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METHOD AND APPARATUS FOR EMBODYING AND SYNCHRONIZING
DOWNLINK SIGNAL IN MOBILE COMMUNICATION SYSTEM AND
METHOD FOR SEARCHING CELL USING THE SAME

CROSS REFERENCE TO RELATED APPLICATION

This application claims priority to and the benefit of Korea Patent
Application No. 2002-73789 filed on November 26, 2002 in the Korean
Intellectual Property Office, the entire content of which is incorporated

herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method and apparatus for
embodying and synchronizing downlink signals in a mobile communication
system, and a method for searching cells using the same. More
specifically, the present invention relates to a method fdr generating a
structure of a preamble and a pilot appropriate for downlinks of an
OFDMA (orthogonal frequency division multiplexing access)-based cellular
system, performing synchronization, and searching cells at a terminal by

using the structure.

(b) Description of the Related Art
In general, a terminal is required to read signals of a base station
and synchronize its time and frequency with the terminal for initial

synchronization, and search cells in a cellular system. When initially
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synchronized, the terminal is also needed to track the time and frequency,
synchronize time and frequency of adjacent cells, and search the cells
thereof for handover.

Downlinks for enabling initial synchronization, cell search, tracking,
and adjacent cell search are provided to the GSM which is a conventional
TDMA (time division multiplexing access)-based cellular system, or the IS-
95, cdma2000, and W-CDMA which are CDMA (code division multiplexing
access)-based cellular systems.

For example, in the W-CDMA system, a P-SCH (primary
synchronization channel) and an S-SCH (secondary synchronization
channel) of 256-chip lengths are provided for each slot start point so that
slot synchronization may be estimated by using the P-SCH, and a
scrambling code group number and frame synchronization may be
estimated by using the S-SCH. In this instance, a time for estimating the
synchronization is minimized by using the P-SCHs of the same pattern for
respective slots of each cell, and frame synchronization and a scrambling
code group are estimated by using a different pattern per 64 different
scrambling code groups and using a different pattern per slot. A P-CPICH
(primary common pilot channel) is used to find one of eight major
scrambling codes within a scrambling code group, the scrambling code is
used to demodulate cell information provided on a P-CCPCH (primary
common control channel) and obtain the cell information, and hence, the

cell search is finished.
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Conventional OFDMA-based systems include the DAB (digital
audio broadcasting), the DVB (digital video broadcasting), the
IEEE802.11a, and the Hiperlan/2. The DAB uses a null symbol and a
phase reference symbol for frame synchronization, and the DVB uses a
pilot for the frame synchronization. Also, the IEEE802.11a and the
Hiperlan/2 use a preamble to synchronize downlink burst. However, it is
difficult for the OFDMA-based cellular systems to perform synchronization
and search the cells through the conventional structure since the OFDMA-

based systems are not cellular systems.

SUMMARY OF THE INVENTION

It is an advantage of the present invention to provide a structure
of a preamble and a pilot for synchronizing downlinks and searching cells
with a lesser amount of calculation in the OFDMA-based cellular system.

In a first aspect of the present invention, in a device for
configuring a downlink signal in a mobile communication system, a device
for configuring a downlink signal comprises: a first preamble generator for‘
generating a first preamble having a first symbol and a second symbol so
that a phase difference between the first and second symbols may be
180° for the purpose of time and frequency synchronization; a second
preamble generator for generating a second preamble including at least
one transmit symbol so that the second preamble may have specific
patterns for a plurality of cells for the purpose of cell search; and a pilot
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pattern generator for generating a pilot pattern to be allocated to a plurality
of pilot symbols to be provided on the time axis and the frequency axis,
wherein a frame of the downlink signal includes a first slot which has the
first and second preambles, and a plurality of second slots having the pilot
symbols.

In a second aspect of the present invention, a downlink signal
synchronizer in a mobile communication system wherein a frame of the
downlink signal comprises: a first slot which includes a first preamble for
time and frequency synchronization and a second preamble which has a
pattern specific to each cell for cell search; and a plurality of second slots
which have a plurality of pilot symbols provided on the time axis and the
frequency axis, comprises: an initial synchronization estimator which
includes an initial symbol synchronization estimator for using a cyclic
prefix of the downlink signal and estimating initial symbol synchronization;
a frame synchronization estimator for using the symbol synchronization
estimated by the initial‘symbol synchronization estimator and the first
preamble and estimating frame synchronization; and a time and frequency
synchronization estimator for using the estimated frame synchronization
and the first and second preambles and estimating fine symbol
synchronization and frequency synchronization; and a cell searcher for
using a pattern speciﬁc_to each cell of the second preamble and searching
the cells when the symbol synchronization and the frequency

synchronization are controlled by the initial synchronization estimator.



WO 2004/049618 PCT/KR2002/002241

10

15

20

In a third aspect of the present invention, in a method for
synchronizing downlink signals of a mobile communication system, and
searching cells wherein a frame of the downlink signal comprises: a first
slot which includes a first preamble having a first symbol with a valid
symbol length and a second symbol corresponding to part of the first
symbol with a phase rotated by 180°, and a second preamble which has a
pattern specific to each cell for cell search; and a plurality of second slots
which have a plurality of pilot symbols provided on the time axis and the
frequency axis, a method for synchronizing downlink signals and
searching cells comprises: (a) estimating a point at which correlation of a
cyclic prefix of the downlink signal and a valid symbol becomes the
maximum as a symbol timing, and estimating initial symbol
synchronization; (b) using a characteristic that the real number part of the
autocorrelation of the estimated initial symbol synchronization and the first
and second symbols has a negative sign, and estimating frame
synchronization; (c) using the estimated frame synchronization and the
first and second preambles, and estimating time 'and frequency
synchronization; and (d) using the second preamble and searching the
cells when the time and frequency are synchronized through the
synchronization step of (c).

In a fourth aspect of the present invention, in a method for
synchronizing and searching adjacent cells from downlink signals of a

mobile communication system wherein a frame of the downlink signal
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comprises: a first slot which includes a first preamble having a first symbol
with a valid symbol length and a second symbol corresponding to part of
the first symbol with a phase rotated by 180°, and a second preamble
which has a pattern specific to each cell for cell search; and a plurality of
second slots which have a plurality of pilot symbols provided on the time
axis and the frequency axis, a method for synchronizing adjacent cells and
searching cells comprises: (a) calculating autocorrelation of a cyclic prefix
of the downlink signal and a valid symbol; (b) excluding a result which
corresponds to a symbol start position of the current cell from a result of
the autocorrelation, estimating a point for maximizing the autocorrelation,
and estimating initial symbol synchronization of adjacent cells; (c) using
the estimated initial symbol synchronization of the adjacent cell, and
estimating autocorrelation of the first preamble; (d) excluding a result
which corresponds to a frame start position of the current cell from a result
of the autocorrelation estimated in (c), estimating a point for maximizing
the result of the autocorrelation, and estimating frame synchroni?.ation of
adjacent cells; (e) using the estimated frame synchronization of the
adjacent cells and the first and second preambles, and estimating time
and frequency synchronization of the adjacent cells; and (f) using the
second preamble to search the cells, and excluding a result which
corresponds to the current cell from the cell search result to search the
cells.

In a fifth aspect of the present invention, in a method for
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synchronizing and searching adjacent cells from downlink signals of a
mobile communication system wherein a frame of the downlink signal
comprises: a first slot which includes a first preamble having a first symbol
with a valid symbol length and a second symbol corresponding to part of
the first symbol with a phase rotated by 180°, and a second preamble
which has a pattern specific to each cell for cell search; and a plurality of
second slots which have a plurality of pilot symbols provided on the time
axis and the frequency axis, and a pilot paitern of the pilot symbol in the
second slot includes a first pattern in common for each cell and a second
pattern different for each cell, a method for synchronizing adjacent cells
and searching cells comprises: (a) calculating autocorrelation of a cyclic
prefix of the downlink signal and a valid symbol; (b) excluding a result
which corresponds to a symbol start position of the current cell from a
result of the autocorrelation, estimating a point for maximizing the
autocorrelation, and estimating initial symbol synchronization of adjacent
cells; (c) using the estimated) symbol synchronization of the adjacent cell, 7
and signal-processing the first pattern; (d) excluding a slot position of the
current cell from the signal processed result in (c), selecting a point for
maximizing the signal processed result, and estimating slot
synchronization of adjacent cells; (e) using the estimated slot
synchronization of the adjacent cells, and estimating autocorrelation of the
first preamble; (f) excluding a result which corresponds to a frame start

position of the current cell from a result of the autocorrelation estimated in
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(e), estimating a point for maximizing the result of the autocorrelation, and
estimating frame synchronization of the adjacent cell; (g) using the
estimated frame synchronization of the adjacent cell and the first and
second preambles, and estimating time and frequency synchronization of
the adjacent cell; and (h) using the second preamble to search the cells,
excluding a result which corresponds to the current cell from the cell

search result, and searching the cells.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and
constitute a part of the specification, illustrate an embodiment of the
invention, and, together with the description, serve to explain the
principles of the invention:

FIG. 1 shows a brief structural diagram of a frame of a downlink
signal in an OFDMA-based mobile communication system according to a
first preferred embodiment of the present invention;

FIG. 2A shows a brief structural diagram of a downlink signal in
an OFDMA-based mobile communication system according to a first
preferred embodiment of the present invention;

FIG. 2B shows a flowchart for a synchronization and cell search
method according to a first preferred embodiment of the present invention;

FIG. 3 shows a brief block diagram for an initial symbol

synchronization estimator according to a first preferred embodiment of the
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present invention;

FIG. 4 shows a brief block diagram of a preamble of a downlink
signal in an OFDMA-based mobile communication system according to a
first preferred embodiment of the present invention;

FIG. 5 shows a brief block diagram for a frame synchronizatio‘n
estimator according to a first preferred embodiment of the present
invention;

FIG. 6 shows a brief block diagram for a frequency
synchronization estimator according to a first preferred embodiment of the
present invention;

FIG. 7 shows a brief block diagram for a symbol synchronizer
according to a first preferred embodiment of the present invention;

FIG. 8 shows a brief structural diagram of a cell search preamble
of a downlink signal in an OFDMA-based mobile communication system
according to a first preferred embodiment of the present invention;

FiGs. 9 and 10 show patterns of pilots of downlink signals in an
OFDMA-based mobile communication system according to preferred
embodiments of the present invention;

FIG. 11A shows a brief structural diagram of a downlink signal in
an OFDMA-based mobile communication system according to a second
preferred embodiment of the present invention;

FIG. 11B shows a flowchart for a synchronization and cell search

method according to a second preferred embodiment of the present
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invention;

FIG. 12 shows a brief block diagram for a slot synchronization
estimator according to a second preferred embodiment of the present
invention;

FIG. 13 shows a brief structural diagram for a traffic slot of a
downlink signal in an OFDMA-based mobile communication system
according to a third preferred embodiment of the present invention;

FIG. 14 shows a pattern and a position of the pilot of FIG. 13;

FIG. 15 shows a flowchart for a synchronization and cell search
method according to a third preferred embodiment of the present
invention;

FIGs. 16 and 17 show flowcharts for searching adjacent cells in
the downlink of an OFDMA-based mobile communication system
according to fourth and fifth preferred embodiments of the present
invention;

FIG. 18 shows a brief block diagram for a cell search device;

FIGs. 19 and 20 show brief block diagrams for a synchronizer of a

. terminal according to preferred embodiments of the present invention; and

FIG. 21 shows a brief block diagram for a downlink signal
configuring device of a base station of an OFDMA-based mobile
communication system according to preferred embodiments of the present

invention.

10



WO 2004/049618 PCT/KR2002/002241

10

15

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following» detailed description, only the preferred
embodiment of the invention has been shown and described, simply by
way of illustration of the best mode contemplated by the inventor(s) of
carrying out the invention. As will be realized, the invention is capable of
modification in various obvious respects, all without departing from the
invention. Accordingly, the drawings and description are to be regarded as
illustrative in nature, and not restrictive.

A downlink signal configuring method, a synchronization method,
devices thereof, and a cell search method using the same in a mobile
communication system will be described with reference to drawings.

With reference to FIG. 1, the structure of a preamble and a pilot
in the mobile communication system according to the first preferred
embodiment of the present invention will be described in detail. |

FIG. 1 shows a brief structural diagram of a frame of a downlink
signal in an OFDMA-based mobile communication system according to a
first preferred embodiment of the present invention.

As shown in FIG. 1, the frame of the downlink signal comprises
Np slots 10 and 20, and one slot 10 and 20 includes Ng symbols. One slot
10 from among the N, slots 10 and 20 is a common slot, and residual Np-1
slots 20 are traffic slots. |

A preamble 100 is provided at the beginning part of the common

slot 10, and the preamble 100 includes a synchronization preamble 110
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having a length of Tps and a cell search preamble 120 having a length of
Tec (=Te-Tps). The synchronization preamble 110 has a structure suitable
for time and frequency synchronization, and the cell search preamble 120
has a structure appropriate for cell search. The common slot 10 can
further comprise a channel for transmitting common cell information, and
a pilot symbol for the channel in addition to the preamble 100. The traffic
slot 20 includes a pilot symbol given with respect to the time axis and the
frequency axis. The pilot symbol 200 is inserted per group of N
subcarriers with respect to the frequency axis and per group of N; symbols
with respect to the time axis.

Referring to FIGs. 2A to 10, a synchronization and cell search
method according to the first preferred embodiment of the present
invention will be described.

First, the synchronization and cell search method according to the
first preferred embodiment of the present invention will be described with
reference to FIGs. 2A and 2B.

FIG. 2A shows a brief structural diagram of a downlink signal in
an OFDMA-based mobile communication system according to a first
preferred embodiment of the present invention, and FIG. 2B shows a
flowchart for a synchronization and cell search method according to a first
preferred embodiment of the present invention.

As shown in FIGs. 2A and 2B, for the purpose of initial

synchronization, a CP (cyclic prefix) of an OFDM transmit signal is used to

12
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estimate initial symbol synchronization in step S210. The estimated initial
symbol synchronization and the synchronization preamble 110 of the
preamble 100 are used to estimate frame synchronization in step S220.
Next, the synchronization preamble 110 of the preamble 100 and the cell
search preamble 120 are used to estimate the time and frequency
synchronization in step S230. When the time and frequency
synchronization is performed in the previous step S230, the cell search
preamblle 120 is used to estimate cell search in step S240. The initial
synchronization is accordingly performed through the steps of S210 to
S240.

The time and frequency synchronization in the previous step
S230 can be controlled through subsequent steps of S231 to S233. That
is, the synchronization preamble 110 is used to estimate a frequency
offset, and brief frequency synchronization is estimated in step S231. The
synchronization preamble 110 is used to estimate fine symbol
synchronization in step S232, and the cell search preamble 120 is used to
estimate fine frequency synchronization in step S233. Accordingly, the
time and frequency is synchronized.

Frequency and time are tracked when the initial synchronization is
performed. In order to track the frequency and time, a phase difference
between a CP of the OFDM transmit signal and a valid OFDM symbol (a
transmit symbol) including the CP is used to track the frequency in step

S250. Next, the synchronization preamble 110 is used to track the symbol

13
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synchronization in step S260, and the cell search preamble 120 is used to
track fine frequency synchronization in step S270.

The synchronization and cell search method described with FIGs.
2A and 2B will be described in detail referring to FIGs. 3 to 10.

Referring to FIG. 3, a method for estimating synchronization of an
initial symbol in the synchronization and cell search method according to
the first preferred embodiment will be described in detail. FIG. 3 shows a
brief block diagram for an initial symbol synchronization estimator
according to the first preferred embodiment of the present invention.

As shown in FIG. 3, the initial symbol synchronization estimator
300 comprises a delay unit 310, a correlator 320, moving average units
330 and 340, a power detector 350, a normalizer 360, and a comparator

370.

An OFDM receive signal Y("+1+N) is delayed by the delay unit

310 by the length N of the valid OFDM symbol, and the delayed signal
Y(n+1) is correlated by the correlator 320. The moving average unit 330

calculates a correlation value ¥ (+7) of the delayed signal and a moving

Nep-1
Z Y (m+Dy(n+1+N)
average value /=0 of the received signal Y +{+N),

and the moving average unit 340 calculates a moving average value

Ngp-1

Z |y(n+l+N)|2
1=0 of a signal power detected by the power detector 350.

14
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Z y m+Dym+I1+N)
The moving average value /=0 is normalized into a
Negp—1 )
D 1+ N
moving average value =0 . A timing n for maximizing the

normalized correlation value is determined as a symbol timing fm by the
comparator 370, and the initial symbol synchronization is estimated.

That is, a position for maximizing an autocorrelation of the CP of
the OFDM symbol and the valid OFDM symbol during a single OFDM
symbol period is estimated in the initial symbol synchronization.
Performance of the initial symbol synchronization is improved when the
above-described estimation process is repeatedly performed on M

~

T

symbols. The symbol timing ‘= estimated by the initial symbol

A

synchronization device 300 and the symbol timing g repeatedly estimated
by M times are given in Equation 1. The initial symbol synchronization
device 300 can be realized as software in one of/both of dedicated

hardware and a universal processor.

Equation 1
Nep=l Nep-1 o
T, =max{ Z y (n+Dy(n+1+N)|/ Z ‘y(n +l+N)|'}
" =0 1=0

0=n=Nsgym, and

C M-l
Tm
ol =
7:1 —_ 0
M
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where TAm is a symbol timing, fl is a symbol timing repeatedly
estimated by M times, Nsym is a length of an OFDM symbol, y(n) is an
OFDM receive signal, Ncp is a length of a CP of an OFDM symbol, and N
given as Ngym-Ncp is a length of a valid OFDM symbol of an OFDM symbol.

Referring to FIGs. 4 and 5, a method for estimating frame
synchronization in the synchronization and cell search method according
to the first preferred embodiment of the present invention will be described.

FIG. 4 shows a brief block diagram of a preamble of a downlink
signal in an OFDMA-based mobile communication system according to a
first preferred embodiment of the present invention, and FIG. 5 shows a
brief block Qiagram for a frame synchronization estimator according to a
first preferred embodiment of the present invention.

As shown in FIG. 4, the synchronization preamble 110 includes
an S symbol 111 and an IS’ symbol 112, and has a length of Tps. Tes
corresponds to a length of an OFDM symbol, and the S symbol 111 is a
valid OFDM symbol length of Tes-Tcp excluding the length Tgp of the CP
of the OFDM transmit signal. 'I“he IS’ symbol 112 has a length of Tcp

which corresponds to the CP of the OFDM transmit signal, and the IS’

symbol is obtained by rotating the S symbol 111 by 180° and taking a top
portion which corresponds to the length Tcp of the CP from the rotated S
symbol.

The above-described structure of the synchronization preamble

110 is suitable for initial synchronization of the frequency and time of the
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downlink signal in the OFDMA-based mobile communication system.

Since the S symbol 111 and the IS’ symbol 112 are configured to have a

phase difference of 180°, the real number part of the autocorrelation of
the S symbol 111 and the IS’ symbol 112 has a negative sign. When the
autocorrelation of the same type as that of the synchronization preamble
110 is applied to the consecutively transmitted OFDM symbol except for
the synchronization preamble 110, the real number part of the
autocorrelation has a positive sign. Therefore, the timing of the frame is
estimated through a simple calculation using the synchronization
preamble 110.

The S symbol 111 has Nggym-times-repeated Sa symbols 111a. A
frequency offset normalized at intervals of subcarriers of a range of from —
Nssym/2 t0 Nsegym/2 can be estimated by using a phase value of the
autocorrelation in the time domain. Also, since the synchronization
preamble 110 includes an S symbol 111 and an IS’ symbol 112, fine
symbol synchronization (accurate timing 7of a symbol, and accurate symbol
timing) can be estimated by finding cross correlation or autocorrelation of
the S symbol 111 and the IS’ symbol 112.

Referring to FIG. 5, a frame synchronization estimator 500 .
comprises a delay unit 510, a correlator 520, a moving average unit 530, a
real number unit 540, and a sign detector and comparator 550.

In the frame synchronization estimator 500, an OFDM receive

signal ¥(#+{+N) is delayed by the delay unit 510 by a length N of a valid

17
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OFDM symbol, and a correlation value of the delayed signal Y41 is

determined by the correlator 520. The correlation value Y (n+1) of the

delayed signal and a moving average value fn of the receive signal

y(+1+N) are calculated by the moving average unit 530. The sign

detector and comparator 550 detects a sign of the real number part

Re{f.} of a moving average value determined by the real number unit 540,
and compares absolute values. As described above, the autocorrelation of
the S symbol 111 and the 1S’ symbol 112 of the synchronization preamble

110 has a real number unit of a negative sign, the sign of the real number
part Re{/,} becomes -1, and the timing n with the maximum absolute
value is determined to be a frame timing 5. The moving average value fn

and the frame timing Z: determined by the frame synchronization
estimator 500 are given as Equation 2. The frame synchronization
estimator 500 can be realized as software in one of/both of dedicated
hardware and a universal processor.

Equation 2

Nep-1

S = Z Y (m+Dy(n+1+N)
/=0

1 ifp=20

sign(p) = {—l if p <0

I’ =sign(Re{/, })’

7, = max

nI,=-1

S

where Ngp is a length of a CP of an OFDM symbol, and N given

18
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as Nsym-Ncp is a length of a valid OFDM symbol of an OFDM symbol.
Referring to FIGs. 6 and 7, a method for estimating frequency

synchronization in the synchronization and cell search method according

to the first preferred embodiment of the present invention will be described. -

FIG. 6 shows a brief block diagram for a frequency
synchronization estimator according to a first preferred embodiment of the
present invention, and FIG. 7 shows a brief block diagram for a symbol
synchronizer according to a first preferred embodiment of the present
invention.

As described in FIGs. 2A and 2B, the method estimating
frequency synchronization includes a rough frequency synchronization
process using the repeated feature of the S ‘symbol 111 of the
synchronization preamble 110, and a fine frequency synchronization
process using a CP of the cell search preamble 120. The frequency
synchronization in both processes is estimated by using -a phase
difference between the same signals which are transmitted at intervals of
a predetermined time.

Referring to FIG. 6, a brief method for estimating frequency
synchronization will be described. A frequency synchronization estimator
600 comprises a delay unit 610, a correlator 620, a moving average unit

630, and a frequency offset detector 640.

An OFDM receive signal y(n+1+D) js delayed by a time

difference D repeated by the delay unit 610, and a correlation value of the
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delayed signal Y/} is determined by the correlator 620. The correlation

value ¥ (#+1) of the delayed signal and a moving average value

L~1
Y (n+Dy@+1+D)
; of the receive signal Y +1+D) are calculated by

the moving average unit 630. The frequency offset detector 640 detects a
phase of the moving average value, finds a frequency offset £ , and

estimates a rough frequency synchronization. The frequency offset £ is
given as Equation 3. The frequency synchronization estimator 600 can be
realized as software in one of/both of dedicated hardware and a universal
processor. It is defined in the brief frequency synchronization process that
D=N/Nssym-

Equation 3

L-1
&= ZijD arg[; YDy +! +D)}

where L is an averaged number of times, and D is a time
difference of between repeated signals.

Next, referring to FIG. 7, a method for estimating fine symbol
synchronization will be described. A fine symbol synchronization estimator
700 comprises a synchronization preamble storage unit 710, a correlator

720, a cross correlator 730, and a comparator 740. The cross correlator

730 cross-correlates an OFDM receive signal Y2 +1) with a pattern x(!)
(which is correlated by the correlator 720) of a synchronization preamble

stored in the synchronization preamble storage unit 710. The comparator
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740 detects the timing n for maximizing the cross correlation value as a
symbol timing 7 which is given in Equation 4. That is, the fine symbol
synchronization is estimated by cross-correlating the OFDM receive signal
with the pattern of the synchronization preamble, and detecting the timing
n having the maximum value. The fine symbol synchronization estimator
700 can be realized as software in one of/both of dedicated hardware and
a universal processor. Equation 4 expresses an exemplified method for
estimating the symbol synchronization.

Equation 4

L-]
D x (y(n+1)

7 = max
™ =0

where 7 is a symbol timing, and L is a length of cross correlation.

Next, referring to FIGs. 8 to 10, a cell search method in the
synchronization and cell search method according to the first preferred
embodiment of the present invention will be described.

FIG. 8 shows a brief structural diagram of a cell search preamble
of a downlink signal in an OFDMA-based mobile communication system
according to a first preferred erhbodiment of the present invention, and
FIGs. 9 and 10 show patterns of pilots of downlink signals in an OFDMA-
based mobile communication system according to preferred embodiments
of the present invention.

As shown in FIG. 8, the cell search preamble 120 according to

the first preferred embodiment has a length of Tpc, and specific :patterns
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for respective cells. When 8" cell categories are provided and Tpg is the
same length as that of L OFDM symbols in the OFDMA-based mobile
communication system as an example, the defined pattern is transmitted

to the (Cc:nm)th (m=0, ..., M-1) subcarrier from among the eight different

orthogonal patterns on the frequency axis of the K™ symbol, according to
L
C= ZSL”"C,C
the cell number k=1 . The terminal finds cx (k=1, ..., L-1) for

Com)t (m=0, ..., M-1)

maximizing the receive power received from the (
subcarrier, and tracks the cells. In this instance, one of the 8" cells can be
selected by performing cross correlation calculation on the eight patterns
L times.

As another example, when 8%(=64) cell categories are provided

and Tpc is the same length as that of one OFDM symbol in FIG. 8, the

defined pattern is transmitted to the (vam)th subcarrier according to the

cell number C=8cy+C2. In this instance, a cell search preamble for allowing
the terminal to search the cells can be formed by loading the c,"
progression on the transmitted subcarrier from among the progressions
which have a length of M and good cross correlation features. In this
instance, one of the 64 cells is selected by finding c; for maximizing the
summation of powers on the eight subcarrier sets following ¢4, and finding
the cross correlation on the corresponding subcarrier sets according to the
eight patterns.

As described, in the cell search preamble set including a plurality
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of cell search preambles 120 classified according to a transmitted time,
transmitted subcarriers, and signal patterns, a specific cell search
preamble 120 is allocated to each cell when the number of cells in the
mobile communication system is less than the number of the cell search
preambles 120, and the cells are grouped by the number of the cell
search preambles 120 and a specific cell search preamble 120 is
allocated for each cell when the number of cells is greater than the
number of the cell search preambles 120. Also, in the two different cell
search preambles 120, when one cell search preamble 120 transmits
signals through a subcarrier, another cell search preamble 120 does not
transmit the signals through the same subcarrier in at least one of the
symbols through which the cell search preambles 120 are transmitted.

Also, in order to increase the number of specific cell .search
preambles 120, the cell search preambles 120 are grouped, and when
one cell search preamble 120 transmits signals through a subcarrier,
another cell search preamble A120 does not transmit the signals through
the same subcarrier in at least one of the symbols through which the cell
search preambles 120 are transmitted in the two different cell search
preambles 120 as described above, and a same subcarrier is used for the
same transmit symbol, and signal patterns which can be distinguished by
using a predefined receive signal processing method are allocated in the
two different cell search preambles 120 belonging to the same group.

Referring to FIGs. 9 and 10, a pilot pattern will be described in
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detail.

FIG. 9 shows a case when the number of total subcarriers is N, a
subcarrier interval of a pilot symbol is N;, and a time interval of the pilot
symbol is N. In this instance, the number of pilot symbols each of which is

inserted for each group of N; subcarriers at the sq"" symbol 910, and the
pilot symbols respectively have a pattern #s.c @) where cis a cell number, i

is the i pilot subcarrier in the s, OFDM symbol, and the pattern Ps.c(
can be varied according to ¢ and s. Therefore, the slot synchronization
and the frame synchronization are estimated and the cells are searched
by using a specific pilot pattern for each cell and finding a cross
correlation on the available pattern.

As described, a set of pilot patterns which can be distinguished
according to signal patterns transmitted to the subcarriers of the transmit
symbols for transmitting the pilot symbols, and when the number of cells
in the mobile communication system is less than the number of pilot
patterns, a specific pilot pattern is allocated to each cell, and when the
number of cells is greater than the number of pilot patterns, the cells are
grouped by the number of pilot patterns, and different pilot patterns are
allocated in a single group.

FIG. 10 shows a case in which a time interval N; of a pilot is given
as r, and a pattern Pc(Mis configured to be a combination of Q patterns,
that is, Ps. (Q+q)= sz,s,c(i), g=0,---,0-1 when a slot has 2r(=Ng) OFDM
symbols in the pilot pattern of FIG. 9. In this instance, Q: patterns from
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among the Q patterns are used in common by all the cells, and residual
Q.(=Q-Q4) patterns are defined to be different for the respective cells.
Accordingly, the slot synchronization is found with a lesser amount of
calculation by using the Q; common patterns, and the cells are searched
by using the residual Q patterns or a preamble.

Referring to FIGs. 11A, 11B, and 12, a method of using the pilot
pattern shown in FIG. 10 in the downlink signal of the OFDMA-based
mobile communication system having the same structure as that of FIG. 1
will be described in detail.

First, a synchronization and cell search method according to a
second preferred embodiment of the present invention will be described
with reference to FIGs. 11A and 11B.

FIG. 11A shows a brief structural diagram of a downlink signal in
an OFDMA-based mobile communication system according to a second
preferred embodiment of the present invention, and FIG. 11B shows a
flowchart for a synchronizaﬁon and cell search method according to a
second preferred embodiment of the present invention.

For the purpose of initial synchronization, a CP of an OFDM
transmit signal is used to estimate initial symbol synchronization in step
S1110. The estimated symbol synchronization and a pattern of a pilot in
common for each cell are used to estimate slot synchronization in step
S1120. The estimated slot synchronization and a synchronization

preamble 110 of the preamble 100 are used to estimate frame
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synchronization in step S1130. The synchronization preamble 110 of the
preamble 100 and the cell search preamble are used to estimate time and
frequency synchronization in step S1140. When the time and frequency is
synchronized in the previous step S1140, one/both of the cell search
preamble 120 and a specific pattern for each cell of the pilot is/are used to
search the cells in step S1150. Through the steps of S1110 to S1150, the
initial synchronization is performed.

In this instance, the step S1140 of estimating the time and
frequency synchronization is performed through steps S1141 to S1143. In
detail, the synchronization preamble 110 of the preamble 100 is used to
estimate the frequency offset and estimate rough - frequency
synchronization in step S1141. The synchronization preamble 110 of the
preamble is used to estimate fine symbol synchronization in step S1142,
and the cell search preamble 120 is used to estimate fine frequency
synchronization in step S1143.

The frequency and time are tracked when the initial
synchronization is performed. In order to track the frequency and time, a
phase difference between a CP of the OFDM transmit signal and a valid
OFDM symbol including the CP is used to track the frequency in step
S1160. Next, the synchronization preamble 110 is used to track the
symbol synchronization in ‘step S1170, and the synchronization preamble
110 is used to track the frequency synchronization in step S1180. By

repeating the steps of from S1160 to S1180, the frequency and the time
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are tracked.

The synchronization and cell search method according to the
second preferred embodiment of the present invention are performed in
the same manner of the first preferred embodiment except for the steps of
S1120 and S1130. That is, differing from the first preferred embodiment,
the symbol synchronization and the pattern of a,common pilot for each cell
are used to estimate the slot synchronization, and the estimated slot
synchronization and the synchronization preamble are used to estimate
the frame synchronization.

Referring to FIG. 12, a slot synchronization estimation method in
the synchronization and cell search method according to the second
preferred embodiment of the present invention will be described in detail.
FIG. 12 shows a brief block diagram for a slot synchronization estimator
according to the second preferred embodiment of the present invention.

As shown, the slot synchronization estimator 1200 comprises an
FFT (fast Fourier transform) unit 1210, a cell common pilot selector 1220,
a pilot pattern storage unit 1230, a cross correlator 1240, and a
comparator 1250.

The FFT unit 1210 uses an initial timing of the symbol estimated
according to the method described with reference to FIG. 3 to perform

Fourier transform on the OFDM receive signal, and the cell common pilot

selector 1220 selects a common pilot receive signal Yova, from the

Fourier-transformed signal. Next, the cross correlator 1240 cross
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correlates the correlation value of the cell common pilot pattern Z(km)

stored in the pilot pattern storage unit 1230 and the common pilot receive

signal Y"+’Ns. The comparator 1250 selects the symbol position n for

maximizing the cross correlation value Fn+1Ns as a slot timing *s. The slot

timing s is given in Equation 5.

Equation 5
Af~1 .

rn = Z ),:zZr;t (km)
m=0

L-1
fS=n1axZFﬂ+,N, n=0,-,N -1
no93 ¥

where L is a cross correlation value, Y, is a Fourier transformed
OFDM receive signal at the n time, km is a subcarrier position of an m™
cell common pilot, Z(km) is the m™ cell common pilot, M is the number of

the cell common pilots, TAS is the slot timing, Ns is a symbol number of a
slot, and L is a repeated accumulation number of times.

When the channel is changed because of frequency selective
attenuation in the band where the cell common pilot is provided in the
case of using the slot synchronization estimator shown in FIG. 12,
performance of the method following Equation 5 may be degraded. In this
case, the cell common pilot is arranged and the cross correlation is found
by the method of Equation 6.

Equation 6
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M [2-1

1_‘n = z Y:(ka)Yn(k'.’m+1)22m(kzm)z;m+1 (k'2m+1)

m=0
L-1
TS:m’?XZF’I+IM> ’1:07.-.’N.Y_]
1=0

where it is defined that M is an even number, and ko, and kom.+

are arranged within a range in which the channel is not greatly changed.

W

For example, a good cross correlation characteristic is obtained when Zy,
and Zon,1 are formed with different sequences and ko, and kom:i are
formed with adjacent frequencies in Equation 6.

As shown in Equation 7 rather than Equation 6, the cross
correlation can be found by separately transmitting the cell common pilot
10 at two different times, and using the received signals at the respective
times. In this instance, n; and nz are arranged within a range in which the
channel is not greatly changed.

Equation 7

M/2-1

T, = Z Y,;‘ k)Y, (k) Z o, (R )Z 30 ()

m=0

L-1

15 Ts = H}fx Zrn, N, i, =0, N —1
1=0

Next, a method for using at least one transmit antenna in the
downlink of the OFDMA-based mobile communication system will be
described with reference to FIGs. 13 to 15.

First, referring to FIGs. 13 and 14, a pilot pattern in a traffic slot of
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the downlink signal of the OFDMA-based mobile communication system
according to the third preferred embodiment of the present invention will
be described in detail.

FIG. 13 shows a brief structural diagram for a traffic slot of a
downlink signal in an OFDMA-based mobile communication system
according to the third preferred embodiment of the present invention, and
FIG. 14 shows a pattern and a position of the pilot of FIG. 13.

As shown in FIG. 13, the structure of the downlink signal
according to the third preferred embodiment of the present invention
corresponds to the structure shown in FIG. 1 except for the traffic slot.

In detail, the common slot 10 includes a preamble 100 having a
length of Tp, and the preamble 100 includes a synchronization preamble
110 having a length of Tes and a cell search preamble 120 having a length
of Tpc(=Tp-Tps). The synchronization preamble 110 is transmitted to a
predefined transmit antenna from among a plurality of transmit antennas,
or it is‘alternately transmitted for a group of several frames. In a like
manner, the cell search preamble 120 is transmitted to a predefined
transmit antenna from among a plurality of transmit antennas, or it is
alternately transmitted for a group of several frames. When the cell search
preamble 120 includes at least one OFDM symbol, the cell search
preamble 120 is transmitted through a different antenna for each symbol.

In the traffic slot 20, pilot symbols provided on the time axis and

the frequency axis for each antenna are respectively inserted for each
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group of Nt subcarriers on the frequency axis, and for each group of N;
symbols on the time axis. For example, é case of using two antennas is
illustrated in FIG. 13. A pilot symbol APq of the antenna 0 and a pilot
symbol AP, of the antenna 1 are respectively inserted for each group of N;
subcarriers on the frequency axis and for each group of N; subcarriers on
the time axis. FIG. 13 shows the case of using two antennas, but when
the number of antennas is less than N, pilot symbols can be inserted.

Next, a pattern of the pilot symbol will be described in detail
referring to FIG. 14.

In the pilot slot 20 according to the third preferred embodiment,
the pilot pattern shown in FIG. 10 is used in common for all the antennas,
positions of the pilot symbols APg, APy, AP», and AP3 according to the
respective antennas are modified for each predetermined period, and the
patterns for changing the positions of the pilot symbols APy, APy, AP5, and
APj3 according to the respective antennas are differently allocated for the
respective cells C; and C..

In general, when a plurality of transmit antennas are provided, a
pilot transmit power for each antenna can be varied. For example, a
common channel and a control channel have fixed data rates and use two
default antennas, and a data channel has a variable data rate according
to channel conditions and uses not more than four antennas. When fast
transmission is possible through the MIMO (multi input multi output)

method, a user who uses this method may be predicted to be a user who
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stays near the base station. Therefore, two residual antennas other than
the default antenna will transmit signals with much lesser power compared
to the default antenna. In this instance, interferenée caused by the pilot
symbols of adjacent cells can be reduced by differentiating the positions of
the pilot symbols of antennas for the respective adjacent cells, and
preventing the subcarriers for transmitting the pilot symbols of the .default
antenna with high power from being superposed.

Table 1 shows a method for minimizing the interference caused
by the pilot symbol of the default antenna among six adjacent cells (cell A
to cell F) when two default antennas (antenna 0 and antenna 1) are used
and two antennas (antenna 2 and antenna 3) for fast transmission are
used. In this instance, subcarrier group numbers (group 0 to group 3)
represent positions of the subcarriers for transmitting predefined pilot
symbols so as to transmit pilot symbols of an antenna, and the subcarrier
group numbers are commonly used for all the cells. It is assumed that the
éntennas 2 and 3 transmit signals with lesser powers compared to the
antennas 0 and 1, and a terminal which receives the signals through the
antennas 2 and 3 is provided near a base station and is rarely influenced
by other cells. When groups transmitted through one of the antennas 0
and 1 between the two different cells are superimposed, interference is
generated to the pilot symbol, and a design is provided so as to minimize
it.

Table 1
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Antenna 0 Antenna 1 Antenna 2 Antenna 3
CellA Group 0 Group 1 Group 2 Group 3
CellB Group O Group 2 Group 3 Group 1
CellC Group 3 Group 0 Group 2 Group 1
CellD Group 1 Group 2 Group 0 Group3
CellE Group 3 Group 1 Group 0 Group 2
Cell F Group 2 Group 3 Group 0 Group 1

Table 2 shows the number of superimposed groups transmitted
by one of the antennas 0 and 1 between two different cells in the case of
Table 1. When a specific position is superimposed or a superimposed
number between two different cells having a different superimposed
number between two specific cells is different, a plurality of patterns
having different superimposed positions and numbers according to the
two cells, as shown in Table 1 are generated, and they are alternately

transmitted at intervals of a specific period.

Table 2
Cell A CellB CellC Cell D Cell E Cell F
Cell A X 1 1 1 1 0
Cell B 1 X 1 1 0 1
Cell C 1 1 X 0 1 1
Cell D 1 1 0 X 1 1
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CellE 1 0 1 1 X -1

Cell F 0 1 1 1 1 X

Next, a synchronization and cell search method when using at
least one transmit antenna in the downlink of the OFDMA-based mobile
communication system according to the third preferred embodiment of the
present invention will be described with reference to FIG. 15.

FIG. 15 shows a flowchart for a synchronization and cell search
method according to the third preferred embodiment of the present
invention.

For the purpose df initial synchronization, a CP of the OFDM
transmit signal is used to estimate initial symbol synchronization in step
S1510, and the estimated initial symbol synchronization is used to
estimate a signal power for each transmit antenna in step S1520. Next,
the signal powers of the respective transmit antennas estimated in the
previous step S1520 are used to select or combine a common pilot
pattern part of the transmit antennas having the maximum power or a
power greater than a predefined reference value, and estimate the slot
synchronization in step S1530. The slot synchronization estimated in the
previous step S1530 and the synchronization preamble 110 of the
preamble are used to estimate frame synchronization in step S1540. Next,
the synchronization preamble 110 of the preamble is used to estimate a

frequency offset in step S1151, the synchronization preamble 110 of the
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preamble is used to estimate fine symbol synchronization in step-S1552,
and the cell search preamble 120 is used to estimate fine frequency
synchronization in step S1553. The time and frequency are synchronized
in step S1550 through the synchrdnization process of from S1551 to
S1558, and the cell search preamble 120 is used to search the cells in
step S1560. In the step of S1560, a specific pattern for each cell of the
pilot is used rather than the cell search preamble 120, or the cell search
preamble 120 and the specific pattern are used to search the cells.-

Next, referring to FIG. 16, a method for searching adjacent cells
when the iﬁter-cell synchronization is performed by using a GPS (global
positioning system) in the downlink of the OFDMA-based mobile
communication 'system will be described.

FIG. 16 shows a flowchart for searching adjacent cells in the
downlink of an OFDMA-based mobile communication system according to
the fourth preferred embodiment of the present invention.

As shown in FIG. 16, a CP of the OFDM transmit signal is used to
find autocorrelation of a symbol in step S1610, and a result which
corresponds to a symbol start position of the current cell is excluded from -
the autocorrelation result and a point which has the maximum value is
estimated to estimate the symbol synchronization of the adjacent cells in
step S1620. The symbol synchronization of the adjacent cell estimated in
the step S1620 and the synchronization preamble of the preamble are

used to estimate autocorrelation in step S1630, and a result which
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corresponds to the frame start position of the current cell is excluded from
the autocorrelation result and a point having the maximum value is
estimated to estimate the frame synchronization of the adjacent cell in
step S1640.

Next, the synchronization preamble of the preamble is used to
estimate a frequency offset in step S1651, and the synchronization
preamble of the preamble is used to estimate symbol synchronization
correlation in step S1652. A result which corresponds to the symbol start
position of the current cell is excluded from the symbol synchronization
correlation of the step S1652 and a point having the maximum value is
estimated to estimate fine symbol synchronization of the adjacent cell in
step S1653, and the cell search preamble is used to estimate fine
frequency synchronization in step S1654.

The time and frequency are synchronized in step S1650 through
the synchronization process of from S1651 to S1654, the cell search
preamble is used to obtain a cell search result in step S1660, and a result
which corresponds to the current cell is excluded from the result obtained
in the step S1660 and the adjacent cells are searched in step S1670. In
the step of S1660, a specific pattern for each cell of the pilot is used rather
than the cell search preamble, or the cell search preamble and the specific
pattern are used to search the cells.

Next, referring to FIG. 17, a method for searching adjacent cells

when the cells are not synchronized in the downlink of the OFDMA-based
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mobile communication system will be described. FIG. 17 shows a
flowchart for searching adjacent cells in the downlink of an OFDMA-based
mobile communication system according to the fifth preferred embodiment
of the present invention.

As shown in FIG. 17, a CP of the OFDM transmit signal is used to
find autocorrelation of a symbol in step S1710, and a result which
corresponds to a symbol start position of the current cell is excluded from
the autocorrelation result and a point which has the maximum value is
estimated to estimate the initial symbol synchronization of the adjacent
cells in step S1720. The symbol synchronization of the adjacent cell
estimated in the step S1720 and a pattern of the pilot in common for each
cell are used to estimate correlation in step S1730, and a. point which
corresponds to the current cell is excluded from the correlation result, and
slot synchronization is estimated in step S1740. The slot synchronization
obtained in the step S1740 and the synchronization preamble of the
preamble are used to estimate autocorrelation in step S1750, and a result
which corresponds to the frame start position of the current cell is
excluded from the autocorrelation result and a point having the maximum
value is estimated to estimate the frame synchronization of the adjacent
cell in step S1760.

Next, the synchronization preamble of the preamble is used to
estimate a frequency offset in step S1771, and the synchronization

preamble of the preamble is used to estimate symbol synchronization
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correlation in step S1772. A result which corresponds to the symbol
position of the current cell is excluded from the correlation result of the
step S1772 and a point having the maximum value is estimated to
estimate fine symbol synchronization of the adjacent cell in step S1773,
and the cell search preamble is used to estimate fine frequency
synchronization in stép S1774.

The time and frequency are synchronized in step S1770 through
the synchronization process of from S1771 to S1774, the cell search
preamble is used to obtain a cell search result in step S1780, and a result
which corresponds to the current cell is excluded from the cell search
result. The adjacent cells are searched in step S1790. In the step of
S1780, a specific pattern for each cell of the pilot is used rather than the
cell search preamble, or the cell search preamble and the specific pattern
are used to search the cells.

When at least one transmit antenna is provided in the downlink of
preferred embodiments of FIGs. 16 and 17, the method described in FIG.
15 can be applied. That is, in the like manner of the preferred embodiment
of FIG. 15, when the slot synchronization is estimated, the power is
estimated per antenna, a common pilot pattern part of the transmit
antennas having the maximum power or a power greater than a
predefined reference value is selected or combined, and the slot
synchronization is estimated.

Also, when the terminal has at least one receive antenna in the
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preferred embodiments of FIGs. 2B, 11B, 15, 16, and 17, the received
signals are respectively processed for the respective receive antennas for
the respective stages, and the results are appropriately selected or
combined, and then used.

Next, referring to FIGs. 6 and 7, a method for tracking frequencies
and tracking symbol synchronization according to the preferred
embodiment will be described in detail. A frequency tracker and symbol
synchronization tracker has the same configuration as those of the
frequency synchronization estimator 600 and the fine symbol
synchronization estimator 700 shown in FIGs. 6 and 7. Since the
frequency tracker and symbol synchronization tracker have the same
configuration as the frequency synchronization estimator 600 and the fine
symbol synchronization estimator 700 respectively, they can be shared as
a single device or can be formed as individual devices.

As shown in FIG. 6, an OFDM receive signal Y(n+/+N) js
delayed by the delay unit 610 by a length N éf a valid OFDM symbol, and

correlated by the correlator 620. The moving average unit 630 calculates a
moving average of the OFDM receive signal y(n+I+N) and the

correlation value ¥ (2+1) of the delayed signal, and the frequency offset
detector 640 detects a phase of the moving average and finds a frequency
offset £. The frequency offset £ is given in Equation 8. The frequency
tracking is performed for each OFDM symbol, and performed by the

phase difference between a CP of the OFDM transmit signal and a valid
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OFDM symbol including the CP.

Equation 8
1 LZI .
g=—argi >y y (n+l)y(n+l+N)}
2 L:o

where £ is a frequency offset, L is an averaged number of times,
and N is a length Ngym-Ncp of the valid OFDM symbol from the OFDM
symbol.

When a new frame is received while tracking the frequency, the
synchronization preamble and cell search preamble are used to track
symbol synchronization according to the device of FIG. 7 and Equation 4,
and track fine frequency synchronization according to Equation 8.

Next, referring to FIG. 18, a cell search method according to the
preferred embodiment will be described. FIG. 18 shows a brief block
diagram for a cell search device.

As shown in FIG. 18, the cell search device comprises a
serial/parallel converter 1810, an FFT unit 1820, and a cell searcher 1830.
The cell searcher 1830 comprises a correlator 1831, a pattern generator
1832, and a comparator 1833. A received cell search preamble is
converted into a parallel cell search preamble by the serial/parallel
converter 1810, and Fourier transform is performed on the parallel cell
search preamble by the FFT unit 1820, and the Fourier-transformed
preamble is input to the cell searcher 1830. The pattern generator 1832

generates cell search preamble patterns corresponding to the respective
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cells from frequency domain signals of the cell search preamble input by
the FFT unit 1820. The correlator 1831 finds cross correlation of the cell
search preamble patterns and the input signals, and the comparator 1833
compares cross correlation values and selects the cell number which has
the largest value, thereby searching the cells.

Next, referring to FIGs. 19 and 20, a terminal synchronizer for
performing the synchronization and cell search method described through
FIGs. 1 to 18 will be described.

FIGs. 19 and 20 show brief block diagrams for a synchronizer of a
terminal according to preferred embodiments of the present invention.

As shown in FIG. 19, the terminal synchronizer 1900 comprises
an initial synchronization estimator 1910, a cell searcher 1920, a storage
unit 1930, and a time and frequency synchronization tracker 1940, applied
to the first preferred embodiment shown in FIGs. 1 to 10.

The initial synchronization estimator 1910 comprises an initial
symbol synchronization estimator 1911, a frame synchronization estimator
1912, and a time and frequency synchronization estimator 1913. The
initial symbol synchronization estimator 1911 uses a CP of the OFDM
transmit signal to estimate initial symbol synchronization, the frame
synchronization estimator 1912 wuses the symbol synchronization
estimated by the initial symbol synchronization estimator 1911 and the
synchronization preamble to estimate the frame synchronization. The time

and frequency synchronization estimator 1913 uses the synchronization
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preamble of the preamble and the cell search preamble to estimate the
time and frequency synchronization. When the symbol and the frequency
are synchronized by the time and frequency synchronization estimator
1913, the cell searcher 1920 uses one/both of the cell search preamble
and the pattern specific to the cell of the pilot, and searches the cells.

The time and frequency synchronization tracker 1940 comprises
a frequency synchronization tracker 1941 and a fine symbol
synchronization tracker 1942. The frequency synchronization tracker 1941
uses a phase difference between a CP of the OFDM transmit signal and a
valid OFDM symbol including the CP to track the frequency, and uses a
synchronization preamble to track the symbol synchronization. The
storage unit 1930 comprises a synchronization information storage unit
1931 and a cell information storage unit 1932 for respectively storing
synchronization information and cell information of the current cell.

In the case of searching the adjacent cells, the initial
synchronization estimatbr 1910 and the cell searcher 1920 exclude the
point which corresponds to the current cell information stored in the
synchrqnization information storage unit 1931 and the cell information
storage unit 1932, and search the cells.

The time and frequency synchronization estimator 1913
comprises a frequency synchronization estimator 1913a and a fine symbol
synchronization estimator 1913b. The frequency synchronization estimator

1913a uses a synchronization preamble of a preamble to estimate a
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frequency offset, and uses a cell search preamble to estimate fine
frequency synchronization. The fine symbol synchronization estimator
1913b uses a synchronization preamble of a preamble to estimate symbol
synchronization. As described above, the fine symbol synchronization
estimator 1913b and the fine symbol synchronization tracker 1942 can be
shared as a single device, and the frequency synchronization estimator
1913a and the frequency synchronization tracker 1941 can also be shared
as a single device.

As shown in FIG. 20, a synchronizer 2000 according to another
preferred embodiment of the present invention comprises an initial
synchronization estimator 2010, a cell searcher 2020, a storage unit 2030,
and a time and frequency synchronization tracker 2040 in the like manner
of FIG. 19. The synchronizer 2000 shown in FIG. 20 has the same
structure as that of the synchronizer 1900 shown in FIG. 19 except for the
initial synchronization estimator 2010.

In detail, the initial synchronization estimator 2010 comprises an
initial symbol synchronization estimator 2011, a slot synchronization
estimator 2012, a frame synchronization estimator 2013, and a time and
frequency synchronization estimator 2014. The initial symbol
synchronization estimator 2011 uses a CP of the OFDM transmit signal to
estimate initial symbol synchronization, the slot synchronization estimator
2012 uses the symbol synchronization estimated by the initial symbol

synchronization estimator 2011 and a pattern of a pilot in common for
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each cell to estimate slot synchronization. The frame synchronization
estimator 2013 uses the slot synchronization estimated by the slot
synchronization estimator 2012 and the synchronization preamble to
estimate the frame synchronization. The time and frequency
synchronization estimator 2014 uses the synchronization preamble of the
preamble and the cell search preamble to estimate the time and frequency
synchronization. When the symbol and the frequency are synchronized by
the time and frequency synchronization estimator 2014, the cell searcher
2020 uses one/both of the cell search preamble and the pattern specific to
the cell of the pilot, and searches the cells.

The time and frequency synchronization estimator 2014
comprises a frequency synchronization estimator 2014a and a fine symbol
synchronization estimator 2014b which includes an antenna signal select
combiner 2014c. The frequency synchronization estimator 2014a uses a
synchronization preamble of the preamble to estimate a frequency offset,
and uses a cell search preémble part to estimate fine frequency
synchronization. The fine symbol synchronization estimator 2014b uses a
synchronization preamble of the preamble to estimate symbol
synchronization.

The time and frequency synchronization tracker 2040 includes a
frequency synchronization tracker 2041 and a fine symbol synchronization
tracker 2042, and performs the same function as that of the time and

frequency synchronization tracker 1940 of FIG. 19. The storage unit 2030
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comprises a synchronization information storage unit 2031 and a cell
information storage unit 2032 and performs the same function as that of
the storage unit of FIG. 19.

In the case of searching the adjacent cells, the initial
synchronization estimator 2010 and the cell searcher 2020 exclude the
point which corresponds to the current cell information stored in the
synchronization information storage unit 2031 and the cell information
storage unit 2032, and search the cells.

When at least one downlink transmit antenna is provided in FIG.
20, the synchronizer 2000 of FIG. 10 can further comprise an antenna
power comparator 2050, and the fine symbol synchronization estimator
2014b and the cell searcher 2020 can further comprise antenna signal
select combiners 2014c and 2021, respectively. The antenna power
comparator 2050 estimates and compares pilot powers of the transmit
antennas, and the antenna signal select combiners 2014c and 2021
select, combine, and use the results processed per antenna.

Next, referring to FIG. 21, a downlink signal configuring device of
a base station of the OFDMA-based mobile communication system
according to a preferred embodiment of the present invention will be
described in detail.

FIG. 21 shows a brief block diagram for a downlink signal
configuring device of a base station of an OFDMA-based mobile

communication system according to preferred embodiments of the present
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invention.

As shown in FIG. 21, the downlink signal configuring device 2100
comprises a preamble generator 2110, a pilot pattern generator 2120, and
a time-frequency-antenna mapper 2130. The preamble generator 2110
receives external cell number information to generate a preamble, and
includes a synchronization preamble generator 2111 and a cell search
preamble generator 2112. The synchronization preamble generator 2111
receives cell number information and generates a synchronization
preamble pattern, and the cell search preamble generator 2112 receives
cell number information and generates a pilot pattern per transmit antenna.
The time-frequency-antenna mapper 2130 receives external preamble-
transmit antenna mapping information, pilot subcarrier group-transmit
antenna mapping information, frame structure information, and transmit
traffic data, maps the data according to the time, frequency, and antenna,
and outputs mapped results to the OFDM transmitter 2101 per fransmit
antenna 2102.

According to the present invention, the preamble and the pilot
structure appropriate for initial synchronization, cell search, and adjacent
cell search in the downlink of the OFDMA-based mobile communication
system is provided. By using this, the initial symbol synchronization, slot
synchronization, frame synchronization, symbol synchronization, and cell
search are sequentially performed, and the downlink synchronization and

the cell search are performed with a lesser amount of calculation in the
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OFDMA-based mobile communication system.

While this invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment,
it is to be understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within the spirit and

scope of the appended claims.
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WHAT IS CLAIMED IS:

1. In a device for configuring a downlink signal in a mobile
communication system, a device for configuring a downlink signal,
comprising:

a first preamble generator for generating a first preamble having a
first symbol and a second symbol so that a phase difference between the
first and second symbols may be 180° for the purpose of time and
frequency synchronization;

a second preamble generator for generating a second preamble
including at least one transmit symbol so that the second preamble may
have specific patterns for a plurality of cells for the purpose of cell search;
and

a pilot pattern generator for generating a pilot pattern to be
allocated to a plurality of pilot symbols to be provided on the time axis and
the frequency axis, wherein -

a frame of the downlink signal includes a first slot which has the
first and second preambles, and a plurality of second slots having the pilot
symbols.

2. The dévice of claim 1, wherein the first symbol is a symbol
which is repeated at intervals of a predetermined time period, and the
second symbol is part of the first symbol with the phase rotated by 180°.

3. The device of claim 2, wherein the first symbol has a valid

symbol length which corresponds to a difference between a length of the
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transmit symbol and a length of a cyclic prefix, and

the second symbol corresponds to the length of the cyclic prefix
starting from the beginning part of the first symbol with the phase rotated
by 180°.

4. The device of claim 1, wherein the second preamble generator
allocates a second preamble specific to each cell when the number of
cells of the mobile communication system is less than the number of
second preémbles, and it divides the cells into groups by the number of
the second preambles and allocates a second preamble specific to each
cell when the number of cells is greater than the number of second
preambles, in a second preamble set which includes a plurality of second
preambles classified by a transmitted time, a transmitted subcarrier, and a
signal pattern.

5. The device of claim 4, wherein the second preamble generator
generates the second preamble so that one second preamble may not
trahsmit signals in a subcarrierr on which another second >prearh>ble
transmits signals, in at least one of the symbols through which the second
preamble transmits the signals from among the two different second
pre‘ambles.

6. The device of claim 4, wherein in the second preamble
generator, another cell search preamble transmits no signals on the
subcarrier through which a second preamble transmits signals, in at least

one of the symbols through which the second preamble transmits signals
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in the two second preambles belonging to different groups, and

the two second preambles belonging to the same group use the
same subcarrier in the same transmit symbol, and allocate a signal
pattern distinguishable by using a predefined receive signal processing
method.

7. The device of claim 1, wherein the pilot symbol is transmitted at
a predefined transmit symbol position and on a subcarrier predefined by
the corresponding transmit symbol, and

the pilot pattern generator forms a set of pilot patterns which are
distinguishable by a signal pattern transmitted to the subcarrier of the
transmit symbol for transmitting the pilot symbol, and the pilot pattern
generator allocates a pilot pattern specific to each cell when the number of
the cells of the mobile communication system is less than the number of
the pilot patterns, and divides the cells into groups by the number of the
pilot patterns and allocates different pilot patterns in a group when the
number of the cells is greatef than the number of the pilot patterns.

8. The device of claim 7, wherein the pilot pattern includes a first
pattern which is common to the pilot patterns in the set of pilot patterns,
and a second pattern distinguishable by the pilot patterns within the set of
pilot patterns.

9. The device of claim 1, wherein the pilot slot is provided on the
time axis and the frequency axis for each transmit antenna.

10. The device of claim 9, wherein the subcarriers for transmitting
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pilot symbols of different transmit antennas are formed at different
positions, and the pilot pattern over the subcarriers within a transmit
symbol is the same for a plurality of transmit antennas.

11. The device of claim 10, wherein a subcarrier group for
transmitting the pilot symbols by the number of the maximum transmit
antennas in common for two adjacent cells is formed, and the pilot
symbols which correspond to the respective transmit antennas are
differently mapped in the subcarrier group of the two cells.

12. The device of claim 11, wherein the mapping of the pilot
symbols is varied for each predetermined period.

13. A downlink signal synchronizer in a mobile communication
system wherein a frame of the downlink signal comprises: a first slot which
includes a first preamble for time and frequency synchronization and a
second preamble which has a pattern specific to each cell for cell search;
and a plurality of second slots which have a plurality of pilot symbols
provided on the time axis and the frequency axis, the downlink signal
synchronizer comprising:

an initial synchronization estimator which includes an initial
symbol synchronization estimator for using a cyclic prefix of the downlink
signal and estimating initial symbol synchronization; a frame
synchronization estimator for using the symbol synchronization estimated
by the initial symbol synchronization estimator and the first preamble and

estimating frame synchronization; and a time and freqQuency
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synchronization estimator for using the estimated frame synchronization
and the first and second preambles and estimating fine symbol
synchronization and frequency synchronization; and

a cell searcher for using a pattern specific to each cell of the
second preamble and searching the cells when the symbol
synchronization and the frequency synchronization are controlled by the
initial synchronization estimator.

14. The downlink signal synchronizer of claim 13, wherein the
initial symbol synchronization estimator estimates a position for
maximizing the autocorrelation of the cyclic prefix of the transmit symbol

and a valid symbol during a transmit symbol period, by using a symbol .

-timing.

15. The downlink signal synchronizer of claim 13, wherein the first
preamble includes a first symbol which has a valid symbol length, and a
second symbol which corresponds to part of the first symbol with a phase
rotated by 180°.

16. The downlink signal synchronizer of claim 15, wherein the
frame synchronization estimator comprises:

a delay unit for delaying the received signal by a length of the
valid symbol length;

a moving average unit for calculating a moving average of a
correlation value of the signal delayed by the delay unit and the received

signal; and
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a sign detector and comparator for detecting a sign of the real
number part of the moving average, and determining a predetermined
timing to be a frame timing, wherein the predetermined timing has the sign
of the real number part as -1 and the absolute value of the real number -

5 part as the maximum value.

17. The downlink signal synchronizer of claim 13, wherein the
time and frequency synchronization estimato} comprises:

a preamble storage unit for storing a pattern of the first preamble;

a correlator for calculating a correlation value of the downlink

10 signal and the first preamble pattern; and

a comparator for estimating a point for the maximum correlation
value, and estimating fine symbol synchronization.

18. The downlink signal synchronizer of claim 13, wherein a pilot
pattern of the pilot symbol in the second slot includes a first pattern in

15 common for each cell, and a second pattern different for each cell,

the initial synchronization estimator further comprises a slot
synchronization estimator for using a symbol synchronization estimated by
the initial symbol synchronization estimator and the first pattern and
estimating slot synchronization, and

20 the frame synchronization estimator uses the slot synchronizétion
estimated by the slot synchronization estimator and the first preamble,
and estimates frame synchronization.

19. The downlink signal synchronizer of claim 18, wherein the slot
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synchronization estimator comprises:

a cell common pilot selector for using the estimated symbol
synchronization, Fourier-transforming the downlink signal, and selecting a
cell common pilot signal;

a correlator of the common pilot signal and the first pattern; and

a comparator for selecting a point for maximizing the correlation
value as a slot timing, and estimating the slot synchronization.

20. The downlink signal synchronizer of claim 18, wherein the
pilot slots in the second slot are provided on the time axis and the
frequency axis for each transmit antenna, and

the downlink signal synchronizer further comprises: an antenna
power comparator for using the estimated initial symbol synchronization to
estimate a signal power for each transmit antenna and compare the signal
power with a predefined reference value; and an antenna signal select
combiner for selecting or combining a first pattern of the transmit antenna
which has a power greater than the reference value and allowing the slot
synchronization estimator to estimate the slot synchronization.

21. The downlink signal synchronizer of claim 18, wherein the
initial symbol synchronization estimator excludes a result which
corresponds to a symbol start position of the current cell from the
autocorrelation result of the cyclic prefix of the transmit symbol and the
valid symbol, estimates a point for maximizing the autocorrelation result,

and estimates symbol synchronization of adjacent cells,
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the slot synchronization estimator uses the estimated symbol
synchronization of the adjacent cells and the first pattern to estimate
correlation, and excludes a point which corresponds to the current cell
from the correlation result to estimate slot synchronization of the adjacent
cells,

the frame synchronization estimator excludes a result which
corresponds to a frame start position of the current cell from the
autocorrelation result of the estimated slot synchronization of the adjacent
cells and the first preamble, estimates a point for maximizing the
autocorrelation result, and estimates frame synchronization of the
adjacent cells, and

the time and frequency synchronization estimator excludes a
result which corresponds to a symbol start position of the current cell from
the correlation result of the downlink signal and the first preamble pattern,
estimates a point for maximizing the correlation result, and estimates fine
symbol synchronization of the adjacent cells.

22. The downlink signal synchronizer of claim 21, wherein the cell
searcher excludes a result which corresponds to the current cell from the
cell search result, and searches the adjacent cells.

23.‘ The downlink signal synchronizer of claim 13, wherein the
initial symbol synchronization estimator excludes a result which
corresponds to a symbol start position of the current cell from the

autocorrelation result of the cyclic prefix of the transmit symbol and the
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valid symbol, estimates a point for maximizing the autocorrelation result,
and estimates symbol synchronization of adjacent cells,

the frame synchronization estimator excludes a result which
corresponds to a frame start position of the current cell from the
autocorrelation result of the estimated symbol synchronization of the
adjacent cells and the first preamble, estimates a point for maximizing the
autocorrelation result, and estimates frame synchronization of the
adjacent cells, and

the time and frequency synchronization estimator excludes a
result which corresponds to a symbol start position of the current cell from
the correlation result of the downlink signal and the first preamble pattern,
estimates a point for maximizing the correlation result, and estimates fine
symbol synchronization of the adjacent cells.

24. The downlink signal synchronizer of claim 23, wherein the cell
searcher excludes a result which corresponds to the current cell from the
cell seafch result, and searches the adjacent cells.

25. In a method for synchronizing downlink signals of a mobile

communication system, and searching cells wherein a frame of the

* downlink signal comprises: a first slot which includes a first preamble

having a first symbol with a valid symbol length and a second symbol
corresponding to part of the first symbol with a phase rotated by 180°, and
a second preamble which has a pattern specific to each cell for cell

search; and a plurality of second slots which have a plurality of pilot
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symbols provided on the time axis and the frequency axis, a method for
synchronizing downlink signals and searching cells, comprising:

(@) estimating a point at which correlation of a cyclic prefix of the
downlink signal and a valid symbol becomes the maximum as a symbol
timing, and estimating initial symbol synchronization;

(b) using a characteristic that the real number part of the
autocorrelation of the estimated initial symbol synchronization and the first
and second symbols has a negative sign, and estimating frame
synchronization;

(c) using the estimated frame synchronization and the first and
second preambles, and estimating time and frequency synchrbnization;
and

(d) using the second preamble and searching the cells when the
time and frequency are synchronized through the synchronization step of
(©).

26. The method of claim 25, wherein the step of (c) comprises:

detecting a phase of a moving average of a signal obtained by
deléying the downlink signal by a repeated time difference and the
downlink signal, and éstimating a frequency offset;

estimating a point for maximizing the correlation result of the
pattern of the first preamble and the downlink signal, and estimating fine
symbol synchronization; and

using the second preamble, and estimating fine frequency
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synchronization.

27. The method of claim 25, wherein a pilot pattern of the pilot
symbol in the second slot includes a first pattern in common for each cell,
and a second pattern different for each cell, and

the step of (b) comprises:

using the estimated symbol synchronization and the first pattern,
and estimating slot synchronization; and

using a characteristic that the real number part of the
autocorrelation of the estimated slot synchronization and the first and
second symbols has a negative sign, and estimating frame
synchronization.

28. The method of claim 27, wherein the pilot slots in the second
slot are provided on the time axis and the frequency axis for each transmit
antenna, and

the step of estimating the slot synchronization comprises:

using the estimated initial symbol synchfoﬁization, and estimating |
a signal power for each transmit antenna;

comparing the estimated signal powers of the respective
antennas with a predefined reference value; énd

selecting or combining the first pattern of the transmit antenna
having a power greater than the reference value, and estimating slot
synchronization.

29. In a method for synchronizing and searching adjacent cells
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from downlink signals of a mobile communication system wherein a frame
of the downlink signal comprises: a first slot which includes a first
preamble having a first symbol with a valid symbol length and a second

symbol corresponding to part of the first symbol with a phase rotated by

180°, and a second preamble which has a pattern specific to each cell for
cell search; and a plurality of second slots which have a plurality of pilot
symbols provided on the time axis and the frequency axis, a method for
synchronizing adjacent cells and searching cells, comprising:

(@) calculating autocorrelation of a ;;yclic prefix of the downlink
signal and a valid symbol;

(b) excluding a result which corresponds to a symbol start position
of the current cell from a result of the autocorrelation, estimating a point
for maximizing the autocorrelation, and estimating initial symbol
synchronization of adjacent cells;

(c) using the estimated initial symbol synchronization of the
adjacent cell, and estimating autocorrelation of the first pfeamble;

(d) excluding a result which corresponds to a frame start position
of the current cell from a result of the autocorrelation estimated in (c),
estimating a point for maximizing the result of the autocorrelation, and
estimating frame synchronization of adjacent cells;

(e) using the estimated frame synchronization of the adjacent
cells and the first and second preambles, and estimating time and

frequency synchronization of the adjacent cells; and
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(f) using the second preamble to search the cells, and excluding a
result which corresponds to the current cell from the cell search result to
search the cells.

30. The method of claim 29, wherein the step of (e) comprises:

using the first preamble, and estimating a frequency offset;

using the first preamble, and estimating symbol synchronization
correlation;

excluding a result which corresponds to a symbol start position of
the current cell from the symbol synchronization correlation: result,
estimating a point for maximizing the correlation result, and estimating fine
symbol synchronization of the adjacent cell; and

using the second preamble, and estimating fine frequency
synchronization.

31. The method of claim 29, wherein the step of (f) comprises:
further using a specific pattern for each cell of the pilot symbol, and
searching the cells. |

32. In a method for synchronizing and searching adjacent cells
from downlink signals of a mobile communication system wherein a frame
of the downlink signal comprises: a first slot which includes a first
preamble having a first symbol with a valid symbol length and a second

symbol corresponding to part of the first symbol with a phase rotated by

180°, and a second preamble which has a pattern specific to each cell for

cell search; and a plurality of second slots which have a plurality of pilot
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symbols provided on the time axis and the frequency axis, and a pilot
pattern of the pilot symbol in the second slot includes a first pattern in
common for each cell and a second pattern different for each cell, a
method for synchronizing adjacent cells and searching cells, comprising:

(a) calculating autocorrelation of a cyclic prefix of the downlink
signal and a valid symbol;

(b) excluding a result which corresponds to a symbol start position
of the current cell from a result of the autocorrelation, estimating a point
for maximizing the autocorrelation, and estimating initial symbol
synchronization of adjacent cells;

(c) using the estimated symbol synchronization of the adjacent
cell, and signal-processing the first pattern;

(d) excluding a slot position of the current cell from the signal
processed result in (c), -selecting a point for maximizing the signal
processed result, and estimating slot synchronization of adjacent cells;

(e) using the estimated slot synchronization of the adjacent cells,
and estimating éutocorrelation of the first preamble;

(f) excluding a result which corresponds to a frame start position
of the current cell from a result of the autocorrelation estimated in (e),
estimating a point for maximizing the result of the autocorrelation, and
estimating frame synchronization of the adjacent cell;

(9) using the estimated frame synchronization of the adjacent cell

and the first and second preambles, and estimating time and frequency
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synchronization of the adjacent cell; and

(h) using the second preamble to search the cells, excluding a
result which corresponds to the current cell from the cell search result,
and searching the cells.

33. The method of claim 32, wherein the step of (g) comprises:

using the first preamble, and estimating a frequency offset;

using the first preamble, and estimating symbol synchronization
correlation;

excluding a result which corresponds to a symbol start position of
the current cell from the symbol synchronization correlation result,
estimating a point for maximizing the correlation result, and estimating fine
symbol synchronization of theladjacent cell; and

using the second preamble, and estimating fine frequency
synchronization.

34. The method of claim 32, wherein the step of (h) comprises:
further using a specific pattern for each cell of the pilot symbol, and
searching the cells.

35. In a method for configuring downlink signals in a mobile
communication system, a method for configuring downlink signals,
comprising:

(a) generating a first preamble which includes a first symbol and a
second symbol with the phase difference of 180° with respect to the first

symbol;
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(b) generating a second preamble having a specific pattern for
each cell of a plurality of cells;

(c) generating the first and second preambles as a first slot; and

(d) arranging a plurality of pilot symbols on the time axis and the
frequency axis, and generating a second slot.

36. The method of claim 35, wherein the step of (b) comprises
generating the second preamble so that another second preamble
transmits no signals on a subcarrier on which one second preamble
transmits signals, in at least one of symbols by which the second
preamble transmits signals in the two different preambles.

37. The method of claim 35, wherein the step of (b) comprises:
preventing the another second preamble from transmitting signals on the
subcarrier on which a second preamble transmits signals in at least
symbol from among the symbols by which the second preamble transmits
signals, in the two preambles belonging to different groups in a grouped
cell search preamble set, and

using the same subcarrier in the same transmit symbol in the two
second preambles belonging to the same group, using a predefined
receive signal processing method, and allocating a distinguishable signal
pattern.

38. The method of claim 35, wherein the step of (d) comprises:
forming a set of pilot patterns distinguishable according to signal patterns

transmitted to the subcarrier of the transmit symbol for transmitting the
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pilot symbol, and allocating a pilot pattern specific to each cell.

64



WO 2004/049618

PCT/KR2002/002241

FIG.1
10 20 20 20
) ! f ! .
Slot Slot Slot Slot
RS s Mo Slot
,) \\\\ //,// =
;l \\\\\ //// |=
i Te e 7 l{
L’l. TPS - Tm \\\\\ ////,
Symbol, |
8 =
= é 5 ig 5 Pilat
-2 2 200 ~F° Piot 3
e 9 ;
E g = =} - symbol :
Traffic slot
Common slot
!
110 120 lé
100

1/20



PCT/KR2002/002241

WO 2004/049618

0ves

S
R )

0205~

A

- !

vonozauyaus Auanbayy auy
|

TAYAY
f

EE@I:?% poquiks awy  1€7S

vopzuoNous anbayy |l

f

|

[ o oup spusy vl oy ooy | S
EESEM% _EE
|
8) 1] - - -] ®) HIETR R R
: ] ST
N i Ve
0zs 0925 SO
-l f N s
vogozmenuls fovanbayp  vogozuo s Fuanbay) yoou| S /
a4 pol paus g uoporoIu 1oqus oy |
| auoady(it) [ WM [ W [ fquoaid o 4 e w Tol v THl e Tal
VI DOId

2/20



WO 2004/049618 PCT/KR2002/002241

F1G.2B

-
Initial synchronization

(before preamble) | Estimate inital symbol synchronization |--510

| Estimate frame synchronizaion  }~S220

|
Smli Estimate time and Estimate rough 31
oo e frequency synchronization |
I synchronization | Sycoizson 1
(preamble) | [ Esimate_fne symbol_sychronizaion |~ 5232
: }
i Estimate fine |
i frequency syijchmnizaﬁon 5235
’ | Search cells |~-5240

! 5250
—_—s] Track frequency | SA—

Preamble signal?

Track time and

frequency
| Track symbol synchronization  |~S260
{
Track fine
| frequency synchronization ~S210

3/20



WO 2004/049618 PCT/KR2002/002241

FIG.3
300
310 30 /
Delay unit
OFDM receive signal
p
] Power deleclor|————

FIG.4

- Tes -

(TPS -Te )/ N - T ——

Se Se ] N
], )
o S !
1o ¢ "

n

4120



WO 2004/049618 PCT/KR2002/002241

FI1G.5
5?0
OFDM receive signal Sign detectar 4,
nd comparator|
FI1G.6
600
0 640
- !
OFDM receive signal | ;‘zg‘r':;nge Frequency #
unitg | _offset delector
FI1G.7
Synchronization
preamble storage unit 710
| /700
\f} m
' v
OFDM receive signol ——s==  Cross comelator  |—==]  Comporalor e
)

4]

5/20



WO 2004/049618

FIG.8

Tee

PCT/KR2002/002241

CP| Coso

Cost-t

Cesi

Comn

6/20




WO 2004/049618 PCT/KR2002/002241

F1G.9
N Symbols
Psie (0) Psie (0)
Ni Symbols
Psie(1) Psic(1)
: N Symbols
Psie (l)
PS|,€(N'N f ) PS:.e(N,N f)

7120



WO 2004/049618

FIG.10

PCT/KR2002/002241

Ne=2r Symbols

I}

Ni Symbols

Pase (i)

Poge (NIN Q)

Pa-10:(NNe Q)

Pa-tse (i)

Pase (NN: Q)

Pa-tse (NNe Q)

8/20




PCT/KR2002/002241

WO 2004/049618

AR

.Il..v.l'll[':ﬁ»
3 (oIDag
¢hIS
{
ool fouartar é E_m
csaeeﬁ% _3_% awy| 1pLIS
15, | PPt Aucabay o] , ‘
puo & apugs) o foantas) oy aw,.:m
sﬁ___%é_zé
RSY) {daf -+ ®] BIETES ..._,m_.m.
N %] L s| \wlh
ot > 5 q \\\ ]
WS 0LlS ™. ow:w
lfhimj = s ais
rﬁ fouanibsy i) s ;/ L /
3 o z_g___ 7 wooomonuls 1]  uopoavoxaels oquis g
[ ooady (1) |--[ w0 [0 v o]  aquedyy [~ ww o] w0l wa Jof wo el wo Jd

VIIDIA

9/20



WO 2004/049618

F1G.11B

Initial synchronization

PCT/KR2002/002241

| Estimate initial symbal synchranization |--51110

(before preamble)
| Estimate slot synchronization  |~-S1120
+

[ Estimete frame synchranization  |--S1130
S1140 'w“"““"w“““,— ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

"1 Etimgle time ond Estimate rough L st141

frequency frequency synchronizotion
litcl synchronization | Synchvonizakion T
(preomble) [ Estmate fie_symbol synchrorization }--51142
Estimate fine

frequency synchronizotion S1143
Lo o - — —— % —————————————————— J

) | Search cells }-$1150

)
] Trock frequency

Preamble signal? b
Track time and
frequency A
| Track symbol spichvonizalon ~ 1~51170
)
Track fine
N frequency synchronization 51180

10/20




WO 2004/049618

FIG.12

1210 1220

J L

OFDM receive signol Ceﬂ
feceve signo cormen
et plot

selector |

PCT/KR2002/002241

1%30
Plat pattem
stamgpea unit
1200
U
| 1240 1250
! {
: - | 2
- i Cross cortelator|—e{Comparatort-sem

11/20




WO 2004/049618

FI1G.13

100 %0

PCT/KR2002/002241

!

2
,§ Slot Slot

Slot

=
_ N Symbols * s

Np Slots

Te
Tes _ Tee

[ T

Synchronization preamble
Cell search preomble

Symbol._

Common slot

12/20

Traffic slot




WO 2004/049618 PCT/KR2002/002241

FI1G.14

o [ N\ I
s e N\

- v . .
: ‘ : R ¥
- ' :

2 2 m
S B

13/20



WO 2004/049618 PCT/KR2002/002241

FIG.15

| Estimate inital symbol synchranization |~ 51510

" - Estimate power per
il symcironiofon transmit antenna by using pilot St
(before preamble)
Select or combine antenna
input signals to estimate -~ 51530
slot synchronization
!
| Estimote fume synchronization | 51540
—+

Estimate rough

frequency synchrnization - 51551

(nitial synchronization

(wearble) | CEstimate fine symbol synchronization |- 51552 | S1550
B
Estimate fine
frequency synchronization 51303 -
y
3 | Search cells f~- S1560

14/20



WO 2004/049618 PCT/KR2002/002241

FIG.16

Start

| Estimate autoconelation using CP |- 51610

Adjacent cell synchronization
(before preamble)

Select maximum value except symbal
position of current cell from amang —~ $1620
autocorrelation resuts, and estimate frame
synchronization of adjacent cell
—+ !
Estimate autocorelation
of synchronization preamble

1630

Select maximum value except frame position
of coment cel from omong comelolion results, |~ $1640
and estimote frome synchronization of odjacent cell

Estimate rougl_t _ 651 -
frequency synchronization
, - !
Miacent cell synchronization - ™™ Esfmate fine symbol synchronizalion |-~ 51652
(preamble)
Select maximum volue except frame > SI60
postion of current cell from amonq comelation resulls, [~ 51653
nd estimate frame Synchronization of adjacent cel
y
Estimate fine
frequency synchranization 16t
4
[ Estimate cell search results |~ 51660
Select maximum value except frame postion
of curent cell from among comelation resuls, [~ S1670
EN and eslimate frome synchranization of adjacent cel

15/20



WO 2004/049618 PCT/KR2002/002241

F1G.17

.

| Estimate autocorrelation using CP F-s1710

Select maximum walue except symbol position
of cument cel from omang outocorrelation results, |~ §1720

Adjacent cell synchronizaton {ond estimote symbal synchronization of adjacent cell
(before preamble)

Estimate comelation by

using plot common pattem - SI7%0

Select maxmum volue except skt position
ol current cell from among coelation resulls, [~ $1740
and estimate slot synchronization of adjocent cell
T }
, Estimate- autoconelation
of synchronization preamble

- 51750

Select maximum value except frame posttion
of cument cell from amang correlation cesulls, 1~ S17g0
and estimate frome synchronization of adjocent cell

Estimate rough L_
frequency synchronization sim

|
Adjacent cell synchronization | Estimate comelation of symbol synchronization |- $1772
(preamble) ‘

5 )

Select mavimum value except symbol synchronization position - SITI
of curent cell from among comelotion resufs, [~ 51773

and estimate symbol synchronizafion of adjacent cell

Estimate fine

frequency synchronization S -

| Estimate cell search results f~s1780
!

Select masmum value except esult of
current cell from among cell search results, |~ 1790
and search adjacent cell

16/20



WO 2004/049618

FIG.18

Cell search preamble
———i

PCT/KR2002/002241
800
1 ’,/ 183
!
Cel searcher
12310 18E20 1831 18';53
5o = = Cell number
fiT Correlator = (Comparator -
converter S -
i
Pattem
generator |~ a2

17/20



PCT/KR2002/002241

WO 2004/049618

Nwm_ 52
19301} Jayooy}
0v6l~— |vonozuanouls joquls amyl | voqozwoiyus Kouanbaly
- sy, vonoauoiyuls fwantaiy puo aus)
t
Jun 3Boi0}s o 1) | 756l 161 ~ Jun abosojs ojur g,_es_:e__s»m
i boio)g
AR (R 0Py R ss_h___ﬁ Jojoujsa LE:E%
tonpnUs ._ssw M ﬁsus_ﬁua fuanteyy =%N_szg$ any| ._oe_n. z._____
4ct6l ogL6l N__w_ ___w |
Hpus> oyuTNoNus Kouanba pw 1)
)
gl6l Jojpur}sa WoRozIvasaufS fony
! {
!
081
61 DId

18/20



PCT/KR2002/002241

WO 2004/049618

ama Nwa _‘x_w
Jojoiodwod Iayoy Jayooy}
sonod owuayy | ObOZ~{ |  uonozwonufs joquits auyy toyozuolyauks fuanbayy
1301} voionuoyuks Awanbasj puo aun|
0£0¢
1
Jon aBosojs opu (3 2002 1600~ Jun aboiojs ojul uoyoZUOIAUAS
JURULD 315
s oy jn 2bouolg
T
120?
| j
Jayu0s I 10
S Y| tomuafs auy voRpaaNaufs aunly | |uoeonous (o | | Uonoauarpuls joquls oy
#1 { 05107 ) { ¢
107 Wlog 11114 1414 34
Joipuiss uogpasoRouls fownba) puo oy
W 0P UOZONOAS o
J !
020 010 ol
d
00
0COId

19/20



WO 2004/049618 PCT/KR2002/002241
FIG.21
2100
{
Downlink signal configuring device 21'130 202
Preamble generator 21[]01
20 i -
OFDM transmitter —
Synchronization -
preamble generator -
212
{
Cell search Time~frequency-antenna
preamble generator mapper
Cell number info [ 9210
¥
Plot pattem o ,
Tronsmit traffic 220~ generator | OFOM transmitte j2l(ll
data -
[ ) [

Preamble-transmit
antenna mapping info

Frame

Pilot subcarrier
group-transmit
antenna mapping info

structure info

20/20



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR02/02241

A. CLASSIFICATION OF SUBJECT MATTER
TPC7 HO4L 7/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC7 HO4L, H04B, H04M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
KR, JP : IPC as above

Electronic data base consulted during the intertnational search (name of database and, where practicable, search terms used)
KIPO "pilot", "symbol", "preamble", "frame"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y IEEE Communication magazine: 'TDMA Frame Synchronization of Mobile Stations Using a 1,13,25,29
Radio Clock Signal for Short Range Communications'’, Wei Zhu, 1994. see p1878-1882.

Y IEEE Communication magazine : 'Optimum Frame Synchronization of Preamble-less Packets...", 1,13,25,29
Patrick Robertson, 1994, see p874-879

A IEEE Communication Magazine : 'Adaptive Digital Access Protocol : A Mac Protocol for 1,13,25,29
Multiservice...', James E Dail, March 1996, see p104-112
Y KR 2000-0060382 A (LG Information Telecommunication), 16, OCT 2000 1,13,25,29
Y KR 2001-0045091 A (LG Information Telecommunication), 5, JUN 2001 1,13,25,29
|:| Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the intemational "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" documentof particular relevance; the claimed invention cannot be
special reason (Zfs specified) considered to involve an inventive step when the document is
"0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
23 JUNE 2003 (23.06.2003) 24 JUNE 2003 (24.06.2003)
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Daejeon 302-701, JEON, Jong Seong
) Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-5948

Form PCT/ISA/210 (second sheet) (July 1998)



