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METHOD OF TRANSMITTING DATA USING
REPETITION CODING

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application 1s a reissue of, and claims the benefit of,

US. Pat. No. 8,391 ,380; however, more than one reissue
application has been filed for U.S. Pat. No. §,391,380. The
reissue applications arve Sev. No. 14/106,602 (the present
application) and Ser. No. 14/337,931, both of which arve divi-
sional reissues of U.S. Pat. No. 8,391,380. U.S. Pat. No.
8,391,380 issued on Mar. 5, 2013, which is a 35 U.S.C. §371
National Stage entry of International Application No. PCT/
KR2008/005164, filed on Sep. 3, 2008, and claims [priority
to] the benefit of Korean Application No. 10-2007-0088830,
filed on Sep. 3, 2007 and Korean Application No. 10-2007-
0099954, filed on Oct. 4, 2007 each of which 1s hereby incor-

porated by reference 1n its entirety as 1 fully set forth herein.

TECHNICAL FIELD

The present invention relates to wireless communication
and, more particularly, to a method of transmitting data using
repetition coding.

BACKGROUND ART

Research on a 4G (4th Generation) mobile communication
system, a next-generation communication system, 1s actively
ongoing to provide services with various QoS (Quality of
Service) with a transfer rate of about 10 Mbps to users. The
4G mobile communication system 1s being standardized to
aim at cooperatively operating a wired communication net-
work and a wireless communication network and providing,
integrated services, beyond simple wireless communication
services such as mobile communication systems of a previous
generation.

As a large capacity communication system, which may
process and transmit various information such as images,
radio data, or the like, beyond voice-centered services, 1s
requested, development of a technique allowing transmission
of large capacity data similar to the capacity of the wired
communication network to the wireless communication net-
work 1s on demand.

Thus, a proper channel coding method that can improve a
system performance by minimizing a loss of information and
increasing the efficiency of system transmission 1s recognized
and admitted as an essential factor. In general, 1n order to
reduce information loss, the reliability of a system 1s
increased by using various channel codings depending on the
properties of channels, one of which 1s a repetition coding. In
the repetition coding, original data to be transmitted 1s
repeated to generate a plurality of same data as the original
data. Because the duplicate data, which 1s the same as the
original data, are generated and transmitted together with the
original data, the probability of a transmission error can be
reduced.

In general, 1n an OFDM (Orthogonal Frequency Division
Multiplexing) system, spectrums of sub-channels overlap

with each other while maintaining cross-orthogonality, hav-
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2

ing good spectrum elficiency, and because OFDM modula-
tion/demodulation 1s implemented by IFFT (Inverse Fast
Fourier Transtorm) and FFT (Fast Fourier Transform), a
modulating/demodulating unit can be effectively imple-
mented digitally and resistant to a frequency selective fading,
or a narrowband 1nterference.

Despite such advantages, the OFDM system 1s disadvan-
tageous 1n that 1t has a high peak-to-average power ratio
(PAPR). The OFDM transmits data by using many carriers, so
a final OFDM signal has the size of amplitude tantamount to
the sum of amplitude sizes of the respective carriers, having a
severe change width of amplitude, and if the phases of the
carriers correspond, a quite large value can be obtained. In
particular, in case of using the repetition coding 1n the OFDM
system, the same data 1s repeatedly transmitted, and for
uplink, a resource allocation region does not have a square
shape, making it difficult to lower the PAPR and possibly
degrading the performance of the system.

Thus, 1n order to data by using repetition coding, a method

for lowering the PAPR 1s required.

DISCLOSURE OF INVENTION

Technical Problem

An object of the present invention 1s to provide a method of
transmitting data using repetition coding capable of reducing,
a PAPR by dividing data obtained through repetition coding

and mapping the divided data to different modulation sym-
bols.

Technical Solution

According to an embodiment of the invention, a method of
transmitting data 1n a wireless communication system 1s pro-
vided. The method includes generating duplicate data by
using repetition coding, the duplicate data being the same as
original data, shifting the phase of the duplicate data, and
transmitting the original data and the phase-shifted duplicate
data.

According to another embodiment of the invention, a
method of transmitting data 1 a wireless communication
system 1s provided. The method includes generating dupli-
cate data which 1s the same as original data by using repetition
coding, changing the size and the phase of the duplicate data,
and transmitting the original data and the duplicate data with
the changed size and phase.

According to still another embodiment of the invention, a
data transmitter 1s provided. The data transmitter includes a
data processing unit to perform repetition coding for original
data to generate duplicate data, a data changing unit to shait
the phase of the duplicate data, and a subcarrier allocating
unit to map the original data and the phase-shifted duplicate
data to a subcarrier.

Advantageous Elfects

In the present invention, because the original data, the
result of repeated coding, and duplicate data are discrimi-
nated and the duplicate data 1s mapped to a modulation sym-
bol having a different size or phase as that of the original data
and transmitted, to thus reducing the PAPR unlike the general
repetition coding.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a wireless communication system.
FIG. 2 shows an example of a frame structure.
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FIG. 3 1s a schematic block diagram of a transmitter
according to an embodiment of the present invention.

FIG. 4 shows a method of repetition coding according to
another embodiment of the present invention.

FI1G. 5 shows a method of repetition coding according to an
embodiment of the present invention.

FIG. 6 1s a graph comparatively showing PAPRs 1n case of
using the repetition coding according to Table 1 to Table 4.

MODE FOR THE INVENTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings so that this disclosure can be through and
complete, and will fully convey the concept of the invention
to those skilled 1n the art.

FIG. 1 shows a wireless communication system. The wire-
less communication system can be widely deployed to pro-
vide a variety of communication services, such as voices,
packet data, etc.

Referring to FIG. 1, the wireless communication system
includes a base station (BS) 20 and at least one user equip-
ment (UE) 10. The BS 20 1s generally a fixed station that
communicates with the UE 10 and may be referred to as
another terminology, such as a node-B, a base transceiver
system (B'1S), an access point, etc. There are one or more
cells within the coverage of the BS 20. The UE 10 may be
fixed or mobile, and may be referred to as another terminol-
ogy, such as a mobile station (MS), a user terminal (UT), a
subscriber station (SS), a wireless device, efc.

A downlink represents a communication link from the BS
20 to the UE 10, and an uplink represents a communication
link from the UE 10 to the BS 20. In the downlink, a trans-
mitter may be a part of the BS 20, and a receiver may be a part
of the UE 10. In the uplink, the transmitter may be a part of the
UE 10, and the receiver may be a part of the BS 20.

Downlink and uplink transmissions can be made using
different multiple access schemes. For example, orthogonal
frequency division multiple access (OFDMA) may be used
tor downlink transmission, and single carrier-frequency divi-
sion multiple access (SC-FDMA) may be used for uplink
transmission.

There 1s no restriction on the multiple access scheme used
in the wireless communication system. The multiple access
scheme may be based on code division multiple access
(CDMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), single-carrier FDMA (SC-
FDMA), orthogonal frequency division multiple access
(OFDMA), or other well-known modulation schemes. In
these modulation schemes, signals recerved from multiple
users are demodulated to increase capacity of the communi-
cation system.

FIG. 2 shows an example of a frame structure. The frame
refers to a data sequence during a fixed time period used by
physical specifications, and it may be an OFDMA frame.

With reference to FIG. 2, the frame includes a downlink
frame and an uplink frame. Time division duplex (TDD)
refers to a method 1n which uplink and downlink transmis-
s10ms take place 1n the same frequency bandwidth but occur at
cach different time. The downlink frame temporally goes
ahead of the uplink frame. The downlink frame includes a
preamble, a frame control header (FCH), a DL (Downlink)-
MAP, a UL (Uplink)-MAP, a downlink burst region. The
uplink frame includes an uplink burst region.

A guard time for discriminating the uplink frame and the
downlink frame 1s 1nserted to a middle portion of the frame
(1.e., between the downlink frame and the uplink frame), and
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4

to a final portion (after the uplink frame). A transmit/receive
gap (I'TG) refers to a gap between the downlink burst and the
subsequent uplink burst. A recerve/transmit transition gap
(RTG) refers to a gap between the uplink burst and a subse-
quent downlink burst.

The preamble 1s used for initial synchronization, cell
search, frequency offset, and channel estimation between a
base station and a mobile station. The FCH includes the
length of a DL-MAP message and repetition coding informa-

tion used for the DL-MAP message. The DL-MAP i1s aregion
on which the DL-MAP message 1s transmitted. The DL-MAP
message defines an access of a downlink channel The DL-

MAP message includes a configuration change count of a
DCD (Downlink Channel Descriptor) and a base station 1D

(Identifier).

The DCD describes a downlink burst profile applied to a
current map. The downlink burst profile refers to character-
istics of a downlink physical channel, and the DCD 1s peri-
odically transmaitted by the base station via a DCD message.

The UL-MAP 1s a region on which a UL-MAP message 1s
transmitted. The UL-MAP message defines an access of an
uplink channel The UL-MAP message includes a configura-
tion change count ofa UCD (Uplink Channel Descriptor) and
a valid start time of uplink allocation defined by the UL-MAP.

The UCD describes an uplink burst profile. The uplink
burst profile refers to characteristics of an uplink physical
channel, and the UCD 1s periodically transmitted by the base
station via a UCD message.

A portion of the uplink frame includes a fast feedback
region. The fast feedback region 1s allocated for a faster
uplink transmission than general uplink data, and a CQI,
ACK/NACK signal, or the like, may be included 1n the fast
teedback region. The fast feedback region may be positioned
anywhere 1n the link frame and not necessarily limited to the
illustrated position or size.

Heremafiter, a slot 1s a minimum possible data allocation
unit and defined as time and a subchannel. In the uplink,
subcarrier may include a plurality of tiles. The subcarrier may
include six tiles and 1n the uplink, one burst may include three
OFDM symbols and one subcarrier.

In a PUSC (Partial Usage of Subchannels) permutation,
cach tile may include four contiguous subcarriers on three
OFDM symbols. In an optional PUSC permutation, each time
may 1nclude three contiguous subcarriers on three OFDM
symbols. The tiles included 1n the subcarriers are distributed
to every band so as to be disposed.

A bin 1includes nine contiguous subcarriers on an OFDM
symbol. A band refers to a group of four rows of the bin, and
AMC (Adaptive Modulation and Coding) subcarrier includes
s1X contiguous bins in the same band.

The FCH including information regarding repetition cod-
ing 1s merely one example of being applied to the system
having the frame structure as shown in FIG. 2. Namely, the
FCH may be included 1n a different channel in a different
frame structure without being limited to such a frame struc-
ture as shown i FIG. 2. Heremnafter, an apparatus and method
for transmitting data by using repetition coding according to
the present invention will be described.

FIG. 3 1s a schematic block diagram of a transmitter
according to an embodiment of the present invention.

With reference to FIG. 3, the transmitter 100 includes a
data processing unit 110, a data changing unit 120, and a
subcarrier allocating unit 130. The transmitter 100 may be a
part of a base station (BS). The BS refers to a fixed station
communicating with a terminal, and may be called a node-B,
a base transceiver system (B1S), an access point (AP), or
other terms.
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The data processing unit 110 repeatedly codes nputted
information bits to generate duplicate information bits which
are the same as iformation bits, and maps the information
bits and the duplicate information bits to data symbols
expressing positions on a signal constellation. Heremafter,
the symbol level data generated by mapping the information
bits 1s called original data and the symbol level data generated
by mapping the duplicate information bits 1s called duplicate
data.

The number of duplicate data differs according to the deter-
mined number of times of repetition 1n a system. The 1nfor-
mation about the number of times of repetition coding 1s
signaled by the transmitter to a recerver via the FCH 1n the
system having such a frame structure as shown 1 FIG. 2.
There 1s no limitation 1n the number of times of repetition, and
the number of times of repetition may be set two times, four
times or six times depending on systems.

The data processing unit 110 discriminates the original
data and the duplicate data and sends the original data to the
subcarrier allocating unit 130 and the duplicate data to the
data changing unit 120.

The data changing unit 120 changes the phase or the si1ze or
the phase and si1ze of the duplicate data and transmaits the same
to the subcarrier allocating unit 130. Hereinatter, the original
data 1s S,; and the duplicate data having a phase which has
been shifted by 0 by the data changing unit 120 and has a size
of k times is ke’®S .. 6 is a phase difference of the original data
and the duplicate data with respect to the same imnformation
bits, and ‘k’ 1s a ratio of the size of the duplicate data to the
original data. Let &° be o for convenience’s sake. The dupli-
cate data that has passed through the data changing unit 120
would be kaS,,. Here, 1f ‘K’ 1s 1, 1t means that only the phase
of the original data has been shifted, and if ‘a’ 1s 1, 1t means
that only the size of the original data has been changed.
Because ‘k’ and ‘a’ are variables, 11 the two variables change
independently, the duplicate data may be data obtained as
both the phase and the size of the original data have been all
changed.

The data changing unit 120 may change only the size of the
original data to generate duplicate data, or change only the
phase of the orniginal data to generate duplicate data, or
change both the size and the phase of the original data to
generate duplicate data. A PAPR (Peak-to-Average Power
Rati0) can be reduced by differentiating the phase or the size
of the original data and the duplicate data and transmitting
data.

The subcarrier allocating unit 130 appropriately allocates
(or maps) mputted original data and duplicate data to subcar-
riers and multiples them according to users. The subcarrier
allocating unit 130 may use various multiplexing schemes
such as OFDM as well as SC-FDMA.

In case of using the repetition coding, 1n general, the same
data signal 1s repeated, so the PAPR 1s increased. In this case,
however, 11 the original data and the duplicate data are repeat-
edly coded by differentiating their size or phase, undergo
DFT (Discrete Fourier Transtorm) or IDFT (Inverse Discrete
Fourier Transform) and IFFT (Inverse Fast Fourier Trans-
form) (1n the form of SC FDMA), and are transmitted, a gain
in terms of PAPR can be obtained.

In the SC-FDMA scheme, the subcarrier allocating unit
130 may perform DFT on the contiguous subcarrier, a ire-
quency band used for transmitting the original data or the
duplicate data. The data, which has undergone the DFT pro-
cess with respect to the contiguous subcarrier on a single
OFDM symbol, 1s converted mnto a signal of frequency
domain. The subcarrier allocating unit 130 performs IFFT on
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the signal which has undergone the DFT process over the
entire frequency band to convert it into a signal of a time
domain.

In case of using the OFDMA scheme, unlike the
SC-FDMA scheme, the transmitter can immediately perform

IFFT on the subcarrier without performing DFT process to
convert 1t 1nto a signal of a time domain. In this manner, each
OFDM symbol may undergo DFT spreading and then IFFT to
maintain low PAPR characteristics.

An example of a simple method for differentiating the size
or the phase may be an application of unitary matrix to origi-
nal data. Namely, N-dimension unitary matrix may be multi-
plied to the original data to obtain one original data and the
(N-1) number of duplicate data.

Equation 1 shows an example of the method of generating
duplicate data by using the unitary matrix. The matrix ‘C’1s a
unitary matrix.

Mathligure 1

1 1 1 17
L j -1 —j
1 -1 1 -1
1 —j -1 j

Math. 1]

For one example, 1f four original data to which the matrix
‘C’ 15 applied 1s S,,S,,5,,5;, one duplicate data S,,S,,S,,S;,
which i1s the same as the original data, 1s generated by a first
row 1,1,1,1, and the other three remaining duplicate data are
SoalS 15=5,,—1851,5,,-5 1, S,,—-S,, and S,,-1S,,-S,,15,, respec-
tively.

For another example of a simple method of differentiating,
the size or the phase, a Zadoif-Chu (ZC) CAZAC (Constant
Amplitude Zero Auto-Correlation) sequence may be applied.
As for the ZC CAZAC sequence, one of CAZAC sequences,
if ‘N’ 1s the length of a CAZAC sequence, a positive iteger,
and an 1ndex ‘M’ 1s a prime number (‘M 1s a natural number
of ‘N’ or smaller, and ‘M’ and ‘N’ are prime numbers with
cach other) relatively compared with ‘N’, the kth element of
the Mth CAZAC sequence may be expressed by equation 2
shown below:

Mathligure 2

Math. 2]

inMk(k + 1) }

c(k; N, M) = exp{— N

where N 1s an odd vmber

jaMKk?
c(k; N, M) = expq—

N

where N 1s an even vmber

This 1s merely an example, and any other sequences having,
good correlation characteristics may be applied. For different
terminals, channels may be discriminated by applying ZC
CAZAC sequences each having a different circular shait
value.

The unitary matrix ‘C’ or the CAZAC sequence used for
generating the duplicate data by changing the size or the
phase of the original data as described above 1s merely an
example. Namely, the unitary matrix used for generating the
duplicate data may be a 3x3 matrix, a Sx5 matrix, or the like,
besides 4x4 matrix. Also, the size ‘k’ may be 2, 3, or else, not
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necessarily ‘1°, and any matrixes may be used so long as they
can maintain orthogonality between duplicate data.

The method of repetition coding will be described 1n detail.
In order to clanfy the description, 1f repetition 1s ‘2°, the size
of k=1 will be taken as an example.

FI1G. 4 shows a method of repetition coding according to
another embodiment of the present invention.

With reference to FIG. 4, the repetition coding method
includes repeating information bits 1 units of small data.
Namely, according to this repetition coding method, the
results of repetition coding have such a form that duplicate
data 1s distributively disposed between original data 1n view
of radio resource domain (time domain or frequency domain).
Accordingly, one duplicate data 1s added per original data,
like S,,a,54,5,,0,S,,5,,0,S,, ..., S, Here, the phase
difference 0 between the original data and the duplicate data
may be variably set to 0, /2, /4, /6, etc., besides .

FI1G. 5 shows a method of repetition coding according to an
embodiment of the present invention.

With reference to FIG. 5, the repetition coding method
includes repeating information bits 1n units of burst. Namely,
according to this method, the results of repetition coding have
such a form that original data and duplicate data are locally
gather together, in view of radio resource domain (time
domain or frequency domain). Accordingly, a set of duplicate
data 1s added to the end of a set of original data, like S, S,,
So, oy SAnOS,,OS,O,S,, . . ., daoa. Here, the phase
difference 0 between the original data and the duplicate data
may be variably set to 0, /2, /4, /6, etc., besides .

The method of repetition coding may be performed vari-
ably 1n addition to those methods as shown in FIGS. 4 and 5.

A method of allocating original data and duplicate data to
cach subcarrier will now be described. Radio resources may
be allocated to the original data and the duplicate data gener-
ated according to the method of FIG. 4 or the method of FIG.
5 by using one of a time axis and a frequency axis as a
preferential reference. Here, 1t 1s assumed that the size (k) of
the duplicate data 1s 1.

Table 1 shows the case of the repetition coding as shown 1n
FIG. 4, in which when o=, =. .. =a.,~=-1 (namely, when the
phase difference 0 is ), the original data and the duplicate
data are distributively disposed 1n the physical radio resource
domain (time domain or frequency domain) and subcarriers
are allocated. Namely, the results of the repetition coding are

SDj_SDjSlj_SljSEj_Szj + s ey SNj_SN‘
TABLE 1
OFDM symbol index
subcarrier index #1 #2
#1 So Sy
#2 -So -8
#3 Sio Sy
#4 -S10 -5
#5 S50 S51
#7 S10 Sii
#8

With reference to Table 1, S, and -S, are mapped to sub-
carriers #1 and #2 on an OFDM symbol #1. S, and -S, are
mapped to subcarriers #1 and #2 on an OFDM symbol #2. In
the same manner, Sy and —S, are mapped to subcarriers #1 and
#2 on an OFDM symbol #9. In the same manner, S, , and -S, ,
are mapped to subcarriers #3 and #4 on an OFDM symbol #1.
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The original data and the duplicate data are mapped to the
respective subcarriers on the other remaining OFDM symbols
in the same manner.

Table 2 shows the case of the repetition coding as shown 1n
FIG. 5, in which when a,=a,=. . . =a.,=-1 (namely, when the
phase difference 0 1s m), original data and duplicate data are
locally gather together in the physical radio resource domain
(time domain or frequency domain) and subcarriers are allo-
cated. Namely, the results of the repetition coding are S,,S,,

S.Z? ey SNj_Sﬂj_Slj_Szj e ey _SN.
TABLE 2
OFDM symbol index

subcarrier index #1 #2

#1 S, S,

#2 S0 S

#3 S50 851

#k + 1 ~Sia -Sy,

#k + 2 ~Son -S5,

When information bits are repeatedly coded in units of

burst data, radio resources are allocated such that duplicate
data 1s allocated starting from a position where allocation of
original data 1s finished.

With reference to Table 2, with respect to the original data,
OFDM symbols #1 to #9 are {irst allocated in the subcarrier
#1, and the OFDM symbols #1 to #9 are then allocated 1n the
subcarrier #2. Resource allocation for the duplicate data starts
from a position where resource allocation for the original data
1s finished. With respect to the duplicate data, the OFDM
symbols #1 to #9 are first allocated in the subcarrier #k, and
the OFDM symbols #1 to #9 are then allocated 1n the subcar-
rier #k+1.

Table 3 shows the case of repetition coding as shown 1n
FIG. 4, in which when a,=a,= . . . =a.,~1 (namely, when the
phase difference 0 1s 0), the original data and the duplicate
data are distributively disposed 1n the physical radio resource
domain (time domain or frequency domain) and subcarriers

are allocated. Namely, the results of the repetition coding are
S0.94.91,5,,5,,5,, ..., S \nSa-

TABLE 3

OFDM symbol index

subcarrier index #1 #2
#1 So S
#2 So S
#3 S (0 S
#4 S10 S11
#5 S-0 Soq
#6 Soo So 1
#7 S 10 Sij
#8

With reference to Table 3, unlike the case of Table 1, the
phase difference 0 1s 0, a signal has original data and duplicate
data which have the same phase. The order of resource allo-
cation 1s the same as that of Table 1.

Table 4 shows the case of repetition coding as shown 1n
FIG. 5, in which in which when a.,=o.,=. . . =a.,~-1 (namely,
when the phase difference 0 1s 0), original data and duplicate
data are locally gather together 1n the physical radio resource
domain (time domain or frequency domain) and subcarriers
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are allocated. Namely, the results of the repetition coding are
SosS 1,S,, . SASHS LS, L, Sy

TABLE 4

OFDM symbol index

subcarrier index #1 #H2

#1 So S|

#2 S10 St

#3 520 So1

#k So S|

#k + 1 Sio Sy
#Hk + 2

With reference to Table 4, unlike the case of Table 2, the
phase difference 1s 0, and a signal has original data and
duplicate data which have the same phase. The order or
resource allocation 1s the same as that of Table 2.

FIG. 6 1s a graph comparatively showing PAPRs 1n case of
using the repetition coding according to Table 1 to Table 4, in
which a horizontal axis indicates the size of PAPRs 1n SC-
FDMA (Single Carrier-FDMA) employing 24 DFT (Discrete
Fourier Transform) by decibel (dB), and a vertical axis indi-
cates a CDF (Cumulative Distribution Function) capacity of
PAPRs. For comparison, a PAPR in the general OFDMA 1s
also shown.

With reference to FIG. 6, (1) shows the case of Table 1, (2)
shows the case of Table 2, (3) shows the case of Table 3, (4)
shows the case of Table 4, and (35) shows the case of using the
related art repetition coding technique.

As shown 1n the graph, 1t 1s noted that the case (1) has a
remarkably low PAPR, and the cases (1) to (4) have lower
PAPRs than that of the case (5). Namely, by discriminating
the original data and the duplicate data, the results of the
repetition coding, mapping the duplicate data to a modulation
symbol having a different phase from that of the original data,
and transmitting data, the PAPR can be lowered unlike the
case of the general repetition coding.

All functions described above may be performed by a
processor such as a microprocessor, a controller, a microcon-
troller, and an application specific integrated circuit (ASIC)
according to software or program code for performing the
tfunctions. The program code may be designed, developed,
and 1mplemented on the basis of the descriptions of the
present invention, and this 1s well known to those skilled in
the art.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those skilled 1n the art that
various changes i form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims. The exemplary embodi-
ments should be considered 1n descriptive sense only and not
for purposes of limitation. Therefore, the scope of the mven-
tion 1s defined not by the detailed description of the invention
but by the appended claims, and all differences within the
scope will be construed as being included in the present
ivention.

The mvention claimed 1s:
1. A method of transmitting data 1in a wireless communi-
cation system, the method comprising:
receiving information about a number of times of vepetition
coding;
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generating duplicate data by using repetition coding, the
duplicate data being the same as original data;

changing [the] a phase of the duplicate data:

allocating the original data and the phase-changed dupli-
cate data to the subcarriers 1n a same orthogonal fre-
quency division multiplexing (OFDM) symbol; and

transmitting the original data and the phase-changed dupli-
cate data,

wherein the original data are transmitted through a first
frequency band being comprised of contiguous subcar-
riers and the phase-changed duplicate data are transmut-
ted through a second frequency band being comprised of
contiguous subcarriers,

the first frequency band and the second frequency band are
different frequency bands 1n a frequency domain,

wherein a number of the duplicate data is detevmined by
the number of times of the rvepetition coding.

2. The method of claim 1, wherein the phase of the dupli-

cate data are changed by a unitary matrix ‘C” which 1s

1 1 1 1

L j -1 —j
1 -1 1 -1}

L -y -1

3. The method of claim 1, wherein the phase of the dupli-
cate data are changed by a CAZAC (Constant Amplitude Zero
Auto-Correlation) sequence.

4. A method of transmitting data 1n a wireless communi-
cation system, the method comprising:

generating duplicate data which 1s the same as original data
by using a repetition coding;

changing [the] a size and [the] a phase of the duplicate
data;

allocating the original data and the duplicate data with the
changed size and phase to the subcarriers 1n a same
orthogonal frequency division multiplexing (OFDM)
symbol; and

transmitting the original data and the duplicate data with
the changed size and phase.

5. The method of claim 4, further comprising:

alter the size and the phase of the duplicate data are
changed, performing discrete fourier transform (DFT)
and inverse fast fourier transform (IFFT) 1n sequence.

6. A data transmitter comprising:

a data processing unit to perform repetition coding for
original data to generate duplicate data, wherein the
number of duplicated data is determined by a number of
times of the repetition coding;

a data changing unit to change [the] a phase of the duplicate
data; and

a subcarrier allocating unit to map the original data and the
phase-changed duplicate data to subcarriers 1n a same
orthogonal frequency division multiplexing (OFDM)
symbol,

wherein the original data are transmitted through a first
frequency band being comprised of contiguous subcar-
riers and the phase-changed duplicate data are transmuit-
ted through a second frequency band being comprised of
contiguous subcarriers,

the first frequency band and the second frequency band are
different frequency bands 1n a frequency domain.
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