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TDM BASED CELL SEARCH METHOD FOR OFDM SYSTEM

TECHNICAL FIELD

The present invention relates to an orthogonal frequency division multiplexing
(OFDM) cellular system, and more particularly, to a method of searching for an initial
cell and an adjacent cell in an OFDM cellular system, and a mobile station using the
method, a base station using the method, a system using the method, and a frame
structure used in the method.

This work was supported by the IT R&D program of MIC/IITA [2005-S-404-12,
Research & Development of Radio Transmission Technology for 3G evolution]

BACKGROUND ART

in wideband code division multiple access (WCDMA) of the 3™ Generation
Partnership Project (3GPP), a system uses a total of 512 long pseudo-noise (PN)
scrambling codes in order to identify base stations of a forward link, in which adjacent
base stations use different long PN scrambling codes as scrambling codes of forward
link channels. When a mobile station is turned on, the mobile station has to acquire
system timing of a base station to which the mobile station belongs (i.e., a base station
of which a reception signal has the maximum amplitude) and a long PN scrambling
code ID used by the base station. This process is called a mobile station’s cell search
process.

In WCDMA, in order to facilitate the cell search process, the 512 long PN
scrambling codes are grouped into 64 groups, and a primary sync channel and a
secondary sync channel are included in the forward link. The primary sync channel is
used for a mobile station to acquire slot sync, and the secondary sync channel is used
for the mobile station to acquire a 10-msec frame boundary and long PN scrambling
code group ID information.

The cell search process in WCDMA includes 3 steps. In the first step, a mobile
station acquires slot sync using a primary scrambling code (PSC). In WCDMA, the
same 15-slot PSC is transmitted every 10 msec, and PSCs transmitted by all base
stations are the same signal. In the first step, slot sync is acquired using a matching
filter suitable for the PSC.

In the second step, long PN scrambling code group 1D information and a 10-
msec frame boundary are acquired using the slot timing information acquired in the first
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step and a secondary scrambling code (SSC).

In the third step, a long PN scrambling code ID used by a currently connected
base station is acquired using the 10-msec frame boundary and the long PN scrambling
code group ID information that have been acquired in the second step and a common
pilot channel code correlator. In other words, since 8 long PN scrambling codes are
mapped to a single code group, the mobile station detects the long PN scrambling code
ID used in the current cell by comparing outputs of the common pilot channel code
correlator for 8 long PN scrambling codes.

In WCDMA, a sync channel consists of a primary sync channel and a secondary
sync channel, and the primary sync channel, the secondary sync channel, a common
pilot channel, and other data channels are multiplexed in a CDMA method based on a
time domain direct sequence spread spectrum.

Recently, in the 3GPP, orthogonal frequency division muitiplexing (OF DM)-based
wireless transmission technology standardization is being established as a part of 3"
Generation Long Term Evolution (3G-LTE) to compensate for disadvantages of WCDMA.
The sync channel and common pilot channel structure and the mobile station's cell
search process used in WCDMA are suitable for direct sequence code division multiple
access (DS-CDMA) but cannot be applied to an OFDM forward link. Thus, a forward
link sync channel and common pilot channel structure, a mobile station's initial cell
search method, and an adjacent cell search method for handover are required in an
OFDM cellular system.

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a structure of a forward link frame according to an embodiment
of the present invention,

FIG. 2 illustrates a sub-frame containing a sync channel symbol according to an
embodiment of the present invention;

FIG. 3 is a conceptual diagram of a primary sync channel symbol in a time
domain according to an embodiment of the present invention;

FIG. 4 illustrates a symbol mapped form of a sync channel sequence according to
an embodiment of the present invention;

FIG. 5 is a block diagram of a base station according to an embodiment of the
present invention;

FIG. 6 is a block diagram of a receiver of a mobile station according to an
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embodiment of the present invention;

FIG. 7 is a block diagram of a sync block synchronization detector illustrated in
FIG. 6, according to an embodiment of the present invention;

FIG. 8 is a graph illustrating correlation values calculated by a correlator
illustrated in FIG. 7 based on sample positions, according to an embodiment of the
present invention;

FIG. 9 llustrates a structure of an input signal provided to a
group/boundary/number-of-antennas detector illustrated in FIG. 6 based on a sync block
timing acquired by the sync block synchronization detector illustrated in FIG. 6,
according to an embodiment of the present invention;

FIG. 10 is a block diagram of the group/boundary/number-of-antennas detector
illustrated in FIG. 7, according to an embodiment of the present invention;

FIG. 11 is a block diagram of the group/boundary/number-of-antennas detector
ilustrated in FIG. 10, according to an embodiment of the present invention;

FIG. 12 is a flowchart illustrating a cell search method of a mobile station,
according to an embodiment of the present invention; and

FIG. 13 is a flowchart illustrating a cell search method of a mobile station,
according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM

The present invention provides a cell search apparatus and method including an
initial cell search and adjacent cell search for handover in an orthogonal frequency
division multiplexing (OFDM) cellular system.

The present invention also provides a forward link frame transmission apparatus
and method for supporting the cell search method.

The present invention also provides an OFDM cellular system to which the cell
search method is applied.

The present invention also provides a computer-readable recording medium
having recorded thereon a program for executing the cell search method.

The present invention also provides a structure of a forward link frame used in
the cell search method.

TECHNICAL SOLUTION
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To overcome the technical problems described previously, the present invention
provides a cell search method using a forward synchronizing signal in a wireless
communication system. The cell search method includes (a) acquiring sync block
synchronization and a primary sync channel sequence number using a primary sync
channel symbol included in a frame received by a terminal, (b) detecting a boundary of
the frame and a scrambling code group using the sync block synchronization and a
secondary sync channel symbol included in the frame received by the terminal, and (c)
acquiring a scrambling code using the primary sync channel sequence number and the
scrambling code group.

To overcome the technical problems described previously, the present invention
also provides a method of transmitting a frame using a forward synchronizing signal by
a base station included in a cell in a wireless communication system. The method
includes (a) generating a primary sync channel sequence including sync block
synchronization of the frame, a secondary sync channel sequence including a boundary
of the frame and a scrambling code group of the cell, and a broadcast channel (BCH)
including wireless communication system information and (b) generating a frame
including each of a primary sync channel symbol and a secondary sync channel symbol
that are code-hopped in a frequency domain using each of the generated sync channel
sequences and the BCH and transmitting the generated frame.

ADVANTAGEOUS EFFECTS

As described above, according to the present invention, in an OFDM cellular
system, a cell search time of a mobile station can be reduced, and a cell search method
can be implemented with low complexity.

In addition, synchronization can be acquired with low complexity by means of a
synch signal transmission method according to the present invention.

Moreover, an adjacent cell search process can be efficiently performed using the
synch signal transmission method according to the present invention, thereby smoothly
performing handover and reducing battery power consumption of a mobile station.

Furthermore, by using the synch signal transmission method according to the
present invention, OFDM symbol synchronization, a long scrambling code group 1D, and
a frame boundary can be detected and frequency offset estimation can be performed,
with only one sync channel.
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BEST MODE

According to an aspect of the present invention, there is provided a cell search
method using a forward sync signal in a wireless communication system. The cell
search method includes (a) acquiring sync block synchronization and a primary sync
channel sequence number using a primary sync channel symbol included in a frame
received by a terminal, (b) detecting a boundary of the frame and a scrambling code
group using the sync block synchronization and a secondary sync channel symbol
included in the frame received by the terminal, and (c) acquiring a scrambling code
using the primary sync channel sequence number and the scrambling code group.

(b) includes detecting the number of broadcast channels (BCHs) or detecting
whether pilot hopping is used.

A cell search is resumed from (a) if a cyclic redundant code (CRC) error occurs
and the cell search is completed if a CRC error does not occur.

(¢) includes detecting a scrambling code having the maximum value of
correlation values acquired by performing correlation on scrambling codes included in
the scrambling code group with respect to a pilot channel of the frame.

(c) includes detecting a scrambling code having the maximum value of the
correlation values acquired by performing correlation with respect to the pilot channel of
the frame using a pilot hopping pattern that one-to-one corresponds to a scrambling
code included in the scrambling code group if it is detected that pilot hopping is used in
(b).

According to another aspect of the present invention, there is provided a method
of transmitting a frame using a forward sync signal by a base station included in a cell in
a wireless communication system. The method includes (a) generating a primary sync
channel sequence including sync block synchronization of the frame, a secondary sync
channel sequence including a boundary of the frame and a scrambling code group of
the cell, and a broadcast channel (BCH) including wireless communication system
information and (b) generating a frame including each of a primary sync channel symbol
and a secondary sync channel symbol that are code-hopped in a frequency domain
using each of the generated sync channel sequences and the BCH and transmitting the
generated frame.

The frame is generated and transmitted such that the primary sync channel
symbol and the secondary sync channel symbol are configured based on time division
multiplexing (TDM) and are placed adjacent to each other.
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The sync channel symbol and the BCH exist in the same sub-frame of the frame
and the BCH is coherently demodulated by channel estimation using the secondary
sync channel symbol.

The BCH included in the frame includes timing information, a bandwidth, and
the number of transmission antennas of the wireless communication system and is
demodulated using the boundary of the frame, the number of transmission antennas,
and a scrambling code.

MODE FOR THE INVENTION

Hereinafter, the present invention will be described more fully with reference to
the accompanying drawings.

In general, each base station of an orthogonal frequency division multiplexing
(OFDM) cellular system scrambles OFDM symbols using a long pseudo-noise (PN)
scrambling code. However, since the base station can use another scrambling code
instead of the long PN scrambling code, any code used to scramble OFDM symbols will
hereinafter be referred to as a scrambling code for convenience of description.

Although each base station according to an embodiment of the present invention
can achieve transmission diversity using a method of including a plurality of
transmission antennas, a time switching transmit diversity (TSTD) method, a Precoding
Vector Switching (PVS) Transmit Diversity (PVSTD) method, a frequency switching
transmit diversity (FSTD) method, or other similar methods, it is assumed herein for
convenience of description that each base station includes 2 transmission antennas.

While a mobile station according to an embodiment of the present invention can
achieve reception diversity using a method of including a plurality of reception antennas
or other similar methods, it is assumed herein for convenience of description that the
mobile station includes 2 reception antennas. Such a mobile station has to combine
data of data paths according to the reception diversity. A simple summing method is
used herein as a data combining method, but it will be understood by those of ordinary
skill in the art that the data combining method is not limited to the simple summing
method.

The present invention relates to a method of performing a cell search including
sync acquisition, frame boundary detection, and cell ID detection (also called
scrambling code detection).

The term “sync acquisition” will be used herein as a comprehensive term for
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detection of a sync block boundary, and detection of a sync block means detection of
OFDM symbol sync, a position of a primary sync channel in the sync block, and a
position of a secondary sync channel in the sync block.

The term “frame boundary detection” will be used herein as a comprehensive
term for detection of a frame boundary timing. The term “frame boundary information”
will be used herein as a comprehensive term for information about frame boundary
timing.

The term “scrambling code detection” will be used herein as a comprehensive
term for scrambling code identifier detection and scrambling code detection, and the
term “scrambling code information” will be used herein as a comprehensive term for a
scrambling code identifier and a scrambling code.

In an OFDM-based long term evolution (LTE) system, a single base station Node-
B is composed of several sector cells whereby base stations are identified by different
random sequences and sectors in each of the base stations are identified by different
orthogonal codes. Thus, the cells of the system are identified by synthetic code
sequences generated by multiplying the random sequences by the orthogonal codes.
Herein, the synthetic code will be referred to as a cell-unique “scrambling code”.

The term “scrambling code group” will be used herein as a comprehensive term
for a group of the scrambling codes used in the system. For example, when 513
scrambling codes are used in the system, they can be divided into 171 groups, each of
which includes 3 scrambling codes.

The term “secondary sync channel sequence” will be used herein as a
comprehensive term for a group of secondary sync channel “chips” mapped to
subcarriers occupied by a secondary sync channel symbol in a frequency domain.

The term “primary sync channel sequence” will be used herein as a
comprehensive term for a group of primary sync channel “chips” mapped to subcarriers
occupied by a primary sync channel symbol in the frequency domain.

Herein, Fourier transform will be used as a comprehensive term for Discrete
Fourier Transform (DFT) and Fast Fourier Transform (FFT).

FIG. 1 illustrates a structure of a forward link frame according to an embodiment
of the present invention. Referring to FIG. 1, the forward link frame according to the
current embodiment of the present invention has a 10-msec duration and includes 20
sub-frames 110.

In FIG. 1, the horizontal axis represents time and the vertical axis represents
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frequency (OFDM subcarrier).

Each of the 20 sub-frames 110 has a 0.5-msec length and includes 7 OFDM
symbols 120. In an example illustrated in FIG. 1, a single primary sync channel OFDM
symbol 100-A and a single secondary sync channel OFDM symbol 101-A exist at every
10 of the sub-frames 110, and thus a total of 2 primary sync channel symbols and a total
of 2 secondary sync channel symbols exist within the forward link frame (10 msec).

In this case, a sync channel symbol repetition period 130 is the same as a length
obtained by summing lengths of 10 of the sub-frames 110, and thus the number of sync
channel symbol repetition periods 130 in the single forward link frame is 2. For
convenience of description, the sync channel symbol repetition period 130 is referred to
as a sync block 130.

In other words, FIG. 1 shows that the number of sync blocks 130 in a single
forward link frame (10 msec) is 2. In this case, the length of each of the sync blocks
130 is 5 msec. When the primary sync channel OFDM symbol 100-A and the
secondary sync channel OFDM symbol 101-A are combined based on Time Division
Multiplexing (TDM) as in FIG. 1, the secondary sync channel OFDM symbol 101-A has
to be placed adjacent to the primary sync channel OFDM symbol 100-A in order to use
a channel estimation value of the primary sync channel OFDM symbol 100-A for
coherent demodulation of the secondary sync channel OFDM symbol 101-A.

The OFDM symbols that remain after exclusion of the sync channel symbols are
multiplied by cell-unique scrambling codes in the frequency domain in order to identify
cells.

FIG. 2 illustrates a sub-frame containing a sync channel symbol according to an
embodiment of the present invention. For example, the sub-frame illustrated in FIG. 2
may be a sub-frame #0 of a first sync block 0 130 illustrated in FIG. 1.

Referring to FIG. 2, the sub-frame according to the current embodiment of the
present invention includes an OFDM symbol duration 100-A in which a primary sync
channel symbol is transmitted, the OFDM symbol duration 100-A including a traffic
data sub-carrier 230, a primary sync channel sub-carrier 240, and a null carrier 260, and
an OFDM symbol duration 101-A in which a secondary sync channel symbol is
transmitted, the OFDM symbol duration 101-A including the traffic data sub-carrier 230
and a secondary sync channel sub-carrier 250.

Other OFDM symbols 200 include the traffic data sub-carrier 230 or a pilot sub-
carrier 270. A position of the pilot sub-carrier 270 may be fixed or the pilot sub-carrier
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270 may be frequency-hopped with a specific pattern for each cell.

As mentioned previously, the last two OFDM symbols in a sub-frame are a
secondary sync channel symbol and a primary sync channel symbol. Broadcast
Channel (BCH) symbols 280 may also be inserted into a sub-frame including a sync
channel.

The BCH s a channel that transmits system information necessary to a mobile
station, such as system timing information, a bandwidth used by a system, and the
number of transmission antennas of a base station, to the mobile station in a cell.

As a method of assigning a sync channel occupied band, a sync channel can
occupy a band which remains, by excluding a guard band or by occupying a portion of
the remaining band.

An example of a system to which the latter method can be applied is a system
which has to support a scalable bandwidth, such as a 3" generation long term evolution
(3G-LTE) system.

In other words, a mobile station using only 1.25 MHz, a mobile station using only
2.5 MHz, and all mobile stations using 5 MHz, 10 MHz, 15 MHz, and 20 MHz can
acquire synchronization with a base station system when each sync channel symbol
occupies only a portion of a total system band 220. For example, when the system
bandwidth is 10 MHz, only 1.25 MHz in the center, which remains due to the exclusion
of a DC sub-carrier, is used.

As will be described later, a cell search apparatus of a mobile station performs
filtering to pass only a sync channel occupied band 210, thereby improving cell search
performance.

Referring to FIG. 2, a primary sync channel and a secondary sync channel
occupy only a portion 210 of the total system band 220. As illustrated in FIG. 2, the
primary sync channel may use only one of adjacent 2 sub-carriers without using the
other one.

Alternatively, sub-carriers in the sync channel occupied band that remains by the
exclusion of the guard band may be used. Herein, a method of using only one of
adjacent 2 sub-carriers without using the other one will be taken as an example of a
method for sub-carrier assignment of the primary sync channel symbol. In this case,
the sub-carrier that is not used is assigned a predetermined number, e.g., ‘0’, which is
referred to as a null symbol.

When the latter method is used, a time domain signal (which will hereinafter be
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defined as a “sync channel symbol signal”) of a sync channel symbol, which remains by
the exclusion of a cyclic prefix, has a repetition pattern in the time domain.

FIG. 3 is a conceptual diagram of a primary sync channel symbol in the time
domain according to an embodiment of the present invention.

FIG. 4 illustrates a symbol mapped form of a sync channel sequence according to
an embodiment of the present invention.

Referring to FIG. 3, Nt indicates the number of samples of a total OFDM symbol
duration, Ncp indicates the number of samples of a cyclic prefix (CP) duration 300, and
Ns indicates the number of samples of a symbol duration 310 excluding the CP duration
300.

When a structure illustrated in FIG. 3 is used, a differential correlator may be
used in a first step of a cell search process as will be described later.

In the case of a secondary sync channel, sub-carriers in the sync channel
occupied band excluding the guard band, which remain due to the exclusion of the DC
sub-carrier, may be used. For example, in 3G-LTE, a total sync channel occupied
bandwidth is defined as 1.25 MHz, the number of total sub-carriers in the sync channel
occupied band is 128, and 72 sub-carriers excluding the guard band and the DC sub-
carrier can be used as sub-carriers assigned to the secondary sync channel.

In a forward link frame according to an embodiment of the present invention, a
primary sync channel sequence and a secondary sync channel sequence assigned to a
base station are mapped to sub-carriers of a primary sync channel symbol and a
secondary sync channel symbol as illustrated in FIG. 4, whereby a component mapped
to each sync channel sub-carrier is defined as a “chip”.

The length of the primary sync channel sequence is the same as the number (36
in FIG. 4) of sub-carriers assigned to a single primary sync channel symbol and the
primary sync channel sequence is repeated at every primary sync channel symbol
duration. The length of the secondary sync channel sequence is the same as the
number (144 in FIG. 4) of total frequency-domain sub-carriers assigned to a plurality of
secondary sync channel symbols within a frame.

Eventually, a primary sync channel sequence period is the sync block 130 and a
secondary sync channel sequence period is a single frame.

In other words, a primary sync channel sequence transmitted by a cell at every
primary sync channel symbol can be expressed as follows:

P=(F,P,P,., Py ) errre e err e eensenessensnnenenens (1),
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where each element of a primary sync channel sequence is defined as a “chip” of
the primary sync channel sequence, and N; indicates the number of sub-carriers
assigned to a primary sync channel symbol in a single primary sync channel symbol.

In the case of a primary sync channel, the same primary sync channel sequence
is transmitted at every symbol.

By using the same primary sync chanhel sequence at every primary sync
channel symbol, a receiver end can acquire a sync block boundary with a single
correlator using a time-domain waveform of the primary sync channel sequence in the
first step of the cell search process.

All cells used in a system basically use the same single sync channel sequence
as a primary sync channel sequence but may also use a small number of sync channel
sequences (e.g., 8 sync channel sequences or less).

Herein, it is assumed that the number of primary sync channel sequences used
in the system is 1.

For the primary sync channel sequence, a random code sequence having a good
correlation feature may be used, but a generalized chirp like (GCL) sequence may also
be used.

A secondary sync channel sequence one-to-one corresponds to a scrambling
code group.

The secondary sync channel sequence provides frame boundary information to a
mobile station while one-to-one corresponding to a scrambling code group. That is,
the mobile station acquiring the sync block boundary 141 using the primary sync
channel detects a cell identifier using the secondary sync channel and at the same time,
detects the frame boundary 141. To this end, the length of the secondary sync channel
sequence is the same as the number (144 in FIG. 4) of total sub-carriers assigned to the
secondary sync channel within a frame.

Eventually, the secondary sync channel sequence can be expressed as follows:
(Sé“’,Sf“,Sz("),...,S},’i’Nl_l) e (2)

In other words, S% indicates an nth chip of the secondary sync channel

sequence having a sequence number (or a cell identifier number) k.

In Equation 1, P indicates the number (2 in FIGS. 1 and 4) of secondary sync
channel symbols within a frame, and N indicates the number of sub-carriers assigned
to the secondary sync channel excluding a DC sub-carrier and sub-carriers for the

guard band from the secondary sync channel symbols 101-A and 101-B and is 72 in FIG.
11
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4. Eventually, the length of the secondary sync channel sequence is PxNo..

The same secondary sync channel sequence is transmitted at every frame for a
signal transmitted by a base station device in a cell, and different sync channel
sequences are used between cells.

In other words, a cell according to the present invention is assigned a secondary
sync channel sequence mapped to a cell-unique identifier group, and each chip of the
assigned second sync channel sequence is carried in each sub-carrier included in the
sync channel occupied band.

Partial sequences for each secondary sync channel symbol of the secondary
sync channel sequence, i.e., a partial sequence for a first secondary sync channel
symbol in a frame in FIG. 4 and a partial sequence for a second secondary sync

channel symbol can be expressed as  (S¥.5%,8P,..S)  and
(S, S, Shhases Siie 1), respectively. These partial sequences are different from

each other. Thus, even when a mobile station uses only one of P secondary sync
channel symbols within a frame, frame boundary detection and cell identifier detection
or scrambling code group detection become possible in a second step of the cell search
process.

Partial sequences of the secondary sync channel sequence can be generated in
various ways. As a first method, the partial sequences of the second sync channel
sequence may be generated by multiplying a sequence having a length of N by a

modulation symbol value corresponding to a sync slot number.

That is, when a sequence having a length of Ny is (uf”,u,ul",...,u$,), the
former partial sequence (S§”,S*,5{,..,8,) becomes (au{”,au(",au"....,au,
and the latter  partial  sequence  (S{),S\.,S{hsmS5h)  becomes
bu?, buf®  bu? ... bu) ).

Herein, a indicates a modulation symbol value (e.g., 1 or (1+])) corresponding to
a first sync block and b indicates a modulation symbol value (e.g., -1 or (1))
corresponding to a second sync block.

In this case, a receiver end of a mobile station performs coherent detection on
the secondary sync channel using the channel estimation value using the primary sync
channel, thereby acquiring a frame boundary only with a or b.

A method of generating and using a secondary sync channel sequence having a
total length of (2xNz) by mapping a si2>rt sequence having a length of Ny that is the



WO 2008/048060 PCT/KR2007/005113

number of sub-carriers assigned to a secondary sync channel symbol to a modulation
symbol value corresponding to a sync block number in each secondary sync channel
symbol domain is not outside the scope of the present invention.

In this case, when the number Ng of scrambling code groups used in the system
is 171, correlation may be performed on only 171 secondary sync channel sequences,
each of which has a length of N, that is the number of sub-carriers assigned to a
secondary sync channel symbol 101-A or 101-B, in the second step of the cell search
process. For convenience of description, this method will be referred to as a
secondary sync channel sequence assignment method 1.

As a second method of generating partial sequences of the secondary sync
channel sequence, short sequences, each of which has a length of N, that is the
number of sub-carriers assigned to a secondary sync channel symbol, are generated as
many as NgXx2 as used in the system and the former Ng sequences are mapped to the
first secondary sync channel symbol 101-A and the latter Ng sequences are mapped to
the second secondary sync channel symbol 101-B.

In this case, in Equation 2, the former sequence (S*,S%,8%¥,...8%,) becomes

@®,u®,u,..,u))) and the latter sequence (S§,Sy),,Syhs s Sin,) becomes

6y k) i
(Ws, Wi Wi Wi,

@, u®,u,..,uf) ) is a secondary sync channel sequence corresponding to a
scrambling code group number k from among the former Ng sequences out of the total
Ngx2 sequences and (wi”,w®,wi, . ,wi ) is a sequence corresponding to a

scrambling code group k from among the latter Ng sequences out of the total Ngx2
sequences.

The number of correlators in the second step of the cell search process using the
second method is two times that using the first method. For convenience of
description, the second method will be referred to as a secondary sync channel
seguence assignment method 2.

After cell search, a mobile station has to demodulate a BCH in order to acquire
system information. When transmission diversity is applied to the BCH for frame error
rate reduction, it is necessary to know the number of applied diversity antennas. In this
case, frame boundary information and information about the number of antennas
applied to the BCH may be simultaneously inserted into the secondary sync channel in

various ways.
13
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As a first method of simultaneously inserting the frame boundary information and
the information about the number of applied antennas into the secondary sync channel,
the information about the number of antennas applied to the BCH is modulated and
then transmitted to the second sync channel sequence in the secondary sync channel
sequence assignment method 2. In other words, a frame boundary is identified using
different sequences at two sync channel symbol positions and is multiplied by
modulation symbols including the antenna information.

That is, in this case, (S{”,S,8P,...80),) becomes (cul,cu®,cul®,...,cufy)
and (S$, 85,8 s S5 1) becomes (ew,ew®,ewl”,..,cwy),) .

Herein, (", u”,u{,.,u) is a secondary sync channel sequence
corresponding to a scrambling code group number k from among the former Ng
sequences out of the total Ngx2 sequences and (wg”,wi",wi" .., () is a sequence
corresponding to the scrambling code group number k from among the latter Ng
sequences out of the total Ngx2 sequences.

¢ indicates a modulation symbol including information about the number of
transmission antennas used in the BCH, e.g., a quadrature phase shift keying (QPSK)
symbol. For example, the number of antennas applied to the BCH is 1 for a phase
(1+)) of ¢, the number of applied antennas is 2 for a phase (-1-j) of ¢, and the number of
applied antennas is 4 for a phase (1-j) of c.

A mobile station acquires a scrambling code group and a frame boundary and at
the same time, demodulates the modulation symbol ¢ including the BCH antenna
information, thereby knowing the number of transmission diversity antennas used in the
BCH. For convenience of description, this method will be referred to as a secondary
sync channel sequence assignment metﬁod 3.

As a second method of simultaneously inserting the frame boundary information
and the information about the number of applied antennas into the secondary sync

channel, the  two partial sequences (S, 89,88, S50 and
(SP, 8P, 8P S5 1) in Equation 2 become (du”,du”,dus’,...,duy’,) and
(eul” eu® eu,...,eu))) for 1 transmission diversity antenna applied to the BCH,
become (fus®, ful®, ful®,..., fu§),) and (gul’,gu®, guiP,.., guyy),) for 2 transmission

diversity antennas applied to the BCH, and become (dw{",dw(”,dwi",...dwy’,) and

14
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k k k k k k k k
(ew,ew®,ew®....ew), or (s, i, P ..., fw), and
(gws?, gw®, gwi...., gw(),) for 4 transmission diversity antennas applied to the BCH.

Herein, (@, u®,ud,.,u§)) is a secondary sync channel sequence

corresponding to a scrambling code group number k from among the former Ng

sequences out of the total Nex2 sequences and (w(”,w®, wi® ., w{ ) is a sequence

corresponding to the scrambling code group number k from among the latter Ng
sequences out of the total Ngx2 sequences. In other words, distinction between a
case with 1 antenna applied to BCH transmission diversity or 2 antennas applied to
BCH transmission diversity and a case with 4 antennas applied to BCH transmission
diversity can be made using different sequences and distinction between the case with
the 1 antenna applied to BCH transmission diversity and the case with the 2 antennas
applied to BCH transmission diversity can be made using different modulation symbols
whereby each modulation symbol contains information about a frame boundary.

The modulation symbols d, e, f, and g may use QPSK modulation and their
phases may be, for example, (1+j), (1-), (-1-j), and (-1+j). A mobile station can detect
all of scrambling code group information, i.e., k, a frame boundary, and the number of
antennas applied to the BCH, by means of coherent modulation of the secondary sync
channel using the primary sync channel. For convenience of description, this method
will be referred to as a secondary sync channel sequence assignment method 4.

As a third method of simultaneously inserting the frame boundary information and
the information about the number of applied antennas into the secondary sync channel,

the two partial sequences (S¢”,S,8P,..,8%) and (S5, 85,8500 Sim) i
Equation 2 become (duf’,du®,dul,..,du)) and (eu)”,eu,eus?,..,eunf,) for 1
transmission diversity antenna applied to the BCH or 2 transmission diversity antennas
applied to the BCH, become (dw,aw®,dw ..., dw{), and
(ews?,ew® ews?,...,ewy) ) for 4 transmission diversity antennas applied to the BCH.
Herein, (@@, u®,u{,..,u{))) is a secondary sync channel sequence

corresponding to a scrambling code group number k from among the former Ng

sequences out of the total Nex2 sequences and (wi"”, w”, wi",..,w{) ) is a sequence

corresponding to the scrambling code group number k from among the latter Ng
sequences out of the total Ngx2 sequences.

15
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In other words, distinction between a case with 1 antenna applied to BCH
transmission diversity or 2 antennas applied to BCH transmission diversity and a case
with 4 antennas applied to BCH transmission diversity can be made using different
sequences and distinction between the case with the 1 antenna applied to BCH
transmission diversity and the case with the 2 antennas applied to BCH transmission
diversity is not separately made.

In this case, a mobile station first detects a scrambling code group, a frame
boundary, and the number of antennas applied to BCH transmission diversity, and
performs blind detection when the number of applied antennas is 1 or 2.

That is, the mobile station performs correlation between the total Ngx2
sequences. If the detected sequence belongs to the latter Ng sequences, the mobile
station knows that the number of antennas applied to the BCH is 4. In this case, the
mobile station demodulates the BCH using a transmission diversity demodulation
method corresponding to the 4 antennas. If the detected sequence belongs to the
former Ng sequences, the mobile station can know that the number of antennas applied
to the BCH may be 1 or 2. In this case, the mobile station performs blind detection, i.e.,
demodulates the BCH two times, by assuming both the case with the 1 antenna and the
case with the 2 antennas.

The modulation symbols d and e provide information about a frame boundary
and may use binary phase shift keying (BPSK) modulation. For example, phases of
the modulation symbols d and e may be 1 and -1 or (1+j) and (-1+j). The mobile station
can detect the modulation symbols d and e by means of coherent demodulation of the
secondary sync channel using the primary sync channel. For convenience of
description, this method will be referred to as a secondary sync channel sequence
assignment method 5.

As a fourth method of simultaneously inserting the frame boundary information
and the information about the number of applied antennas into the secondary sync

channel, the  two  partial  sequences (8¢, 8,8, 88D and
(S, 83> S0 Si 1) in - Equation 2 become  (du”,du(®,dui”....,du},) and
(eu eu™ eu",....euy),) for 1 transmission diversity antenna applied to the BCH or 2
transmission diversity antennas applied to the BCH, become

k k k k k k k k H :
(g, O, P i) and (gwi?, gw(®,gwi®,...gwi)) for 4 transmission
diversity antennas applied to the BCH.

16
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In other words, distinction between a case with 1 antenna applied to BCH
transmission diversity or 2 antennas applied to BCH transmission diversity and a case
with 4 antennas applied to BCH transmission diversity can be made using secondary
sync channel symbol modulation and distinction between the case with the 1 antenna
applied to BCH transmission diversity and the case with the 2 antennas applied to BCH
transmission diversity is not separately made.

In this case, a mobile station first detects a scrambling code group, a frame
boundary, and the number of antennas applied to BCH transmission diversity, and
performs blind detection when the number of applied antennas is 1 or 2. In this case,
unlike the third method, the number of secondary sync channel correlators required is
only Ng.

The modulation symbols d, e, f, and g provide information about a frame
boundary and information about the antennas and may use QPSK modulation. For
example, phases of the modulation symbols d, e, f, and g may be (1+j), (1), (-1), and
(-1+j). The mobile station can detect the modulation symbols d, e, f, and g by means
of coherent demodulation of the secondary sync channel using the primary sync
channel.

For convenience of description, this method will be referred to as a secondary
sync channel sequence assignment method 6.

In the secondary sync channel sequence assignment methods 1 through 6, a
modulation symbol of the secondary sync channel sequence may include information
about whether frequency hopping is used ina pilot symbol 270 used in a current cell.

The pilot symbol may be transmitted through the same sub-carrier at all times as
illustrated in FIG. 2 or may be frequency-hopped with different hopping patterns for
different cells in a way not to overlap with that of an adjacent cell. By means of pilot
hopping, interference between the current cell and its adjacent cell becomes random,
thereby improving channel estimation performance during data demodulation.

It is preferable that a mobile station knows whether the pilot symbol 270 is
hopped during pilot correlation in a third step of the cell search process. If the mobile
station does not know whether the pilot symbol 270 is hopped, the mobile station has to
perform blind detection in the third step of the cell search process and in this case, the
mobile station has to perform correlation two times more.

Therefore, if information about whether pilot hopping is used is carried in the

secondary sync channel and the mobile station can know whether pilot hopping is used
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in the second step of the cell search process, the mobile station does not have to
perform blind detection in the third step of the cell search process. When pilot hopping
is applied for each cell, a pilot hopping pattern may one-to-one correspond to cell group
information.

Thus, since the mobile station can know whether pilot hopping is used and further
know a pilot hopping pattern if pilot hopping is performed in the second step of the cell
search process, the mobile station uses such information for pilot correlation in the third
step of the cell search process.

If the number of information bits that can be carried in the secondary sync
channel exceeds information that can be carried in a secondary sync channel
modulation symbol, some of the information bits are assigned to the secondary sync
channel modulation symbol and the others are assigned to a secondary sync channel
sequence number.

For example, when the secondary sync channel has to contain a total of 3 bits
including 1-bit frame boundary information, 1-bit BCH antenna number information, and
1-bit pilot channel hopping information and is modulated by QPSK, 2 bits of the 3 bits
are transmitted after being modulated by QPSK and the other 1 bit is transmitted using
the secondary synch channel sequence number. In this case, the number of
secondary sync channel sequences is two times the number of cell groups used in the
system.

In this case, the mobile station has to previously know which bits among the 3
bits are assigned to the secondary sync channel modulation symbol and the secondary
sync channel sequence. Thus, in the second step of the cell search process, the
former 2 bits are detected by QPSK demodulation and the remaining 1 bit is detected
using correlators whose number is 2 times the number of cell groups.

With respect to the forward link frame structure according to the present invention
as lllustrated in FIGS. 1 through 4, a cell search apparatus according to the present
invention acquires a sync block boundary (a random one of 141-A and 141-B) using a
differential correlator or a correlator using the time-domain waveform of the primary
sync channel sequence in the first step of the cell search process and acquires a sync
channel sequence number, i.e., a scrambling code group, and at the same time, 10-
msec frame boundaries 140-A and 140-B using a secondary sync channel sequence
correlator in the second step of the cell search process.

If information about transmission diversity antennas applied to the BCH is
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included in the secondary sync channel, the antenna information is also acquired in the
second step of the cell search process. If information about whether pilot channel
hopping is used is included in the secondary sync channel, the pilot hopping information
may also be acquired.

In order to improve the performance of secondary sync channel correlation,
coherent correlation may be performed using a channel estimation value that uses the
primary sync channel. A detailed description thereof will be provided later.

The number of secondary sync channel sequences used in the system is equal
to or less than the number of cell identifiers used in the system. If the number of
secondary sync channel sequences used in the system is equal to the number of
scrambling codes, the secondary sync channel sequence number one-to-one
corresponds to the scrambling code number (or cell identifier).

If the number of secondary sync channel sequences used in the system is less
than the number of scrambling codes, the secondary sync channel sequence number
corresponds to the scrambling code group number. In this case, the third step of the
cell search process is further required. In other words, frame boundary information,
scrambling code group information, and pilot hopping information are acquired in the
second step and one of possible scrambling code numbers in a group has to be found
in the third step.

The third step is performed on a common pilot signal of a forward link using a
parallel correlator in the frequency domain. Pilot correlation in the third step is
performed using the pilot hopping information acquired in the second step.

FIG. 6 is a block diagram of a base station according to an embodiment of the
present invention. Referring to FIG. 5, the base station according to the current
embodiment of the present invention includes a sync channel generator 500, a traffic
channel and pilot generator 512, a diversity controller 513, OFDM symbol mappers 514-
A and 514-B, scramblers 515-A and 515-B, inverse Fourier transformers 516-A and 516-
B, CP insertion units 517-A and 517-B, an Intermediate Frequency (IF)/Radio
Frequency (RF) units 518-A and 518-B, and transmission antennas 519-A and 519-B.

The traffic channel and pilot channel generator 512 generates the traffic data
sub-carrier 230 of FIG. 2, a BCH 280 of FIG. 2, or pilot data such as the pilot sub-carrier
270 of FIG. 2. The sync channel generator 500 generates a primary sync channel
sequence, such as the primary sync channel sub-carrier 240, defined by Equation 1 and

a secondary sync channel sequence, such as the secondary sync channel sub-carrier
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250, defined by Equation 2 as illustrated in FIG. 2 or 4.

Each of the OFDM symbol mappers 514-A and 514-B maps data values of each
channel to positions in the frequency/time domain as illustrated in FIG. 2.

Each of the scramblers 515-A and 515-B multiplies an output of each of the
OFDM symbol mappers 514-A and 514-B, i.e., OFDM symbols excluding a sync
channel symbol from the mapping result, by a base station’s unique scrambling code in
the frequency domain.

Each of the inverse Fourier transformers 516-A and 516-B generates a time-
domain signal by performing an inverse Fourier transform on the output of each of the
scramblers 515-A and 515-B.

Each of the CP insertion units 517-A and 517-B inserts a CP for enabling
demodulation of an OFDM signal, even with a channel multi-path delay, into the output
of each of the inverse Fourier transformers 406-A and 406-B.

Each of the IF/RF units 518-A and 518-B up-converts an output signal of each of
the CP insertion units 517-A and 517-B, which is a baseband signal, to a band pass
signal and amplifies the up-converted signal.

Each of the transmission antennas 519-A and 519-B transmits the amplified
signal.

In FIG. 5, the number of transmission antennas 519-A and 519-B is 2. That is, if
the base station according to an embodiment of the present invention has only one
transmission antenna 519-A without the transmission antenna 519-B, the OFDM symbol
mapper 514-B, the inverse Fourier transformer 516-B, the CP insertion unit 417-B, the
IF/RF unit 418-B, and the diversity controller 513 may be omitted.

FIG. 5 illustrates a case where sync channel symbols are transmitted with
transmission diversity using 2 transmission antennas at a transmitter end of the base
station.

The transmission diversity using the diversity controller 513 illustrated in FIG. 5
will not be described. Sync channel symbols belonging to adjacent sync blocks are
transmitted through different transmission antennas in order to achieve spatial diversity.

For example, a primary sync channel symbol and a second sync channel symbol
belonging to a first sync block may be transmitted through the first transmission antenna
519-A, and a primary sync channel symbol and a second sync channel symbol
belonging to a second sync block may be transmitted through the second transmission
antenna 519-B.

20



WO 2008/048060 PCT/KR2007/005113

This switching for achieving spatial diversity is performed by the diversity
controller 513. That is, using a method of applying Time Switching Transmit Diversity
(TSTD) to the sync channel, the diversity controller 513 provides an output of the sync
channel generator 500 to the OFDM symbol mapper 514-A or 514-B by switching the
output of the sync channel generator 500.

Besides the spatial diversity of the TSTD diversity, delay diversity can also be
used as the transmission diversity.

Precoding vector switching is a method of setting precoding vectors for 2
transmission antennas as in Equation 3, transmitting the primary sync channel symbol
and the secondary sync channel symbol belonging to the first sync block using a first
precoding vector, and transmitting the primary sync channel symbol and the secondary
sync channel symbol belonging to the second sync block using a second precoding

vector.

w =W, w)

w! =(w5,w1:) | - @)

where a first element of a precoding vector is a weight value for a first antenna
and é second element is a weight value for a second antenna.

When the precoding vector switching diversity is applied, the diversity controller
513 performs precoding vector switching and provides a result to the OFDM symbol
mapper 514-A or 514-B.

The precoding vector switching may be performed in frame units. In other words,
a method of multiplying a single frame by the same precoding vector and an adjacent
frame by another precoding vector is not outside the scope of the present invention.

Equation 3 corresponds to an example in which the number of transmission
antennas is 2 and the number of precoding vectors is 2. However, a modification of
Equation 3 can be applied to a case where the number of transmission antennas is 2
and the number of precoding vectors is greater than 2 and a case where the number of
transmission antennas is 4 and the number of precoding vectors is greater than 2.

Besides the TSTD and the precoding vector switching, Frequency Switching
Transmit Diversity (FSTD) may also be used as the transmission diversity. In this case,
a sequence element mapped to even-th sub-carriers out of sub-carriers assigned to the
primary sync channel symbol is transmitted via the first antenna and a sequence
element mapped to odd-th sub-carriers is transmitted via the second antenna.
Similarly, a sequence element mapped to even-th sub-carriers out of sub-carriers
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assigned to the secondary sync channel symbol is transmitted via the first antenna and
a sequence element mapped to odd-th sub-carriers is transmitted via the second
antenna. Also in this case, the diversity controlier performs this process.

If a BCH and a sync channel exist in the same sub-frame at all times and the
same diversity is applied to the BCH and the sync channel, e.g., when the first
precoding vector of Equation 3 is applied to both the BCH and the sync channel in the
sub-frame #0 (sync block 0) illustrated in FIG. 1 and the second precoding vector is
applied to both the BCH and the sync channel in the sub-frame #10 (sync block 1),
channel estimation is performed using the secondary sync channel and then the
channel estimation result may be used for coherent demodulation of the BCH.

In this case, the mobile station can perform coherent demodulation of the BCH
even if the mobile station does not know the number of transmission diversity antennas
applied to the BCH. Thus, it is not necessary to include information about the number
of antennas applied to the BCH in the secondary sync channel.

FIG. 6 is a block diagram of a receiver of a mobile station according to an
embodiment of the present invention. The mobile station includes at least one
reception antenna and FIG. 6 illustrates a case where the mobile station includes 2
reception antennas.

Referring to FIG. 6, the receiver of the mobile station according to the current
embodiment of the present invention includes reception antennas 600-A and 600-B,
down-converters 610-A and 610-B, a cell search unit 620, a data channel demodulator
630, a controller 640, and a clock generator 650.

RF signal type frames transmitted from base stations are received through the
reception antennas 600-A and 600-B and converted to baseband signals S1 and S2 by
the down-converters 610-A and 610-B.

The cell search unit 620 searches for a target cell using a sync channel symbol
included in the down-converted signals S1 and S2. As a result of the cell search, sync
channel symbol timing, a frame boundary, and a cell identifier of the target cell can be
detected, and the target cell is, for example, searched for when the mobile station
searches an initial cell at the first time or an adjacent cell, so as to allow handover to
occur.

The controller 640 controls the cell search unit 620 and the data channel
demodulator 630.

That is, the controller 640 controls timing and descrambling of the data channel
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demodulator 630 based on a cell search result acquired by controlling the cell search
unit 620.

The data channel demodulator 630 demodulates traffic channel data, like the
traffic data sub-carrier 230 of FIG. 2, included in the down-converted signals S1 and S2
under control of the controller 640. All the hardware in the mobile station operates by
being synchronized with a clock generated by the clock generator 650.

Referring to FIG. 6, the cell search unit 620 includes sync channel band filters
621-A and 621-B, a sync block synchronization detector 622, a
group/boundary/number-of-antennas detector 623, and a BCH demodulator 625.

The sync channel band filters 621-A and 621-B perform band pass filtering in
order to pass only the sync channel occupied band 210 from among the entire OFDM
signal band 220 as illustrated in FIG. 2, with respect to the down-converted signals S1
and S2.

The sync block synchronization detector 622 acquires sync information S5 using
a primary sync channel symbol included in the filtered signals S3 and S4.

The group/boundary/number-of-antennas detector 623 detects a scrambling code
group S6 and 10-msec frame timing information S7, and if necessary, the number S8 of
transmission diversity antennas applied to the BCH using the acquired sync block timing
information S5.

The group/boundary/number-of-antennas detector 623 can increase detection
performance by performing frequency offset estimation and compensation before
detecting the cell identifier and the frame timing.

The group/boundary/number-of-antennas detector 623 detects pilot hopping
information if the pilot hopping information is inserted into a secondary sync channel.

The code detector 624 detects a scrambling code number (i.e., a cell identifier)
by taking a maximum value after performing correlation of pilot data such as the pilot
‘sub-carrier 270 of FIG. 2using scrambling codes included in the scrambling code group
S6 for a reception signal based on the scrambling code group S6, the frame boundary
S7, and the number S8 of transmission antennas, acquired by the
group/boundary/number-of-antennas detector 623.

If hopping is used in a pilot during secondary sync channel demodulation in the
previous step, correlation is performed using a pilot hopping pattern that one-to-one
corresponds to the cell group identifier detected in the second step. That is, in this

case, a position of a pilot sub-carrier used for correlation is given by the hopping pattern.
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The BCH demodulator 625 performs BCH demodulation using the frame
boundary S7, the number S8 of transmission antennas, and pilot scrambling code
information S9 in order to acquire system information and delivers the system
information to the controller 640. Channel estimation for coherent demodulation of the
BCH is performed using the pilot symbol 270 corresponding to the acquired number of
antennas.

When the same diversity is applied to the BCH and the sync channel, coherent
demodulation of the BCH can be performed using the secondary sync channel. Thus,
the BCH may be directly demodulated without passing through the code detector.
Since information of the BCH includes cell identifier information (i.e., scrambling code
information used by the cell), and thus the code detector 624 can be omitted.

FIG. 7 is a block diagram of the sync block synchronization detector B22
illustrated in FIG. 6 according to an embodiment of the present invention. Referring to
FIG. 7, the sync block synchronization detector 622 according to the current
embodiment of the present invention includes differential correlatorsi701-A and 701-B, a
signal combiner 702, an accumulator 703, and a timing determiner 710.

In FIG. 7, when it is assumed that sync channel symbols use even-th or odd-th

subcarriers from among subcarriers belonging to the sync channel occupied band 240
illustrated in FIG. 2, the sync block synchronization detector 622 may be configured as a
differential correlator using the repetition pattern illustrated in FIG. 3 or may be
implemented as a matched filter type in which the receiver of the mobile station
previously stores a time domain waveform of the primary sync channel sequence
expressed as Equation 1 and performs correlation in the time domain.

Outputs of the differential correlators 701-A and 701-B are accumulated in the
accumulator 703 after passing through the signal combiner 702.

Referring to the frame structure illustrated in FIG. 1, 9600 outputs of the
correlators 701-A and 701-B are generated per sync block length and the timing
determiner 710 detects a position of a sample which generates a peak value among
these correlation values and determines the detected sample position as primary sync
channel symbol timing.

However, the sync block synchronization detector 622 according to the current
embodiment of the present invention may further include the accumulator 703 as
illustrated in FIG. 7 in order to improve symbol sync detection performance.

The accumulator 703 combines each of the 9600 correlation values for each
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sample position with each correlation value for a sample separated by every sync block
length from each sample position.

When the sync block detector 622 includes the accumulator 703, the timing
determiner 710 detects a maximum value from among the 9600 values stored in the
accumulator 703 and outputs a sample position of the detected maximum value as the
detected timing information S5.

FIG. 8 is a graph illustrating correlation values calculated by the correlator
illustrated in FIG. 7 based on sample positions according to an embodiment of the
present invention,

It is assumed that the differential correlation values are obtained in an ideal
channel environment in which fading or noise does not exist in a channel between a
transmitter end of a base station and the receiver end of a mobile station.

Referring to FIG. 8, the horizontal axis represents time or a sample index, and
the vertical axis represents a differential correlation value at each position of the
horizontal axis.

Reference numeral 800 indicates a position of a first sample for which the
correlator performs correlation.

| The correlator 701-A or 701-B calculates final 9600 correlation values by
obtaining a correlation value from the first sample position and provides the calculated
9600 correlation values to the accumulator 703. Thereafter, the correlator 701-A or
701-B calculates 9600 correlation values from a position of a sample next to a sample
for which the correlator 701-A or 701-B performed the last correlation and provides the
calculated 9600 correlation values to the accumulator 703. The correlator 701-A or
701-B repeats this process.

Among all the M samples, a position at which a peak occurs exists as illustrated
in FIG. 8 as a result of the repetition pattern of sync channel symbols.

FIG. 9 illustrates a structure of an input signal provided to the
group/boundary/number-of-antennas detector 623 illustrated in FIG. 6 based on a sync
block timing acquired by the sync block synchronization detector 622 illustrated in FIG. 6,
according to an embodiment of the present invention.

A CP of a portion corresponding to a primary sync channel symbol and a CP of
a portion corresponding to a secondary sync channel symbol are removed based on the
sync channel symbol timing 900 acquired by the sync block synchronization detector
622, and thereby, sample values corresponding to a primary sync channel position and
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a secondary sync channel position estimated for each sync block are input to the
group/boundary/number-of-antennas detector 623.

Referring to FIG. 9, reference numerals 910-A and 910-B indicate positions of
primary sync channel symbols, which are obtained using the acquired the sync channel
symbol timing 900, and reference numerals 920-A and 920-B indicate positions of
secondary sync channel symbols, which are obtained using the acquired the sync
channel symbol timing 900.

Sample values of a primary sync channel are used for coherent correlation of a
secondary sync channel as will be described later.

FIG. 10 is a block diagram of the group/boundary/number-of-antennas detector
623 illustrated in FIG. 7, according to an embodiment of the present invention.
Referring to FIG. 10, the group/boundary/number-of-antennas detector 623 according to
the current embodiment of the present invention includes a frequency offset
compensator 1000 and a boundary/group/number-of antennas detector 1010.

The frequency offset compensator 1000 sets the sync channel symbol timing
900 based on the output S5 of the sync block synchronization detector 622, stores 2xNg
received samples (621-A and 621-B) at primary sync channel estimated positions,
which are provided from each of the sync channel band filters 621-A and 621-B over
several sync block durations based on the sync channel symbol timing 900, estimates a
frequency offset using the 2xNsg received samples, compensates for frequency offsets of
the 4xNgs received samples (910-A, 920-A, 910-B, and 920-B) based on the estimated
frequency offset, and provides the compensated 4xN; received signal samples to the
boundary/group/number-of antennas detector 1010.

The boundary/group/number-of antennas detector 1010 detects a scrambling
code group identifier, a 10-msec frame timing, and the number of BCH antennas, or
pilot hopping information using the frequency offset compensated samples S10 and S11
and provides the detected information to the control block.

The boundary/group/number-of antennas detector 1010 performs a Fourier
transform on Ng received sample values for every sync channel symbol position (910-A,
920-A, 910-B, and 920-B) for conversion into a frequency-domain signal, performs
correlation on all possible secondary sync channel sequences, and demodulates a
demodulation symbol included in the secondary sync channel, thereby acquiring a
frame timing and if necessary BCH antenna number information as well as a scrambling
code group of the target cell.
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The primary sync channel components 910-A and 910-B are used for channel
estimation for coherent correlation of the secondary sync channel sequence. When
information about whether pilot hopping is used is carried in the secondary sync
channel, the boundary/group/number-of antennas detector 1010 also detects whether
pilot hopping is used.

FIG. 11 is a block diagram of the group/boundary/number-of-antennas detector
1010 illustrated in FIG. 10, according to an embodiment of the present invention.
Referring to FIG. 11, the group/boundary/number-of-antennas detector 1010 according
to the current embodiment of the present invention includes code correlation calculators
1100-A and 1100-B, a combiner 1110, a code group detector 1120, a frame boundary
detector 1130, and a number-of-BCH antenna detector 1140.

When the secondary sync channel includes information about whether
frequency hopping is used for a pilot, a pilot hopping detector 1150 may be further
included in order to detect whether frequency hopping is used.

The code correlation calculators 1100-A and 1100-B perform Fourier conversion
on sync channel symbols S10 and S11 that are frequency offset compensated by the
frequency offset compensator 1000 in order to convert them into frequency-domain
signals, and calculates all correlation values for all possible secondary sync channel
sequences (the number of secondary sync channel sequences used in the system is Ng
or 2Ng). '

The primary sync channel components 910-A and 910-B are used in channel
estimation for coherent correlation of the secondary sync channel sequence.

The combiner 1110 combines outputs of the code correlation calculators 1100-A
and 1100-B and provides the combined outputs to the code group detector 1120, the
frame boundary detector 1130, and the number-of-BCH antenna detector 1140.

The code group detector 1120 detects a code group corresponding to a
secondary sync channel sequence having the maximum value among the code
correlation outputs.

The frame boundary detector 1130 detects a frame boundary using a value
corresponding to a maximum value correlation among the code correlation outputs.

More specifically, when the secondary sync channel sequence assignment
method 1 according to the present invention is used in the transmitter end, on the
assumption that 1 is used as a secondary sync channel modulation symbol for the first
sync block and -1 is used as a secondary sync channel modulation symbol for the
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second sync block, the frame boundary detector 1130 regards the currently detected
sync channel position as belonging to the first sync block if the maximum value of the
correlation values is a positive value and regards the currently detected sync channel
position as belonging to the second sync block if the maximum value of the correlation
values is a negative value, thereby acquiring a frame boundary.

When the secondary sync channel sequence assignment method 2 according to
the present invention is used in the transmitter end, the frame boundary detector 1130
regards the acquired sync channel symbol as being located in the first sync block if a
number of the secondary sync channel sequence corresponding to the maximum value
from among the code correlation outputs is one of the former Ng sequences of a total of
2Ng sequences and regards the acquired sync channel symbol as being located in the
second sync block if the secondary sync channel sequence number is one of the latter
Ng sequences, thereby acquiring a frame boundary.

When one of the secondary sync channel sequence assignment methods 3, 4,
5, and 6 according to the present invention is used, the frame boundary is acquired in a
similar way to that in the secondary sync channel sequence assignment method 1 or 2.

The number-of-BCH antenna detector 1140 detects the number of BCH
antennas using a value corresponding to the maximum value of the correlation values
from among the code correlation outputs. More specifically, the number-of-BCH
antenna detector 1140 determines the number of antennas applied to the BCH as 1
when a phase of the maximum value of the correlation values is closest to (1)), as 2
when the phase is closest to (-1-j), and as 4 when the phase is closest to (1-).

For the secondary sync channel sequence assignment methods 4, 5, and 6, a
similar method is used to acquire number-of-BCH antenna information. For the
secondary sync channel sequence assignment methods 1 and 2, the number-of-BCH
antenna detector 1140 does not need to operate.

The pilot hopping detector 1150 detects whether frequency hopping is used for
a pilot if the secondary sync channel includes information about whether frequency
hopping is used for the pilot.

Referring to FIG. 11, the code correlation calculators 1100-A and 1100-B include
Fourier transformers 1101-A and 1101-B, demappers 1102-A and 1102-B, channel
estimators 1103-A and 1103-B, and code correlators 1104-A and 1104-B, respectively.

The Fourier transformers 1101-A and 1101-B perform a Fourier transform on
time-domain samples 910-A, 920-a, 910-B, and 920-B corresponding to each sync
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channel symbol domain in order to acquire Ng frequency domain converted values for
each symbol. The demappers 1102-A and 1102-B acquire N values (see FIG. 4)
corresponding to sub-carriers of the primary sync channel sequence from among the
acquired total frequency converted values and Ny values (see FIG. 4) corresponding to
sub-carriers of the secondary sync channel sequence.

The channel estimators 1103-A and 1103-B perform channel estimation on each
sub-carrier from the N primary sync channel frequency domain received sample values
received from the demappers 1102-A and 1102-B using a previously stored primary
sync channel sequence expressed as Equation 1.

The secondary sync channel code correlators 1104-A and 1104-B perform
mutual correlation on the N, secondary sync channel frequency domain received
sample values received from the demappers 1102-A and 1102-B and possible Ng or
2Ng secondary sync channel sequences.

At this time, the mutual correlation is performed by compensating for channel
distortion for each sub-carrier using channel estimation values received from the
channel estimators 1103-A and 1103-B.

FIG. 12 is a flowchart illustrating a cell search method of a mobile station,
according to an embodiment of the present invention.

Referring to FIG. 12, the first step (51200) comprises an operation of acquiring
sync block synchronization, and the second step (S1210) comprises an operation of
detecting a frame boundary, a scrambling code group, and the number of BCH
antennas or information about whether pilot hopping is used, including frequency offset
compensation. The third step (S1220) comprises an operation of detecting a
scrambling code in a group based on the information acquired in the second step, by
using the pilot symbol 191.

The fourth step (S1240) comprises an operation of performing coherent
demodulation on the BCH using the scrambling code acquired in the third step. If a
cyclic redundant code (CRC) error occurs, the cell search method goes back to the first
step. If a CRC error does not occur, the cell search is completed.

FIG. 13 is a flowchart illustrating a cell search method of a mobile station,
according to another embodiment of the present invention.

Referring to FIG. 13, the first step (§1300) comprises an operation of acquiring
a sync block, the second step (S1310) comprises an operation of detecting a frame
boundary and a scrambling code group, including frequency offset compensation, and
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the third step (81320) comprises an operation of performing coherent demodulation on
the BCH using channel estimation of the secondary sync channel based on the
information acquired in the second step.

If a CRC error occurs, the cell search method goes back to the first step. If a
CRC error does not occur, the cell search is completed.

The present invention can also be embodied as a computer-readable code on a
computer-readable recording medium. The computer-readable recording medium is
any data storage device that can store data which can be thereafter read by a computer
system. Examples of the computer-readable recording medium include read-only
memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy
disks, optical data storage devices, and carrier waves (transmission over the Internet).
The computer-readable recording medium can also be distributed over network coupled
computer systems so that the computer-readable code is stored and executed in a
distributed fashion. Also, functional programs, codes, and code segments for
implementing the present invention can be easily construed by those of ordinary skill in
the art.

The present invention has been particularly shown and described with reference
to exemplary embodiments thereof. Terms used herein are only intended to describe
the present invention and are not intended to limit any meaning or the scope of the
present invention claimed in the claims. Therefore, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the
following claims. Accordingly, the scope of the present invention will be defined by the
appended claims, and differences within the scope should be construed to be included

in the present invention.
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CLAIMS

1. A cell search method using a forward synchronizing signal in a wireless
communication system, the cell search method comprising:

(a) acquiring sync block synchronization and a primary sync channel sequence
number using a primary sync channel symbol included in a frame received by a
terminal;

(b) detecting a boundary of the frame and a scrambling code group using the
sync block synchronization and a secondary sync channel symbol included in the frame
received by the terminal; and

(c) acquiring a scrambling code using the primary sync channel sequence
number and the scrambling code group.

2. The cell search method of claim 1, wherein (b) comprises detecting the
number of broadcast channel (BCH) antennas or detecting whether pilot hopping is

used.

3. The cell search method of claim 2, wherein a cell search is resumed
from (a) if a cyclic redundant code (CRC) error occurs and the cell search is completed
if a CRC error does not occur, when BCH included in the frame are modulated by using
the scrambling code.

4. The cell search method of claim 1, wherein (c) comprises detecting a
scrambling code having the maximum value of correlation values acquired by
performing correlation on scrambling codes included in the scrambling code group with

respect to a pilot channel of the frame.

5. The cell search method of claim 2, wherein (c) comprises detecting a
scrambling code having the maximum value of the correlation values acquired by
performing correlation with respect to the pilot channel of the frame using a pilot
hopping pattern that one-to-one corresponds to a scrambling code included in the
scrambling code group if it is detected that pilot hopping is used in (b).

6. A method of transmitting a frame using a forward synchronizing signal by
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a base station included in a cell in a wireless communication system, the method
comprising: |

(a) generating a primary sync channel sequence including sync block
synchronization of the frame, a secondary sync channel sequence including a boundary
of the frame and a scrambling code group of the cell, and a broadcast channel (BCH)
including wireless communication system information; and

(b) generating a frame including each of a primary sync channel symbol and a
secondary sync channel symbol that are code-hopped in a frequency domain using
each of the generated sync channel sequences and the BCH and transmitting the

generated frame.

7. The method of claim 6, wherein the frame is generated and transmitted
such that the primary sync channel symbol and the secondary sync channel symbol are
configured based on time division multiplexing (TDM) and are placed adjacent to each
other.

8. The method of claim 6, wherein the sync channel symbol and the BCH
exist in the same sub-frame of the frame and the BCH is coherently demodulated by

channel estimation using the secondary sync channel symbol.

9. The method of claim 6, wherein the BCH included in the frame
comprises timing information, a bandwidth, and the number of transmission antennas of
the wireless communication system and is demodulated using the boundary of the
frame, the number of transmission antennas, and a scrambling code.
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