequence is deter
mined by the second short sequence.
12. The method of claim 11, Wherein the ?rst scrambling
sequence and the second scrambling sequence are different
from each other.
13. The method of claim 11, Wherein the identifying of the

cell comprises:
identifying a cell group by using at least one of the tWo

secondary synchronization signals; and
identifying the cell in the cell group by using the primary

synchronization signal.
14. The method of claim 11, Wherein;
the doWnlink frame includes a plurality of slots, each slot
having a plurality of symbols; and
the primary synchronization signal is located on a last
symbol of a slot, and the tWo secondary synchronization
signal is located on a symbol right ahead of the last
symbol of the slot.
15. An apparatus for searching a cell by a mobile station,

comprising:
a receiving unit that receives a doWnlink frame including a

primary synchronization signal and tWo secondary syn
chronization signals Which are different from each

other; and
a cell ID estimating unit that identi?es a cell by using the
primary synchronization signal and at least one of the

tWo secondary synchronization signals, Wherein,
in one secondary synchronization signal of the tWo second
ary synchronization signal, a ?rst short sequence
scrambled With a ?rst scrambling sequence and a second
short sequence scrambled With a second scrambling
sequence and a third scrambling sequence are alter

nately disposed on a plurality of sub-carriers, and
in the other secondary synchronization signal of the tWo
secondary synchronization signal, a second short
sequence scrambled With a ?rst scrambling sequence
and a ?rst short sequence scrambled With a second

scrambling sequence and a fourth scrambling sequence
are alternately disposed on a plurality of sub-carriers,
and
the ?rst short sequence and the second short sequence

indicate cell group information, the ?rst scrambling
sequence and the second scrambling sequence are deter

mined by the primary synchronization signal, the third
scrambling sequence is determined by the ?rst short
sequence and the fourth scrambling sequence is deter
mined by the second short sequence.
16. The apparatus of claim 15, Wherein the ?rst scrambling
sequence and the second scrambling sequence are different
from each other.
17. The apparatus of claim 15, Wherein:
the doWnlink frame includes a plurality of slots, each slot

having a plurality of symbols; and
the primary synchronization signal is located on a last
symbol of a slot, and the tWo secondary synchronization
signal is located on a symbol right ahead of the last

symbol of the slot.

