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Fig. 4B
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Fig. 5B
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Fig. 9
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1

DOWNLINK SIGNAL CONFIGURING
METHOD AND DEVICE IN MOBILE
COMMUNICATION SYSTEM, AND
SYNCHRONIZATION AND CELL
SEARCHING METHOD AND DEVICE USING
THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough

indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATION

[This application is the National Phase application of
International Application No. PCT/KR2004/002494, filed
19 Nov. 2003, which designates the United States and was
published 1n English. This application, 1n 1ts entirety, 1s
incorporated herein by reference.] This Reissue application
of US. Pat. No. 7,764,593 claims the benefit under 35
US.C. § 365 of International Application No. PC1/KR2004/
002494, filed 19 Nov. 2003, which designates the United

States and was published in English. This application, in its
entivety, is incorporated hervein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a downlink signal con-
figuring method and device, and a synchronization and cell
searching method and device using the same in a mobile
communication system. More specifically, the present
invention relates to a system and method for a mobile station
to synchronize a time and a frequency and search a cell by
using a pilot structure suitable for a downlink 1n an orthogo-
nal frequency division multiple access-frequency division
duplexing (QFDMA-FDD) system and an orthogonal fre-
quency division multiple access-time division duplexing
(OFDMA-TDD) system.

(b) Description of the Related Art

In general, 1t 1s required for a mobile station to read
signals of a base station and synchronize its time and
frequency with the base station, and search cells 1n a cellular
system for the purpose of mitial synchronization. When
initially synchronized, 1t 1s also needed for the mobile station
to track the time and frequency, synchronize time and
frequency of adjacent cells, and search the cells thereof for
handover.

Downlinks for enabling initial synchromization, cell
search, tracking, and adjacent cell search are provided to the
GSM which 1s a conventional TDMA (time division multi-
plexing 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 syn-
chronization channel) of 256-chip lengths are provided for
cach 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 1s minimized by using the P-SCHs of the
same pattern for respective slots of each cell, and frame
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2

synchronization and a scrambling code group are estimated
by using a diflerent pattern per 64 different scrambling code

groups and using a diflerent pattern per slot. A P-CPICH
(primary common pilot channel) 1s used to find one of eight
major scrambling codes within a scrambling code group, the
scrambling code 1s used to demodulate cell imnformation
provided on a P-CCPCH (primary common control channel)
and obtain the cell information, and hence, the cell search 1s

finished.

Conventional OFDMA-based systems include the DAB
(digital audio broadcasting), the DVB (digital video broad-
casting), 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, 1t
1s dithicult for the OFDMA-based cellular systems to per-
form synchronization and search the cells through the con-
ventional structure since the OFDMA-based systems are not
cellular systems.

SUMMARY OF TH.

INVENTION

(L]

It 1s an advantage of the present invention to provide a
method and device for configuring a downlink signal, and a
synchronization and cell search method and device using the
same 1n an OFDMA-FDD and OFDMA-TDD cellular sys-
tem for using a pilot subcarrier without transmitting a
preamble, sequentially applying symbol synchronization,
frequency synchronization, cell search, and frame synchro-
nization, and performing downlink synchronization and cell
search with less calculation.

In one aspect of the present invention, a method for
configuring a downlink signal 1n an orthogonal frequency
division multiplexing access-frequency division duplexing
(OFDMA-FDD) mobile communication system, comprises:
(a) configuring a downlink frame with a plurality of sym-
bols; and (b) mserting pilot subcarriers into each symbol to
be distributively arranged therein with respect to a time axis
and a frequency axis, part of pilot subcarriers being refer-
ence for a mobile station to perform time synchronization,
frequency synchronization, and cell search.

In another aspect of the present invention, a method for
configuring a downlink signal 1n an orthogonal frequency
division multiplexing access-time division duplexing
(OFDMA-TDD) mobile communication system, comprises:
(a) configuring a downlink frame with a plurality of sym-
bols, the downlink frame and a seamless uplink frame
forming a frame of the mobile communication system; and
(b) 1nserting pilot subcarriers mto each symbol to be dis-
tributively arranged therein with respect to a time axis and
a frequency axis, part of pilot subcarriers being reference for
a mobile station to perform time synchronization, frequency
synchronization, and cell search.

The pilot subcarriers are mserted at regular intervals with
respect to time domain, and are 1nserted at irregular intervals
with respect to frequency domain.

The pilot subcarriers are inserted according to position
sets of pilot subcarriers proper to cells.

Proper position sets of pilot subcarriers are allocated 1n
the case of adjacent cells, and position sets of pilot subcar-
riers are allocated so that the mimimum subcarriers may be
superimposed 1n the case of non-adjacent cells when the
number of cells 1s greater than an available number of the
proper position sets of pilot subcarriers.

The proper pilot subcarriers corresponding to a predeter-
mined number generated by dividing the number of subcar-
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3

riers by the number of cells are allocated for each cell, and
as to msuilicient pilot subcarners, the cells are divided into
cell groups including cells, and part of the proper pilot
subcarriers are allocated to the cells which have the same
position 1n different groups to configure a position set of
pilot subcarriers for each cell.

In still another aspect of the present invention, a device
for configuring a downlink signal in an orthogonal fre-
quency division multiplexing access-frequency division
duplexing (OFDMA-FDD) mobile communication system,
comprises: a pilot generator for generating a pilot symbol
pattern according to external cell number information and a
position set pattern of pilot subcarriers, the pilot symbol
pattern being inserted into symbols when the downlink
frame 1ncludes the symbols, and the position set pattern of
pilot subcarriers being proper to each cell and including a
plurality of pilot subcarriers which are distributively
arranged with respect to the time axis and frequency axis for
cach symbol and are references for a mobile station to
perform time synchronization, frequency synchronization,
and cell search; and a symbol mapper for mapping external
input trathc data information with respect to time and
frequency based on the pilot symbol pattern and the position
set pattern of pilot subcarriers generated by the pilot gen-
erator, and outputting mapped signals to a transmaitter of the
mobile communication system.

In still another aspect of the present invention, a method
for imitially synchronizing a downlink signal and searching
a cell mm an orthogonal frequency division multiplexing
access-Irequency division duplexing (OFDMA-FDD)
mobile communication system wherein a frame of the
downlink signal includes a plurality of symbols in which
pilot subcarriers are distributively arranged with respect to
the time axis and frequency axis, comprises: (a) using a
position at which autocorrelation of a cyclic prefix of the
downlink signal and a valid symbol of the downlink signal
1s maximized, and estimating initial symbol synchronization
and 1nitial frequency synchronization; (b) using pilot sub-
carriers included 1n the symbol having the estimated 1nitial
symbol synchronization and imtial frequency synchroniza-
tion, and estimating cell search and mteger-times frequency
synchronization; (c¢) using the estimated cell search result
and estimating fine symbol synchronization; (d) using the
estimated cell search result and estimating fine frequency
synchronization; and (e) estimating frame synchronization
of the downlink.

In still another aspect of the present invention, a method
for imtially synchronizing a downlink signal and searching
a cell mm an orthogonal frequency division multiplexing
access—time division duplexing (OFDMA-TDD) mobile
communication system wherein a frame of the downlink
signal includes a plurality of symbols in which pilot sub-
carriers are distributively arranged with respect to the time
axis and frequency axis, and a downlink frame and a
scamless uplink frame form a frame in the mobile commu-
nication system, comprises: (a) using a position at which
autocorrelation of a cyclic prefix of the downlink signal and
a valid symbol of the downlink signal 1s maximized, and
estimating initial symbol synchronization and initial fre-
quency synchromization; (b) using pilot subcarriers included
in the symbol having the estimated initial symbol synchro-
nization and mnitial frequency synchronization, and estimat-
ing cell search, iteger-times frequency synchronization,
and a downlink estimation; (c¢) using the estimated cell
search result and tracking the downlink; (d) using the
estimated cell search result and estimating fine symbol
synchronization; (e) using the estimated cell search result
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4

and estimating fine frequency synchronization; and (1) esti-
mating frame synchronization of the downlink.

The method comprises, aiter estimating frame synchro-
nization of the downlink: (1) tracking the frequency and time
of the downlink; (11) using the position set of pilot subcar-
riers inserted mto the downlink frame, and tracking the cell;
(1) using the position set of pilot subcarriers, and tracking
symbol synchronization; and (1v) using the pilot subcarriers,
and tracking fine frequency synchronization, and the steps of
(1), (11), (1n1), and (1v) are repeated to track the frequency and
time of the downlink frame.

The synchronization process for the downlink signal 1s

stopped and the steps of (a) to (I) are repeated after a
predetermined symbol interval, when the link 1s found to be
an uplink 1n (b).

In still another aspect of the present invention, a device
for synchronizing a downlink signal 1n an orthogonal fre-
quency division multiplexing access-frequency division
duplexing (OFDMA-FDD) mobile communication system
wherein a frame of the downlink signal includes a plurality
of symbols 1 which pilot subcarriers are distributively
arranged with respect to the time axis and frequency axis,
comprises: an mitial synchronization estimator for estimat-
ing 1nitial symbol synchronization and mitial frequency
synchronization of the downlink signal, using the estimated
results and 1information stored in a cell information storage
unmit, and performing cell search, integer-times frequency
synchronization estimation, fine symbol synchronization
estimation, fine frequency synchronization estimation, and
frame synchronization estimation; a cell information storage
unmit for storing information on the cells included in the
mobile communication system when the mnitial synchroni-
zation 1s performed by the 1nitial synchronization estimator;
and a tracker for using a position set of pilot subcarriers
properly allocated to each cell, and performing cell tracking,
fine symbol synchronization tracking, and fine frequency
synchronization tracking.

In still another aspect of the present invention, a device
for imtially synchronizing a downlink signal 1n an orthogo-
nal frequency division multiplexing access-time division
duplexing (OFDMA-TDD) mobile communication system
wherein a frame of the downlink signal includes a plurality
of symbols 1 which pilot subcarriers are distributively
arranged with respect to the time axis and frequency axis,
and a downlink frame and a seamless uplink frame form a
frame of the mobile communication system, comprises: an
initial synchromization estimator for estimating 1nitial sym-
bol synchronmization and 1nitial frequency synchronization of
the downlink signal, using the estimated results and infor-
mation stored in a cell information storage unit, and per-
forming cell search, integer-times frequency synchroniza-
tion estimation, downlink estimation, downlink tracking,
fine symbol synchronization estimation, {ine frequency syn-
chronization estimation, and frame synchronization estima-
tion; a cell mmformation storage unit for storing information
on the cells included 1n the mobile communication system
when the 1mitial synchronization i1s performed by the nitial
synchronization estimator; and a tracker for using a position
set of pilot subcarriers properly allocated to each cell, and
performing cell tracking, fine symbol synchronization track-
ing, and fine frequency synchronization tracking.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate an
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embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

FIG. 1 shows a downlink frame structure and a pilot
structure inserted into an OFDM symbol 1n an OFDMA -
FDD cellular system;

FIG. 2 shows a frame structure and a pilot subcarrier
structure 1nserted mto an OFDM symbol in an OFDMA-
TDD cellular system:;

FIG. 3A shows an exemplified allocation of a position set
of pilot subcarriers which are proper to cells when the
number of cells 1s less than the available number of sets of
pilot subcarrnier positions 1n a downlink signal of an
OFDMA-FDD and OFDMA-TDD cellular system accord-
ing to an exemplary embodiment of the present invention;

FIG. 3B shows an exemplar of allocating a position set of
pilot subcarriers so that a mimimum number of pilot subcar-
riers may be superimposed depending on the cells when the
number of cells 1s greater than the number of sets of pilot

subcarrier positions 1 a downlink signal of an OFDMA -
FDD and OFDMA-TDD cellular system according to an

exemplary embodiment of the present invention;

FIG. 3C shows another exemplified allocation of a posi-
tion set of pilot subcarriers for reducing inter-cell interfer-
ence 1n a process of cell search when the cells are arranged
by grouping the cells;

FIG. 4A shows a process for time and frequency synchro-
nization on a downlink signal and cell search 1n an OFDMA -
FDD cellular system according to an exemplary embodi-
ment of the present invention;

FIG. 4B shows a flowchart for synchronmization of a
downlink signal and cell search 1n an OFDMA-FDD cellular
system according to an exemplary embodiment of the pres-
ent 1nvention;

FIG. 5A shows a process for time and frequency synchro-
nization and cell search on a downlink signal in an OFDMA -
TDD cellular system according to an exemplary embodi-
ment of the present invention;

FIG. 5B shows a flowchart for synchronization of a
downlink signal and cell search in an OFDMA-TDD cellular
system according to an exemplary embodiment of the pres-
ent 1nvention;

FIG. 6 shows a block diagram of a device for estimating,
initial symbol synchronization and initial frequency syn-
chronization in an OFDMA-FDD cellular system and an
OFDMA-TDD cellular system according to an exemplary
embodiment of the present ivention;

FIG. 7 shows a block diagram of a device for searching
a cell and estimating integer-times frequency synchroniza-
tion by using a downlink signal 1n an OFDMA-FDD cellular
system according to an exemplary embodiment of the pres-
ent 1nvention;

FIG. 8 shows a block diagram of a device for searching
a cell and estimating integer-times frequency synchroniza-
tion, and estimating a downlink 1n an OFDMA-TDD cellular
system according to an exemplary embodiment of the pres-
ent 1nvention;

FIG. 9 shows a block diagram of a device for estimating,
fine symbol synchronization by using a downlink signal 1n
an OFDMA-FDD and OFDMA-TDD cellular system
according to an exemplary embodiment of the present
imnvention;

FIG. 10 shows a block diagram of a device for estimating,
fine frequency synchronization by using a downlink signal
in an OFDMA-FDD and OFDMA-TDD cellular system
according to an exemplary embodiment of the present
invention;
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FIG. 11 shows a block diagram of a device for tracking a
downlink by using a downlink signal 1n an OFDMA-TDD
cellular system according to an exemplary embodiment of
the present invention;

FIG. 12 shows a synchronizer of a mobile station 1n an
OFDMA-FDD cellular system according to an exemplary
embodiment of the present invention;

FIG. 13 shows a synchronizer of a mobile station 1n an
OFDMA-TDD cellular system according to an exemplary
embodiment of the present invention; and

FIG. 14 shows a block diagram of a device for configuring
a downlink signal of a base station in OFDMA cellular
system according to an exemplary embodiment of the pres-
ent 1nvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

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 mventor(s) of carrying out the mnvention. As will be
realized, the invention 1s capable of modification 1n various
obvious respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded
as illustrative i nature, and not restrictive. To clarity the
present invention, parts which are not described 1n the
specification are omitted, and parts for which same descrip-
tions are provided have the same reference numerals.

A method for configuring a downlink signal, synchroniz-
ing the downlink signal, and searching a cell in an OFDMA -
FDD and OFDMA-TDD system will be described with

reference to drawings.
A method for configuring a downlink signal 1 an

OFDMA-FDD system will now be described with reference
to FIG. 1.

FIG. 1 shows a downlink frame structure and a pilot
structure 1nserted mto an OFDM symbol in an OFDMA-
FDD cellular system.

As shown, a frame 120 of a downlink signal has Np
OFDM symbols 110 with the symbol period of Ts without a
preamble.

The OFDM symbol 110 includes traflic subcarriers 111
forming data, and pilot subcarriers 112 having predefined
values between a transmitter and a receiver 1 a 2-dimen-
sional domain with respect to time and frequency.

The pilot subcarrier 112 1s constant with respect to time,
has 1rregular intervals with respect to frequency, and 1s
transmitted according to a position set of pilot subcarriers
112 proper to each cell, and a mobile station uses the pilot
subcarriers 112 to synchronize time and frequency and
search cells.

For clarification of description, no pilot subcarriers
inserted for channel estimation are illustrated, and the pilot
subcarriers have a similar structure as that of pilot subcar-
riers used by the general OFDM system.

FIG. 2 shows a frame structure and a pilot subcarrier
structure 1nserted mto an OFDM symbol in an OFDMA-
TDD cellular system.

As shown, a frame 220 having a time length of Tp

includes a downlink subirame 221 and an uplink subiframe
222,

The downlink subframe 221 has Nd downlink OFDM
symbols 210 with the symbol period of Ts, and the uplink
subirame 222 1s transmitted by mobile stations covered by
the same base station.
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The downlink OFDM symbol 210 includes tratlic subcar-
riers 211 forming data, and pilot subcarriers 212 having
predefined values between a transmitter and a receiver 1n a
2-dimensional domain with respect to time and frequency.

The pilot subcarrier 212 1s constant with respect to time,
has 1rregular 1ntervals with respect to frequency, 1s diflerent
from the position set of the pilot subcarriers 1n the uplink
subirame 222, 1s transmitted according to a position set of
pilot subcarriers 112 proper to each cell, and a mobile station
uses the pilot subcarriers 212 to synchronize time and
frequency and search cells.

For clanfication of description, no pilot subcarriers
inserted for channel estimation are illustrated, and the pilot
subcarriers have a similar structure as that of pilot subcar-
riers used by the general OFDM system.

Referring to FIGS. 3A and 3B, a method for allocating a
position set of pilot subcarriers for each cell in the OFDMA -
FDD and OFDMA-TDD downlink signal will be described.

FIG. 3A shows an exemplified allocation of a set of pilot
subcarrier positions which are proper to cells when the
number of cells 1s less than the available number of sets of
pilot subcarrier positions 1n a downlink signal of an
OFDMA-FDD and OFDMA-TDD cellular system accord-
ing to an exemplary embodiment of the present imnvention,
FIG. 3B shows an exemplar of allocating a set of pilot
subcarrier positions so that a minimum number of pilot
subcarriers may be superimposed depending on the cells
when the number of cells 1s greater than the number of sets
ol pilot subcarrier positions.

As shown 1n FIG. 3A, when the number of cells 1s less
than the available number of position sets of proper pilot
subcarriers, that 1s, when the number of cells 1s less than a
value obtained by dividing the number of subcarriers used in
the frequency domain by the number of pilot subcarriers, the
OFDM symbols 310 configuring downlinks of cells have a
predetermined number, and are distributed at irregular inter-
vals, and a pilot symbol pattern proper for each cell 1s
transmitted by a position set of pilot subcarriers 311 proper
for each cell.

As shown 1 FIG. 3B, when the number of cells 1s greater
than the available number of position sets of proper pilot
subcarriers, that 1s, when the number of cells 1s greater than
a value obtained by dividing the number of subcarriers used
in the frequency domain by the number of pilot subcarriers,
the OFDM symbols 310 are distributed at irregular intervals
in the frequency domain, a position set of pilot subcarriers
proper to each cell 1s not configured, pilot subcarriers
superimposed with each other for each cell are found, and
hence, adjacent cell interference may be generated 1n the cell
search process because of the superimposed pilot subcarriers
for each cell.

Theretfore, 1n order to reduce the adjacent cell interference
in the cell search process, a position set of proper pilot
subcarriers 1s provided to a cell in which the mobile station
provided and adjacent cells, and a position set of pilot
subcarriers 1s configured such that the minimum pilot sub-
carriers of the cell 1n which the mobile station provided and
remote cells may be superimposed.

Also, FIG. 3B shows an exemplified allocation of a
position set of pilot subcarriers for reducing inter-cell inter-
terence 1n a cell search process when the cells are arranged
by grouping the cells.

When Nu subcarriers except a null subcarrier in the
frequency domain are used to generate NI position sets of
Np pilot subcarriers, Nu/NI proper position sets of pilot
subcarriers are allocated to each cell 321, and the minimum
number of residual (Np—Nu/NI) pilot subcarriers 331 are
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configured to be superimposed on other cells by appropri-
ately selecting pilots allocated to the cells which are pro-
vided on the same positions of the other cell group 320.

When the position sets of pilot subcarriers are allocated to
the cells as described above, each cell has a proper position
set of pilot subcarriers with respect to adjacent cells so that
the cell 1s not interfered by the adjacent cells 1 the cell
search process, and some pilot subcarriers of remote and
not-adjacent position sets of pilot subcarriers are superim-
posed on the pilot subcarriers of the cell in which the mobile
station 1s provided but cell interference 1s 1ignored in the cell
search process because of large signal attenuation.

FIG. 3C shows another exemplified allocation of a posi-
tion set of pilot subcarriers for reducing inter-cell interter-
ence 1n a process of cell search when the cells are arranged
by grouping the cells 341.

A prime number g satisfying a relation of Nu/Np>=g 1s
selected, gNp subcarriers are selected from among Nu
subcarriers and are referred to as K including 1z,
ta s oo s T vt

G (<=g) cells are grouped to be a cell group, and a default
sequence h,,,.,. 1s allocated to the cell group where 1t 1s
given that h={h (k), k=0, . . . , Np-1} and h (k)=v(k)+(ik)
modg, and v={v(k), k=0, . . . , Np-1} is pseudorandom
sequence with values of from O to g—1. A pilot 1s transmitted
to the i (=0, . . . , G=1) cell of the i’ cell group by using
the subcarrier of K, =, Ir=kg+(h,,,.(K)+j))modg}.
When the cell groups having the same remainder generated
by dividing the cell group number by g are arranged to be far
distant with each other, the positions of pilot subcarriers of
the cells 1n the cell group are not superimposed, and Ni/g
pilots are superimposed 1n two cells having different remain-
ders generated by dividing the cell group number by g 1n the
cell group.

Two cells having different cell numbers and having the
same remainder generated by dividing the cell group number
by g are not superimposed, and two cells having the same
cell numbers and the same remainder generated by dividing
the cell group number by g use the same pilot subcarrier and
are not interfered by large signal attenuation.

When the prime number of g satistying the relation of
Nu/Ni=<g 1s selected, the other subcarriers other than the Nu
transmission subcarriers can be punctured and are not trans-
mitted. It 1s given 1n FIG. 3C that g=29, G=28, and al to d7
represent that the remainders generated by dividing the cell
group number by g are respectively from 0 to 28.

As described, the subsequent synchronization and cell
search are more efliciently performed by using the pilot
subcarriers of the cells which have irregular 1ntervals ther-
cbetween and are not superimposed with each other or the
minimum of which are superimposed and accordingly mini-
mizing the inter-cell interference.

Referring to FIGS. 4A to 11, a downlink signal synchro-
nization and cell search method 1n the OFDMA-FDD and
OFDMA-TDD cellular system will be described.

FIG. 4A shows a synchronization process for time and
frequency synchromization on a downlink signal and cell
search 1n an OFDMA-FDD cellular system according to an
exemplary embodiment of the present invention, and FIG.
4B shows a flowchart for synchronization of a downlink
signal and cell search in the OFDMA-FDD cellular system.

As shown 1n FIGS. 4A and 4B, for initial synchronization,
a cyclic prefix (CP) of a downlink OFDM transmission
signal 1s used 1n the time domain to estimate 1nitial symbol
synchronization and initial frequency synchronization in
Step S410. A pilot subcarrier included in the sync-estimated
symbol 1s used to search a cell and estimate integer-times
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frequency synchromization in Step S420. The estimated cell
search value 1s used to estimate fine symbol synchromization
in Step S430, estimate fine frequency synchronization in
Step S440, and estimate frame synchromization in Step
S450.

The cell, time, and frequency are tracked after the nitial
synchronization 1s performed. The cell 1s tracked by using a
position set of pilot subcarriers allocated differently for each
cell in Step S460. A fast Fourier transform (FF'T) process or
a discrete Fourier transform (DFT) process 1s performed on
the OFDM recerved signal to generate a frequency domain
signal, and an iverse fast Fourier transtorm (IFFT) process
1s performed on a cross-correlation function between the
frequency domain signal and a predefined pilot subcarrier to
track the time 1 Step S470. A phase diflerence between pilot
subcarriers of two seamlessly received OFDM symbols 1n
the frequency domain 1s used to perform fine frequency
tracking in Step S480. It 1s determined 1n Step S490 whether
a frame 1s finished after the previous step of tracking the fine
frequency 1 S480, and when the frame 1s not fimshed, the
step of tracking the fine frequency i1s repeated, and when the
frame 1s finished, the Step S460 of tracking the cell, the Step
S470 of tracking the time, and the Step S480 of tracklng the
frequency are repeated to track the cell, time, and frequency.

FIG. 5A shows a process for time and frequency synchro-
nization and cell search on a downlink signal 1n an OFDMA -
TDD cellular system according to an exemplary embodi-
ment of the present mmvention, and FIG. 5B shows a
flowchart for synchronization and cell search 1n an
OFDMA-TDD cellular system.

For initial synchromization, a cyclic prefix (CP) of a
downlink OFDM transmission signal received in the time
domain 1s used to estimate initial symbol synchronization
and mitial frequency synchronization in Step S510, pilot
subcarriers are used to search cells and estimate integer-
times frequency synchronization and downlink m Step
S520, the estimated cell search value 1s used to track the
downlink 1n Step S330, and the estimated cell search value
1s used to estimate fine symbol synchronization in Step S540
while the downlink i1s tracked. In a like manner, the esti-
mated cell search value 1s used to estimate fine frequency
synchronization in Step S550 while the downlink 1s tracked,
and the frame synchronization i1s then estimated in Step
S560.

The cell, time, and frequency are tracked after the nitial
synchronization 1s performed. The cell 1s tracked by using
the position set ol pilot subcarriers which are differently
allocated for each cell in Step S570. An FF'T or DFT process
1s performed on the OFDM recerved signal to generate a
frequency domain signal, an IFFT process 1s performed on
a cross-correlation function between the frequency domain
signal and a predefined pilot subcarrier to search the position
of the maximum value and track the time 1n Step S580. A
phase diflerence between pilot carriers of seamlessly
received two frequency domain OFDM symbols 1s used to
perform fine frequency tracking in Step S590. It 1s deter-
mined 1 Step S600 whether a frame 1s finished after the
previous step of tracking the fine frequency i S590, and
when the frame 1s not finished, the step of tracking the fine
frequency 1s repeated, and when the frame 1s finished, the
Step S560 of estimating the frame synchronization, the Step
S570 of tracking the cell, the Step S380 of tracking the time,
and the Step S590 of tracking the frequency are repeated to
synchronize the frame and track the cell, time, and {fre-
quency.

In the above-described 1mitial synchromization process in
the OFDMA-TDD cellular system, a mobile station seam-

10

15

20

25

30

35

40

45

50

55

60

65

10

lessly receives downlink signals and uplink signals of adja-
cent mobile stations, and estimates incorrect time and fre-
quency 1n the synchronization process based on the uplink
signals because mobile stations are randomly provided in the
cell and another mobile station for performing initial syn-
chronization recerves the summed uplink signals of other
mobile stations which have random start positions to thus
deteriorate the performance of timing estimation. This phe-
nomenon deteriorates the performance in the process of
estimating the frequency oflset and the allows the uplink
signals ol mobile stations 1n the cell to undergo a Doppler
shift together with another frequency ofiset so that 1t 1s
difficult for the mobile station which performs the initial
synchronization to estimate the frequency oflset with the
base station.

Therefore, the OFDMA-TDD cellular system requires an
initial synchronization process for time and frequency syn-

chronization, diflering from the OFDMA-FDD cellular sys-

tem which controls the mobile station to receive seamless
downlink signals. Accordingly, in the above-described 1ni-
tial synchronization processes S510 and S520 for time and
frequency synchronization and cell search 1n the OFDMA -
TDD cellular system, the mobile station determines whether
a recerved signal 1s a downlink signal in Step S3525, and
performs the mnmitial synchromization process when the
received signal 1s a downlink signal. When the OFDM
received signal 1s estimated to be an uplink signal in the
initial synchronization process, the mobile station terminates
the current synchronization process, and starts 1nitial symbol
synchronization and frequency synchronization (S510) after
a predetermined symbol 1nterval.

Also, the mobile station performs the downlink tracking
process 1n Steps S530, S540, and S550 after estimating the
downlink signal, fimishes the 1nitial synchronization process,
determines whether a received OFDM signal 1s a downlink
signal 1n Step S355, and when the received signal 1s esti-
mated to be an uplink signal, the mobile station tracks the
cell, time, and frequency of a subsequent downlink subiframe
in Steps S560 to S590. When the received signal 1s estimated
to be a downlink, the mobile station performs a downlink
tracking process 1n Steps S530 to S550.

When the received OFDM signal 1s estimated to be an
uplink signal during the mitial synchronization process, the
mobile station terminates the current synchronization pro-
cess, and starts the mnitial symbol synchronization and fre-
quency synchromzation (S510) after a predetermined sym-
bol interval.

FIG. 6 shows a block diagram of an estimator for initial
symbol synchronization and initial frequency synchroniza-
tion 1 an OFDMA-FDD cellular system and an OFDMA -
TDD cellular system according to an exemplary embodi-
ment of the present invention.

As shown, the estimator includes a delay unit 410, a
conjugate complex generator 420, a multiplier 430, moving
average units 440 and 460, a power detector 450, a normal-
1zer 470, a comparator 480, and a frequency oilset estimator
490.

The 1nitial symbol synchronization estimates a position at
which a cyclic prefix (CP) of an OFDM symbol and an
autocorrelation of a valid OFDM symbol are maximized
during an OFDM symbol interval.

In detail, a received OFDM signal of y(n+1+N) 1s delayed
by the delay unit 410 by as the length N of the valid OFDM
symbol, and a conjugate complex value of y*(n+l) the
delayed signal generated by the conjugate complex genera-
tor 420 1s multiplied with the received signal by the multi-
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plier 430 to output a correlation value of y*(n+1)y(n+1+N),
and the moving average umt 440 calculates a moving
average

Nep—1

Z vy n+ Dy(n+1+N)
[=0

of the correlation value.
The moving average unit 460 calculates a moving average

> lym+1+ N
{=0

of signal power detected by the power detector 450, and the
normalizer 470 normalizes the moving average

Nep—1

Z vy n+ Dy(n+1+N)
[=0

with the moving average

Nep-l
> v+ 1+ N2,

The comparator 480 determines the point which maximizes
the correlation value normalized by the normalizer 470 to be
a symbol timing T, and estimates initial symbol synchroni-
zation. Estimation performance of initial symbol synchro-
nization 1s improved by repeatedly estimating the above-
noted process for M symbols. The symbol timing T,
estimated 1n the 1mitial symbol synchronization estimation
process and the symbol timing T, estimated M times are
given 1n Equation 1.

Equation 1

~
3
Il

Nep-l Nep-l
max- Z v (n+ Dy(n + 1+ N)|/ Z |y(11+1+N)|2},
" (=0 (=0

where T, is an initial symbol timing, N, 18 an OFDM
symbol length, y(n) 1s a received OFDM signal, N .. 1s a CP
length of an OFDM symbol, and N 1s a valid OFDM symbol
length (N=N,,,—-Np) of the OFDM symbol.

As to the imitial frequency synchronization, the frequency
oflset estimator 490 uses the estimated 1nitial symbol syn-
chronization estimate T, and estimates a phase value of a
moving average ol from the starting point of the symbol
which has the maximum moving average of the autocorre-
lation value to the final CP of the OFDM symbol. The
frequency oflset estimator 490 receives an output of the

normalizer 470 and an output of the comparator 480 to
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estimate a frequency offset € . Estimation performance of
initial frequency synchronization 1s improved by repeatedly
estimating M symbols. The frequency offset € and an initial
frequency offset €, repeatedly estimated M times are given in
Equation 2.

Nep—1

y @+ Dym+1+NY Y ly@+1+N)?

Equation 2
(=0 }

&y = args E
..

where €, 1s an 1mitial frequency offset, T 1s a symbol

timing estimated 1n the m-th symbol interval, and y(n) 1s a
received OFDM signal.

Since the estimator uses a guard interval and an autocor-
relation of the valid OFDM symbol to perform symbol
synchronization and frequency synchronization, the delay
umt 410, the conjugate complex generator 420, the multi-
plier 430, the moving average units 440 and 460, and the
power detector 450 are configured to be a single device as
shown 1n FIG. 6. Also, the estimator for initial symbol
synchronization and mnitial frequency synchronization can
be realized by using a dedicated device, software for a
general-purpose processor, or both the dedicated device and
soltware.

FIG. 7 shows a block diagram of a device for searching
a cell and estimating integer-times frequency synchroniza-
tion by using a downlink signal 1n an OFDMA-FDD cellular
system according to an exemplary embodiment of the pres-
ent 1nvention.

As shown, the device includes an FF'T unit 510, a symbol
delay unit 520, a pilot pattern storage unit 330, an autocor-
relator 540, and a comparator 550.

The FFT unit 510 receives an OFDM signal, performs
FFT or DFT on the received OFDM signal, and outputs a
signal Y [k] 1in the frequency domain. The symbol delay unit
520 delays the signal Y [k] by one symbol, and outputs a
signal Y,_,[k]. The pilot pattern storage unit 530 outputs a
position set of pilot subcarriers according to an mput cell
number. The autocorrelator 340 uses the signal Y._,[k] and
the position set of pilot subcarriers, and outputs an autocor-
related signal Y [k]-Y,,*[k] within a range in which an
integer-times frequency oflset 1s generated. The comparator
5350 finds a position set of pilot subcarriers with the maxi-
mum autocorrelated value from the autocorrelator 540, and
estimates a cell. The cell search estimate 1s given 1n Equation

3.

CN = Equation 3

{ 30
max- mﬂax{ Z Y;lk]-Y: ([kl[¢¢r—¢

CN
KC{{KCN}_F” 1

where CN is a cell search estimate, CN is a cell number,
{K -} is a position set of pilot subcarriers according to the
cell number, €, 15 a maximum integer-times frequency
offset, and Y, [k] 1s a k-th subcarrier of an FF'T-ed signal at
the 1-th time.

For the purpose of estimation of integer-times frequency
synchronization, an autocorrelation value of the cell search
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estimate CN , the received frequency domain signal, and
one-symbol delayved frequency domain signal 1s used, and
the maximum autocorrelation value generated by moving
the position set of pilot subcarriers of the cell having the
estimated cyclic shift of the subcarrier generated by the
integer-times irequency oflset 1s used. In this mstance, since
the cell search process by the FFT unit 310, the symbol delay
unit 520, the pilot pattern storage unit 530, the autocorrelator
540, and the comparator 350 1s required, the cell search
process and the integer-times Irequency synchromization
estimation process are performed as a single process and are
realized as a single device as shown 1n FIG. 7. The estimated
integer-times frequency oflset 1s given i Equation 4.

( Equation 4

&, = max- Z Y;[k]- Y K| - e
{
(KUK Py 1+

where €; 1s an inter-times frequency oflset, CN 1s a cell
search estimate, 1s a maximum integer-times frequency

Efmax

offset, {KCN } is a position set of pilot subcarriers trans-
mitted by a base station covering the mobile station, and
Y [K] 1s a k-th subcarrier of the FFT-ed signal at the 1-th time.

Also, the above-described device can be realized by using
a dedicated device, software for a general-purpose proces-
sor, or both the dedicated device and software.

FIG. 8 shows a block diagram of a device for searching
a cell and estimating integer-times frequency synchroniza-
tion, and estimating a downlink 1n an OFDMA-TDD cellular
system according to an exemplary embodiment of the pres-
ent 1nvention.

As shown, the device includes an FFT unit 610, a symbol
delay unit 620, an autocorrelator 630, a pilot pattern storage
unit 640, an adder 650, and a comparator 660.

The FFT unit 610 receives an OFDM signal, performs
FFT or DFT on the received OFDM signal, and outputs a
signal Y [Kk] 1in the frequency domain. The symbol delay unit
620 delays the signal Y [k] by one symbol, and outputs a
signal Y._,[k]. The pilot pattern storage unit 640 outputs a
position set of pilot subcarriers according to an mput cell
number. The autocorrelator 630 uses the signal Y,_,[k] and
1s the position set of pilot subcarriers, and outputs an
autocorrelated signal Y [k]-Y . /*[k] within a range 1n which
an teger-times Irequency oflset 1s generated. The com-
parator 660 finds a position set of pilot subcarriers with the
maximum autocorrelated value from the autocorrelator 630,
and estimates a cell. The cell search estimate 1s given 1n
Equation 3.

CN = Equation 3

{
max {max 3 E

cN |
KKy

= E-{max

Y;[k]- Y~ [k]|}} ~g =1
H

.

where CN is a cell search estimate, CN is a cell number,
{K -} is a position set of pilot subcarriers according to the
cell number, €, 1s a maximum integer-times frequency
oflset, and Y [k] 1s a k-th subcarrier of an FF'T-ed signal at
the 1-th time.

For the purpose of estimation of integer-times frequency
synchronization, an autocorrelation value of the cell search

estimate CN , the received frequency domain signal, and
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one-symbol delayved frequency domain signal 1s used, and
the maximum autocorrelation value generated by moving
the position set of pilot subcarriers of the cell having the
estimated cyclic shift of the subcarrier generated by the
integer-times irequency oflset 1s used. The estimated 1nte-
ger-times frequency oflset 1s given in Equation 6.

Equation 6

< | <

g; = max« Z <] =
{

(KUK Py 3+

Y;[k]-Y; k]

- E‘fmax E-{max

where EI is an inter-times frequency offset, CN is a cell
search estimate, €, 1s a maximum integer-times frequency
oflset, 1s a position set of pilot subcarriers transmitted by a
base station covering the mobile station, and Y [k] 1s a k-th
subcarrier of the FFT-ed signal at the 1-th time.

Also, as to downlink estimation, the cell search estimate

CN and the integer-times frequency estimate e , are used,
and an autocorrelation value generated by moving the posi-
tion set of pilot subcarriers of the cell estimated with respect
to the frequency domain cell by the inter-times frequency
oflset 1s compared with a threshold value, and the mobile
station estimates a received signal to be a downlink signal
when the autocorrelation value 1s greater than the threshold
value, and the mobile station estimates a received signal to
be an uplink signal when the autocorrelation value 1s less
than the threshold value. The estimated result 1s given in
Equation 7.

Y;[k]- Y5 [k] Equation 7

2,

KC{{KCN}

-I—é"];}

where €, is an inter-times frequency offset, CN is a cell

search estimate, {K CN } a position set of pilot subcarriers
transmitted by a base station covering the mobile station,
and Y [k] 1s a k-th subcarrier of the FFT-ed signal at the 1-th
time. The estimate signal 1s a downlink signal when I 1s
greater than the threshold value, and the same 1s an uplink
signal when I 1s less than the threshold value.

Since the cell search process by the FFT unit 610, the
symbol delay unit 620, the autocorrelator 630, the pilot
pattern storage unit 640, the adder 650, and the comparator
660 1s required for estimation of integer-times frequency
synchronization and downlink signal, the cell search pro-
cess, the integer-times frequency synchronization estimation
process, and the downlink signal estimation process are
performed as a single process and are realized as a single
device shown in FIG. 8. In addition, the above-described
device can be realized by using a dedicated device, software
for a general-purpose processor, or both the dedicated device
and software.

FIG. 9 shows a block diagram of a device for estimating,
fine symbol synchronization by using a downlink signal 1n
an OFDMA-FDD and OFDMA-TDD cellular system
according to an exemplary embodiment of the present
invention.

As shown, the device includes an FFT unit 710, a pilot
pattern storage unit 720, a cross-correlator 730, an IFFT umit
740, and a comparator 750.

The FFT umt 710 performs FFT or DFT on a received
OFDM signal and outputs a frequency domain signal Y (k).
The cross-correlator 730 cross-correlates the pilot signal
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X(k) of the estimated cell stored 1n the pilot pattern storage
unit 720. The IFFT unit 740 performs IFFT on the signal

cross-correlated by the cross-correlator 730. The comparator
750 estimates a value which maximizes the output of the
IFFT unit 740 to be a fine symbol timing estimate ’Efas given
in Equation 8.

2y = —max|IFFIYY’ ()X ()} Bquation §
where 1t 1s satisfied that
(Y{k) kci{K C’N}
Y' (k) =< , 0 <k <2048
k 0 ke {KCN}
and
(X(k) kc{K C'N}
X'(k) = + , 0 <k <2048, and
0 keiKg)

’Efis a fine symbol timing estimate, and {K CN } is a position
set of pilot subcarriers transmitted by the base station
covering the mobile station.

The above-described fine symbol synchronization estima-
tor can be realized by using a dedicated device, software for
a general-purpose processor, or both the dedicated device
and software.

FIG. 10 shows a block diagram of a device for estimating,
fine frequency synchronization by using a downlink signal
in an OFDMA-FDD and OFDMA-TDD cellular system
according to an exemplary embodiment of the present
invention.

As shown, the device includes an FFT unit 810, a delay
unit 820, an autocorrelator 830, and a phase estimator 840.

The FFT unit 810 receives an OFDM signal, performs
FFT or DFT on the received OFDM signal, and outputs a
signal Y [Kk] in the frequency domain. The delay unit 820
delays the signal Y [k] by one symbol, and outputs a signal
Y. ,[k]. The autocorrelator 830 autocorrelates a pilot sub-
carrier signal of the one-symbol delayed signal Y._,[k] and
the position set of pilot subcarriers, and outputs a result
signal Y [k]'Y, ,*[K]

The phase estimator 840 uses a phase of the value
autocorrelated by the autocorrelator 830 to estimate a fine
frequency offset. The fine frequency oilset estimate Ef 1S
given 1n Equation 9.

{ )

D iKY K
Ec. K .
U v J

q Equation 9

T (1 +Nep /N

AlES

where Efis a fine frequency offset, {KCN | is a position
set of pilot subcarriers transmitted by the base station
covering the mobile station, Y ,[Kk] 1s a k-th subcarrier of the
FFT-ed signal at the 1-th time, N, 1s a CP length of an
OFDM symbol, and N 1s a valid OFDM symbol length of the
OFDM symbol.

The above-described fine frequency synchronization esti-
mator can be realized by using a dedicated device, software
for a general-purpose processor, or both the dedicated device
and software.

FIG. 11 shows a block diagram of a device for tracking a
downlink by using a downlink signal in an OFDMA-TDD
cellular system according to an exemplary embodiment of
the present invention.
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As shown, the device includes an FFT unit 910, a delay
unit 920, an autocorrelator 930, and a size comparator 940.

The FFT unit 910 receives an OFDM signal, performs
FFT or DFT on the received OFDM signal, and outputs a
signal Y [Kk] 1n the frequency domain. The delay unit 920
delays the signal Y [k] by one symbol, and outputs a signal
Y. ,[k]. The autocorrelator 830 autocorrelates a pilot sub-
carrier signal of the one-symbol delayed signal Y,_,[k] and
a pilot subcarrier of the OFDM signal, and outputs a result
signal Y [k]-Y, /*[K].

The size comparator 940 compares the autocorrelated
value with a threshold value, and estimates the autocorre-
lated value to be a downlink signal when the autocorrelated
value 1s greater than the threshold value, and estimates the
same to be an uplink signal when the autocorrelated value 1s
less than the threshold value. The cell search estimate I' 1s
given 1n Equation 10.

Equation 10

2.

Kc K .
U CN

Yilk|- Y[ [Kk]

where CN is a cell search estimate, {K CN } is a position
set of pilot subcarriers transmitted by a base station covering,
the mobile station, and Y, [k] 1s a k-th subcarrier of the
FFT-ed signal at the 1-th time. The cell search estimate signal
I'" 1s a downlink signal when I' 1s greater than the threshold
value, and the same 1s an uplink signal when I 1s less than
the threshold value.

The autocorrelation process by the FFT umt 910, the
delay unit 920, and the autocorrelator 930 corresponds to the

autocorrelation process in the fine frequency synchroniza-
tion estimator described with reference to FIG. 10, and
hence, the FFT unit 810, the delay unit 820, and the
autocorrelator 830 can be shared as a single one as shown 1n
FIG. 10.

The above-described downlink tracker can be realized by
using a dedicated device, software for a general-purpose
processor, or both the dedicated device and software.

Retferring to FIGS. 12 and 13, a synchronizer of the
mobile station for performing synchronization and cell
search described with reference to FIGS. 4A to 11 will be
described 1n detail.

FIG. 12 shows a synchronizer 100 of a mobile station 1n
an OFDMA-FDD cellular system according to an exemplary
embodiment of the present invention.

As shown 12, the synchromizer 100 includes an 1nitial
synchronization estimator 1100, a storage unit 1200, and a
tracker 1300.

The mitial synchronization estimator 1100 includes an
initial symbol synchronization and imtial frequency syn-
chronization estimator 1110, a cell search and integer-times
frequency synchronization estimator 1120, a fine symbol
synchronization estimator 1130, a fine frequency synchro-
nization estimator 1140, and a frame synchronization esti-
mator 1150.

The mitial symbol synchronization and initial frequency
synchronization estimator 1110 uses a cyclic prefix (CP) of
a recetved OFDM signal to estimate nitial symbol synchro-
nization and initial frequency synchronization, and the cell
search and integer-times frequency synchronization estima-
tor 1120 uses a pilot subcarrier of a frequency domain signal
generated by performing FFT or DFT on the received
OFDM signal and performs cell search and integer-times
frequency synchronization estimation. The fine symbol syn-
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chronization estimator 1130 uses the cell search estimate
estimated by the cell search and integer-times frequency
synchronization estimator 1120, and uses a position set of
pilot subcarriers and a pilot symbol pattern provided by a
cell information storage unit 1210 to estimate fine symbol
synchronization. The fine frequency synchronization esti-
mator 1140 uses the cell search estimate estimated by the
cell search and integer-times Irequency synchronization
estimator 1120, and uses a position set of pilot subcarriers
and a pilot symbol pattern provided by a cell information
storage unit 1210 to estimate fine frequency synchroniza-
tion. The frame synchronization estimator 1150 uses the
initial symbol synchronization estimated by the 1nitial sym-
bol synchromization and mitial frequency synchronization
estimator 1110 and the iitial frequency synchronization to
perform frame synchronization.

The tracker 1300 includes a cell tracker 1310, a fine
symbol synchronization tracker 1320, and a fine frequency
synchronization tracker 1330.

The cell tracker 1310 uses a position set of pilot subcar-
riers properly allocated to each cell to perform cell search,
the fine symbol synchronization tracker 1320 performs IFFT
on the cross-correlation between the recerved pilot subcar-
rier and a predefined pilot subcarrier to estimate the position
of the maximum value, and the fine frequency synchroni-
zation tracker 1330 uses a phase diflerence between pilot
subcarriers of the frequency domain signal generated by
performing FFT on the received OFDM signal to perform
frequency tracking.

The storage unit 1200 includes a cell information storage
unit 1210 for storing cell synchronization information and
cell mformation.

The fine symbol synchronization estimator 1130 of the
initial synchronization estimator 1100 and the fine symbol
synchronization tracker 1320 of the tracker 1300 can be
shared as a single one, and the fine frequency synchroniza-
tion estimator 1140 of the 1mitial synchronization estimator
1100 and the fine frequency synchronization tracker 1330 of
the tracker 1300 can also be shared as a single one.

FIG. 13 shows a synchronizer 2000 of a mobile station in
an OFDMA-TDD cellular system according to an exemplary
embodiment of the present invention.

As shown, the synchronizer 2000 includes an 1nitial
synchronization estimator 2100, a storage unit 2200, and a
tracker 2300.

The 1nitial synchronization estimator 2100 includes an
initial symbol synchromization and initial frequency syn-
chronization estimator 2110, a cell search and integer-times
frequency synchromzation and downlink estimator 2120, a
downlink tracker 2130, a fine symbol synchronization esti-
mator 2140, a fine frequency synchronization estimator
2150, and a frame synchronization estimator 2160.

The 1mitial symbol synchronization and mnitial frequency
synchronization estimator 2110 uses a cyclic prefix (CP) of
a recetved OFDM signal to estimate mitial symbol synchro-
nization and initial frequency synchronization, the cell
search and 1integer-times frequency synchronization and
downlink estimator 2120 uses a pilot subcarrier of a ire-
quency domain signal generated by performing FFT or DFT
on the received OFDM signal to perform cell search, inte-
ger-times Irequency synchronization estimation, and down-
link estimation. The downlink tracker 2130 uses a cell
search estimate provided by the cell search and integer-times
frequency synchronization and downlink estimator 2120 and
a position set of pilot subcarriers provided by the cell
information storage unit 2210 of the storage unit 2200 to
track the downlink in the initial stage. The fine symbol
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synchronization estimator 2140 uses a cell search estimate
provided by the cell search and integer-times frequency
synchronization and downlink estimator 2120 and a position
set of pilot subcarriers and a pilot symbol pattern provided
by the cell information storage unit 2210 of the storage unit
2200 to perform fine symbol synchronization estimation.
The fine frequency synchronization estimator 2150 uses a
cell search estimate provided by the cell search and integer-
times Irequency synchronization and downlink estimator
2120 and a position set of pilot subcarriers provided by the
cell information storage unit 2210 to perform fine frequency
synchronization estimation. The frame synchronization esti-
mator 2160 uses the initial symbol synchronization and
initial frequency synchronization estimated by the mitial
symbol synchronization and initial frequency synchroniza-
tion estimator 2110 to perform frame synchronization.

The tracker 2300 includes a cell tracker 2310, a fine
symbol synchronization tracker 2320, and a fine frequency
synchronization tracker 2330.

The cell tracker 2310 uses a position set of pilot subcar-
riers properly allocated to each cell to 1dentity cells, the fine
symbol synchronization tracker 2320 performs IFFT on the
cross-correlation between the received pilot subcarrier and a
predefined pilot subcarrier to estimate the position of the
maximum value, and the fine frequency synchromization
tracker 2330 uses a phase difference between pilot subcar-
riers of the frequency domain signal generated by perform-
ing FFT on the recertved OFDM signal to perform frequency
tracking.

The storage umt 2200 includes a cell information storage
umt 2210 for storing cell synchronization mformation and
cell information.

The fine symbol synchronization estimator 2140 of the
initial synchronization estimator 2100 and the fine symbol
synchronization tracker 2320 of the tracker 2300 can be
shared as a single one, and the fine frequency synchroniza-
tion estimator 2150 of the mnitial synchronization estimator
2100 and the fine frequency synchronization tracker 2330 of
the tracker 2300 can also be shared as a single one.

FIG. 14 shows a block diagram of a device for configuring,
a downlink signal of a base station in OFDMA cellular
system according to an exemplary embodiment of the pres-
ent 1nvention.

As shown, the device 3000 includes a pilot generator 3100
and an OFDM symbol mapper 3200.

The pilot generator 3100 receives cell number 1nforma-
tion to generate a pattern ol a position set of pilot subcarriers

and a pattern of a pilot symbol according to cell information,
and the OFDM symbol mapper 3200 receives traflic data
information, frame structure information defined with
respect to the time and frequency axes as described with
reference to FIGS. 1 and 2, and information on the position
set of pilot subcarriers as described with reference to FIGS.
3A and 3B, maps pilot subcarrier symbol information and
traflic data information on the defined time and frequency,
and outputs mapped results.

While this mvention has been described in connection
with what 1s presently considered to be the most practical
and preferred embodiment, it 1s to be understood that the
invention 1s not limited to the disclosed embodiments, but,
on the contrary, 1s intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.

According to the present invention, time and frequency
synchronization and cell search are estimated by using the
pilot subcarriers which are inserted into symbols and are
then transmitted without using additional preambles, and
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cell search 1s performed after estimating the cell for the
purpose ol handover in the OFDMA-FDD and OFDMA-
TDD cellular system.

Also, the cell search and the integer-times frequency
synchronization estimation are performed as a single process
in the OFDMA-FDD cellular system, the cell search, the
integer-times frequency synchronization estimation, and the
downlink estimation are performed as a single process 1n the
OFDMA-TDD cellular system, and accordingly, downlink
synchronization and cell search are performed with a less
amount of calculation 1n the OFDMA-FDD and OFDMA -
TDD cellular system.

Further, the synchronization and cell search are performed
by the same device when an OFDMA-FDD cellular system
and an OFDMA-TDD cellular system are provided i a
micro cell and a hot spot.

What 1s claimed 1s:

1. A method of configuring a downlink signal 1n an
orthogonal frequency division multiplexing access-ire-
quency division duplexing (OFDMA-FDD) mobile commu-
nication system, said method comprising:

(a) configuring a downlink frame with a plurality of

symbols; and

(b) for each symbol, allocating a plurality of traflic
subcarriers and a plurality of pilot subcarriers, said
pilot subcarriers being distributed with respect to both
time and frequency, a part of said pilot subcarriers
being reference for a mobile station to perform time
synchronization, frequency synchronization, and cell
search;

wherein

the pilot subcarriers are distributed at regular intervals
with respect to time, and are distributed at irregular
intervals with respect to frequency;

said system comprises a plurality of cells;

the pilot subcarriers are allocated to the cells according to
proper position sets of pi1lot subcarriers so that the pilot
subcarriers 1n adjacent cells are not superimposed;

when the number of cells 1s greater than an available
number of the proper position sets, the pilot subcarriers
are allocated so as to minimize a number of pilot
subcarriers that are superimposed 1n non-adjacent cells;

the cells are divided into groups of cells;

a predetermined number of said pilot subcarriers are
allocated for each cell, said predetermined number
being generated by dividing the number of subcarriers
by the number of cells;

as to insuflicient pilot subcarriers, part of said pilot
subcarriers being allocated for each cell are allocated to
the cells which have the same position 1 different
groups; and

the proper position set K, - of pilot subcarriers allocated
to each j” cell of each i” cell group is determined
according to the following equations

K:{fK, 0> fK, 1>+ -« fﬁﬁ ng—l}

h,(k)=v(k)+(ik)modg

Kigw=tx »1=kg+(Neq.(k)+))modg}

where

g 15 a prime number that satisfies Nu/Npzg;

Nu 1s the number of subcarriers:

Np 1s the number of subcarriers included in each cell

group:
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G 1s the number of cells 1n each cell group, wherein G<g;

K 1s a set of subcarriers 1 , 15, . . . x5, selected to

be pilot subcarriers;

h,,,.4. 18 a default sequence allocated to the i”” cell group;

v(k) 1s a specified pseudo random sequence having values

from O to (g-1); and

1 1s a valued from 0 to (G-1).

2. The method of claim 1, wherein the pilot subcarriers are
not punctured at a position other than the position of
subcarriers used for transmission to the mobile station,
whereby the pilot subcarriers are not transmitted.

3. A communication method comprising:

transmitting, at a first cell among a plurality of cells, a

first frame, wherein the first frame comprises a first
pilot sequence consisting of a plurality of elements, and
positions of the elements of the first pilot sequence with
respect to time and frequency within the first frame are
determined at least based on a number representing the
first cell; and

transmitting, at a second cell among the plurality of cells,

a second frame, wherein the second frame comprises a
second pilot sequence comsisting of a plurality of
elements, and positions of the elements of the second
pilot sequence with respect to time and frequency
within the second frame are determined at least based
on a number vepresenting the second cell,

wherein the plurality of cells arve grouped into a plurality

of cell groups and, if the first cell and the second cell
belong to a same cell group, each of the positions of the
elements of the first pilot sequence within the first frame
is different from each of the positions of the elements of
the second pilot sequence within the second frame.

4. The method of claim 3, wherein the first pilot sequence
allows a terminal to estimate a first channel condition and
the second pilot sequence allows the terminal to estimate a
second channel condition, and wherein the terminal pevr-

forms handover from the first cell to the second cell at least

based on the estimated first channel condition and the
second channel condition.
5. The method of claim 3, wherein the second cell is a
neighboring cell to the first cell.
6. The method of claim 3, further comprising:
transmitting, at a third cell among the plurality of cells,
a third frame, wherein the third frame comprises a third
pilot sequence consisting of a plurality of elements, and
positions of the elements of the thivd pilot sequence
with respect to time and frequency within the thivd
frame ave determined at least based on a number
representing the thivd cell; and
wherein some of the positions of the elements of the first
pilot sequence within the first frame are same as some
of the positions of the elements of the thivd pilot
sequence within the third frame.
7. The method of claim 3, wherein the pilot sequence is
derived from a pseudo random sequence.
8. A communication method, comprising:
receiving, at a user equipment (UE), a first frame from a
first cell among a plurality of cells, wherein the first
frame comprises a first pilot sequence consisting of a
plurality of elements, and positions of the elements of
the first pilot sequence with rvespect to time and fre-
quency within the first frame ave determined at least
based on a number representing the first cell;
receiving, at the UE, a second frame from a second cell
among the plurality of cells, wherein the second frame
comprises a second pilot sequence consisting of a
plurality of elements, and positions of the elements of
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the second pilot sequence with respect to time and
frequency within the second frame arve determined at
least based on a number vepresenting the second cell;

estimating, at the UE, a first channel condition based on
the first pilot sequence; and

estimating, at the UE, a second channel condition based
on the second pilot sequence,

wherein the plurality of cells ave grouped into a plurality
of cell groups and, if the first cell and the second cell
belong to a same cell group, each of the positions of the
elements of the first pilot sequence within the first frame

is different from each of the positions of the elements of

the second pilot sequence within the second frame.

9. The method of claim 8, further comprising performing
handover from the first cell to the second cell, wherein the
handover is at least based on the estimated first channel
condition and the second channel condition.

10. The method of claim 8, wherein:

the second cell is a neighboring cell to the first cell.

11. The method of claim 8, further comprising:

receiving, at the user equipment, a thivd frame from a

thivd cell among the plurality of cells, wherein the thivd
frame comprises a third pilot sequence consisting of a
plurality of elements, and positions of the elements of
the third pilot sequence with vespect to time and fre-
quency within the thivd frame are determined at least
based on a number vepresenting the thivd cell;

and wherein some of the positions of the elements of the

first pilot sequence within the first frame are same as
some of the positions of the elements of the thivd pilot
sequence within the thivd frame.

12. An apparatus for wireless communication, compris-
Ing:

a memory; and

a processor operably coupled to the memory, wherein the

processor, when executing program instructions stoved
in the memory, is configured to:
cause the apparatus to receive a first frame from a first
cell among a plurality of cells, whevein the first frame
comprises a first pilot sequence consisting of a plurality
of elements, and positions of the elements of the first
pilot sequence with respect to time and frequency
within the first frame ave determined at least based on
a number vepresenting the first cell;

cause the apparatus to receive a second frame from a
second cell among the plurality of cells, wherein the
second frame comprises a second pilot sequence con-
sisting of a plurality of elements, and positions of the
elements of the second pilot sequence with vespect to
time and frequency within the second frame are deter-
mined at least based on a number rvepresenting the
second cell;

estimate a first channel condition based on the first pilot

sequence; and

estimate a second channel condition based on the second

pilot sequence,

whevrein the plurality of cells ave grouped into a plurality

of cell groups and, if the first cell and the second cell
belong to a same cell group, each of the positions of the
elements of the first pilot sequence within the first frame

is different from each of the positions of the elements of

the second pilot sequence within the second frame.
13. The apparatus of claim 12, wherein the processor is
further configured to:

22

cause the apparatus to perform handover from the first
cell to the second cell wherein the handover is at least
based on the estimated first channel condition and the
second channel condition.
5 14. The apparatus of claim 12, wherein:
the second cell is a neighboring cell to the first cell.
15. The apparatus of claim 12, wherein the processor is
further configured to:
cause the apparatus to rveceive a third frame from a third
10 cell among the plurality of cells, wherein the thivd
frame comprises a thivd pilot sequence consisting of a
plurality elements, and
positions of the elements of the third pilot sequence with
respect to time and frequency within the third frame are
15 determined at least based on a number vepresenting the third
cell;
and wherein some of the positions of the elements of the
pilot sequence within the first frame are same as some
of the positions of the elements of the third pilot
20 sequence within the third frame.
16. A device for a wireless communication system, the
device comprising:
a memory,; and
a processor operably coupled to the memory,
25 whevrein the processor, when executing program Instriuc-
tions stored in the memory, is configured to:
cause a first frame to be transmitted from a first cell
among a plurality of cells, wherein the first frame
comprises a first pilot sequence consisting of a plurality
30 of elements, and
positions of the elements of the first pilot sequence with
respect to time and frequency within the first frame are
determined at least based on a number vepresenting the first
cell; and
35  cause a second frame to be transmitted from a second cell
among the plurality of cells, wherein the second frame
comprises a second pilot sequence consisting of a
plurality of elements, and positions of the elements of
the second pilot sequence with rvespect to time and
40 frequency within the second frame are determined at
least based on a number representing the second cell,
wherein the plurality of cells are grouped into a plurality
of cell groups and, if the first cell and the second cell
belong to a same cell group, each of the positions of the
45 elements of the first pilot sequence within the first frame
is different from each of the positions of the elements of
the second pilot sequence within the second frame.
17. The device of claim 16, wherein the first pilot

sequence allows a terminal to estimate a first channel
50 condition and the second pilot sequence allows the terminal
to estimate a second channel condition, and wherein the
terminal performs handover from the first cell to the second
cell at least based on the estimated first channel condition
and the second channel condition.
55  18. The device of claim 16, wherein the second cell is a
neighboring cell to the first cell.
19. The device of claim 16, wherein the processor is
further configured to:
cause a third cell among the plurality of cells a third
60 frame, wherein the thivd frame comprises a thivd pilot
sequence consisting of a plurality of elements, and
positions of the elements of the thivd pilot sequence
with respect to time and frequency within the thivd
frame ave determined at least based on a number
65 representing the thivd cell;
and wherein some of the positions of the elements of the
pilot sequence within the first frame are same as some
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of the positions of the elements of the third pilot wherein the plurality of cells are grouped into a plurality
sequence within the third frame. of cell groups and, if the first cell and the second cell

20. The device of claim 16, wherein the pilot sequence is belong to a same cell group, each of the positions of the
derived from a pseudo random sequence. elements of the first pilot sequence within the first frame
21. An apparatus for a user equipment (UE), the appa- 3 is different from each of the positions of the elements of

the second pilot sequence within the second frame.
22. The apparatus of claim 21, whevein the processor is
further configured to:
cause the UL to perform handover from the first cell to the
10 second cell, wherein the handover is at least based on
the estimated first channel condition and the second
channel condition.
23. The apparatus of claim 21, wherein:
the second cell is a neighboring cell to the first cell.
15 24. The apparatus of claim 21, wherein the processor is
further configured to:
cause the UL to receive a thivd frame from a thivd cell
among the plurality of cells, wherein the thivd frame
comprises a thivd pilot sequence consisting of a plu-
20 rality elements, and positions of the elements of the
thivd pilot sequence with rvespect to time and frequency
within the thivd frame are determined at least based on
a number vepresenting the third cell;
and wherein some of the positions of the elements of the
25 pilot sequence within the first frame are same as some
of the positions of the elements of the third pilot
sequence within the thivd frame.

ratus comprising:
a memory,; and
a processor operably coupled to the memory, wherein the

processov, when executing program instructions stoved
in the memory, is configured to:

cause the UE to receive a first frame from a first cell
among a plurality of cells, wherein the first frame
comprises a first pilot sequence consisting of a plurality
of elements, and positions of the elements of the first
pilot sequence with respect to time and frequency
within the first frame ave determined at least based on
a number vepresenting the first cell,

cause the UL to receive a second frame from a second cell
among the plurality of cells, wherein the second frame
comprises a second pilot sequence consisting of a
plurality of elements, and positions of the elements of
the second pilot sequence with rvespect to time and
frequency within the second frame are determined at
least based on a number vepresenting the second cell;

estimate a first channel condition based on the first pilot
sequence; and

estimate a second channel condition based on the second
pilot sequence, £ ok k¥ ok



	Front Page
	Drawings
	Specification
	Claims

