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APPARATUS FOR TRANSMITTING corresponding to each of a plurality of data transmission 
BROADCAST SIGNALS , APPARATUS FOR path , wherein each of the data transmission path carries at 

RECEIVING BROADCAST SIGNALS , least one service component , building at least one signal 
METHOD FOR TRANSMITTING frame including the encoded service data , modulating the at 

BROADCAST SIGNALS AND METHOD FOR 5 least one signal frame by an OFDM ( Orthogonal Frequency 
RECEIVING BROADCAST SIGNALS Division Multiplex ) scheme , transmitting the broadcast sig 

nals carrying the at least one modulated signal frame , 
Pursuant to 35 U . S . C . $ 119 ( e ) , this application claims the wherein each of the at least one signal frame includes a 

benefit of U . S . Provisional Application Ser . No . 61 / 869 , 074 , preamble having signaling data , wherein the signaling data 
filed on Aug . 23 , 2013 , which is hereby incorporated by 10 includes size of FFT , information of whether the signal 
reference as if fully set forth herein . frame including EAC message or not and information relat 

ing to the service data of the signal frame . 
BACKGROUND OF THE INVENTION 

Advantageous Effects 
Field of the Invention 
The present invention relates to an apparatus for trans The present invention can process data according to 

mitting broadcast signals , an apparatus for receiving broad service characteristics to control QoS for each service or 
cast signals and methods for transmitting and receiving service component , thereby providing various broadcast 
broadcast signals . services . 

Discussion of the Related Art 20 The present invention can achieve transmission flexibility 
As analog broadcast signal transmission comes to an end , by transmitting various broadcast services through the same 

various technologies for transmitting / receiving digital RF signal bandwidth . 
broadcast signals are being developed . A digital broadcast The present invention can improve data transmission 
signal may include a larger amount of video / audio data than efficiency and increase robustness of transmission / reception 
an analog broadcast signal and further include various types 25 of broadcast signals using a MIMO system . 
of additional data in addition to the video / audio data . According to the present invention , it is possible to 

That is , a digital broadcast system can provide HD ( high provide broadcast signal transmission and reception meth 
definition ) images , multi - channel audio and various addi ods and apparatus capable of receiving digital broadcast 
tional services . However , data transmission efficiency for signals without error even with mobile reception equipment 
transmission of large amounts of data , robustness of trans - 30 or in an indoor environment . 
mission / reception networks and network flexibility in con 
sideration of mobile reception equipment need to be BRIEF DESCRIPTION OF THE DRAWINGS 
improved for digital broadcast . 

FIG . 1 illustrates a structure of an apparatus for transmit 
SUMMARY OF THE INVENTION 35 ting broadcast signals for future broadcast services accord 

ing to an embodiment of the present invention . 
Accordingly , the present invention is directed to an appa - FIG . 2 illustrates an input formatting module according to 

ratus for transmitting broadcast signals and an apparatus for an embodiment of the present invention . 
receiving broadcast signals for future broadcast services and FIG . 3 illustrates an input formatting module according to 
methods for transmitting and receiving broadcast signals for 40 another embodiment of the present invention . 
future broadcast services . FIG . 4 illustrates an input formatting module according to 

An object of the present invention is to provide an another embodiment of the present invention . 
apparatus and method for transmitting broadcast signals to FIG . 5 illustrates a coding & modulation module accord 
multiplex data of a broadcast transmission / reception system ing to an embodiment of the present invention . 
providing two or more different broadcast services in a time 45 FIG . 6 illustrates a frame structure module according to an 
domain and transmit the multiplexed data through the same 
RF signal bandwidth and an apparatus and method for FIG . 7 illustrates a waveform generation module accord 
receiving broadcast signals corresponding thereto . ing to an embodiment of the present invention . 

Another object of the present invention is to provide an FIG . 8 illustrates a structure of an apparatus for receiving 
apparatus for transmitting broadcast signals , an apparatus 50 broadcast signals for future broadcast services according to 
for receiving broadcast signals and methods for transmitting an embodiment of the present invention . 
and receiving broadcast signals to classify data correspond - FIG . 9 illustrates a synchronization & demodulation mod 
ing to services by components , transmit data corresponding ule according to an embodiment of the present invention . 
to each component as a data pipe , receive and process the FIG . 10 illustrates a frame parsing module according to an 
data 55 embodiment of the present invention . 

Still another object of the present invention is to provide FIG . 11 illustrates a demapping & decoding module 
an apparatus for transmitting broadcast signals , an apparatus according to an embodiment of the present invention . 
for receiving broadcast signals and methods for transmitting FIG . 12 illustrates an output processor according to an 
and receiving broadcast signals to signal signaling informa embodiment of the present invention . 
tion necessary to provide broadcast signals . 60 FIG . 13 illustrates an output processor according to 

another embodiment of the present invention . 
Technical Solution FIG . 14 illustrates a coding & modulation module accord 

ing to another embodiment of the present invention . 
To achieve the object and other advantages and in accor - FIG . 15 illustrates a demapping & decoding module 

dance with the purpose of the invention , as embodied and 65 according to another embodiment of the present invention . 
broadly described herein , a method for transmitting broad - FIG . 16 illustrates a frame structure of a broadcast system 
cast signals , the method comprises encoding service data according to an embodiment of the present invention . 
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tion . 

FIG . 17 illustrates a preamble insertion block according to Although most terms used in the present invention have 
an embodiment of the present invention . been selected from general ones widely used in the art , some 

FIG . 18 shows mathematical expressions representing terms have been arbitrarily selected by the applicant and 
relationships between input information and output infor - their meanings are explained in detail in the following 
mation or mapping rules of the DQPSK / DBPSK mapper 5 description as needed . Thus , the present invention should be 
17040 according to an embodiment of the present invention . understood based upon the intended meanings of the terms 

FIG . 19 illustrates preamble structures according to an rather than their simple names or meanings . 
embodiment of the present invention . The present invention provides apparatuses and methods 

FIG . 20 illustrates a preamble insertion block according to for transmitting and receiving broadcast signals for future 
an embodiment of the present invention . broadcast services . Future broadcast services according to 

FIG . 21 illustrates a preamble insertion block according to an embodiment of the present invention include a terrestrial 
an embodiment of the present invention . broadcast service , a mobile broadcast service , a UHDTV 

FIG . 22 is a graph showing a scrambling sequence accord service , etc . The apparatuses and methods for transmitting 
ing to an embodiment of the present invention . according to an embodiment of the present invention may be 

FIG . 23 illustrates examples of scrambling sequences categorized into a base profile for the terrestrial broadcast 
modified from the binary chirp - like sequence according to service , a handheld profile for the mobile broadcast service 
an embodiment of the present invention . and an advanced profile for the UHDTV service . In this case , 

FIG . 24 illustrates a signaling information structure in the the base profile can be used as a profile for both the 
preamble according to an embodiment of the present inven - 20 terrestrial broadcast service and the mobile broadcast ser 

vice . That is , the base profile can be used to define a concept 
FIG . 25 illustrates a procedure of processing signaling of a profile which includes the mobile profile . This can be 

data transmitted through the preamble according to an changed according to intention of the designer . 
embodiment of the present invention . The present invention may process broadcast signals for 

FIG . 26 illustrates a procedure of processing signaling 25 the future broadcast services through non - MIMO ( Multiple 
data transmitted through the preamble according to an Input Multiple Output ) or MIMO according to one embodi 
embodiment of the present invention . ment . A non - MIMO scheme according to an embodiment of 

FIG . 27 illustrates a differential encoding operation that the present invention may include a MISO ( Multiple Input 
can be performed by a preamble insertion module according Single Output ) scheme , a SISO ( Single Input Single Output ) 
to an embodiment of the present invention . 30 scheme , etc . 

FIG . 28 illustrates a differential encoding operation that While MISO or MIMO uses two antennas in the follow 
can be performed by a preamble insertion module according ing for convenience of description , the present invention is 
to another embodiment of the present invention . applicable to systems using two or more antennas . 

FIG . 29 is a block diagram of a correlation detector FIG . 1 illustrates a structure of an apparatus for transmit 
included in a preamble detector according to an embodiment 35 ting broadcast signals for future broadcast services accord 
of the present invention . ing to an embodiment of the present invention . 

FIG . 30 illustrates a signaling decoder of a preamble The apparatus for transmitting broadcast signals for future 
detector according to an embodiment of the present inven - broadcast services according to an embodiment of the pres 

ent invention can include an input formatting module 1000 , 
FIG . 31 illustrates a signaling decoder of a preamble 40 a coding & modulation module 1100 , a frame structure 

detector according to an embodiment of the present inven - module 1200 , a waveform generation module 1300 and a 
tion . signaling generation module 1400 . A description will be 

FIG . 32 illustrates a signaling decoder of a preamble given of the operation of each module of the apparatus for 
detector according to an embodiment of the present inven - transmitting broadcast signals . 
tion . 45 Referring to FIG . 1 , the apparatus for transmitting broad 

FIG . 33 is a flowchart illustrating a method for transmit - cast signals for future broadcast services according to an 
ting a broadcast signal according to an embodiment of the embodiment of the present invention can receive MPEG 
present invention . TSs , IP streams ( v4 / v6 ) and generic streams ( GSs ) as an 

FIG . 34 is a flowchart illustrating a method for receiving input signal . In addition , the apparatus for transmitting 
a broadcast signal according to an embodiment of the 50 broadcast signals can receive management information 
present invention . about the configuration of each stream constituting the input 

signal and generate a final physical layer signal with refer 
DETAILED DESCRIPTION OF THE ence to the received management information . 

INVENTION The input formatting module 1000 according to an 
55 embodiment of the present invention can classify the input 

Reference will now be made in detail to the preferred streams on the basis of a standard for coding and modulation 
embodiments of the present invention , examples of which or services or service components and output the input 
are illustrated in the accompanying drawings . The detailed streams as a plurality of logical data pipes ( or data pipes or 
description , which will be given below with reference to the DP data ) . The data pipe is a logical channel in the physical 
accompanying drawings , is intended to explain exemplary 60 layer that carries service data or related metadata , which 
embodiments of the present invention , rather than to show may carry one or multiple service ( s ) or service 
the only embodiments that can be implemented according to component ( s ) . In addition , data transmitted through each 
the present invention . The following detailed description data pipe may be called DP data . 
includes specific details in order to provide a thorough In addition , the input formatting module 1000 according 
understanding of the present invention . However , it will be 65 to an embodiment of the present invention can divide each 
apparent to those skilled in the art that the present invention data pipe into blocks necessary to perform coding and 
may be practiced without such specific details . modulation and carry out processes necessary to increase 

tion . 
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transmission efficiency or to perform scheduling . Details of FIG . 2 illustrates an input formatting module according to 
operations of the input formatting module 1000 will be one embodiment of the present invention . FIG . 2 shows an 
described later . input formatting module when the input signal is a single 

The coding & modulation module 1100 according to an input stream . 
embodiment of the present invention can perform forward 5 Referring to FIG . 2 , the input formatting module accord 
error correction ( FEC ) encoding on each data pipe received ing to one embodiment of the present invention can include 
from the input formatting module 1000 such that an appa a mode adaptation module 2000 and a stream adaptation 
ratus for receiving broadcast signals can correct an error that module 2100 . 

As shown in FIG . 2 , the mode adaptation module 2000 may be generated on a transmission channel . In addition , the 
coding & modulation module 1100 according to an embodi 10 can include an input interface block 2010 , a CRC - 8 encoder 

block 2020 and a BB header insertion block 2030 . Descrip ment of the present invention can convert FEC output bit tion will be given of each block of the mode adaptation data to symbol data and interleave the symbol data to correct module 2000 . burst error caused by a channel . As shown in FIG . 1 , the The input interface block 2010 can divide the single input 
coding & modulation module 1100 according to an embodi vaccoraing to an empodi - 15 stream input thereto into data pieces each having the length 
ment of the present invention can divide the processed data of a baseband ( BB ) frame used for FEC ( BCH / LDPC ) which of a baseband ( BB frame used for FEC ( BCHI DPC which 
such that the divided data can be output through data paths will be performed later and output the data pieces . 
for respective antenna outputs in order to transmit the data The CRC - 8 encoder block 2020 can perform CRC encod 
through two or more Tx antennas . ing on BB frame data to add redundancy data thereto . 

The frame structure module 1200 according to an embodi - 20 The BB header insertion block 2030 can insert , into the 
ment of the present invention can map the data output from BB frame data , a header including information such as mode 
the coding & modulation module 1100 to signal frames . The adaptation type ( TS / GS / IP ) , a user packet length , a data field 
frame structure module 1200 according to an embodiment of length , user packet sync byte , start address of user packet 
the present invention can perform mapping using scheduling sync byte in data field , a high efficiency mode indicator , an 
information output from the input formatting module 1000 25 input stream synchronization field , etc . 
and interleave data in the signal frames in order to obtain As shown in FIG . 2 , the stream adaptation module 2100 
additional diversity gain . can include a padding insertion block 2110 and a BB 

The waveform generation module 1300 according to an scrambler block 2120 . Description will be given of each 
embodiment of the present invention can convert the signal block of the stream adaptation module 2100 . 
frames output from the frame structure module 1200 into a 30 * 30 If data received from the mode adaptation module 2000 

has a length shorter than an input data length necessary for signal for transmission . In this case , the waveform genera FEC encoding , the padding insertion block 2110 can insert tion module 1300 according to an embodiment of the present a padding bit into the data such that the data has the input invention can insert a preamble signal ( or preamble ) into the data length and output the data including the padding bit . 
signal for detection of the transmission apparatus and insert 35 The BB scrambler block 2120 can randomize the input bit 
a reference signal for estimating a transmission channel to stream by performing an XOR operation on the input bit 
compensate for distortion into the signal . In addition , the stream and a pseudo random binary sequence ( PRBS ) . 
waveform generation module 1300 according to an embodi - The above - described blocks may be omitted or replaced 
ment of the present invention can provide a guard interval by blocks having similar or identical functions . 
and insert a specific sequence into the same in order to offset 40 As shown in FIG . 2 , the input formatting module can 
the influence of channel delay spread due to multi - path finally output data pipes to the coding & modulation module . 
reception . Additionally , the waveform generation module FIG . 3 illustrates an input formatting module according to 
1300 according to an embodiment of the present invention another embodiment of the present invention . FIG . 3 shows 
can perform a procedure necessary for efficient transmission a mode adaptation module 3000 of the input formatting 
in consideration of signal characteristics such as a peak - to - 45 module when the input signal corresponds to multiple input 
average power ratio of the output signal . streams . 

The signaling generation module 1400 according to an The mode adaptation module 3000 of the input formatting 
embodiment of the present invention generates final physical module for processing the multiple input streams can inde 
layer signaling information using the input management pendently process the multiple input streams . 
information and information generated by the input format - 50 Referring to FIG . 3 , the mode adaptation module 3000 for 
ting module 1000 , coding & modulation module 1100 and respectively processing the multiple input streams can 
frame structure module 1200 . Accordingly , a reception appa - include input interface blocks , input stream synchronizer 
ratus according to an embodiment of the present invention blocks 3100 , compensating delay blocks 3200 , null packet 
can decode a received signal by decoding the signaling deletion blocks 3300 , CRC - 8 encoder blocks and BB header 
information . 55 insertion blocks . Description will be given of each block of 
As described above , the apparatus for transmitting broad - the mode adaptation module 3000 . 

cast signals for future broadcast services according to one Operations of the input interface block , CRC - 8 encoder 
embodiment of the present invention can provide terrestrial block and BB header insertion block correspond to those of 
broadcast service , mobile broadcast service , UHDTV ser - the input interface block , CRC - 8 encoder block and BB 
vice , etc . Accordingly , the apparatus for transmitting broad - 60 header insertion block described with reference to FIG . 2 
cast signals for future broadcast services according to one and thus description thereof is omitted . 
embodiment of the present invention can multiplex signals The input stream synchronizer block 3100 can transmit 
for different services in the time domain and transmit the input stream clock reference ( ISCR ) information to generate 
same . timing information necessary for the apparatus for receiving 

FIGS . 2 , 3 and 4 illustrate the input formatting module 65 broadcast signals to restore the TSs or GSs . 
1000 according to embodiments of the present invention . A The compensating delay block 3200 can delay input data 
description will be given of each figure . and output the delayed input data such that the apparatus for 
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receiving broadcast signals can synchronize the input data if included in a super - frame and can be changed on a frame 
a delay is generated between data pipes according to pro - by - frame basis . Accordingly , the reception apparatus can 
cessing of data including the timing information by the acquire the PLS - post information by decoding the PLS - pre 
transmission apparatus . information and decode desired data pipes by decoding the 

The null packet deletion block 3300 can delete unneces - 5 PLS - post information . 
sarily transmitted input null packets from the input data , The BB scrambler block 4400 can generate a pseudo 
insert the number of deleted null packets into the input data random binary sequence ( PRBS ) and perform an XOR 
based on positions in which the null packets are deleted and operation on the PRBS and the input bit streams to decrease 
transmit the input data . the peak - to - average power ratio ( PAPR ) of the output signal 

The above - described blocks may be omitted or replaced 10 of the waveform generation block . As shown in FIG . 4 , 
by blocks having similar or identical functions . scrambling of the BB scrambler block 4400 is applicable to 

FIG . 4 illustrates an input formatting module according to both data pipes and physical layer signaling information . 
another embodiment of the present invention . The above - described blocks may be omitted or replaced 

Specifically , FIG . 4 illustrates a stream adaptation module by blocks having similar or identical functions according to 
of the input formatting module when the input signal cor - 15 designer . 
responds to multiple input streams . As shown in FIG . 4 , the stream adaptation module can 

The stream adaptation module of the input formatting finally output the data pipes to the coding & modulation 
module when the input signal corresponds to multiple input module . 
streams can include a scheduler 4000 , a 1 - frame delay block FIG . 5 illustrates a coding & modulation module accord 
4100 , an in - band signaling or padding insertion block 4200 , 20 ing to an embodiment of the present invention . 
a physical layer signaling generation block 4300 and a BB The coding & modulation module shown in FIG . 5 
scrambler block 4400 . Description will be given of each corresponds to an embodiment of the coding & modulation 
block of the stream adaptation module . module illustrated in FIG . 1 . 

The scheduler 4000 can perform scheduling for a MIMO As described above , the apparatus for transmitting broad 
system using multiple antennas having dual polarity . In 25 cast signals for future broadcast services according to an 
addition , the scheduler 4000 can generate parameters for use embodiment of the present invention can provide a terres 
in signal processing blocks for antenna paths , such as a trial broadcast service , mobile broadcast service , UHDTV 
bit - to - cell demux block , a cell interleaver block , a time service , etc . 
interleaver block , etc . included in the coding & modulation Since QoS ( quality of service ) depends on characteristics 
module illustrated in FIG . 1 . 30 of a service provided by the apparatus for transmitting 

The 1 - frame delay block 4100 can delay the input data by broadcast signals for future broadcast services according to 
one transmission frame such that scheduling information an embodiment of the present invention , data corresponding 
about the next frame can be transmitted through the current to respective services needs to be processed through differ 
frame for in - band signaling information to be inserted into ent schemes . Accordingly , the coding & modulation module 
the data pipes . 35 according to an embodiment of the present invention can 

The in - band signaling or padding insertion block 4200 independently process data pipes input thereto by indepen 
can insert undelayed physical layer signaling ( PLS ) - dy dently applying SISO , MISO and MIMO schemes to the 
namic signaling information into the data delayed by one data pipes respectively corresponding to data paths . Conse 
transmission frame . In this case , the in - band signaling or quently , the apparatus for transmitting broadcast signals for 
padding insertion block 4200 can insert a padding bit when 40 future broadcast services according to an embodiment of the 
a space for padding is present or insert in - band signaling present invention can control QoS for each service or service 
information into the padding space . In addition , the sched - component transmitted through each data pipe . 
uler 4000 can output physical layer signaling - dynamic sig - Accordingly , the coding & modulation module according 
naling information about the current frame separately from to an embodiment of the present invention can include a first 
in - band signaling information . Accordingly , a cell mapper , 45 block 5000 for SISO , a second block 5100 for MISO , a third 
which will be described later , can map input cells according block 5200 for MIMO and a fourth block 5300 for process 
to scheduling information output from the scheduler 4000 . ing the PLS - pre / PLS - post information . The coding & modu 

The physical layer signaling generation block 4300 can lation module illustrated in FIG . 5 is an exemplary and may 
generate physical layer signaling data which will be trans - include only the first block 5000 and the fourth block 5300 , 
mitted through a preamble symbol of a transmission frame 50 the second block 5100 and the fourth block 5300 or the third 
or spread and transmitted through a data symbol other than block 5200 and the fourth block 5300 according to design . 
the in - band signaling information . In this case , the physical That is , the coding & modulation module can include blocks 
layer signaling data according to an embodiment of the for processing data pipes equally or differently according to 
present invention can be referred to as signaling informa - design . 
tion . Furthermore , the physical layer signaling data accord - 55 A description will be given of each block of the coding & 
ing to an embodiment of the present invention can be modulation module . 
divided into PLS - pre information and PLS - post information . The first block 5000 processes an input data pipe accord 
The PLS - pre information can include parameters necessary ing to SISO and can include an FEC encoder block 5010 , a 
to encode the PLS - post information and static PLS signaling bit interleaver block 5020 , a bit - to - cell demux block 5030 , 
data and the PLS - post information can include parameters 60 a constellation mapper block 5040 , a cell interleaver block 
necessary to encode the data pipes . The parameters neces - 5050 and a time interleaver block 5060 . 
sary to encode the data pipes can be classified into static PLS The FEC encoder block 5010 can perform BCH encoding 
signaling data and dynamic PLS signaling data . The static and LDPC encoding on the input data pipe to add redun 
PLS signaling data is a parameter commonly applicable to dancy thereto such that the reception apparatus can correct 
all frames included in a super - frame and can be changed on 65 an error generated on a transmission channel . 
a super - frame basis . The dynamic PLS signaling data is a The bit interleaver block 5020 can interleave bit streams 
parameter differently applicable to respective frames of the FEC - encoded data pipe according to an interleaving 
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rule such that the bit streams have robustness against burst time block coding ) / OSFBC ( orthogonal space frequency 
error that may be generated on the transmission channel . block coding , Alamouti coding ) . 
Accordingly , when deep fading or erasure is applied to The third block 5200 processes an input data pipe accord 
QAM symbols , errors can be prevented from being gener - ing to MIMO and can include the FEC encoder block , bit 
ated in consecutive bits from among all codeword bits since 5 interleaver block , bit - to - cell demux block , constellation 
interleaved bits are mapped to the QAM symbols . mapper block , cell interleaver block and time interleaver 

The bit - to - cell demux block 5030 can determine the order block in the same manner as the second block 5100 , as 
of input bit streams such that each bit in an FEC block can shown in FIG . 5 . However , the data processing procedure of 

the third block 5200 is different from that of the second be transmitted with appropriate robustness in consideration 
of both the order of input bit streams and a constellation 10 block 5100 since the third block 5200 includes a MIMO 
mapping rule . processing block 5220 . 

That is , in the third block 5200 , basic roles of the FEC In addition , the bit interleaver block 5020 is located encoder block and the bit interleaver block are identical to between the FEC encoder block 5010 and the constellation those of the first and second blocks 5000 and 5100 although 
mapper block 5040 and can connect output bits of LDPC 15 functions thereof may be different from those of the first and encoding performed by the FEC encoder block 5010 to bit second blocks 5000 and 5100 . 
positions having different reliability values and optimal The bit - to - cell demux block 5210 can generate as many 
values of the constellation mapper in consideration of LDPC output bit streams as input bit streams of MIMO processing 
decoding of the apparatus for receiving broadcast signals . and output the output bit streams through MIMO paths for 
Accordingly , the bit - to - cell demux block 5030 can be 20 MIMO processing . In this case , the bit - to - cell demux block 
replaced by a block having a similar or equal function . 5210 can be designed to optimize the decoding performance 

The constellation mapper block 5040 can map a bit word of the reception apparatus in consideration of characteristics 
input thereto to one constellation . In this case , the constel - of LDPC and MIMO processing . 
lation mapper block 5040 can additionally perform rotation Basic roles of the constellation mapper block , cell inter 
& Q - delay . That is , the constellation mapper block 5040 can 25 leaver block and time interleaver block are identical to those 
rotate input constellations according to a rotation angle , of the first and second blocks 5000 and 5100 although 
divide the constellations into an in - phase component and a functions thereof may be different from those of the first and 
quadrature - phase component and delay only the quadrature second blocks 5000 and 5100 . As shown in FIG . 5 , as many 
phase component by an arbitrary value . Then , the constel - constellation mapper blocks , cell interleaver blocks and time 
lation mapper block 5040 can remap the constellations to 30 interleaver blocks as the number of MIMO paths for MIMO 
new constellations using a paired in - phase component and processing can be present . In this case , the constellation 
quadrature - phase component . mapper blocks , cell interleaver blocks and time interleaver 

In addition , the constellation mapper block 5040 can blocks can operate equally or independently for data input 
move constellation points on a two - dimensional plane in through the respective paths . 
order to find optimal constellation points . Through this 35 The MIMO processing block 5220 can perform MIMO 
process , capacity of the coding & modulation module 1100 processing on two input cells using a MIMO encoding 
can be optimized . Furthermore , the constellation mapper matrix and output the MIMO - processed data through two 
block 5040 can perform the above - described operation using paths . The MIMO encoding matrix according to an embodi 
IQ - balanced constellation points and rotation . The constel ment of the present invention can include spatial multiplex 
lation mapper block 5040 can be replaced by a block having 40 ing , Golden code , full - rate full diversity code , linear disper 
a similar or equal function . sion code , etc . 

The cell interleaver block 5050 can randomly interleave The fourth block 5300 processes the PLS - pre / PLS - post 
cells corresponding to one FEC block and output the inter - information and can perform SISO or MISO processing . 
leaved cells such that cells corresponding to respective FEC The basic roles of the bit interleaver block , bit - to - cell 
blocks can be output in different orders . 45 demux block , constellation mapper block , cell interleaver 

The time interleaver block 5060 can interleave cells block , time interleaver block and MISO processing block 
belonging to a plurality of FEC blocks and output the included in the fourth block 5300 correspond to those of the 
interleaved cells . Accordingly , the cells corresponding to the second block 5100 although functions thereof may be dif 
FEC blocks are dispersed and transmitted in a period cor - ferent from those of the second block 5100 . 
responding to a time interleaving depth and thus diversity 50 A shortened / punctured FEC encoder block 5310 included 
gain can be obtained . in the fourth block 5300 can process PLS data using an FEC 

The second block 5100 processes an input data pipe encoding scheme for a PLS path provided for a case in 
according to MISO and can include the FEC encoder block , which the length of input data is shorter than a length 
bit interleaver block , bit - to - cell demux block , constellation necessary to perform FEC encoding . Specifically , the short 
mapper block , cell interleaver block and time interleaver 55 ened / punctured FEC encoder block 5310 can perform BCH 
block in the same manner as the first block 5000 . However , encoding on input bit streams , pad Os corresponding to a 
the second block 5100 is distinguished from the first block desired input bit stream length necessary for normal LDPC 
5000 in that the second block 5100 further includes a MISO encoding , carry out LDPC encoding and then remove the 
processing block 5110 . The second block 5100 performs the padded Os to puncture parity bits such that an effective code 
same procedure including the input operation to the time 60 rate becomes equal to or lower than the data pipe rate . 
interleaver operation as those of the first block 5000 and thus The blocks included in the first block 5000 to fourth block 
description of the corresponding blocks is omitted . 5300 may be omitted or replaced by blocks having similar 

The MISO processing block 5110 can encode input cells or identical functions according to design . 
according to a MISO encoding matrix providing transmit As illustrated in FIG . 5 , the coding & modulation module 
diversity and output MISO - processed data through two 65 can output the data pipes ( or DP data ) , PLS - pre information 
paths . MISO processing according to one embodiment of the and PLS - post information processed for the respective paths 
present invention can include OSTBC ( orthogonal space to the frame structure module . 
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FIG . 6 illustrates a frame structure module according to The waveform generation module according to an 

one embodiment of the present invention . embodiment of the present invention can modulate and 
The frame structure module shown in FIG . 6 corresponds transmit as many signal frames as the number of antennas 

to an embodiment of the frame structure module 1200 for receiving and outputting signal frames output from the 
illustrated in FIG . 1 . 5 frame structure module illustrated in FIG . 6 . 

The frame structure module according to one embodiment Specifically , the waveform generation module illustrated 
of the present invention can include at least one cell - mapper in FIG . 7 is an embodiment of a waveform generation 
6000 , at least one delay compensation module 6100 and at module of an apparatus for transmitting broadcast signals 

least one block interleaver 6200 . The number of cell map using m Tx antennas and can include m processing blocks 
pers 6000 , delay compensation modules 6100 and block 10 for modulating and outputting frames corresponding to m 

paths . The m processing blocks can perform the same interleavers 6200 can be changed . A description will be processing procedure . A description will be given of opera given of each module of the frame structure block . tion of the first processing block 7000 from among the m The cell - mapper 6000 can allocate cells corresponding to processing blocks . SISO - , MISO - or MIMO - processed data pipes output from MDU - Or MIMO - processed data pipes output from 15 The first processing block 7000 can include a reference 
the coding & modulation module , cells corresponding to signal & PAPR reduction block 7100 , an inverse waveform 
common data commonly applicable to the data pipes and transform block 7200 , a PAPR reduction in time block 7300 . 
cells corresponding to the PLS - pre / PLS - post information to a guard sequence insertion block 7400 , a preamble insertion 
signal frames according to scheduling information . The block 7500 , a waveform processing block 7600 , other sys 
common data refers to signaling information commonly 20 tem insertion block 7700 and a DAC ( digital analog con 
applied to all or some data pipes and can be transmitted verter ) block 7800 . 
through a specific data pipe . The data pipe through which the The reference signal insertion & PAPR reduction block 
common data is transmitted can be referred to as a common 7100 can insert a reference signal into a predetermined 
data pipe and can be changed according to design . position of each signal block and apply a PAPR reduction 
When the apparatus for transmitting broadcast signals 25 scheme to reduce a PAPR in the time domain . If a broadcast 

according to an embodiment of the present invention uses transmission / reception system according to an embodiment 
two output antennas and Alamouti coding is used for MISO of the present invention corresponds to an OFDM system , 
processing , the cell - mapper 6000 can perform pair - wise cell the reference signal insertion & PAPR reduction block 7100 
mapping in order to maintain orthogonality according to can use a method of reserving some active subcarriers rather 
Alamouti encoding . That is , the cell - mapper 6000 can pro - 30 than using the same . In addition , the reference signal inser 
cess two consecutive cells of the input cells as one unit and tion & PAPR reduction block 7100 may not use the PAPR 
map the unit to a frame . Accordingly , paired cells in an input reduction scheme as an optional feature according to broad 
path corresponding to an output path of each antenna can be cast transmission / reception system . 
allocated to neighboring positions in a transmission frame . The inverse waveform transform block 7200 can trans 

The delay compensation block 6100 can obtain PLS data 35 form an input signal in a manner of improving transmission 
corresponding to the current transmission frame by delaying efficiency and flexibility in consideration of transmission 
input PLS data cells for the next transmission frame by one channel characteristics and system architecture . If the broad 
frame . In this case , the PLS data corresponding to the current cast transmission / reception system according to an embodi 
frame can be transmitted through a preamble part in the ment of the present invention corresponds to an OFDM 
current signal frame and PLS data corresponding to the next 40 system , the inverse waveform transform block 7200 can 
signal frame can be transmitted through a preamble part in employ a method of transforming a frequency domain signal 
the current signal frame or in - band signaling in each data into a time domain signal through inverse FFT operation . If 
pipe of the current signal frame . This can be changed by the the broadcast transmission / reception system according to an 
designer . embodiment of the present invention corresponds to a single 

The block interleaver 6200 can obtain additional diversity 45 carrier system , the inverse waveform transform block 7200 
gain by interleaving cells in a transport block corresponding may not be used in the waveform generation module . 
to the unit of a signal frame . In addition , the block inter - The PAPR reduction in time block 7300 can use a method 
leaver 6200 can perform interleaving by processing two for reducing PAPR of an input signal in the time domain . If 
consecutive cells of the input cells as one unit when the the broadcast transmission / reception system according to an 
above - described pair - wise cell mapping is performed . 50 embodiment of the present invention corresponds to an 
Accordingly , cells output from the block interleaver 6200 OFDM system , the PAPR reduction in time block 7300 may 
can be two consecutive identical cells . use a method of simply clipping peak amplitude . Further 
When pair - wise mapping and pair - wise interleaving are more , the PAPR reduction in time block 7300 may not be 

performed , at least one cell mapper and at least one block used in the broadcast transmission / reception system accord 
interleaver can operate equally or independently for data 55 ing to an embodiment of the present invention since it is an 
input through the paths . optional feature . 

The above - described blocks may be omitted or replaced The guard sequence insertion block 7400 can provide a 
by blocks having similar or identical functions according to guard interval between neighboring signal blocks and insert 
design . a specific sequence into the guard interval as necessary in 

As illustrated in FIG . 6 , the frame structure module can 60 order to minimize the influence of delay spread of a trans 
output at least one signal frame to the waveform generation mission channel . Accordingly , the reception apparatus can 
module . easily perform synchronization or channel estimation . If the 

FIG . 7 illustrates a waveform generation module accord broadcast transmission / reception system according to an 
ing to an embodiment of the present invention . embodiment of the present invention corresponds to an 

The waveform generation module illustrated in FIG . 7 65 OFDM system , the guard sequence insertion block 7400 
corresponds to an embodiment of the waveform generation may insert a cyclic prefix into a guard interval of an OFDM 
module 1300 described with reference to FIG . 1 . symbol . 
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The preamble insertion block 7500 can insert a signal of The frame parsing module 8100 can parse input signal 
a known type ( e . g . the preamble or preamble symbol ) agreed frames and extract data through which a service selected by 
upon between the transmission apparatus and the reception a user is transmitted . If the apparatus for transmitting 
apparatus into a transmission signal such that the reception broadcast signals performs interleaving , the frame parsing 
apparatus can rapidly and efficiently detect a target system 5 module 8100 can carry out deinterleaving corresponding to 
signal . If the broadcast transmission / reception system a reverse procedure of interleaving . In this case , the posi 
according to an embodiment of the present invention cor - tions of a signal and data that need to be extracted can be 
responds to an OFDM system , the preamble insertion block obtained by decoding data output from the signaling decod 
7500 can define a signal frame composed of a plurality of ing module 8400 to restore scheduling information gener 
OFDM symbols and insert a preamble symbol into the 10 ated by the apparatus for transmitting broadcast signals . 
beginning of each signal frame . That is , the preamble carries The demapping & decoding module 8200 can convert the 
basic PLS data and is located in the beginning of a signal input signals into bit domain data and then deinterleave the 
frame . same as necessary . The demapping & decoding module 8200 

The waveform processing block 7600 can perform wave can perform demapping for mapping applied for transmis 
form processing on an input baseband signal such that the 15 sion efficiency and correct an error generated on a transmis 
input baseband signal meets channel transmission charac - sion channel through decoding . In this case , the demapping 
teristics . The waveform processing block 7600 may use a & decoding module 8200 can obtain transmission param 
method of performing square - root - raised cosine ( SRRC ) eters necessary for demapping and decoding by decoding the 
filtering to obtain a standard for out - of - band emission of a data output from the signaling decoding module 8400 . 
transmission signal . If the broadcast transmission / reception 20 The output processor 8300 can perform reverse proce 
system according to an embodiment of the present invention dures of various compression / signal processing procedures 
corresponds to a multi - carrier system , the waveform pro - which are applied by the apparatus for transmitting broad 
cessing block 7600 may not be used . cast signals to improve transmission efficiency . In this case , 

The other system insertion block 7700 can multiplex the output processor 8300 can acquire necessary control 
signals of a plurality of broadcast transmission / reception 25 information from data output from the signaling decoding 
systems in the time domain such that data of two or more module 8400 . The output of the output processor 8300 
different broadcast transmission / reception systems provid - corresponds to a signal input to the apparatus for transmit 
ing broadcast services can be simultaneously transmitted in ting broadcast signals and may be MPEG - TSs , IP streams 
the same RF signal bandwidth . In this case , the two or more ( v4 or v6 ) and generic streams . 
different broadcast transmission / reception systems refer to 30 The signaling decoding module 8400 can obtain PLS 
systems providing different broadcast services . The different information from the signal demodulated by the synchroni 
broadcast services may refer to a terrestrial broadcast ser - zation & demodulation module 8000 . As described above , 
vice , mobile broadcast service , etc . Data related to respec - the frame parsing module 8100 , demapping & decoding 
tive broadcast services can be transmitted through different module 8200 and output processor 8300 can execute func 
frames . 35 tions thereof using the data output from the signaling 

The DAC block 7800 can convert an input digital signal decoding module 8400 . 
into an analog signal and output the analog signal . The signal FIG . 9 illustrates a synchronization & demodulation mod 
output from the DAC block 7800 can be transmitted through ule according to an embodiment of the present invention . 
m output antennas . A Tx antenna according to an embodi The synchronization & demodulation module shown in 
ment of the present invention can have vertical or horizontal 40 FIG . 9 corresponds to an embodiment of the synchronization 
polarity . & demodulation module described with reference to FIG . 8 . 

The above - described blocks may be omitted or replaced The synchronization & demodulation module shown in FIG . 
by blocks having similar or identical functions according to 9 can perform a reverse operation of the operation of the 
design . waveform generation module illustrated in FIG . 7 . 

FIG . 8 illustrates a structure of an apparatus for receiving 45 As shown in FIG . 9 , the synchronization & demodulation 
broadcast signals for future broadcast services according to module according to an embodiment of the present invention 
an embodiment of the present invention . corresponds to a synchronization & demodulation module of 

The apparatus for receiving broadcast signals for future an apparatus for receiving broadcast signals using m Rx 
broadcast services according to an embodiment of the pres - antennas and can include m processing blocks for demodu 
ent invention can correspond to the apparatus for transmit - 50 lating signals respectively input through m paths . The m 
ting broadcast signals for future broadcast services , processing blocks can perform the same processing proce 
described with reference to FIG . 1 . The apparatus for d ure . A description will be given of operation of the first 
receiving broadcast signals for future broadcast services processing block 9000 from among the m processing blocks . 
according to an embodiment of the present invention can T he first processing block 9000 can include a tuner 9100 , 
include a synchronization & demodulation module 8000 , a 55 an ADC block 9200 , a preamble detector 9300 , a guard 
frame parsing module 8100 , a demapping & decoding sequence detector 9400 , a waveform transform block 9500 , 
module 8200 , an output processor 8300 and a signaling a time / frequency synchronization block 9600 , a reference 
decoding module 8400 . A description will be given of signal detector 9700 , a channel equalizer 9800 and an 
operation of each module of the apparatus for receiving inverse waveform transform block 9900 . 
broadcast signals . 60 The tuner 9100 can select a desired frequency band , 

The synchronization & demodulation module 8000 can compensate for the magnitude of a received signal and 
receive input signals through m Rx antennas , perform signal output the compensated signal to the ADC block 9200 . 
detection and synchronization with respect to a system The ADC block 9200 can convert the signal output from 
corresponding to the apparatus for receiving broadcast sig - the tuner 9100 into a digital signal . 
nals and carry out demodulation corresponding to a reverse 65 The preamble detector 9300 can detect a preamble ( or 
procedure of the procedure performed by the apparatus for preamble signal or preamble symbol ) in order to check 
transmitting broadcast signals . whether or not the digital signal is a signal of the system 
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corresponding to the apparatus for receiving broadcast sig As shown in FIG . 10 , the frame parsing module according 
nals . In this case , the preamble detector 9300 can decode to an embodiment of the present invention can include at 
basic transmission parameters received through the pre least one block deinterleaver 10000 and at least one cell 
amble . demapper 10100 . 

The guard sequence detector 9400 can detect a guard 5 The block deinterleaver 10000 can deinterleave data input 
sequence in the digital signal . The time / frequency synchro through data paths of the m Rx antennas and processed by 
nization block 9600 can perform time / frequency synchroni - the synchronization & demodulation module on a signal 
zation using the detected guard sequence and the channel block basis . In this case , if the apparatus for transmitting 
equalizer 9800 can estimate a channel through a received / broadcast signals performs pair - wise interleaving as illus 
restored sequence using the detected guard sequence . trated in FIG . 8 , the block deinterleaver 10000 can process 

The waveform transform block 9500 can perform a two consecutive pieces of data as a pair for each input path . 
reverse operation of inverse waveform transform when the Accordingly , the block interleaver 10000 can output two 
apparatus for transmitting broadcast signals has performed consecutive pieces of data even when deinterleaving has 
inverse waveform transform . When the broadcast transmis - 15 been performed . Furthermore , the block deinterleaver 10000 
sion / reception system according to one embodiment of the can perform a reverse operation of the interleaving operation 
present invention is a multi - carrier system , the waveform performed by the apparatus for transmitting broadcast sig 
transform block 9500 can perform FFT . Furthermore , when nals to output data in the original order . 
the broadcast transmission / reception system according to an The cell demapper 10100 can extract cells corresponding 
embodiment of the present invention is a single carrier 20 to common data , cells corresponding to data pipes and cells 
system , the waveform transform block 9500 may not be used corresponding to PLS data from received signal frames . The 
if a received time domain signal is processed in the fre - cell demapper 10100 can merge data distributed and trans 
quency domain or processed in the time domain . mitted and output the same as a stream as necessary . When 

The time / frequency synchronization block 9600 can two consecutive pieces of cell input data are processed as a 
receive output data of the preamble detector 9300 , guard 25 pair and mapped in the apparatus for transmitting broadcast 
sequence detector 9400 and reference signal detector 9700 signals , as shown in FIG . 6 , the cell demapper 10100 can 
and perform time synchronization and carrier frequency perform pair - wise cell demapping for processing two con 
synchronization including guard sequence detection and secutive input cells as one unit as a reverse procedure of the 
block window positioning on a detected signal . Here , the mapping operation of the apparatus for transmitting broad 
time / frequency synchronization block 9600 can feed back 30 cast signals . 
the output signal of the waveform transform block 9500 for In addition , the cell demapper 10100 can extract PLS 
frequency synchronization . signaling data received through the current frame as PLS - pre 

The reference signal detector 9700 can detect a received & PLS - post data and output the PLS - pre & PLS - post data . 
reference signal . Accordingly , the apparatus for receiving The above - described blocks may be omitted or replaced 
broadcast signals according to an embodiment of the present 35 by blocks having similar or identical functions according to 
invention can perform synchronization or channel estima - design . 
tion . FIG . 11 illustrates a demapping & decoding module 

The channel equalizer 9800 can estimate a transmission according to an embodiment of the present invention . 
channel from each Tx antenna to each Rx antenna from the The demapping & decoding module shown in FIG . 11 
guard sequence or reference signal and perform channel 40 corresponds to an embodiment of the demapping & decod 
equalization for received data using the estimated channel . ing module illustrated in FIG . 8 . The demapping & decoding 

The inverse waveform transform block 9900 may restore module shown in FIG . 11 can perform a reverse operation of 
the original received data domain when the waveform the operation of the coding & modulation module illustrated 
transform block 9500 performs waveform transform for in FIG . 5 . 
efficient synchronization and channel estimation / equaliza - 45 The coding & modulation module of the apparatus for 
tion . If the broadcast transmission / reception system accord transmitting broadcast signals according to an embodiment 
ing to an embodiment of the present invention is a single of the present invention can process input data pipes by 
carrier system , the waveform transform block 9500 can independently applying SISO , MISO and MIMO thereto for 
perform FFT in order to carry out synchronization / channel respective paths , as described above . Accordingly , the 
estimation / equalization in the frequency domain and the 50 demapping & decoding module illustrated in FIG . 11 can 
inverse waveform transform block 9900 can perform IFFT include blocks for processing data output from the frame 
on the channel - equalized signal to restore transmitted data parsing module according to SISO , MISO and MIMO in 
symbols . If the broadcast transmission / reception system response to the apparatus for transmitting broadcast signals . 
according to an embodiment of the present invention is a As shown in FIG . 11 , the demapping & decoding module 
multi - carrier system , the inverse waveform transform block 55 according to an embodiment of the present invention can 
9900 may not be used . include a first block 11000 for SISO , a second block 11100 

The above - described blocks may be omitted or replaced for MISO , a third block 11200 for MIMO and a fourth block 
by blocks having similar or identical functions according to 11300 for processing the PLS - pre / PLS - post information . 
design . The demapping & decoding module shown in FIG . 11 is 

FIG . 10 illustrates a frame parsing module according to an 60 exemplary and may include only the first block 11000 and 
embodiment of the present invention . the fourth block 11300 , only the second block 11100 and the 

The frame parsing module illustrated in FIG . 10 corre - fourth block 11300 or only the third block 11200 and the 
sponds to an embodiment of the frame parsing module fourth block 11300 according to design . That is , the demap 
described with reference to FIG . 8 . The frame parsing ping & decoding module can include blocks for processing 
module shown in FIG . 10 can perform a reverse operation of 65 data pipes equally or differently according to design . 
the operation of the frame structure module illustrated in A description will be given of each block of the demap 
FIG . 6 . ping & decoding module . 
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The first block 11000 processes an input data pipe accord The third block 11200 processes an input data pipe 

ing to SISO and can include a time deinterleaver block according to MIMO and can include the time deinterleaver 
11010 , a cell deinterleaver block 11020 , a constellation block , cell deinterleaver block , constellation demapper 
demapper block 11030 , a cell - to - bit mux block 11040 , a bit block , cell - to - bit mux block , bit deinterleaver block and 
deinterleaver block 11050 and an FEC decoder block 11060 . 5 FEC decoder block in the same manner as the second block 

The time deinterleaver block 11010 can perform a reverse 11100 , as shown in FIG . 11 . However , the third block 11200 
process of the process performed by the time interleaver is distinguished from the second block 11100 in that the third 
block 5060 illustrated in FIG . 5 . That is , the time deinter - block 11200 further includes a MIMO decoding block 
leaver block 11010 can deinterleave input symbols inter - 11210 . The basic roles of the time deinterleaver block , cell 
leaved in the time domain into original positions thereof . deinterleaver block , constellation demapper block , cell - to 

The cell deinterleaver block 11020 can perform a reverse bit mux block and bit deinterleaver block included in the 
process of the process performed by the cell interleaver third block 11200 are identical to those of the corresponding 
block 5050 illustrated in FIG . 5 . That is , the cell deinter blocks included in the first and second blocks 11000 and 
leaver block 11020 can deinterleave positions of cells spread 1 11100 although functions thereof may be different from the 
in one FEC block into original positions thereof . first and second blocks 11000 and 11100 . 

The constellation demapper block 11030 can perform a The MIMO decoding block 11210 can receive output data 
reverse process of the process performed by the constella - of the cell deinterleaver for input signals of the m Rx 
tion mapper block 5040 illustrated in FIG . 5 . That is , the antennas and perform MIMO decoding as a reverse opera 
constellation demapper block 11030 can demap a symbol 20 tion of the operation of the MIMO processing block 5220 
domain input signal to bit domain data . In addition , the illustrated in FIG . 5 . The MIMO decoding block 11210 can 
constellation demapper block 11030 may perform hard perform maximum likelihood decoding to obtain optimal 
decision and output decided bit data . Furthermore , the decoding performance or carry out sphere decoding with 
constellation demapper block 11030 may output a log - reduced complexity . Otherwise , the MIMO decoding block 
likelihood ratio ( LLR ) of each bit , which corresponds to a 25 11210 can achieve improved decoding performance by 
soft decision value or probability value . If the apparatus for performing MMSE detection or carrying out iterative decod 
transmitting broadcast signals applies a rotated constellation dcast signals applies a rotated constellation i ng with MMSE detection . 
in order to obtain additional diversity gain , the constellation The fourth block 11300 processes the PLS - pre / PLS - post demapper block 11030 can perform 2 - dimensional LLR information and can perform SISO or MISO decoding . The demapping corresponding to the rotated constellation . Here , 30 fourth block 11300 can carry out a reverse process of the the constellation demapper block 11030 can calculate the process performed by the fourth block 5300 described with LLR such that a delay applied by the apparatus for trans reference to FIG . 5 . mitting broadcast signals to the I or Q component can be The basic roles of the time deinterleaver block , cell compensated . 

The cell - to - bit mux block 11040 can perform a reverse 35 deinterleaver block , constellation demapper block , cell - to 
process of the process performed by the bit - to - cell demux bit mux block and bit deinterleaver block included in the 
block 5030 illustrated in FIG . 5 . That is , the cell - to - bit mux fourth block 11300 are identical to those of the correspond 
block 11040 can restore bit data mapped by the bit - to - cell ing blocks of the first , second and third blocks 11000 , 11100 
demux block 5030 to the original bit streams . and 11200 although functions thereof may be different from 

The bit deinterleaver block 11050 can perform a reverse 40 the first , second and third blocks 11000 , 11100 and 11200 . 
process of the process performed by the bit interleaver 5020 The shortened / punctured FEC decoder 11310 included in 
illustrated in FIG . 5 . That is , the bit deinterleaver block the fourth block 11300 can perform a reverse process of the 
11050 can deinterleave the bit streams output from the process performed by the shortened / punctured FEC encoder 
cell - to - bit mux block 11040 in the original order . block 5310 described with reference to FIG . 5 . That is , the 

The FEC decoder block 11060 can perform a reverse 45 shortened / punctured FEC decoder 11310 can perform de 
process of the process performed by the FEC encoder block shortening and de - puncturing on data shortened / punctured 
5010 illustrated in FIG . 5 . That is , the FEC decoder block according to PLS data length and then carry out FEC 
11060 can correct an error generated on a transmission decoding thereon . In this case , the FEC decoder used for 
channel by performing LDPC decoding and BCH decoding . data pipes can also be used for PLS . Accordingly , additional 

The second block 11100 processes an input data pipe 50 FEC decoder hardware for the PLS only is not needed and 
according to MISO and can include the time deinterleaver thus system design is simplified and efficient coding is 
block , cell deinterleaver block , constellation demapper achieved . 
block , cell - to - bit mux block , bit deinterleaver block and The above - described blocks may be omitted or replaced 
FEC decoder block in the same manner as the first block by blocks having similar or identical functions according to 
11000 , as shown in FIG . 11 . However , the second block 55 design . 
11100 is distinguished from the first block 11000 in that the The demapping & decoding module according to an 
second block 11100 further includes a MISO decoding block embodiment of the present invention can output data pipes 
11110 . The second block 11100 performs the same procedure and PLS information processed for the respective paths to 
including time deinterleaving operation to outputting opera - the output processor , as illustrated in FIG . 11 . 
tion as the first block 11000 and thus description of the 60 FIGS . 12 and 13 illustrate output processors according to 
corresponding blocks is omitted . embodiments of the present invention . 

The MISO decoding block 11110 can perform a reverse FIG . 12 illustrates an output processor according to an 
operation of the operation of the MISO processing block embodiment of the present invention . The output processor 
5110 illustrated in FIG . 5 . If the broadcast transmission illustrated in FIG . 12 corresponds to an embodiment of the 
reception system according to an embodiment of the present 65 output processor illustrated in FIG . 8 . The output processor 
invention uses STBC , the MISO decoding block 11110 can illustrated in FIG . 12 receives a single data pipe output from 
perform Alamouti decoding . the demapping & decoding module and outputs a single 

em 
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output stream . The output processor can perform a reverse respectively input through a PLS - pre path and a PLS - post 
operation of the operation of the input formatting module path and decode the descrambled data to restore the original 
illustrated in FIG . 2 . PLS data . The restored PLS data is delivered to a system 

The output processor shown in FIG . 12 can include a BB controller included in the apparatus for receiving broadcast 
scrambler block 12000 , a padding removal block 12100 , a 5 signals . The system controller can provide parameters nec 
CRC - 8 decoder block 12200 and a BB frame processor essary for the synchronization & demodulation module , 
block 12300 . frame parsing module , demapping & decoding module and The BB scrambler block 12000 can descramble an input output processor module of the apparatus for receiving bit stream by generating the same PRBS as that used in the broadcast signals . apparatus for transmitting broadcast signals for the input bit 10 The above - described blocks may be omitted or replaced stream and carrying out an XOR operation on the PRBS and by blocks having similar r identical functions according to the bit stream . 

The padding removal block 12100 can remove padding design . 
bits inserted by the apparatus for transmitting broadcast FIG . 14 illustrates a coding & modulation module accord 
signals as necessary . is ing to another embodiment of the present invention . 

The CRC - 8 decoder block 12200 can check a block error The coding & modulation module shown in FIG . 14 
by performing CRC decoding on the bit stream received corresponds to another embodiment of the coding & modu 
from the padding removal block 12100 . lation module illustrated in FIGS . 1 to 5 . 

The BB frame processor block 12300 can decode infor - To control QoS for each service or service component 
mation transmitted through a BB frame header and restore 20 transmitted through each data pipe , as described above with 
MPEG - TSs , IP streams ( v4 or v6 ) or generic streams using reference to FIG . 5 , the coding & modulation module shown 
the decoded information . in FIG . 14 can include a first block 14000 for SISO , a second 

The above - described blocks may be omitted or replaced block 14100 for MISO , a third block 14200 for MIMO and 
by blocks having similar or identical functions according to a fourth block 14300 for processing the PLS - pre / PLS - post 
design . 25 information . In addition , the coding & modulation module 

FIG . 13 illustrates an output processor according to can include blocks for processing data pipes equally or 
another embodiment of the present invention . The output differently according to the design . The first to fourth blocks 
processor shown in FIG . 13 corresponds to an embodiment 14000 to 14300 shown in FIG . 14 are similar to the first to 
of the output processor illustrated in FIG . 8 . The output fourth blocks 5000 to 5300 illustrated in FIG . 5 . 
processor shown in FIG . 13 receives multiple data pipes 30 However , the first to fourth blocks 14000 to 14300 shown 
output from the demapping & decoding module . Decoding in FIG . 14 are distinguished from the first to fourth blocks 
multiple data pipes can include a process of merging com - 5000 to 5300 illustrated in FIG . 5 in that a constellation 
mon data commonly applicable to a plurality of data pipes mapper 14010 included in the first to fourth blocks 14000 to 
and data pipes related thereto and decoding the same or a 14300 has a function different from the first to fourth blocks 
process of simultaneously decoding a plurality of services or 35 5000 to 5300 illustrated in FIG . 5 , a rotation & I / Q inter 
service components ( including a scalable video service ) by leaver block 14020 is present between the cell interleaver 
the apparatus for receiving broadcast signals . and the time interleaver of the first to fourth blocks 14000 to 

The output processor shown in FIG . 13 can include a BB 14300 illustrated in FIG . 14 and the third block 14200 for 
descrambler block , a padding removal block , a CRC - 8 MIMO has a configuration different from the third block 
decoder block and a BB frame processor block as the output 40 5200 for MIMO illustrated in FIG . 5 . The following descrip 
processor illustrated in FIG . 12 . The basic roles of these tion focuses on these differences between the first to fourth 
blocks correspond to those of the blocks described with blocks 14000 to 14300 shown in FIG . 14 and the first to 
reference to FIG . 12 although operations thereof may differ fourth blocks 5000 to 5300 illustrated in FIG . 5 . 
from those of the blocks illustrated in FIG . 12 . The constellation mapper block 14010 shown in FIG . 14 

A de - jitter buffer block 13000 included in the output 45 can map an input bit word to a complex symbol . However , 
processor shown in FIG . 13 can compensate for a delay , the constellation mapper block 14010 may not perform 
inserted by the apparatus for transmitting broadcast signals constellation rotation , differently from the constellation 
for synchronization of multiple data pipes , according to a mapper block shown in FIG . 5 . The constellation mapper 
restored TTO ( time to output ) parameter . block 14010 shown in FIG . 14 is commonly applicable to 

A null packet insertion block 13100 can restore a null 50 the first , second and third blocks 14000 , 14100 and 14200 , 
packet removed from a stream with reference to a restored as described above . 
DNP ( deleted null packet ) and output common data . The rotation & I / Q interleaver block 14020 can indepen 

A TS clock regeneration block 13200 can restore time dently interleave in - phase and quadrature - phase components 
synchronization of output packets based on ISCR ( input of each complex symbol of cell - interleaved data output from 
stream time reference ) information . 55 the cell interleaver and output the in - phase and quadrature 

A TS recombining block 13300 can recombine the com - phase components on a symbol - by - symbol basis . The num 
mon data and data pipes related thereto , output from the null ber of number of input data pieces and output data pieces of 
packet insertion block 13100 , to restore the original MPEG the rotation & I / Q interleaver block 14020 is two or more 
TSs , IP streams ( v4 or v6 ) or generic streams . The TTO , which can be changed by the designer . In addition , the 
DNT and ISCR information can be obtained through the BB 60 rotation & I / Q interleaver block 14020 may not interleave 
frame header . the in - phase component . 

An in - band signaling decoding block 13400 can decode The rotation & I / Q interleaver block 14020 is commonly 
and output in - band physical layer signaling information applicable to the first to fourth blocks 14000 to 14300 , as 
transmitted through a padding bit field in each FEC frame of described above . In this case , whether or not the rotation & 
a data pipe . 65 I / Q interleaver block 14020 is applied to the fourth block 

The output processor shown in FIG . 13 can BB - de - 14300 for processing the PLS - pre / post information can be 
scramble the PLS - pre information and PLS - post information signaled through the above - described preamble . 
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The third block 14200 for MIMO can include a Q - block 15300 , as described above . In this case , whether or not the 
interleaver block 14210 and a complex symbol generator I / Q deinterleaver & derotation block 15010 is applied to the 
block 14220 , as illustrated in FIG . 14 . fourth block 15300 for processing the PLS - pre / post infor 

The Q - block interleaver block 14210 can permute a parity mation can be signaled through the above - described pre 
part of an FEC - encoded FEC block received from the FEC 5 amble . 
encoder . Accordingly , a parity part of an LDPC H matrix can The constellation demapper block 15020 can perform a 
be made into a cyclic structure like an information part . The reverse process of the process performed by the constella 
Q - block interleaver block 14210 can permute the order of tion mapper block 14010 illustrated in FIG . 14 . That is , the 
output bit blocks having Q size of the LDPC H matrix and constellation demapper block 15020 can demap cell - deinter 
then perform row - column block interleaving to generate 10 leaved data without performing derotation . 
final bit streams . The third block 15200 for MIMO can include a complex 

The complex symbol generator block 14220 receives the symbol parsing block 15210 and a Q - block deinterleaver 
bit streams output from the Q - block interleaver block 14210 , block 15220 , as shown in FIG . 15 . 
maps the bit streams to complex symbols and outputs the The complex symbol parsing block 15210 can perform a 
complex symbols . In this case , the complex symbol genera - 15 reverse process of the process performed by the complex 
tor block 14220 can output the complex symbols through at symbol generator block 14220 illustrated in FIG . 14 . That is , 
least two paths . This can be modified by the designer . the complex symbol parsing block 15210 can parse complex 

The above - described blocks may be omitted or replaced data symbols and demap the same to bit data . In this case , 
by blocks having similar or identical functions according to the complex symbol parsing block 15210 can receive com 
design . 20 plex data symbols through at least two paths . 

The coding & modulation module according to another The Q - block deinterleaver block 15220 can perform a 
embodiment of the present invention , illustrated in FIG . 14 , reverse process of the process carried out by the Q - block 
can output data pipes , PLS - pre information and PLS - post interleaver block 14210 illustrated in FIG . 14 . That is , the 
information processed for respective paths to the frame Q - block deinterleaver block 15220 can restore Q size blocks 
structure module . 25 according to row - column deinterleaving , restore the order of 

FIG . 15 illustrates a demapping & decoding module permuted blocks to the original order and then restore 
according to another embodiment of the present invention . positions of parity bits to original positions according to 

The demapping & decoding module shown in FIG . 15 parity deinterleaving . 
corresponds to another embodiment of the demapping & The above - described blocks may be omitted or replaced 
decoding module illustrated in FIG . 11 . The demapping & 30 by blocks having similar or identical functions according to 
decoding module shown in FIG . 15 can perform a reverse design . 
operation of the operation of the coding & modulation As illustrated in FIG . 15 , the demapping & decoding 
module illustrated in FIG . 14 . module according to another embodiment of the present 
As shown in FIG . 15 , the demapping & decoding module invention can output data pipes and PLS information pro 

according to another embodiment of the present invention 35 cessed for respective paths to the output processor . 
can include a first block 15000 for SISO , a second block As described above , the apparatus and method for trans 
11100 for MISO , a third block 15200 for MIMO and a fourth mitting broadcast signals according to an embodiment of the 
block 14300 for processing the PLS - pre / PLS - post informa present invention can multiplex signals of different broad 
tion . In addition , the demapping & decoding module can cast transmission / reception systems within the same RF 
include blocks for processing data pipes equally or differ - 40 channel and transmit the multiplexed signals and the appa 
ently according to design . The first to fourth blocks 15000 to ratus and method for receiving broadcast signals according 
15300 shown in FIG . 15 are similar to the first to fourth to an embodiment of the present invention can process the 
blocks 11000 to 11300 illustrated in FIG . 11 . signals in response to the broadcast signal transmission 

However , the first to fourth blocks 15000 to 15300 shown operation . Accordingly , it is possible to provide a flexible 
in FIG . 15 are distinguished from the first to fourth blocks 45 broadcast transmission and reception system . 
11000 to 11300 illustrated in FIG . 11 in that an I / Q deinter - As described above , the waveform generation module 
leaver and derotation block 15010 is present between the 1300 according to an embodiment of the present invention 
time interleaver and the cell deinterleaver of the first to may convert signal frames output from the frame structure 
fourth blocks 15000 to 15300 , a constellation mapper 15010 module 1200 into ultimately transmittable signals . In this 
included in the first to fourth blocks 15000 to 15300 has a 50 case , the waveform generation module 1300 according to an 
function different from the first to fourth blocks 11000 to embodiment of the present invention may use a phase 
11300 illustrated in FIG . 11 and the third block 15200 for pre - distortion ( PPD ) method ( or phase distortion ) . The 
MIMO has a configuration different from the third block phase pre - distortion method according to an embodiment of 
11200 for MIMO illustrated in FIG . 11 . The following the present invention may be also referred to as a distributed 
description focuses on these differences between the first to 55 MISO scheme or 2D - ESFN . In addition , the present inven 
fourth blocks 15000 to 15300 shown in FIG . 15 and the first tion assumes that input signals of the waveform generation 
to fourth blocks 11000 to 11300 illustrated in FIG . 11 . block 1300 are the same . 

The 1 / Q deinterleaver & derotation block 15010 can The system according to the present invention supports 
perform a reverse process of the process performed by the the SFN ( Single Frequency Network ) network , where dis 
rotation & I / Q interleaver block 14020 illustrated in FIG . 14 . 60 tributed MISO scheme is optionally used to support very 
That is , the I / Q deinterleaver & derotation block 15010 can robust transmission mode . The 2D - eSFN is a distributed 
deinterleave I and Q components I / Q - interleaved and trans - MISO scheme that uses multiple TX antennas , each of 
mitted by the apparatus for transmitting broadcast signals which is located in the different transmitter site in the SFN 
and derotate complex symbols having the restored I and network . 
components . 65 In the SFN configuration , the 2D - eSFN processing inde 

The I / Q deinterleaver & derotation block 15010 is com - pendently distorts the phase of the signals transmitted from 
monly applicable to the first to fourth blocks 15000 to multiple transmitters , in order to create both time and 
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frequency diversity . Hence , burst errors due to low flat The names of signal frames , types of services transmitted 
fading or deep - fading for a long time can be mitigated by the signal frames and durations of the signal frames , 
According to the phase pre - distortion method of the suggested in the present invention , are exemplary and may 

present invention , the performance of channel estimation by be changed according to designer . 
a broadcast signal reception apparatus may not deteriorate 5 The signal frame according to an embodiment of the 
and gain distortion of a transmission signal may not be present invention may transmit data for one of a base profile , 
caused and thus the loss of transmission capacity due to the handheld profile and advanced profile . That is , data corre 
gain distortion may be minimized . sponding to each profile can be transmitted on a signal frame 

basis . The broadcast signal reception apparatus may identify In addition , the phase pre - distortion method of the present 
invention may be applied independently to a plurality of TX " y 10 each profile according to a received signal frame and obtain 

a broadcast service suitable therefor . One frame type set may antennas as described above and thus a diversity gain may include a plurality of signal frames corresponding to the be achieved . Further , since the broadcast signal reception same profile . This may be changed according to designer . 
apparatus does not need to process phase pre - distortion , FIG . 16 ( d ) illustrates a configuration of each signal frame . 
additional complexity is not required to design the broadcast 15 . Each signal frame may include a preamble . edge pilot . 
signal reception apparatus . signaling field and a plurality of data symbols . This con 

FIG . 16 illustrates a frame structure of a broadcast system figuration may be changed according to designer . 
according to an embodiment of the present invention . The preamble is located at the head of the signal frame 

A cell mapper included in the aforementioned frame and may carry basic transmission parameters for identifying 
structure module may arrange cells transmitting input DP 20 a broadcast system and type of each signal frame , informa 
data processed according to SISO , MISO or MIMO , cells tion for synchronization of the time domain and frequency 
transmitting common DP and cells transmitting PLS data in domain , information related to EAS ( Emergency Alert Sys 
a signal frame according to scheduling information . Then , tem ) messages ( or EAC messages ) and the like . The broad 
generated signal frames may be continuously transmitted . cast signal reception apparatus according to an embodiment 

A broadcast signal transmission apparatus and method 25 of the present invention can perform frame synchronization 
according to an embodiment of the present invention can since the broadcast signal reception apparatus can detect the 
multiplex different signals of a broadcast transmission preamble to acquire the frame start point . 
reception system in the same RF channel and transmit the The preamble according to an embodiment of the present 
multiplexed signals and a broadcast signal reception appa - invention is a basic transmission parameter and may include 
ratus and method according to an embodiment of the present 30 type of profile transmitted through a signal frame , FFT size , 
invention can process the signals . Accordingly , the present guard interval length , pilot pattern , etc . 
invention can provide a flexible broadcast transmission / Accordingly , the broadcast signal reception apparatus 
reception system . according to an embodiment of the present invention can 

The broadcast signal transmission apparatus according to identify the corresponding broadcast system and frame type 
an embodiment of the present invention can continuously 35 by detecting the preamble of the signal frame first and 
transmit a plurality of superframes carrying data related to a selectively receive and decode a broadcast signal corre 
broadcast service . sponding to receiver type . 

FIG . 16 ( a ) illustrates a superframe according to an That is , even when a broadcast signal in which frames 
embodiment of the present invention . The duration of the including various broadcast services such as UHD , mobile 
superframe can be represented by Tsuper _ frame . As shown 40 and MISO / MIMSO services are multiplexed is received 
in FIG . 16 ( b ) , the superframe may include a plurality of through the one RF , the broadcast signal reception apparatus 
frame type sets and non - compatible frames ( NCFs ) . A signal according to an embodiment of the present invention can 
frame according to an embodiment of the present invention obtain information of the corresponding frames by decoding 
is a TDM ( Time Division Multiplexing ) signal frame at a preambles of the frames . 
physical layer , generated in the aforementioned frame struc - 45 Edge symbols may be located after the preamble of each 
ture module , and the NCF is a frame that can be used for new signal frame or at the end of each signal frame . Names , 
broadcast service systems in future . positions and number of edge symbols may be changed 

The superframe according to an embodiment of the pres according to designer . Edge symbols may be inserted into 
ent invention may include 8 frame type sets . A frame type set each signal frame to support freedom of preamble design 
may be referred to as a frame repetition unit ( FRU ) . The 50 and multiplexing of signal frames of different types . An edge 
FRU is a basic multiplexing unit for TDM of a signal frame . symbol may include a larger number of pilots than a data 

FIG . 16 ( c ) illustrates a configuration of the frame type set symbol to enable frequency - only interpolation and time 
according to an embodiment of the present invention . Each interpolation between data symbols . Accordingly , a pilot 
frame type set may include a plurality of frames . pattern of the edge symbol has higher density than a data 

Signal frames according to an embodiment of the present 55 symbol pilot pattern . 
invention can transmit different services . Each signal frame The signaling field is a field for transmitting the afore 
according to an embodiment of the present invention trans mentioned PLS data and may include additional system 
mits one of UD ( Ultra high Definition ) service , mobile information ( network topology / configuration , PAPR use and 
service or HD ( High Definition ) service . Signal frames have the like ) and frame type UD / configuration information and 
different durations Tframel , Tframe2 , and Tframe3 depend - 60 information necessary to extract and decode each DP . 
ing on transmitted services . As shown in FIG . 16 , a signal data symbol is used to transmit DP data . The afore 
frame transmitting UD service may be referred to as frame mentioned cell mapper can arrange a plurality of DPs in the 
type 1 having a duration of 250 msec . A signal frame data symbol . 
transmitting mobile service may be referred to as frame type The present invention suggests a normal preamble and a 
2 having a duration of 125 msec . A signal frame transmitting 65 robust preamble as a preamble structure in the time domain 
HD service may be referred to as frame type 3 having a and frequency domain and a method for signaling an EAS 
duration of 250 msec . related signal through a preamble . 
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The broadcast signal transmission apparatus according to from the data formatter 17010 and then output the delayed 

an embodiment of the present invention may insert a pre - signaling information bits to the interleaver 17030 through 
amble structure depending on a target SNR of a service to be a path shown in FIG . 17 . When cyclic Q - delay is 
provided into a signal frame . The robust preamble according performed , performance in a frequency selective fading 
to an embodiment of the present invention , which will be 5 channel is improved . 
described later , has excellent detection performance even in The interleaver 17030 may perform frequency interleav 
a low SNR environment but may generate unnecessary ing on the signaling information and cyclic Q - delayed signal 
overhead in a receiver since an FFT size and guard interval information , input through the path I and path Q , and output 
increase . Accordingly , the broadcast signal transmission interleaved information . In this case , the operation of the 
apparatus according to an embodiment of the present inven - 10 interleaver 17030 may be omitted according to designer . 
tion can insert the normal preamble into a signal frame The scrambler 17050 may receive the mapped signaling 
transmitted in a high SNR environment and insert the robust information output from the DQPSK / DBPSK mapper 17040 
preamble into a signal frame transmitted in a low SNR and multiply the signaling information by a scrambling 
environment . sequence . 

The above - described three profiles can be defined as 15 The carrier allocation block 17060 may arrange the sig 
broadcast signal transmission / reception scenarios for pro - naling information processed by the scrambler 17050 in a 
viding services corresponding to different reception envi - predetermined carrier position using position information 
ronments . Accordingly , the broadcast signal transmission output from the carrier allocation table block 17070 . 
apparatus according to an embodiment of the present inven The IFFT block 17080 may transform carriers output 
tion can insert the normal preamble or the robust preamble 20 from the carrier allocation block 17060 into an OFDM 
according to a profile transmitted through a signal frame . signal of the time domain . 

A description will be given of generation processes The scrambled guard insertion block 17090 may insert a 
structures and signaling information of the normal preamble scrambled guard interval into the OFDM signal to generate 
and the robust preamble according to an embodiment of the a preamble . The scrambled guard insertion block 17090 
present invention . 25 according to an embodiment of the present invention may 

FIG . 17 illustrates a preamble insertion block according to generate the scrambled guard interval by multiplying a 
an embodiment of the present invention . guard interval in the form of a cyclic prefix by a scrambling 

FIG . 17 shows another embodiment of the preamble sequence . The scrambled guard interval will be described 
insertion block 7500 described with reference to FIG . 7 . As later in detail . In the present invention , the scrambled guard 
shown in FIG . 17 , the preamble insertion block according to 30 interval can be referred to as a scrambled GI . 
an embodiment of the present invention may include a Reed The scrambled guard insertion block 17090 may select the 
Muller encoder 17000 , a data formatter 17010 , a cyclic scrambling sequence according to whether an EAS message 
delay block 17020 , an interleaver 17030 , a DQPSK ( Dif - is inserted . The scrambled guard insertion block 17090 may 
ferential Quadrature Phase Shift Keying ) / DBPSK ( Differ - determine whether to insert the EAS message using EAS 
ential Binary Phase Shift Keying ) mapper 17040 , a scram - 35 flag information that indicates whether the EAS message is 
bler 17050 , a carrier allocation block 17060 , a carrier present in the preamble . 
allocation table block 17070 , an IFFT block 17080 , a The multiplexing block 17100 may multiplex the output 
scrambled guard insertion block 17090 and a multiplexing of the scrambled guard insertion block 17090 and a signal 
block 17100 . Each block may be modified according to c ( t ) output from the guard sequence insertion block 7400 
designer or may not be included in the preamble insertion 40 described with reference to FIG . 7 to output an output signal 
block . A description will be given of operation of each block . p ( t ) . The output signal p ( t ) may be input to the waveform 

The Reed Muller encoder 17000 may receive signaling processing block 7600 shown in FIG . 7 . 
information to be transmitted through a preamble and per - The preamble insertion block according to an embodi 
form Reed Muller encoding of the input signaling informa - ment of the present invention can improve signaling perfor 
tion . When Reed Muller encoding is performed , signaling 45 mance over conventional signaling using an orthogonal 
performance can be improved over conventional signaling sequence by performing Reed Muller encoding and enhance 
using an orthogonal sequence . performance in a frequency selective fading channel by 

The data formatter 17010 may receive bits of the Reed - performing cyclic Q - delay . 
Muller - encoded signaling information and perform format - FIG . 18 shows mathematical expressions representing 
ting for repeating and arranging the input bits . 50 relationships between input information and output infor 

The DQPSK / DBPSK mapper 17040 may map the for - mation or mapping rules of the DQPSK / DBPSK mapper 
matted signaling information bits according to DBPSK or 17040 according to an embodiment of the present invention . 
DQPSK and output the mapped signaling information . FIG . 18 ( a ) shows mathematical expressions representing 
When the DQPSK / DBPSK mapper 17040 maps the for - a relationship between input information and output infor 

matted signaling information bits according to DBPSK , the 55 mation or a mapping rule when the DQPSK / DBPSK mapper 
operation of the cyclic delay block 17020 may be skipped . 17040 according to an embodiment of the present invention 
The interleaver 17030 may receive the formatted signaling maps the input signaling information according to DBPSK , 
information bits , frequency - interleave the formatted signal - FIG . 18 ( b ) shows mathematical expressions representing 
ing information bits and output interleaved data . In this case , a relationship between input information and output infor 
the operation of the interleaver 17030 may be omitted 60 mation or a mapping rule when the DQPSK / DBPSK mapper 
according to designer . 17040 according to an embodiment of the present invention 
When the DQPSK / DBPSK mapper 17040 maps the for - maps the input signaling information according to DQPSK . 

matted signaling information bits according to DQPSK , the As shown in FIG . 18 , the input information of the 
data formatter 17010 may output the formatted signaling DQPSK / DBPSK mapper 17040 may be represented as si [ n ] 
information bits to the interleaver 17030 through a path I 65 and sq [ n ] and the output information of the DQPSK / DBPSK 
shown in FIG . 17 . The cyclic delay block 17020 may mapper 17040 may be represented as mi [ n ] and mq [ n ] for 
cyclic - delay the formatted signaling information bits output convenience of description . 
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FIG . 19 illustrates preamble structures according to an Firstly , the preamble can be easily detected by discrimi 
embodiment of the present invention . nating the preamble from the normal OFDM symbol . The 

FIG . 19 ( a ) shows a structure of the normal preamble and guard interval in the form of a scrambled cyclic prefix is 
FIG . 19 ( b ) shows a structure of the robust preamble . generated through scrambling using the scrambling 

In the structure of the robust preamble according to an 5 sequence , distinguished from the normal OFDM symbol , as 
embodiment of the present invention , the normal preamble described above . In this case , when the broadcast signal 
is repeated . Specifically , in the robust preamble structure reception apparatus according to an embodiment of the 
according to an embodiment of the present invention , the present invention performs guard interval correlation , the 

preamble can be easily detected since a correlation peak normal preamble is repeated twice . The robust preamble 
according to an embodiment of the present invention is 10 according to the normal OFDM symbol is not generated and 
designed to detect and decode the preamble symbol under only a correlation peak according to the preamble is gener 

ated . harsh channel conditions like mobile reception . Secondly , when the guard interval in the form of a The normal preamble shown in FIG . 19 ( a ) may be gen scrambled cyclic prefix according to an embodiment of the erated by the preamble insertion block shown in FIG . 17 . 15 15 present invention is used , dangerous delay can be prevented . 
The robust preamble shown in FIG . 19 ( b ) may be generated For example , when multipath interference having a delay 
by a preamble insertion block according to an embodiment corresponding to an OFDM symbol period Tu exists , since 
of the present invention , shown in FIG . 20 or 21 , which will a correlation value according to multiple paths is present all 
be described later . the time when the broadcast signal reception apparatus 

( a ) The normal preamble according to an embodiment of 20 performs guard interval correlation , preamble detection per 
the present invention may include a scrambled GI formance may be deteriorated . However , when the broadcast 
region and an OFDM data region . The scrambled GI signal reception apparatus according to an embodiment of 
region of the preamble according to an embodiment of the present invention performs guard interval correlation , 
the present invention may be a scrambled cyclic postfix the preamble can be detected without being affected by a 
or a scrambled cyclic prefix . The scrambled cyclic 25 correlation value according to multiple paths since only a 
postfix may be located after an OFDM symbol , distin - peak according to the scrambled cyclic prefix is generated , 
guished from a scrambled prefix and may be generated as described above . 
through the same process as used to generate the Finally , influence of continuous wave ( CW ) interference 
scrambled cyclic prefix , which will be described later . can be prevented . When a received signal includes CW 
The process of generating the scrambled cyclic postfix 30 interference , a DC component according to CW is present all 
may be modified according to designer . the time during guard interval correlation performed by the 

The scrambled GI region shown in FIG . 19 may be broadcast signal reception apparatus and thus signal detec 
generated by scrambling some or all OFDM symbols and tion performance and synchronization performance of the 
used as a guard interval . The scrambled GI and OFDM data broadcast signal reception apparatus may be deteriorated . 
of the normal preamble according to an embodiment of the 35 However , when the guard interval in the form of a scrambled 
present invention may have the same length . In FIG . 19 , the cyclic prefix according to an embodiment of the present 
scrambled GI and OFDM data have a length of N and the invention is used , the influence of CW can be prevented 
normal preamble has a length of 2N . N , which relates to the since the DC component according to CW is averaged out by 
length of the preamble according to an embodiment of the the scrambling sequence . 
present invention , may refer to an FFT size . 40 ( b ) The robust preamble according to an embodiment of 

The preamble according to an embodiment of the present the present invention has repeated normal preambles , as 
invention is composed of 3 signaling fields , namely S1 , S2 shown in FIG . 19 . Accordingly , the robust preamble may 
and S3 . Each signaling field contains 7 signaling bits , and include the scrambled GI region and the OFDM data region . 
the preamble carries 21 signaling bits in total . Each signaling The robust preamble is a kind of repetition of the normal 
field is encoded with a first - order Reed Muller ( 64 , 7 ) code . 45 preamble , and carries the same signaling fields S1 , S2 and 

The signaling fields according to an embodiment of the S3 with a different signaling scrambler sequence ( SSS ) . 
present invention may include the aforementioned signaling The first half of the robust preamble , shown in FIG . 19 ( b ) , 
information . The signaling fields will be described in detail is exactly the same as the normal preamble . The second half 
later . of the robust preamble is a simple variation of the normal 

The broadcast signal reception apparatus according to an 50 preamble where the difference arises from the sequence SSS 
embodiment of the present invention can detect a preamble applied in the frequency domain . Accordingly , the second 
through guard interval correlation using a guard interval in half of the robust preamble includes the same information as 
the form of a cyclic prefix even when frequency synchro - that of the normal preamble but may have different data in 
nization cannot be performed . the frequency domain . In addition , OFDM data B has the 

In addition , the guard interval in the form of a scrambled 55 same signaling data as OFDM data A but may have a 
cyclic prefix according to an embodiment of the present different output waveform in the time domain . That is , while 
invention can be generated by multiplying ( or combining ) an inputs of the Reed Muller encoder 17000 for respectively 
OFDM symbol by ( or with ) a scrambling sequence ( or generating the first half of the robust preamble and the 
sequence ) . Furthermore , the guard interval in the form of a second half of the robust preamble are identical , the IFFT 
scrambled cyclic prefix according to an embodiment of the 60 block 17080 may output different waveforms . 
present invention can be generated by scrambling the The doubled length of the robust preamble according to 
OFDM symbol and the scrambling sequence . The scram - an embodiment of the present invention improves the detec 
bling sequence according to an embodiment of the present tion performance in the time domain , and the repetition of 
invention can be any type of signal according to designer . the signaling fields improves the decoding performance for 

The method of generating the guard interval in the form 65 the preamble signaling data . The generation process of the 
of a scrambled cyclic prefix according to an embodiment of robust preamble symbol is shown in FIG . 19 . The detailed 
the present invention has the following advantages . functional steps are described in the following description . 
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The signaling fields will be described in detail with As described above , the robust preamble is composed of 

reference to FIGS . 24 , 25 and 26 and the robust preamble the first half of the robust preamble and the second half of 
generation process will be described in detail with reference the robust preamble and the first half of the robust preamble 
to FIGS . 20 and 21 . may be the same as the normal preamble . 

The robust preamble according to an embodiment of the 5 Robust preamble generation differs from normal pre 
present invention can be detected even by a normal recep - amble generation only by applying the sequence SSS in the 
tion apparatus in an environment having a high SNR ( Signal frequency domain as described . Consequently , the Reed 
to Noise Ratio ) since the robust preamble includes the Muller encoder 17000 , the data formatter 17010 and the 
normal preamble structure . In an environment having a low DQPSK / DBPSK mapper block 17040 are shared with the 
SNR , the robust preamble can be detected using the repeated 10 normal preamble generation . 
structure . In FIG . 19 ( b ) , the robust preamble has a length of The first half of the robust preamble may be generated 
4N . through the same process as used to generate the normal 
When the broadcast signal reception apparatus according preamble . In FIG . 20 , OFDM data A of the first half of the 

to an embodiment of the present invention receives a signal robust preamble may be generated by scrambling signalling 
frame including the robust preamble , the broadcast signal 15 data input to the Reed Muller encoder 17000 through a 
reception apparatus can stably detect the preamble to decode scrambler A block 17050 - 1 , a carrier allocation block 
signaling information even in a low SNR situation . 17060 - 1 and an IFFT module , allocating the scrambled data 

FIGS . 20 and 21 illustrate two methods for generating the to active carriers and transforming carriers output from the 
robust preamble according to an embodiment of the present carrier allocation block 17060 - 1 into an OFDM signal of the 
invention . The robust preamble structure according to an 20 time domain . 
embodiment of the present invention improves the detection OFDM data B of the second half of the robust preamble 
performance of signals of a broadcast reception apparatus . may be generated by scrambling signalling data input to the 
The robust preamble may include structure of normal pre - Reed Muller encoder 17000 through a scrambler B block 
amble . The robust preamble may additionally include 17050 - 2 , a carrier allocation block 17060 - 2 and an IFFT 
repeated signaling data same as the normal preamble . In this 25 module , allocating the scrambled data to active carriers and 
case , the signals of a broadcast transmission apparatus transforming carriers output from the carrier allocation 
according to an embodiment of the present invention can block 17060 - 2 into an OFDM signal of the time domain . 
design differently repeated signaling data of waveform The carrier allocation blocks 17060 - 1 and 17060 - 2 
which is included the robust preamble in time domain than according to an embodiment of the present invention can 
signaling data of waveform which is included the normal 30 allocate the signaling data of the first half of the robust 
preamble in time domain . A robust preamble insertion block preamble and the signaling data of the second half of the 
illustrated in FIG . 20 may generate the robust preamble by robust preamble to carriers on the basis of the same alloca 
multiplying signaling information of the preamble by dif - tion table . 
ferent scrambling sequences in scramblers to output multiple Scrambled guard insertion modules may respectively 
pieces of scrambled signaling information and allocating the 35 scramble OFDM data A and OFDM data B respectively 
multiple pieces of scrambled signaling information multi - processed through the IFFT modules to generate scrambled 
plied by the scrambling sequences to OFDM symbol carriers GI A and scrambled GI B , thereby generating the first half 
on the basis of the same carrier allocation table . of the robust preamble and the second half of the robust 

A robust preamble insertion block illustrated in FIG . 21 preamble . 
may generate the robust preamble by multiplying preamble 40 FIG . 21 illustrates a preamble insertion block according to 
signaling information by the same scrambling sequence and an embodiment of the present invention . 
allocating the preamble signaling information multiplied by Specifically , FIG . 21 shows another embodiment of the 
the scrambling sequence to OFDM symbol carriers on the preamble insertion block 7500 illustrated in FIG . 7 . The 
basis of different carrier allocation tables . preamble insertion block shown in FIG . 20 may generate the 

Detailed embodiments will now be described with refer - 45 robust preamble . Referring to FIG . 21 , the preamble inser 
ence to the figures . tion block according to an embodiment of the present 

FIG . 20 illustrates a preamble insertion block according to invention may include a Reed Muller encoder 17000 , a data 
an embodiment of the present invention . formatter 17010 , a cyclic delay block 17020 , an interleaver 

Specifically , FIG . 20 shows another embodiment of the 17030 , a DQPSK ( Differential Quadrature Phase shift Key 
preamble insertion block 7500 illustrated in FIG . 7 . The 50 ing ) / DBPSK ( Differential Binary Phase Shift Keying ) map 
preamble insertion block shown in FIG . 20 may generate the per 17040 , a scrambler 17050 , a carrier allocation block 
robust preamble . Referring to FIG . 20 , the preamble inser - 17060 , a carrier allocation table block 17070 , an IFFT block 
tion block according to an embodiment of the present 17080 , a scrambled guard insertion block 17090 and a 
invention may include a Reed Muller encoder 17000 , a data multiplexing block 17100 . Each block may be modified or 
formatter 17010 , a cyclic delay block 17020 , an interleaver 55 may not be included in the preamble insertion block accord 
17030 , a DQPSK ( Differential Quadrature Phase shift Key - ing to designer . Operations of the blocks may be the same as 
ing ) / DBPSK ( Differential Binary Phase Shift Keying ) map - those of corresponding blocks shown in FIG . 17 . 
per 17040 , a scrambler 17050 , a carrier allocation block description will be given focusing on a difference 
17060 , a carrier allocation table block 17070 , an IFFT block between the robust preamble generation process and the 
17080 , a scrambled guard insertion block 17090 and a 60 robust preamble generation process of FIG . 20 . 
multiplexing block 17100 . Each block may be modified or The procedure of processing signaling data of the robust 
may not be included in the preamble insertion block accord - preamble according to an embodiment of the present inven 
ing to designer . Operations of the blocks may be the same as tion through the Reed Muller encoder , data formatter , cyclic 
those of corresponding blocks shown in FIG . 17 . A descrip - delay , interleaver , DQPSK / DBPSK mapper and scrambler 
tion will be given focusing on a difference between the 65 modules may correspond to the aforementioned procedure 
robust preamble generation process and the normal pre - of processing the signaling data of the normal preamble 
amble generation process . through the respective modules . 
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The signaling data scrambled by the scrambler module sequence . That is , the real part of the conjugated binary 
may be input to a carrier allocation A module and a carrier chirp - like sequence equals the real part of the binary chirp 
allocation B module . The signaling information input to the like sequence and the imaginary part of the conjugated 
carrier allocation A module and the carrier allocation B binary chirp - like sequence equals the imaginary part of the 
module may be represented as p [ n ] ( n being a integer greater 5 binary chirp - like sequence in terms of absolute value and is 
than 0 ) . Here , p [ n ] may be represented as p [ 0 ] to p [ N - 1 ] ( N opposite to the imaginary part of the binary chirp - like 
being the number of carriers to which all signaling infor - sequence in terms of sign . 
mation is allocated ( or arranged ) . The carrier allocation A FIG . 23 ( c ) shows a cyclically - shifted binary chirp - like 
module and the carrier allocation B module may allocate ( or sequence obtained by cyclically shifting the binary chirp 
arrange ) the signaling information p [ n ] to carriers on the 10 like sequence by a half period , that is , 512 . 
basis of different carrier allocation tables . FIG . 23 ( d ) shows a half - negated sequence . A front half 

For example , the carrier allocation A module can respec - period , that is , 0 to 512 of the half - negated chirp - like 
tively allocate p [ 0 ] , p [ 1 ] and p [ N - 1 ] to the first , second and sequence equals that of the binary chirp - like sequence and 
N - th carriers . The carrier allocation B module can respec - the real part and imaginary part of a rear half period , that is , 
tively allocate p [ N - 1 ] , p [ N - 2 ] , p [ N - 3 ] and p [ O ] to the first , 15 513 to 1024 of the half - negated chirp - like sequence equals 
second , third and N - th carriers . that of the binary chirp - like sequence in terms of absolute 

The preamble insertion blocks illustrated in FIGS . 20 and value and is opposite to the binary chirp - like sequence in 
21 can generate the first half of the robust preamble and the terms of sign . 
second half of the robust preamble using different scram - The average of the above - described scrambling sequence 
bling sequences or using the same scrambling sequence and 20 is 0 . Even when a continuous wave interference is generated 
different carrier allocation schemes . Signal waveforms of in a signal and thus a complex DC is present in an output of 
the first half and the second half of the robust preamble a differential decoder of the broadcast signal reception 
generated according to an embodiment of the present inven - apparatus , the scrambling sequence having an average of 0 
tion may differ from each other . Accordingly , data offset due can be multiplied by the complex DC of the output of the 
to a multipath channel is not generated even when the same 25 differential decoder to prevent the complex DC from affect 
signaling information is repeatedly transmitted in the time ing signal detection performance . 
domain . The broadcast signal transmission apparatus according to 

FIG . 22 is a graph showing a scrambling sequence accord an embodiment of the present invention can use the scram 
ing to an embodiment of the present invention . bling sequences shown in FIGS . 22 and 23 differently 

This graph shows a waveform of a binary chirp - like 30 according to whether the EAS message is included in the 
sequence . The binary chirp - like sequence is an embodiment preamble . For example , when the broadcast signal transmis 
of a signal that can be used as a scrambling sequence of the sion apparatus does not include the EAS message in the 
present invention . The binary chirp - like sequence is a preamble , the guard interval of the preamble can be 
sequence which is quantized such that the real part and scrambled using the scrambling sequence of FIG . 22 . When 
imaginary part of each signal value respectively have only 35 the broadcast signal transmission apparatus includes the 
‘ l ' and ' - 1 ' . The binary chirp - like sequence shown in FIG . EAS message in the preamble , the guard interval of the 
22 is composed of a plurality of square waves having preamble can be scrambled using one of the scrambling 
different periods and a sequence period is 1024 according to sequences of FIG . 23 . 
an embodiment . The scrambling sequences shown in the figures are exem 

The binary chirp - like sequence has the following advan - 40 plary and may be modified according to designer . 
tages . Firstly , the binary chirp - like sequence does not gen - FIG . 24 illustrates a signaling information structure in the 
erate dangerous delay since the binary chirp - like sequence is preamble according to an embodiment of the present inven 
composed of signals having different periods . Secondly , the tion . 
binary chirp - like sequence provides correct symbol timing Specifically , FIG . 24 shows the structure of signaling 
information compared to conventional broadcast systems 45 information transmitted through the preamble in the fre 
since correlation characteristics are similar to those of guard quency domain according to an embodiment of the present 
interval correlation and is resistant to noise on a multipath invention . 
channel compared to a sequence having delta - like correla FIGS . 24 ( a ) and 24 ( b ) illustrate repetition or arrangement 
tion such as an m - sequence . Thirdly , when scrambling is of data by the data formatter 17010 according to the length 
performed using the binary chirp - like sequence , bandwidth 50 of a code block of Reed Muller encoding performed by the 
is less increased compared to the original signal . Fourthly , Reed Muller encoder 17000 . The code block of Reed Muller 
the binary chirp - like sequence is a binary sequence and thus encoding may be referred to as a Reed Muller FEC block . 
can be used to design a device having low complexity . The data formatter 17010 may repeat or arrange the 

In the graph showing the waveform of the binary chirp - signaling information output from the Reed Muller encoder 
like sequence , the solid line represents a waveform corre - 55 17000 according to the length of the code block such that the 
sponding to a real part and a dotted line represents an signaling information corresponds to the number of active 
imaginary part . The waveforms of the real part and the carriers . FIGS . 24 ( a ) and ( b ) show an embodiment in which 
imaginary part of the binary chirp - like sequence correspond the number of active carriers is 384 . 
to square waves . Accordingly , when the Reed Muller encoder 17000 per 

FIG . 23 illustrates examples of scrambling sequences 60 forms Reed Muller encoding on a 64 - bit block , as shown in 
modified from the binary chirp - like sequence according to FIG . 24 ( a ) , the data formatter 17010 can repeat the same 
an embodiment of the present invention . data six times . In this case , the Reed Muller encoder 17000 

FIG . 23 ( a ) shows a reversed binary chirp - like sequence can use a 154 order Reed Muller code and signaling infor 
obtained by reversely arranging the binary chirp - like mation of each Reed Muller code may be 7 bits . 
sequence in the time domain . 65 When the Reed Muller encoder 17000 performs Reed 

FIG . 23 ( b ) shows a conjugated binary chirp - like sequence Muller encoding on a 256 - bit block , as shown in FIG . 24 ( 6 ) , 
obtained by complex conjugating the binary chirp - like the data formatter 17010 can repeat front 128 bits or rear 128 
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bits of the 256 - bit code block or repeat even - numbered 128 after S2 . S2 is a 256 - bit sequence and can carry 4 - bit 
bits or odd - numbered 128 bits of the 256 - bit code block to signaling information . The bit sequences of S1 and S2 of the 
arrange data as 384 bits . In this case , the Reed Muller present invention may be represented by sequential numer 
encoder 17000 can use a 1 % order Reed Muller code and als starting from 0 according to one embodiment . Accord 
signaling information of each Reed Muller code may be 9 5 ingly , the first bit sequence of S1 can be represented as Si 
bits . ( 0 ) and the first bit sequence of S2 can be represented as S2 
As described above , the signaling information formatted ( 0 ) . Representation of the bit sequences may be changed 

by the data formatter 17010 may be processed through the according to designer . 
cyclic delay block 17020 and the interleaver 17030 or not , S1 may carry information for identifying each signal mapped through the DQPSK / DBPSK mapper 17040 , 10 frame included in the superframe described above with scrambled by the scrambler 17050 and then input to the reference to FIG . 16 , for example , information indicating an carrier allocation block 17060 . 

FIG . 24 ( c ) illustrates a method for allocating the signaling SISO - processed signal frame , MISO - processed signal frame 
information to active carriers through the carrier allocation or FEF . S2 may carry information about an FFT size of the 
block 17060 according to an embodiment of the present 15 current signal frame or information indicating whether 
invention . In FIG . 24 ( c ) , b ( n ) ( n being an integer equal to or frames multiplexed in one superframe are of the same type . 
greater than 0 ) represents carriers to which data is allocated . Information carried through S2 may be changed according 
In one embodiment , the number of carriers is 384 . Colored to designer . 
carriers from among the carriers shown in FIG . 24 ( c ) denote Signaling 1 and signaling 2 may be respectively encoded 
active carriers and uncolored carriers denote null carriers . 20 into 64 - bit Reed Muller codes by the aforementioned Reed 
Positions of the active carriers shown in FIG . 24 ( c ) may be Muller encoder . FIG . 25 ( a ) shows a Reed - Muller - encoded 
changed according to designer . signaling sequence block . 

FIG . 25 illustrates a procedure of processing signaling The encoded signaling sequence blocks of signaling 1 and 
data transmitted through the preamble according to an signaling 2 may be repeated three times by the aforemen 
embodiment of the present invention 25 tioned data formatter . FIG . 25 ( a ) shows the repeated signal 

The signaling data transmitted through the preamble may i ng sequence block of signaling 1 and the repeated signaling 
include a plurality of signaling sequences . Each signaling sequence block of signaling 2 . Since the Reed - Muller 
sequence may be 7 bits . The number and size of the encoded signaling sequence block is 64 bits , the signaling 
signaling sequences may be changed according to designer . sequence block of each of signaling 1 and signaling 2 , 

FIG . 25 ( a ) shows a procedure of processing the signaling 30 repeated three times , is 192 bits . 
data transmitted through the preamble when the signaling Data of signaling 1 and signaling 2 , composed of 6 blocks , 
data is 14 bits according to an embodiment of the present alternately rearranged , sequentially input to the cyclic delay 
invention . In this case , the signaling data transmitted block 17020 and the interleaver 17030 and processed therein 
through the preamble may include two signaling sequences or mapped by the DBPSK / DQPSK mapper 17040 without 
which may be referred to as signaling 1 and signaling 2 . 35 undergoing processing of the cyclic delay block 17020 and 
Signaling 1 and signaling 2 may be the same signaling the interleaver 17030 , and then allocated to 384 carriers by 
sequences as the aforementioned signaling sequences S1 and the aforementioned carrier allocation block . In FIG . 25 ( a ) , 
S2 . b ( 0 ) may denote the first carrier and b ( 1 ) and b ( 2 ) may 

FIG . 25 ( b ) shows a procedure of processing the signaling denote carriers . In one embodiment of the present invention , 
data transmitted through the preamble when the signaling 40 a total of 384 carriers b ( 0 ) to b ( 383 ) may be present . From 
data is 21 bits according to an embodiment of the present among carriers shown in the figure , colored carriers denote 
invention . In this case , the signaling data transmitted active carriers and uncolored carriers denote null carriers . 
through the preamble may include three signaling sequences Active carriers represent carriers to which signaling data is 
which may be referred to as signaling 1 , signaling 2 and allocated and null carriers represent carriers to which sig 
signaling 3 . Signaling 1 , signaling 2 and signaling 3 may be 45 naling data is not allocated . As described above , the data of 
the same signaling sequences as the aforementioned signal - signaling 1 and signaling 2 may be alternately allocated to 
ing sequences S1 , S2 and S3 . carriers . For example , data of signaling 1 can be allocated to 
As shown in FIG . 25 , the interleaving block 17030 b ( 0 ) , data of signaling 2 can be allocated to b ( 3 ) and data of 

according to an embodiment of the present invention may signaling 1 can be allocated to b ( 7 ) . The positions of the 
sequentially alternately assign S1 and S2 to active carriers . 50 active carriers and null carriers may be changed according to 

The number of carriers is 384 and the carriers may be designer . 
represented by sequential numerals starting from 0 in one ( b ) The signaling information transmitted through the 
embodiment . Accordingly , the first carrier according to an preamble according to an embodiment of the present 
embodiment of the present invention can be represented by invention may be transmitted through the bit sequences 
b ( 0 ) , as shown in FIG . 25 ) . Uncolored active carriers shown 55 of S1 , bit sequences of S2 and bit sequences of S3 . 
in FIG . 25 denote null carriers to which S1 , S2 or S3 is not S1 , S2 and S3 according to an embodiment of the present 
arranged ( or allocated ) . invention are signaling sequences which can be allocated to 

A detailed description will be given of assignment of active carriers in order to transmit independent signaling 
signaling information to signaling fields and active carriers . information ( or signaling fields ) included in the preamble . 

( b ) Bit sequences of S1 and bit sequences of S2 according 60 Specifically , S1 , S2 and S3 can respectively carry 3 - bit 
to an embodiment of the present invention are signaling signaling information and can be configured in a structure in 
sequences which may be allocated to active carriers in which a 64 - bit sequence is repeated twice . Accordingly , S1 , 
order to transmit independent signaling information ( or S2 and S3 can further carry 2 - bit signaling information 
signaling fields ) included in the preamble . compared to the embodiment of FIG . 25 ( b ) . 

Specifically , S1 can carry 3 - bit signaling information and 65 In addition , S1 and S2 can carry the signaling information 
can be configured in a structure in which a 64 - bit sequence described with reference to FIGS . 25 and S3 can carry 
is repeated twice . In addition , S1 can be arranged before and signaling information about a guard interval length ( or guard 
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length ) . Signaling information carried through S1 , S2 and S3 As described above with reference to FIGS . 25 and 26 , a 
may be changed according to designer . signaling data capacity and a signaling data protection level 

Data of signaling 1 , signaling 2 and signaling 3 , com can be traded off by controlling the length of an FEC 
posed of 6 blocks , is alternately rearranged , sequentially encoded signaling data block . That is , while the signaling 
input to the cyclic delay block 17020 and the interleaver 5 data capacity increases as the length of the signaling data 
17030 and processed thereby or mapped by the DBPSK block increases , the number of repetitions of the data for 
DQPSK mapper 17040 without undergoing processing of matter decreases and the signaling data protection level is 
the cyclic delay block 17020 and the interleaver 17030 , and lowered . Accordingly , it is possible to select various signal 
then allocated to 384 carriers by the aforementioned carrier ing capacities . 
allocation block . 10 Furthermore , the interleaver 17030 according to an 

The bit sequences of S1 , S2 and S3 may be represented by embodiment of the present invention can uniformly inter 
sequential numerals starting from 0 , that is , m S1 ( 0 ) , . . . . leave data of each signaling field in the frequency domain . 
Referring to FIG . 25 ( b ) , the number of carriers is 384 and Accordingly , frequency diversity characteristics of the pre 
the carriers may be represented by sequential numerals amble can be maximized and robustness against frequency 
starting from 0 , that is b ( O ) , . . . according to one embodi - 15 selective fading can be improved . 
ment of the present invention . The number and representa FIG . 27 illustrates a differential encoding operation that 
tion method of the carriers may be changed according to can be performed by a preamble insertion module according 
designer . to an embodiment of the present invention . 

Referring to FIG . 26 , S1 , S2 and S3 may be sequentially The preamble insertion module according to an embodi 
alternately allocated to active carriers in determined posi - 20 ment of the present invention may repeat signaling infor 
tions in the frequency domain . mation ( S1 , S2 and S3 represented as signaling 1 , signaling 

Specifically , the bit sequences of S1 , S2 and S3 can be 2 and signaling 3 in FIG . 27 ) twice . Then , the preamble 
sequentially allocated to active carriers other than null insertion module may sequentially alternately arrange 
carriers from among the active carriers b ( 0 ) to b ( 383 ) . repeated bits of S1 , S2 and S3 . Alternatively , the data 

Each of signaling 1 , signaling 2 and signaling 3 may be 25 formatter according to an embodiment of the present inven 
respectively encoded into a 64 - bit Reed Muller code by the tion may repeat and arrange the signaling information , as 
aforementioned Reed Muller encoder . FIG . 26 ( b ) shows a described above . Subsequently , the preamble insertion mod 
Reed - Muller - encoded signaling sequence block . ule may differential - encode consecutive bits ( indicated by 

The encoded signaling sequence blocks of signaling 1 , curved arrows in the figure ) . Alternatively , the data formatter 
signaling 2 and signaling 3 may be repeated twice by the 30 or DQPSK / DBPSK mapper according to an embodiment of 
aforementioned data formatter . FIG . 26 ( b ) shows the the present invention may differential - encode the consecu 
repeated signaling sequence block of signaling 1 , the tive bits , as described above . The preamble insertion module 
repeated signaling sequence block of signaling 2 and the may scramble the differentially encoded signaling bits and 
repeated signaling sequence block of signaling 3 . Since each sequentially alternately allocate the bits of S1 , S2 and S3 to 
Reed - Muller - encoded signaling block is 64 bits , the signal - 35 corresponding carriers . Alternatively , the carrier allocation 
ing sequence block of each of signaling 1 , signaling 2 and module according to an embodiment of the present invention 
signaling 3 , repeated twice , is 128 bits . may scramble the differential encoded signaling bits and 

Signaling 1 , signaling 2 and signaling 3 , composed of six sequentially alternately allocate the bits of S1 , S2 and S3 to 
blocks , may be allocated to 384 carriers by the aforemen - the corresponding carriers . 
tioned carrier allocation block . In FIG . 26 ( b ) , b ( 0 ) may be 40 FIG . 28 illustrates a differential encoding operation that 
the first carrier and b ( 1 ) and b ( 2 ) may be other carriers . In can be performed by a preamble insertion module according 
one embodiment , 384 carriers b ( 0 ) to b ( 383 ) may be present . to another embodiment of the present invention . 
Colored carriers from among the carriers shown in the figure Operations of the preamble insertion module according to 
denote active carriers and uncolored carriers denote null the present embodiment shown in FIG . 28 may correspond 
carriers . Active carriers may be carriers to which signaling 45 to the operations of the preamble insertion modules shown 
data is allocated and null carriers may be carriers to which in FIG . 27 . In addition , operations of the data formatter , 
signaling data is not allocated . Data of signaling 1 , signaling DQPSK / DBPSK mapper and carrier allocation module 
2 and signaling 3 may be alternately allocated to carriers . which may be included in the preamble insertion module 
For example , data of signaling 1 can be allocated to b ( 0 ) , according to the present embodiment , shown in FIG . 28 , 
data of signaling 2 can be allocated to b ( 1 ) , data of signaling 50 may correspond to operations of modules which may be 
3 can be allocated to b ( 3 ) and data of signaling 1 can be included in the preamble insertion module shown in FIG . 27 . 
allocated to b ( 7 ) . The positions of the active carriers and null H owever , order of the operations may be changed . Spe 
carriers shown in the figure may be changed according to cifically , the preamble insertion module according to the 
designer . present embodiment may repeat signaling information after 

FIG . 26 illustrates a procedure of processing signaling 55 differential encoding , distinguished from the operation of 
data transmitted through the preamble according to an the preamble insertion module shown in FIG . 27 . That is , the 
embodiment of the present invention . preamble insertion module can sequentially alternately 

In FIG . 26 ( c ) shows a procedure of processing signaling arrange the unrepeated bits of S1 , S2 and S3 . Then , the 
data transmitted through the preamble when the signaling preamble insertion module can perform differential encod 
data is 24 bits . In this case , the signaling data transmitted 60 ing of the arranged consecutive bits ( indicated by curved 
through the preamble may include three signaling sequences arrows in the figure ) . Then , the preamble insertion module 
which may be referred to as signaling 1 , signaling 2 and may repeat the differentially encoded signaling bits and 
signaling 3 . Signaling 1 , signaling 2 and signaling 3 may be sequentially alternately allocate the repeated bits to corre 
the same signaling sequences as the aforementioned signal - sponding carriers . 
ing information S1 , S2 and S3 . The procedure of processing 65 Operations of a signaling decoder of a preamble detector , 
the signaling data is the same as the procedure described which will be described later , may depend on the order of 
with reference to FIG . 25 ( b ) . differential encoding and data repetition of the preamble 
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insertion modules described with reference to FIGS . 27 and Complex magnitude blocks of the normal preamble cor 
28 . Detailed operations of the signaling decoder will be relation detector and the robust preamble correlation detec 
described later . tor may output complex magnitude values of correlations 

FIG . 29 is a block diagram of a correlation detector detected through correlators . A peak detector block may 
included in a preamble detector according to an embodiment 5 detect a peak of complex magnitude values of input corre 
of the present invention . lations . The peak detector block may detect a preamble 

Specifically , FIG . 29 shows a configuration of the afore position from the detected peak and perform OFDM symbol 
mentioned preamble detector 9300 according to one timing synchronization and fractional frequency offset syn 

embodiment , that is , a configuration of a preamble correla chronization to output frame start information . In addition 
tion detector for detecting the aforementioned robust pre 10 peak detector block may output information about preamble 

type , that is , the normal preamble or the robust preamble and amble . information ( EAS flag ) about whether the preamble includes The preamble correlation detector according to an the EAS message . embodiment of the present invention may include a normal FIG . 30 illustrates a signaling decoder of a preamble preamble correlation detector ( represented as a normal pre - 15 detector according 
amble detector in FIG . 29 ) and a robust preamble correlation tion 
detector ( represented as a robust preamble detector in FIG . Specifically , FIG . 30 shows an embodiment of the pre 

amble detector 9300 described above with reference to FIG . 
The robust preamble according to an embodiment of the 9 , which can perform a reverse of the operation of the 

present invention may have a structure in which the 20 preamble insertion block shown in FIG . 17 . 
scrambled guard interval and data region are alternately The preamble detector according to an embodiment of the 
arranged . The normal preamble correlation detector may present invention may include a correlation detector , an FFT 
obtain correlation of the first half of the robust preamble . block , an ICFO estimator , a carrier allocation table block , a 
The robust preamble correlation detector may obtain corre - data extractor and a signaling decoder . Each block may be 
lation of the second half of the robust preamble . 25 modified according to designer or may not be included in the 

A description will be given of operation of the normal preamble detector . 
preamble correlation detector when the preamble received description will be given of modules constituting the 
by the normal preamble correlation detector includes infor - signaling decoder and operations thereof . 
mation related to the EAS message and the broadcast signal The signaling decoder may include a descrambler 30000 , 
transmission apparatus uses the binary chirp - like sequence 30 an average block 30010 , a differential decoder 30020 , a 
of FIG . 22 and the half - negated sequence of FIG . 23 ( d ) to deinterleaver 30030 , a cyclic delay block 30040 , an I / Q 
signal the information related to the EAS message through combiner 30050 , a data deformatter 30060 and a Reed 
the preamble . Muller decoder 30070 . 

The normal preamble correlation detector may multiply The descrambler 30010 may descramble received signal 
signals ( i ) and ( ii ) , obtained by delaying received signals ( i ) 35 ing data . 
r ( t ) and ( ii ) r ( t ) by an FFT size , N , and conjugating the When the broadcast signal transmission apparatus repeats 
delayed signals , by each other . signaling information and then differential - encodes the 

The normal preamble correlation detector may generate repeated signaling information , as described with reference 
the signal ( ii ) by conjugating r ( t ) and then delaying the to FIG . 27 , the average block 30010 can be omitted . The 
conjugated r ( t ) by the FFT size , N . In FIG . 29 , a block conj 40 differential decoder 30020 may receive the descrambled 
and a block ND ( N Delay ) can generate the signal ( ii ) . signal and perform DBPSK or DQPSK demapping on the 

A complex N / 2 correlator may output correlation between descrambled signal . 
the signal obtained by multiplying ( i ) by ( ii ) and a scram Alternatively , when the broadcast signal transmission 
bling sequence . As described above , the first half period N / 2 apparatus differential - encodes signaling information and 
of the half - negated sequence equals the first half period N / 2 45 then repeats the differential encoded signaling information , 
of the binary chirp - like sequence and the sign of the second as described with reference to FIG . 28 , the average block 
half period of the half - negated sequence is opposite to the 30010 may average corresponding symbols of the 
sign of the second half period N / 2 of the binary chirp - like descrambled signaling data and then the differential decoder 
sequence . Accordingly , the sum of outputs of two complex 30020 may perform DBPSK or DQPSK demapping on the 
N / 2 correlators may be correlation with respect to the binary 50 averaged signal . The average block may calculate a data 
chirp - like sequence and a difference between the outputs of average on the basis of the number of repetitions of the 
the two complex N / 2 correlators may be correlation with signaling information . 
respect to the half - negated sequence . A description will be given of detailed operation of the 

The robust preamble correlation detector may detect differential decoder 30020 . 
correlation on the basis of the two sequence correlations 55 When a transmitter receives a DQPSK - mapped signal , the 
detected by the normal preamble detector . The robust pre - differential decoder 30020 may perform phase rotation by 
amble correlation detector may detect correlation of the 2 / 4 on the differential decoded signal . Accordingly , the 
binary chirp - like sequence by summing ( i ) correlation differential decoded signal can be segmented into in - phase 
detected by the normal preamble detector and ( ii ) correlation and quadrature components . 
obtained by delaying a sequence detected by the normal 60 When the transmitter has performed interleaving , the 
preamble detector by 2N . deinterleaver 30030 may deinterleave the signal output from 

The robust preamble correlation detector can detect cor - the differential decoder 30020 . 
relation by delaying a sequence detected by the normal When the transmitter has performed cyclic delay , the 
preamble detector by 2N corresponding to the length of cyclic delay block 30040 may perform a reverse of the cyclic 
OFDM data and scrambled GI since the robust preamble has 65 delay operation performed in the transmitter . 
a structure in which the OFDM data and scrambled GI are The I / Q combiner 30050 may combine I and Q compo 
repeated twice . nents of the deinterleaved signal or delayed signal . 
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When the signal received from the transmitter has been Modules constituting the signaling decoder and opera 
DBPSK mapped , the I / Q combiner 30050 can output only tions thereof will now be described . 
the I component of the deinterleaved signal . The signaling decoder may include a descrambler , an 

Then , the data deformatter 30060 may combine bits of average block , a differential decoder , a deinterleaver , a 
signals output from the I / Q combiner 30050 per signaling 5 cyclic delay block , an I / Q combiner , a data deformatter A , a 
field to output the signaling information . When the broadcast data deformatter B and a Reed Muller decoder . 
signal transmission apparatus repeats the signaling informa Operations of the data deformatter A and data deformatter 
tion and then differential encode the repeated signaling B may correspond to the operation of the aforementioned 

data deformatter 30060 . Operations of the descrambler , information , the data deformatter 30060 can average the bits 10 average block , differential decoder , deinterleaver , cyclic of the signaling information . delay block and I / Q combiner may correspond to the opera Subsequently , the Reed Muller decoder 30070 may tions of the modules shown in FIG . 30 . decode the signaling information output from the data Specifically , the data deformatter A and data deformatter deformatter 30060 . B may combine signaling information corresponding to 
Accordingly , the broadcast signal reception apparatus 15 OFDM data A or OFDM data B from among bits of signals 

according to an embodiment of the present invention can output from the I / Q combiner per signaling field to output 
obtain the signaling information transmitted using the pre - signaling information . Then , the signaling information com 
amble through the aforementioned procedure . bined per OFDM data output from the data deformatter A 

FIG . 31 illustrates a signaling decoder of a preamble and data deformatter B and per signaling field are combined 
detector according to an embodiment of the present inven - 20 and input to the Reed Muller decoder module . The Reed 
tion . Muller decoder module may decode the input signaling 

Specifically , FIG . 31 shows an embodiment of the pre - information . 
amble detector 9300 described above with reference to FIG . FIG . 33 is a flowchart illustrating a method for transmit 
9 , which can perform a reverse of the operation of the ting a broadcast signal according to an embodiment of the 
preamble insertion block shown in FIG . 20 , that is , detect the 25 present invention . 
robust preamble . The broadcast signal transmission apparatus according to 

The preamble detector according to an embodiment of the an embodiment of the present invention may code ( encode ) 
present invention may include a correlation detector , an FFT data ( or service data ) carrying at least one broadcast service 

block , an ICFO estimator , a carrier allocation table block , a component ( S33000 ) . Data according to an embodiment of 
data extractor and a signaling decoder , as described above . 30 ve 30 the present invention may be processed per DP correspond 

ing to each data , as described above . Data encoding may be Each block may be modified according to designer or may performed by a coding and modulation module 1100 . not be included in the preamble detector . Then , the broadcast signal transmission apparatus accord Modules constituting the signaling decoder and opera ing to an embodiment of the present invention may build at tions thereof will now be described . 35 least one signal frame ( S33010 ) . The broadcast signal trans The signaling decoder may include a descrambler A , a mission apparatus according to an embodiment of the pres 
descrambler B , an average block , a differential decoder , a ent invention may map DP data to data symbols to generate 
deinterleaver , a cyclic delay block , an I / Q combiner , a data a signal frame . As described above , the signal frame may 
deformatter and a Reed Muller decoder . include a preamble , PLS symbol , data symbol and edge 

Operations of the descrambler A and descrambler B may 40 symbol . The signal frame may be generated by a frame 
correspond to the operation of the aforementioned descram structure module 1200 . 
bler 30000 . The broadcast signal transmission apparatus according to 

Operations of other modules may correspond to opera - an embodiment of the present invention may modulate the at 
tions of the modules shown in FIG . 30 . least one signal frame by OFDM ( S33020 ) . Subsequently , 

The descrambler A and descrambler B according to an 45 the broadcast signal transmission apparatus according to an 
embodiment of the present invention may descramble embodiment of the present invention may insert a preamble 
OFDM data A and OFDM data B by multiplying the OFDM into the at least one signal frame . The preamble inserted into 
data A and OFDM data B by a scrambling sequence . Then , the signal frame may be a normal preamble or a robust 
the signaling decoder may sum descrambled data output preamble . The broadcast signal transmission apparatus 
from the descrambler A and descrambler B . Subsequent 50 according to an embodiment of the present invention may 
operations of the signaling decoder may be identical to insert the normal preamble or robust preamble into the 

signal frame according to channel environment in which the corresponding operations of the signaling decoder shown in signal frame is transmitted . As described above , the robust FIG . 30 . preamble may be generated by repeating the normal pre FIG . 32 illustrates a signaling decoder of a preamble amble . In this case , the first half of the robust preamble is detector according to an embodiment of the present inven exactly the same as the normal preamble , and the second 
tion . half of the robust preamble is a simple variation of the 

Specifically , FIG . 32 shows an embodiment of the pre bodiment of the pre - normal preamble where the difference arises from the 
amble detector 9300 described above with reference to FIG . sequence SSS applied in the frequency domain . 
9 , which can perform a reverse of the operation of the 60 The preamble insertion block 7500 according to an 
preamble insertion block shown in FIG . 21 , that is , detect the embodiment of the present invention may insert the afore 
robust preamble . The preamble detector according to an mentioned preamble into the signal frame . 
embodiment of the present invention may include a corre - The preamble insertion block 7500 according to an 
lation detector , an FFT block , an ICFO estimator , a carrier embodiment of the present invention may respectively gen 
allocation table block , a data extractor and a signaling 65 erate the first half and the second half of the robust preamble 
decoder . Each block may be modified according to designer using different scrambling sequences or using the same 
or may not be included in the preamble detector . scrambling sequence but different carrier allocation 
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schemes . The first half and the second half of the robust wherein the preamble contains a first OFDM symbol and 
preamble generated according to the present embodiment of a second OFDM symbol , 
the present invention may have different signal waveforms wherein each OFDM symbol in the preamble is generated 
in the time domain . Accordingly , data offset due to a by multiplying a sequence corresponding to signaling 
multipath channel is not generated even when the same 5 information with a different sequence , subcarrier allo 
signaling information is repeatedly transmitted in the time cating the multiplied sequence and Inverse Fast Fourier 
domain . Transforming ( IFFT ) the allocated sequence , The broadcast signal transmission apparatus according to wherein the first OFDM symbol and the second OFDM an embodiment of the present invention may transmit at symbol in the preamble include information for an least one broadcast signal including the at least one modu - 10 
lated signal frame ( S33030 ) . emergency alert ; and 

FIG . 34 is a flowchart illustrating a method for receiving transmitting the broadcast signals carrying the modulated 
a broadcast signal according to an embodiment of the signal frames having the preamble , 

wherein each signal frame is assigned to a frame type with present invention . 
FIG . 34 is a reverse process of the broadcast signal 15 a Fast Fourier Transform ( FFT ) size , a guard interval 

transmission method illustrated in FIG . 33 . length and a pilot pattern , and 
The broadcast signal reception apparatus according to an wherein when two adjacent signal frames having different 

embodiment of the present invention may receive at least frame types are multiplexed in the broadcast signals , a 
one broadcast signal ( S34000 ) . A broadcast signal according preceding signal frame further includes a tail edge 
to an embodiment of the present invention may include at 20 OFDM symbol being positioned at an end of the 
least one signal frame . Each signal frame may include a preceding signal frame . 
preamble , edge symbol , PLS symbol and data symbol . As 2 . The method of claim 1 , 
described above , the broadcast signal reception apparatus wherein the first OFDM symbol and the second OFDM 
that has received the at least one broadcast signal may detect symbol in the preamble include different data in the 
the preamble included in the broadcast signal and 25 frequency domain , respectively . 
descramble the preamble on the basis of a scrambling 3 . The method of claim 1 , wherein pilots of the tail edge 
sequence used for the broadcast signal transmission appa OFDM symbol are denser than pilots of the data OFDM 
ratus to generate the preamble . In this case , the preamble symbols . 
may be a normal preamble or a robust preamble . After 4 . An apparatus for transmitting broadcast signals , the 
descrambling , the broadcast signal reception apparatus may 30 af broadcast signal reception apparatus may 30 apparatus comprising : 
acquire signaling data including the preamble . an encoder to encode service data corresponding to each 

of a plurality of data transmission paths ; The preamble detector 9300 according to an embodiment 
of the present invention may detect , descramble and decode a frame builder to build signal frames including data 

symbols for the encoded service data ; the preamble . That is , the preamble detector 9300 may 
perform a reverse of the operation of the preamble insertion 35 a modulator to modulate the signal frames by an Orthogo 
block 7500 . nal Frequency Division Multiplex ( OFDM ) scheme to 

Detailed operation of the preamble detector has been convert the data symbols to data OFDM symbols ; 
described with reference to FIGS . 29 to 32 . an inserter to insert a preamble positioned at a start of the 

Subsequently , the broadcast signal reception apparatus OFDM modulated signal frames in a time domain ; 
according to an embodiment of the present invention may 40 wherein the preamble contains a first OFDM symbol and 
demodulate the received at least one broadcast signal by a second OFDM symbol , 
OFDM ( S34010 ) . Demodulation of the broadcast signal may wherein each OFDM symbol in the preamble is generated 
be performed by the synchronization and demodulation by multiplying a sequence corresponding to signaling 
module 8000 . information with a different sequence , subcarrier allo 

Then , the broadcast signal reception apparatus according 45 cating the multiplied sequence and Inverse Fast Fourier 
to an embodiment of the present invention may parse at least Transforming ( IFFT ) the allocated sequence , 
one signal frame from the demodulated broadcast signal wherein the first OFDM symbol and the second OFDM 
( S34020 ) . The signal frame may be parsed by the frame symbol in the preamble include information for an 
parsing module 8100 . emergency alert ; and 

The broadcast signal reception apparatus according to an 50 a transmitter to transmit the broadcast signals carrying the 

embodiment of the present invention may decode service modulated signal frames having the preamble , 
data carrying at least one broadcast service component wherein each signal frame is assigned to a frame type with 
( S34030 ) . Data decoding may be performed by the demap a Fast Fourier Transform ( FFT ) size , a guard interval 
ping and decoding module 8200 . length and a pilot pattern , and 

What is claimed is : 55 wherein when two adjacent signal frames having different 
1 . A method for transmitting broadcast signals by a frame types are multiplexed in the broadcast signals , a 

broadcast signal transmitter , the method comprising : preceding signal frame further includes a tail edge 
encoding service data corresponding to each of a plurality OFDM symbol being positioned at an end of the 
of data transmission paths ; preceding signal frame . 

building signal frames including data symbols for the 60 5 . The apparatus of claim 4 , 

encoded service data ; wherein the first OFDM symbol and the second OFDM 
modulating the signal frames by an Orthogonal Frequency symbol in the preamble include different data in the 

Division Multiplex ( OFDM ) scheme to convert the data frequency domain , respectively . 
symbols to data OFDM symbols ; 6 . The method of claim 4 , wherein pilots of the tail edge 

inserting a preamble positioned at a start of the modulated 65 OF OFDM symbol are denser than pilots of the data OFDM 
signal frames in a time domain after the OFDM modu - symbols . 
lating step ; 
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