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ABSTRACT
O

00 An apparatus and method for generating a preamble and searching a cell
using the generated preamble in an orthogonal frequency division multiple
access (OFDMA) system. Q cyclic shift values and P pseudo-random

Snoise (PN) codes are used to distinguish N cells. One of the P PN codes
is cyclically shifted according to one of the Q cyclic shift values and

therefore a preamble is generated. Because a relatively small number of PN

codes are used, the memory capacity of a mobile terminal for storing the PN
S codes is saved and a cell search error is reduced.
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O

cN APPARATUS AND METHOD FOR TRANSMITTING A PREAMBLE
AND SEARCHING A CELL IN AN OFDMA SYSTEMO

00 BACKGROUND OF THE INVENTION

Field of the Invention

N0 The present invention generally relates to an orthogonal frequency division

a multiple access (OFDMA) system. More particularly, the present invention

cI relates to an apparatus and method for searching a cell through a preamble.

SDescription of the Related Art
Mobile communication system has been developing into a fourth-generation
(4G) mobile communication system subsequent to a first-generation (1G)
analog system, a second-generation (2G) digital system, and a third-
generation (3G) international mobile telecommunications-2000 (IMT-2000)
system for providing a high-speed multimedia service. The 4G mobile
communication system aims at supporting a high data transmission rate for
high-speed data transmission of 100 Mbps or more. This 4G mobile
communication system compensates for multipath attenuation in a wireless
channel environment in which data is transmitted through a multipath and
ensures burst packet data that may be suddenly increased according to a
packet service.

An orthogonal frequency division multiple access (OFDMA) system is
emerging as a candidate of the prominent wireless transmission technology
capable of satisfying characteristics required for 4G mobile communications.
The OFDMA system is a type of multicarrier transmission/modulation
(MCM) system using multiple subcarriers, and generates parallel data
corresponding to the number of used subcarriers from input data to transmit
the data using carriers.

The OFDMA system can effectively distribute resources and increase
transmission efficiency by differently allocating the number of subcarriers
according to a transmission rate requested by a user. That is, because the
OFDMA system is useful when an increased number of subcarriers are used
(that is, a fast Fourier transform (FFT) size is large), time delay spread can
be efficiently applied to a wireless communication system with a cell of a
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c1 relative wide area.

O
Z To distinguish each base station (BS) in multicell and multisector

oo environments, different pseudo-random noise (PN) codes are allocated to
BSs. Each BS serving as a transmitter generates a preamble using an
allocated PN code and transmits the generated preamble. A terminal serving

0 as a receiver detects a preamble to select a target BS for communication or

determine if a handoff is required. The preamble is placed at the head of a

data frame and is used for a cell search, synchronization, and so on.

OFIGS. 1A to 1C illustrate a structure of the conventional preamble used for

OFDMA.

In FIG. 1A, a PN code is generated using a pseudo random binary sequence
(PRBS) generator. The generated PN code is inserted into an orthogonal
frequency division multiplexing (OFDM) symbol, such that a preamble is
generated. The BS generates the preamble using one allocated PN code
among N PN codes.

In FIG. 1B, a PN code in which a peak-to-average ratio (PAR) is relatively
low is inserted into an OFDM symbol, such that a preamble is generated.
That is, the BS generates a preamble using a PN code with a relatively low
PAR among N PN codes.

In FIG. IC, two OFDM symbols generated as illustrated in FIG. 1A or 1B are
used for a preamble. A predetermined selected PN code is allocated to the
first OFDM symbol and the predetermined selected PN code or a
predetermined different PN code is allocated to the second OFDM symbol,
such that multipath interference is compensated for.

FIG. 2 is a block diagram illustrating a structure of a transmitter in a
conventional OFDMA system.

Referring to FIG. 2, a PN code generator 200 stores NcODE PN codes

corresponding to the number of subcarriers, and generates one PN code
allocated as a preamble among the PN codes. An inverse fast Fourier
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cNI transform (IFFT) unit 202 OFDM-modulates the PN code into N OFDM
samples and then outputs the N OFDM samples. A cyclic prefix (CP)O

Z inserter 208 copies the last G OFDM samples among the N OFDM

00 samples, inserts the copied OFDM samples serving as a CP for preventing

inter-symbol interference (ISI) into the head end of the OFDM samples, and
outputs a result of the insertion. A set of the OFDM samples into which the

0 CP has been inserted is referred to as an OFDM symbol. A parallel-to-serial

converter (PSC) 206 converts parallel data of the OFDM symbol in a serial

fashion and then outputs the OFDM symbol. A radio frequency (RF) unit 208

S 10 converts the OFDM symbol to an OFDM signal of an RF band consisting of

N subcarriers and then transmits the OFDM signal.

FIG. 3 is a block diagram illustrating a structure of a receiver in the
conventional OFDMA system.

Referring to FIG. 3, an RF unit 210 receives an OFDM signal transmitted
from the transmitter. A CP remover/serial-to-parallel converter (SPC) 212
detects an OFDM symbol from which a CP has been removed from the
OFDM signal and then outputs N OFDM samples in the parallel fashion. A
fast Fourier transform (FFT) processor 214 receives N -sample data input in
the parallel fashion, performs an FFT operation, that is an OFDM
demodulation operation, on the N -sample data, and outputs a time domain
signal. The time domain signal is output to a preamble detector 222 that is
configured by a multiplier 215, a PN code generator 216, and an IFFT unit or
low pass filer (LPF) 218.

The multiplier 215 multiplies the time domain signal by N PN codes
output from the PN code generator 216 and then outputs multiplied signals.
The IFFT unit or LPF 218 receives the multiplied signals output from the
multiplier 215 and then identifies their energies. That is, the IFFT unit or
LPF 218 identifies the energies of the multiplied signals and then selects a
PN code with the energy of a peak value, that is, a matched PN code. A cell
detector220 sets a cell mapped to the selected PN code to a cell most suitable
for communicating with the mobile terminal.

On the basis of the current mobile communication standard, BSs configured
in 127 cells and 8 sectors must be able to be distinguished by preambles.
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c That is, the mobile terminal must perform a cell search for 1,016 PN codes.
The mobile terminal identifies the energy of each of the 1,016 PN codes and

Z then selects a BS with one PN code of a peak value in a frequency domain.
00

However, there is a problem in that a large amount of computations is
required because the mobile terminal must perform the cell search for the

I 1,016 PN codes at the time of a handover in the OFDMA system.
Conventionally, the mobile terminal stores a total of PN codes in a memory,
and performs the cell search for a received OFDM signal. Thus, there is a

problem in that hardware of the mobile terminal is increased due to use of
Sthe memory for storing the 1,016 PN codes. Moreover, there is a problem in

that the number of cells or sectors capable of being expressed by a preamble
is limited when the preamble is configured by the method of FIG. 1C.

SUMMARY OF THE INVENTION

The present invention provides an apparatus and method that consider a
cyclic shift in an orthogonal frequency division multiple access (OFDMA)
system and employ a relatively small number of pseudo-random noise (PN)
codes for distinguishing base stations (BSs).

The present invention provides an apparatus and method that generate a
preamble in a combination of Q cyclic shift values and P pseudo-random

noise (PN) codes.

The present invention provides an apparatus and method that detect a
preamble generated in a combination of Q cyclic shift values and P

pseudo-random noise (PN) codes.

In accordance with an exemplary embodiment of the present invention, there
is provided a method for transmitting a preamble in an orthogonal frequency
division multiple access (OFDMA) system using N subcarriers,

comprising generating an allocated pseudo-random noise (PN) code of PCODE

PN codes from each cell such that all NCODE cells are identified, where
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(n i

PCODE is less than NCODE transforming the PN code into N orthogonal
O

Z frequency division multiplexing (OFDM) samples according to N-point
00 inverse fast Fourier transform (IFFT), cyclically shifting the OFDM samples

by an allocated value of QcooE cyclic shift values, where NcODE is

PCODE QCODE, inserting a cyclic prefix (CP) for preventing inter-symbol

ci interference into a head end of the cyclically shifted OFDM samples, and

generating a first OFDM symbol to be used for a preamble, and, transmitting
Sthe first OFDM symbol at a beginning of a data frame through a radio

frequency (RF) band.

In accordance with another exemplary embodiment of the present invention,
there is provided an apparatus for transmitting a preamble in an orthogonal
frequency division multiple access (OFDMA) system using N subcarriers,
comprising a pseudo-random noise (PN) code generator for generating an

allocated PN code of PcODE PN codes from each cell such that all NcODE

cells are identified, where PODE is less than NCooE, an inverse fast Fourier

transform (IFFT) unit for transforming the PN code into N orthogonal
frequency division multiplexing (OFDM) samples according to N -point
IFFT, a cyclic shifter for cyclically shifting the OFDM samples by an

allocated value of QcooE cyclic shift values, where NcooE is PCODE QCODE

a cyclic prefix (CP) inserter for inserting a CP for preventing inter-symbol
interference into a head end of the cyclically shifted OFDM samples, and
generating a first OFDM symbol to be used for a preamble, and a radio
frequency (RF) unit for transmitting the first OFDM symbol at a beginning
of a data frame through an RF band.

In accordance with another embodiment of the present invention, there is
provided a method for receiving a preamble in an orthogonal frequency
division multiple access (OFDMA) system using N subcarriers,
comprising receiving an orthogonal frequency division multiplexing
(OFDM) signal comprising at least one OFDM symbol used for a preamble
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c through the subcarriers, removing a cyclic prefix (CP) for preventing inter-

symbol interference from the received OFDM signal, and detecting NO Z OFDM samples, transforming the N OFDM samples into a frequency
00 domain signal according to N -point fast Fourier transform (FFT),
0

multiplying the frequency domain signal by PODE pseudo-random noise

(PN) codes for identifying all NcODE cells, determining a time domain in

which energy of each of multiplied signals is concentrated, and detecting a
cyclic shift value of a PN code applied to each OFDM symbol, wherein the

rC cyclic shift value is one of QcODE cyclic shift values and NCODE is

PCODE QCODE; and searching a cell mapped to the detected cyclic shift value

of the PN code.

In accordance yet another embodiment of the present invention, there is
provided an apparatus for receiving a preamble in an orthogonal frequency
division multiple access (OFDMA) system using N subcarriers,
comprising a radio frequency (RF) unit for receiving an orthogonal
frequency division multiplexing (OFDM) signal comprising at least one
OFDM symbol used for a preamble through the subcarriers, a cyclic prefix
(CP) remover for removing a CP for preventing inter-symbol interference
from the received OFDM signal, and detecting N OFDM samples, a fast
Fourier transform (FFT) processor for transforming the N OFDM samples
into a frequency domain signal according to N -point FFT, a preamble

detector for multiplying the frequency domain signal by PcoDE pseudo-

random noise (PN) codes for identifying all NcODE cells, determining a time

domain in which energy of each of multiplied signals is concentrated, and
detecting a cyclic shift value of a PN code applied to each OFDM symbol,

wherein the cyclic shift value is one of QcooE cyclic shift values and NCODE

is PcODE QCE,,, and a cell detector for searching a cell mapped to the

detected cyclic shift value of the PN code.
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BRIEF DESCRIPTION OF THE DRAWINGS

O
00 The above and other features and advantages of the exemplary embodiments

of the present invention will be more clearly understood from the following
detailed description taken in conjunction with the accompanying drawings,

O in which like reference numerals will be understood to refer to like parts,
components and structures, where:

SFIGS. 1A to 1C illustrate a structure of a conventional preamble;
FIG. 2 is a block diagram illustrating a structure of a conventional transmitter

Sfor generating a preamble;
FIG. 3 is a block diagram illustrating a structure of a conventional receiver
for performing a cell search;
FIGS. 4A to 4D illustrate examples of generating a preamble in accordance
with an exemplary embodiment of the present invention;
FIG. 5 is a block diagram illustrating a structure of a transmitter for
generating a preamble in accordance with an exemplary embodiment of the
present invention;
FIG. 6A is a block diagram illustrating a structure of a receiver for
performing a cell search in accordance with another exemplary embodiment
of the present invention;

FIG. 6B is a block diagram illustrating a structure of a receiver for
performing a cell search in accordance with another exemplary embodiment
of the present invention;
FIG. 7A is a block diagram illustrating an example of a preamble detector in
accordance with an exemplary embodiment of the present invention;
FIG. 7B is a block diagram illustrating another example of a preamble
detector in accordance with an exemplary embodiment of the present
invention; and
FIG. 8 is a graph illustrating the performance of detecting a generated
preamble in accordance with an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
Certain exemplary embodiments of the present invention will be
described in detail herein below with reference to the accompanying
drawings. In the following description, detailed descriptions of certain
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o9

cI functions and configurations incorporated herein that are well known to
those skilled in the art are omitted for clarity and conciseness.

00 According to an exemplary implementation of the present invention, a
preamble is generated using a relatively small number of pseudo-random
noise (PN) codes in an orthogonal frequency division multiple access

I (OFDMA) system and an associated cell is searched using the generated
preamble.

Conventionally, an orthogonal frequency division multiplexing (OFDM)-
Sbased system allocates subcarrier-by-subcarrier signals in a frequency

domain. Each base station (BS) configures a preamble for a cell search with
a unique pattern in the frequency domain, and transmits the preamble at the
beginning of a data frame. A mobile terminal identifies a received signal on a
subcarrier-by-subcarrier basis and performs the cell search. In the
specification, the BS is configured in a specific sector of a specific cell and
the specific sector of the specific cell is searched in the cell search. The BS
transmits a preamble with a unique pattern using a PN code to distinguish an
associated cell. Upon receiving signals transmitted from a plurality of BSs,
the mobile terminal performs the cell search using PN codes.

Although the total number of cells is constant in the system, the number of
cell searches or cell search complexity significantly differs according to an
exemplary method of designing a PN code or preamble. In accordance with
an exemplary embodiment of the present invention, a mobile communication
system may significantly reduce the number of PN codes used for the cell
search, thereby reducing an amount of computation and use of hardware for
the cell search. According to an exemplary embodiment of the present

invention NCODE PN codes corresponding to the number of cells to be

distinguished are not used, instead, PCODE PN codes less than NcoDE are

used. According to such an exemplary implementation, the PcOD, PN

codes are cyclically shifted by QcoDE cyclic shift values, and each cyclic

shift value indicates the number of bits by which a PN code of a certain
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n 
O

C1 length is cyclically shifted.

O
Z FIGS. 4A to 4D illustrate examples of generating a preamble in accordance

00 with an exemplary embodiment of the present invention.

Here, FIG. 4A illustrates a structure of a preamble designed using a
IO multicode and a cyclic shift. FIG. 4B illustrates a structure of a preamble

0 designed using a multicode and a cyclic shift of a multiple of N/4. FIG. 4C
c illustrates a structure of a preamble designed using a cyclic shift of a

multiple of N/8 when an even subcarrier is used. At last, FIG. 4D illustrates a
Sstructure of a preamble using the first two OFDM symbols of a data frame in

which identical codes are not allocated but individual PN codes and
individual cyclic shift values are allocated.

Assuming that a PN code applied to the i-th BS among N ,COD BSs is

denoted by a signal y(k) received from the i-th BS and

transformed by a fast Fourier transform (FFT) processor is defined by
Equation 

w(k) for k= -1 Equation (1)

In Equation k is a subcarrier index indicating N subcarriers, H(k)
is a channel impulse response in a frequency domain, and w(k) is additive
noise. H(k) is obtained by performing discrete Fourier transform (DFT) on
a channel response h[n] of a specific length L in a time domain.

When a multiplication operation is performed using a PN code co(k)

applied for the cell search in Equation Equation is given as follows.

o(k) c' H(k)co (k)c co for k N -1 and

i= NODE- 1 Equation
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O

C(2)

0
Z Because Ico(k) 2= 1 according to characteristics of PN codes, Equation (2)

00

is rewritten as Equation if i= 0.

+c0(k) c 2 H(k) c H(k) co(k)w(k) Equation (3)

When N -point inverse discrete Fourier transform (IDFT) is performed by
0 an inverse fast Fourier transform (IFFT) unit for Equation Equation (4)

is given as follows.

IDFT[ for Equation (4)

In Equation i[n] is regarded as white Gaussian noise corresponding to

E[I 12 No.

Conventionally, the OFDMA system is designed such that a condition of
L N is satisfied for cancellation of interference between adjacent OFDM
symbols. Accordingly, when an applied PN code is matched to a preamble

PN code in the mobile terminal, energy l o[n 12 is concentrated in a time

domain of N However, when the applied PN code is

mismatched to the preamble PN code, the energy is uniformly distributed
throughout a total time domain.

Therefore, the IFFT unit measures the energy distribution of the time domain
in which IFFT has been performed on each PN code, and selects a PN code
with the maximum energy in the time domain of n -1 from PN

codes of i NcoDE -1.

27
j-ldk

On the other hand, if the BS uses e N co c, co d) 

for a preamble in accordance with a exemplary embodiment of the present
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invention, a code is obtained by cyclically shifting co(k) by d in
O

Z the time domain. When the mobile terminal multiplies a received signal of
00

0 the frequency domain by co(k) for the cell search, a signal as shown in

Equation is obtained.

IN 

2 -j2ldk
N1 o(k) H(k)co ci e N co Equation 

In

0 The signal is OFDM-modulated by the IFFT unit as shown in Equation 

o IDFT h ld)N] Equation (6)

When a PN code is matched in Equation energy I 0 12 of the signal is

concentrated in a time domain of n Id,id 1,d L Accordingly,

when a cyclic shift preamble is used, a time domain in which the energy after
IFFT is mainly distributed is detected, such that the cell search is possible.
According to an exemplary implementation, when the modulation in the
frequency domain, that is, the cyclic shift in the time domain, is used, the cell

search is performed while considering the energy distribution of 0 12.

According to an exemplary implementation, a condition of d> L must be
satisfied such that energy intervals between codes do not overlap. Because

N
the number of available codes is limited to 1 a sufficient number of

L

codes are not created.

Now, the preambles structures of FIGS. 4A to 4D will be described under
consideration of the above-described energy characteristics.

A preamble as illustrated in FIG. 4A is designed using Equation 
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.2r N
for k p and

cp(k)= e gQCODE c(k) for p=0, 1 2 PCODE -1 and

q 0,1 2
QcODE -1 Equation

(7)

That is, all cells are distinguished using QCODE cyclic shift values for PCODE

different PN codes. That is, (PcODE number of PN codes) x (QcODE number

of cyclic shift values) (NooE number of cells).

For example, the total number of cells to be distinguished is NODE and

NcoDE 1,024. According to an exemplary implementation, the BS

generates a preamble using one of 128 PN codes (where PcODE 128) and

one of 8 cyclic shift values (where QcoDE The mobile terminal

performs the cell search by identifying a matched PN code from the 128 PN
codes, identifying a time domain in which the energy of a signal matched to
the PN code is distributed, and selecting one of the 8 cyclic shift values.

The mobile terminal stores only the 128 PN codes and performs the cell
search based on the 128 PN codes, thereby obtaining a gain of a computation
amount equal to 1/8 of the conventional computation amount requiring 1,024
PN codes.

A preamble is designed using QcDE 4 as illustrated in FIG. 4B. The

preamble uses a cyclic shift value of a multiple of N 4.

As described above, IFFT is required to measure the energy distribution of a
time domain when a cyclic shift is used. In this case, the number of complex
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tn 14

multiplications required for the IFFT becomes PcODE NcDE log(NCooD).
0

'Z "'When NCODE and PcODE are increased, cell search complexity is increased.
oo

When a fixed-point arithmetic operation is implemented, the number of bits
I 5 required for satisfying a requested signal-to-quantization noise ratio (SQNR)

is increased in proportion to NCOD For example, when an IFFT size is

1,024, 13 bits are required to satisfy an SQNR of 40 dB. Accordingly,
Scomplexity in actual hardware implementation may be increased.

When QCODE 4, Equation can be simplified to Equation using a

LPF in which parallel finite impulse response (FIR) filters of M N taps
are implemented, instead of IFFT.

cpq(k) e for k p N /4-1 and

q Equation

(8)

Equation is changed to Equation by IDFT.

7 IDFT h qN 4)N] i Equation (9)

When a PN code is matched, the energy is concentrated in a time interval
increased by L from the cyclic shift values of 0, N/4, N/2 and 3N/4.

When a cyclic shift value is 0, the energy distribution is measured by
measuring the output energy of an LPF (regarded as a bandpass filter (BPF)
based on a pass band based on the cyclic shift value of 0) without use of
IFFT. According to an exemplary implementation, the energy distribution is
measured by measuring output energies of BPFs based on pass bands based
on the cyclic shift values of N/4, N/2 and 3N/4. Accordingly, the
energy distribution of a signal matched to the PN code can be approximately
measured. However, when a PN code is mismatched, the energy of the
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c mismatched signal is uniformly distributed throughout a total time domain.
According to an exemplary implementation, the output energy of each BPF

is low as compared with that of the matched PN code.
00
O

When the four BPFs are independently implemented, the amount of
computation and hardware complexity are increased. When cyclic shift

IN values of multiples of N/4, 0, N/4, N/2 and 3N/4 are used, fourU--
bandpass-filtered signals can be obtained through one LPF, such that the
mobile terminal can perform the cell search using a small amount of
computation.

Assuming that A(k) is a filtering function of an M -tap LPF in the

_j'rlk
frequency domain based on Time Index 0, e 2 A(k) becomes a bandpass

Nfiltering function based on a time delay value According to an
4

exemplary implementation, the modulation term e 2 e is

simply implemented by sign conversion of the real or imaginary part.

According to an exemplary implementation, bandpass-filtered signals for
the filtering coefficient A(k) associated with the cyclic shift value of 0 and

-j 2Ik
the filtering coefficient e 2 A(k) associated with the cyclic shift value of

N/2 are defined by Equations (10) and (11).

zpo(k) A(k) A(1) -M)N)

Equation

z, 2 yP(k), [e 2 A(k)]

A(0) A(1)5p 1)N) A(2).p 

Equation (11)

In Equations (10) and Zpo(k) and Zp,2(k) denote a filtered signal

H:\soniam\keep\SPECIFICATIONS\P58855 (SAMSUNG ELECTRONICS CO.. LTD.).doc 08/11/05



tn 16

-j!-lk
>mapped to A(k) and a filtered signal mapped to e 2 respectively. A

0
Z subscript N denotes a FFT size, that is, the number of subcarriers. A

00 multiplication operation is commonly performed between the terms
O

A(r) A(1) When sign conversion

1^
I 5 and addition operations are suitably performed for real and imaginary parts
C0 of a signal multiplied by the PN code, the filtered signal mapped to
(N
C  

e -j lk
e 2 A(k) can be computed without an additional multiplication operation.

According to an exemplary implementation, the energy of the BS is
distributed in a specific time domain using specific cyclic delay values in
FIG. 4B such that the cell search can be easily performed.

When even subcarriers are used as illustrated in FIG. 4C, a preamble is
designed using cyclic shift values of multiples of N/8. When the preamble
only using the even subcarriers is used for frequency offset and frame
synchronization, a received signal is cyclically repeated in the time domain
in a period of N/2. Accordingly, Equation can be rewritten as Equation
(12).

0[n] IDFT[ 0 0.5h[(n-ld)] 0.5h[(n-ld-N/2)N,]+i[n]

Equation (12)

When cyclic shift values are Id=0 and ld= N/2, their PN codes are the
same as each other, such that the number of preambles capable of being
generated using the cyclic shift values of multiples of N/4 is reduced from
4 to 2. However, when cyclic shift values of multiples of N/8 are used,
four type preambles based on the cyclic shift values 0, N/8, N/4,
and 3N/8 can be generated. The modulation term of the frequency domain

j qk 
I r

is e and requires a multiplication operation for e j) as

well as According to an exemplary implementation, a N/2-

point IFFT operation is performed on only even subcarriers containing actual
information, Equation (13) can be obtained.
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in 1/

(Ni N
IDFT h[(n q n] Equation (13)

oO

00
0 A BPF for processing o0(2k) in the frequency domain in Equation (13) can

be expressed by Equation (14).
\0 
r-

2;r (N)qk -j tqk

(N e 8 A(k) e 2 A(k) for k and q 

Equation (14)
O

When a preamble is generated according to even subcarriers and cyclic shift
values of multiples of N/8, hardware implementation complexity is
simplified. That is, a receiver simplifies hardware complexity for the cell
search using one BPF for performing four types of bandpass filtering
operations and sign conversion of a real or imaginary number as in case of
FIG. 4B.

When the first two OFDM symbols, OFDM Symbol 0 and OFDM
Symbol 1) are used in one frame as illustrated in FIG. 4D, identical codes are
not allocated but individual PN codes and individual cyclic shift values are
allocated for the two OFDM symbols. The preamble structure of each
OFDM symbol is based on one of FIGS. 4A to 4C. Then, according to an

exemplary implementation, NcooE preambles can be generated as shown in

Equation 

PCODEOQCODEOPCODEIQCODEI NcODE Equation 

In Equation PCODEO and PcoDEI denote the number of PN codes

available in OFDM Symbol 0 and the number of PN codes available in

OFDM Symbol 1, respectively. QcODEO and QcoDE, denote the number of

cyclic shift values used in OFDM Symbol 0 and the number of cyclic shift
values used in OFDM Symbol 1, respectively.
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According to an exemplary implementation, when PcDEO PCODEl 4 and

QCODEO QcoDEI 8, the BS generates a preamble using one of a total of 16

PN codes. The mobile terminal performs the cell search using the total of 16
PN codes. According to an exemplary implementation, an amount of
computation for the cell search is reduced to 1/70 of the conventional
computation amount using 1,024 PN codes. There is an advantage in that a
hardware size is reduced because a memory of the mobile terminal stores
only a maximum of 8 PN codes.

Assuming that a search error at the time of using 2 PN codes is a search

error at the time of performing a cell search test for a total of NCDE' cells

using one PN code is defined by Equation (16).

1- p)NCODE" (NCODE 1)pe Equation (16)

On the other hand, an error in the case where two symbols use NcoDEo

individual PN codes and NCODE\ individual PN codes, respectively, as

illustrated in FIG. 4D is defined by Equation (17).

1 pe)NCODEO+NCODE- 2 m (NCODEO NCoDEI 2 )pe Equation (17)

Accordingly, a cell search error according to the preamble structure of FIG.

4D is reduced to (NDE NcODE 2)/(NcoDE For example, when NcoDE

1024 and NcoDEo NcODE, 32, the cell search error can be reduced to

about 1/34.

FIG. 5 is a block diagram illustrating a structure of a transmitter for
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C generating a preamble in accordance with an exemplary embodiment of the
present invention.O

00
0 Referring to FIG. 5, a PN code generator 400 generates one of PcODE PN

codes. According to an exemplary implementation, the PN code generatorIND
400 allocates one of the PCODE PN codes designated by considering the total

ci number of cells to be distinguished and the number of cyclic shift values.

An IFFT unit 402 OFDM-modulates the PN code and outputs N OFDM
samples. A cyclic shifter 404 cyclically shifts the OFDM samples by one

value of predetermined QcODE number of cyclic shift values in the time

domain. A cyclic prefix (CP) inserter 406 sets a CP generated from the
cyclically shifted OFDM samples as a guard interval (GI) and then generates
an OFDM symbol. According to an exemplary implementation, the GI is not
generated from OFDM samples in the same fixed position but is generated
from OFDM samples cyclically shifted by a predetermined value in the time
domain. A parallel-to-serial converter (PSC) 408 converts the OFDM symbol
in a serial fashion and then outputs the converted OFDM symbol. A radio
frequency (RF) unit 410 converts the OFDM symbol to an OFDM signal of
an RF band consisting of N subcarriers and then transmits the OFDM
signal.

FIG. 6A is a block diagram illustrating a structure of a receiver for
performing a cell search in accordance with a first embodiment of the present
invention. Here, the receiver uses the preamble structure of FIG. 4A using

PCODE PN codes and QcODE cyclic shift values.

Referring to FIG. 6A, an RF unit 412 receives an OFDM signal of an RF
band sent from the transmitter through a multipath. A CP remover/serial-to-
parallel converter (SPC) 414 detects, from the OFDM signal, an OFDM
symbol from which a CP has been removed and then outputs OFDM samples
in a parallel fashion. A fast Fourier transform (FFT) processor 416
transforms the OFDM samples according to FFT and OFDM-demodulates
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cNI the transformed OFDM samples. According to an exemplary implementation,
the OFDM samples of the frequency domain are OFDM-demodulated into a

O
Z time domain signal, such that the time domain signal is output. The time

oo domain signal is provided to a preamble detector 426. The preamble detector
426 is configured by a multiplier 419, a PN code generator 418, an IFFT
unit/energy measurer 420, and a maximum selector (or Maximum selector)

I0 422. The operation of each component is as follows.

SThe multiplier 419 multiplies the time domain signal by PcODE PN codes

generated from the PN code generator 418 and then outputs multiplied
signals. The IFFT unit/energy measurer 420 identifies an energy distribution
of a time domain for the multiplied signals. According to an exemplary
implementation, the IFFT unit/energy measurer 420 transforms the
multiplied signals according to an IFFT operation, and outputs energy values

Spo, SpoCODE_- of the PN codes. The maximum selector 422 identifies

an energy distribution and identifies a cyclic shift value of a matched PN
code, because energies of the multiplied signals are concentrated in specific
time domains according to cyclic shift values. Accordingly, the maximum

selector 422 detects an energy value concentrated in a specific time

domain and its cyclic shift value A cell detector(or Cell Searcher-2)

424 sets a cell mapped to the detected cyclic shift value as a cell most
suitable for communicating with the mobile terminal.

FIG. 6B is a block diagram illustrating a structure of a receiver for
performing a cell search in accordance with an exemplary implementation of
an embodiment of the present invention. According to an exemplary
implementation, the receiver uses the preamble structure of FIG. 4B or 4C

using NCODE 4 PN codes and four cyclic shift values.

Referring to FIG. 6B, an RF unit 500 receives an OFDM signal of an RF
band sent from the transmitter through a multipath. A CP remover/SPC 502
detects, from the OFDM signal, an OFDM symbol from which a CP has been
removed and then outputs OFDM samples in the parallel fashion. An FFT
unit 504 transforms the OFDM samples according to FFT and OFDM-
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C demodulates the transformed OFDM samples. That is, the OFDM samples of
the frequency domain are OFDM-demodulated into a time domain signal,

Z such that the time domain signal is output. The time domain signal is
00 provided to a preamble detector 514. The preamble detector 514 is

configured by a multiplier 507, a PN code generator 506, a BPF 508, and a
maximum selector (or Maximum selector) 510. The operation of each

N0 component is as follows.

(N

I The multiplier 507 multiplies the time domain signal by NcODE/4 PN codes

generated from the PN code generator 506 and then outputs multiplied
signals. The BPF 508 performs bandpass-filtering operations based on cyclic
shift values 0, N N and 3 N /4 on the multiplied signals. According to

an exemplary implementation, the BPF 508 outputs energy values Sp,0 S, 

Sp 2 and Sp,3 for four time domain signals. The maximum selector 510

selects the maximum energy value of energy values of time domains

and a cyclic shift value 4(p) of a PN code mapped thereto. A cell detector

(or Cell Searcher-2) 512 sets a cell mapped to the selected cyclic shift value
as a cell most suitable for communicating with the mobile terminal.

The mobile terminal as illustrated in FIG. 6B obtains four bandpass-filtered
signals using the single BPF 508 as compared with the mobile terminal as
illustrated in FIG. 6A. According to an exemplary implementation, the BPF

N
508 based on a cyclic shift value -I filters a frequency domain signal

4

based on Time Domain 0. Sign conversion of a real or imaginary part for the
filtered signal is performed, such that the cell search is easily performed.

FIG. 7A is a block diagram illustrating a structure of a preamble detector
associated with FIG. 6B in accordance with an exemplary embodiment of the
present invention. In FIG. 7A, a multiplier 630 corresponds to the multiplier
507 of FIG. 6B, and a comparator 628 corresponds to the maximum selector
510 of FIG. 6B. The remaining components correspond to the BPF 508 of
FIG. 6B. The PN code generator 506 of FIG. 6B is omitted in FIG. 7A.
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Referring to FIG. 7A, the multiplier 630 multiplies an FFT signal y(k)

Z received through a multipath by one PN code Cp o(k) of N ODE/4 PN codes
00

sequentially output from the PN code generator 506. According to an

exemplary implementation, Cp,o(k) denotes the p -th PN code not

0C cyclically shifted. M-tap delay elements 600 to 608 configured by M

c serially connected delay elements receive the multiplied signal, sequentially

delays the received signal by N/4 or N/8, and then outputs the delayed

Ssignal.

The multipliers 610 to 618 multiply the multiplied signal and the delayed
signals output from the delay elements 600 to 608 by filter coefficients

and then output result signals of the multiplication. The

multipliers 610 to 618 operate as the M -tap LPF. The result signals from the
multipliers 610 to 618 are provided to four adders 640, 642, 644 and 646
after filter coefficient sets which are different from the A(M)

are applied. For example, when M 3, four filter coefficient sets of
and mapped to four cyclic shift

values of0, N/4, N/2and 3N/4 are used.

According to an exemplary implementation, the result signal from the
multiplier 610 is multiplied by respectively and then is output to
adders 640, 642, 644, and 646. The result signal from the multiplier 612 is
multiplied by respectively and then is output to the adders 640

to 646. Similarly, each of the result signals from the multipliers 614 to 618 is
multiplied by one successively selected among the coefficient sets and then
is output to the adders 640 to 646, respectively. Wherein the multiplication of
the each of the coefficient sets is achieved by selecting one of real part and
imaginary part and/or inverting the selected part, without using any further
multipliers.

The adders 640 to 646 sequentially add outputs corresponding to the filter
coefficient sets output from the M multipliers 610 to 618. Squarer/adders
620 to 626 perform square and addition operations on outputs of the adders
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O

640 to 646 and then obtain energy values Sp,, Sp S,2, and S 3.
O0

Z According to an exemplary implementation, four bandpass-filtered signals
00 are obtained from one multiplied signal. A comparator 628 outputs a cyclic

shift value 4(p) with the maximum energy and the maximum energy value

Spg) among outputs of the squarer/adders 620 to 626. As described above,
I-N

0 a preamble and a cell mapped to the cyclic shift value are searched.

As described above, the preamble detector obtains four bandpass-filtered
signals using one BPF to perform the cell search, and detects the cyclic shift
value with the maximum energy among the bandpass-filtered signals.
According to an exemplary implementation, the preamble detector of FIG.
6B implements the BPF 508 for passing a designated frequency band in
place of the N -point IFFT unit 420, thereby reducing hardware complexity.

A computation amount for NoDE PN codes is reduced to a computation

amount for NODE 4 PN codes, such that the computation amount for the cell

search can be reduced.

FIG. 7B is a block diagram illustrating another example of a preamble
detector without multipliers ("without mults.") in accordance with an
exemplary embodiment of the present invention. In FIG. 7B, a multiplier 730
corresponds to the multiplier 507 of FIG. 6B, and a comparator 728
corresponds to the maximum selector 510 of FIG. 6B. The remaining
components correspond to the BPF 508 of FIG. 6B. The PN code generator
506 of FIG. 6B is omitted in FIG. 7B. The multiplied signal from the
multiplier 730 and the delayed signals from the delay elements 700 to 708
are provide to four adders 740, 742, 744 and 746 after the above filter
coefficient sets are applied.

The squarer/adders 620 to 626 of FIG. 7A perform an operation for squaring
a complex number to compute the energy. According to an exemplary

implementation, an energy value of x, jy, can be expressed as x,2 y'

In this case, the magnitude of the real and imaginary parts can be expressed
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C as I x, I Yr I. In the opposite, the preamble detector of FIG. 7B is provided

>with absolute value adders 720 to 726 instead of the squarer/adders 620 to
Z 626, and adds absolute values. According to an exemplary implementation,

00 the absolute value adders 720 to 726 add absolute values of real and

imaginary parts such that the cell search is performed. The preamble detector
of FIG. 7A different from that of FIG. 7B, signs of the real and/or imaginary

IDparts are simply inverted, a multiplication operation is not required, such
that the computation amount for the cell search can be significantly reduced.
Therefore, the preamble detector of FIG. 7B removes a multiplication
operation in relation to energy estimation for the cell search, such that the

Scell search can be performed using a small amount of computation.
(-i

The above-described preamble structures of FIGS. 4C and 4D can be easily
implemented using FIGS. 6A/6B and 7A/7B. For example, the preamble of

FIG. 4C is generated by performing an IFFT operation to map an allocated
PN code to even subcarriers and performing a cyclic shift using one cyclic
shift value of 0, N N 4, and 3N/8. The receiver searches a cell by

detecting the preamble of FIG. 4C using the structures of FIGS. 6B and
7A/7B. The preamble structure of FIG. 4D is implemented by generating the
first OFDM symbol using a PN code and a cyclic shift value and generating
the second OFDM symbol, subsequent to the first OFDM symbol, using a
different PN code and a different cyclic shift value in the same way that the
first OFDM symbol is generated. The first and second OFDM symbols are
successively transmitted at the beginning of a data frame. The receiver
successively detects the two OFDM symbols and then performs the cell
search.

FIG. 8 is a graph illustrating the performance of detecting a preamble in
accordance with an exemplary embodiment of the present invention.

FIG. 8 illustrates system performances based on the cell searchers illustrated
in FIGS. 6A and 6B. When the cell search is performed using FFT, 16 PN
codes, and a cyclic shift value set to 1, the preamble detection performance is
indicated by "FFT-based". When the cell search is performed using a BPF,
the preamble detection performance is indicated by "LPF-based". From FIG.
8, it can be found that the case of "LPF-based" using the BPF requires a
relatively low signal-to-noise ratio (SNR) to obtain a desired preamble
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c detection probability.

0
Z According to an exemplary implementation of the present invention, a

00 preamble is designated using different PN codes and different cyclic shift
values, and performs a cell search according to the different PN codes and
the different cyclic shift values, such that the cell search can be performed

Susing a relatively small amount of computation.

According to an exemplary implementation, the number of available PN
t 10 codes is reduced and therefore computation complexity according to the cell
Ssearch is reduced. The cell search is performed while considering only a

designated frequency domain, such that hardware is reduced.

According to an exemplary implementation, when the present invention is
used in a Telecommunications Technology Association (TTA) wireless
broadband internet (WiBro) system, 1,016 detection attempts can be reduced
to 16 detection attempts corresponding to about 1/70 of the 1,016 detection
attempts and the number of PN codes to be stored at the time of generating a
preamble can be reduced to 8.

As is apparent from the above description, certain exemplary
implementations of the present invention do not perform a cell search for N
pseudo-random noise (PN) codes mapped to all cells, but perform a cell
search for P PN codes considered for a cyclic shift, thereby reducing the
amount of computation for the cell search. According to an exemplary
implementation, the cell search is performing by testing only the P PN
codes less than the total number of N PN codes and by distributing only a
designated energy domain for the P PN codes in a time domain. A memory
of a mobile terminal for storing PN codes to be used for the cell search can
be significantly reduced, and a cell search error can be significantly reduced.
Although certain exemplary embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that
various modifications, additions, and substitutions are possible, without
departing from the scope of the present invention which is defined by the
following claims, along with their full scope of equivalents.

In the claims which follow and in the preceding description of the invention,
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C, except where the context requires otherwise due to express language or
necessary implication, the word "comprise" or variations such as

Z "comprises" or "comprising" is used in an inclusive sense, i.e. to specify the
00 presence of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.

IN It is to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a

c.I part of the common general knowledge in the art, in Australia or any other
country.
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cN THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

O
Z 1. A method for transmitting a preamble in an orthogonal frequency

00 division multiple access (OFDMA) system using N subcarriers, the
O

method comprising the steps of:

r- generating an allocated pseudo-random noise (PN) code of PCODE PN codes
r-

from each cell such that all NCooE cells are identified, where PCODE is less

Sthan NCODE

transforming the PN code into N orthogonal frequency division

multiplexing (OFDM) samples according to N-point inverse fast Fourier

transform (IFFT);

cyclically shifting the OFDM samples by an allocated value of QcoDE cyclic

shift values, where NcODE is PcDE QCODE;

inserting a cyclic prefix (CP) for preventing inter-symbol interference into a

head end of the cyclically shifted OFDM samples, and generating a first

OFDM symbol to be used for a preamble; and

transmitting the first OFDM symbol at a beginning of a data frame through a

radio frequency (RF) band.

2. The method of claim 1, wherein the cyclic shift values comprise at

leastone of 0, N/4, N/2 and 3N/4.

3. The method of claim 1, wherein the cyclic shift values comprise at
least one of 0, N/8, N/4, and 3N/8.

4. The method of claim 3, wherein the transforming step comprises the

step of:

mapping the PN code to even subcarriers.

5. The method of claim 1, further comprising the steps of:

generating a second OFDM symbol with a PN code and a cyclic shift value

different from those of the first OFDM symbol, the first and second OFDM
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Cl symbols configuring the preamble; and
transmitting the second OFDM symbol subsequent to the first OFDM

Z symbol.
00
O

6. An apparatus for transmitting a preamble in an orthogonal frequency
division multiple access (OFDMA) system using N subcarriers, the

IO apparatus comprising:

a pseudo-random noise (PN) code generator for generating an allocated PN

I code of PCODE PN codes from each cell such that all NcoDE cells are

cN 10 identified, where PCODE is less than NCODE

an inverse fast Fourier transform (IFFT) unit for transforming the PN code
into N orthogonal frequency division multiplexing (OFDM) samples
according to N -point IFFT;
a cyclic shifter for cyclically shifting the OFDM samples by an allocated

value of QCODE cyclic shift values, where NCODE is PODE QCOD;

a cyclic prefix (CP) inserter for inserting a CP for preventing inter-symbol
interference into a head end of the cyclically shifted OFDM samples, and
generating a first OFDM symbol to be used for a preamble; and
a radio frequency (RF) unit for transmitting the first OFDM symbol at a
beginning of a data frame through an RF band.

7. The apparatus of claim 6, wherein the cyclic shift values comprise at
leastoneof0, N/4, N/2 and 3N/4.

8. The apparatus of claim 6, wherein the cyclic shift values comprise at
leastoneof0, N/8, N/4,and 3N/8.

9. The apparatus of claim 8, wherein the IFFT unit maps the PN code
to even subcarriers.

The apparatus of claim 6, wherein the PN code generator, the IFFT
unit, the cyclic shifter, and the CP inserter generate a second OFDM symbol
using a PN code and a cyclic shift value different from those of the first
OFDM symbol, the first and second OFDM symbols configuring the
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cI preamble, and
wherein the RF unit transmits the second OFDM symbol subsequent to the

Z first OFDM symbol.
00

11. A method for receiving a preamble in an orthogonal frequency
division multiple access (OFDMA) system using N subcarriers, the

N method comprising the steps of:
receiving an orthogonal frequency division multiplexing (OFDM) signal

comprising at least one OFDM symbol used for a preamble through the
S 10 subcarriers;

removing a cyclic prefix (CP) for preventing inter-symbol interference from
the received OFDM signal, and detecting N OFDM samples;
transforming the N OFDM samples into a frequency domain signal
according to N -point fast Fourier transform (FFT);

multiplying the frequency domain signal by PcODE pseudo-random noise

(PN) codes for identifying all NCODE cells, determining a time domain in

which energy of each of multiplied signals is concentrated, and detecting a
cyclic shift value of a PN code applied to each OFDM symbol, wherein the

cyclic shift value is one of QcoDE cyclic shift values and NCODE is

PCOD COD* and

searching a cell mapped to the detected cyclic shift value of the PN code.

12. The method of claim 11, wherein the detecting step comprises the
steps of:
transforming the multiplied signals into time domain signals according to
inverse fast Fourier transform (IFFT) and measuring time domain-by-time
domain energy values of the time domain signals; and
selecting the cyclic shift value mapped to a time domain with a maximum
energy value of the measured energy values.

13. The method of claim 11, wherein the cyclic shift values comprise at
leastone of 0, N/4, N/2 and 3N/4.

14. The method of claim 12, wherein the selecting step comprises the
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ci steps of:

bandpass-filtering the multiplied signals according to pass bands based on

Z cyclic shiftvalues of0, N/4, N/2 and 3N/4;
00 measuring energy values of the bandpass-filtered signals; and

selecting the cyclic shift value associated with a pass band comprising the
maximum energy value of the measured energy values.

ID

The method of claim 11, wherein the cyclic shift values comprise at
least one of 0, N/8, N/4, and 3N/8.

S 
16. The method of claim 15, wherein the transforming step comprises
the steps of:
detecting the OFDM samples from even subcarriers of the subcarriers.

17. The method of claim 16, wherein the detecting step comprises the
steps of:
bandpass-filtering the multiplied signals according to pass bands based on
the cyclic shift values of 0, N/8, N/4, and 3N/8;
measuring energy values of the bandpass-filtered signals; and
selecting the cyclic shift value associated with a pass band comprising the
maximum energy value of the measured energy values.

18. The method of claim 11, wherein the preamble comprises two
successive OFDM symbols with different PN codes and different
cyclic shift values.

19. An apparatus for receiving a preamble in an orthogonal frequency
division multiple access (OFDMA) system using N subcarriers, the
apparatus comprising:
a radio frequency (RF) unit for receiving an orthogonal frequency division
multiplexing (OFDM) signal comprising at least one OFDM symbol used for
a preamble through the subcarriers;
a cyclic prefix (CP) remover for removing a CP for preventing inter-symbol
interference from the received OFDM signal, and detecting N OFDM
samples;
a fast Fourier transform (FFT) processor for transforming the N OFDM
samples into a frequency domain signal according to N -point FFT;
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a preamble detector for multiplying the frequency domain signal by PcODE

pseudo-random noise (PN) codes for identifying all NCooE cells,
oo

determining a time domain in which energy of each of multiplied signals is
concentrated, and detecting a cyclic shift value of a PN code applied to each

r 5 OFDM symbol, wherein the cyclic shift value is one of QcODE cyclic shift

values and NODE is PCODE QCODE; and

Sa cell detector for searching a cell mapped to the detected cyclic shift value
of the PN code.

20. The apparatus of claim 19, wherein the preamble detector comprises:

a PN code generator for sequentially generating the PcODE PN codes;

a multiplier for multiplying the frequency domain signal by the PN codes;
an inverse fast Fourier transform (IFFT) unit/energy measurer for
transforming the multiplied signals into time domain signals according to
IFFT and measuring time domain-by-time domain energy values of the time
domain signals; and
a maximum selector for selecting the cyclic shift value mapped to a time
domain with a maximum energy value of the measured energy values.

21. The apparatus of claim 19, wherein the cyclic shift values comprise
at leastone of 0, N/4, N/2 and 3N/4.

22. The apparatus of claim 21, wherein the preamble detector comprises:

a PN code generator for sequentially generating the PcODE PN codes;

a multiplier for multiplying the frequency domain signal by the PN codes;
a bandpass filter for bandpass-filtering the multiplied signals according to
pass bands based on the cyclic shift values of 0, N/4, N/2 and 3N/4,
and outputting energy values of the bandpass-filtered signals; and
a maximum selector for selecting the cyclic shift value associated with a pass
band comprising a maximum energy value of the output energy values.
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23. The apparatus of claim 19, wherein the cyclic shift values comprise
at least one of 0, N/8, N/4, and 3N/8.

O

00 24. The apparatus of claim 23, wherein the FFT unit detects the OFDM
samples from even subcarriers of the subcarriers.

\25. The apparatus of claim 24, wherein the preamble detector comprises:l^-

F a PN code generator for sequentially generating the PcoDE PN codes;(N

a multiplier for multiplying the frequency domain signal by the PN codes;
0 10 a bandpass filter for bandpass-filtering the multiplied signals according to

pass bands based on the cyclic shift values of 0, N/8, N/4, and 3N/8,

and outputting energy values of the bandpass-filtered signals; and
a maximum selector for selecting the cyclic shift value associated with a pass
band comprising a maximum energy value of the output energy values.

26. The apparatus of claim 25, wherein the bandpass filter comprises:
M serially connected delay elements for receiving and sequentially

delaying the multiplied signal;
multipliers for receiving the multiplied signal and delayed signals output
from the delay elements and multiplying the signals by filtering coefficients
of 

adders for adding multiplied signals output from the multipliers according to
the filtering coefficients; and
energy calculators for computing energy values of the added signals.

27. The apparatus of claim 19, wherein the preamble comprises two
successive OFDM symbols with different PN codes and different cyclic shift
values.

Dated this 8th day of November 2005
SAMSUNG ELECTRONICS CO.. LTD.
By their Patent Attorneys
GRIFFITH HACK
Fellows Institute of Patent and
Trade Mark Attorneys of Australia
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