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Description

APPARATUS FOR TRANSMITTING AND RECEIVING A

SIGNAL AND METHOD OF TRANSMITTING AND

RECEIVING A SIGNAL
Technical Field

The present invention relates to a method for transmitting and receiving a signal and
an apparatus for transmitting and receiving a signal, and more particularly, to a method
for transmitting and receiving a signal and an apparatus for transmitting and receiving

a signal, which are capable of improving data transmission efficiency.

Background Art

As a digital broadcasting technology has been developed, users have received a high
definition (HD) moving image. With continuous development of a compression
algorithm and high performance of hardware, a better environment will be provided to
the users in the future. A digital television (DTV) system can receive a digital
broadcasting signal and provide a variety of supplementary services to users as well as
a video signal and an audio signal.

With the development of the digital broadcasting technology, a requirement for a
service such as a video signal and an audio signal is increased and the size of data

desired by a user or the number of broadcasting channels is gradually increased.
Disclosure of Invention

Technical Problem

Accordingly, the present invention is directed to a method for transmitting and
receiving a signal and an apparatus for transmitting and receiving a signal that sub-
stantially obviate one or more problems due to limitations and disadvantages of the
related art.

An object of the present invention is to provide a method for transmitting and
receiving a signal and an apparatus for transmitting and receiving a signal, which are
capable of improving data transmission efficiency.

Another object of the present invention is to provide a method for transmitting and
receiving a signal and an apparatus for transmitting and receiving a signal, which are
capable of improving error correction capability of bits configuring a service.
Technical Solution

To achieve the objects, the present invention provides methods of transmitting and
receiving a signal and an apparatus for transmitting and receiving a signal.

In one aspect of the present invention, the method of transmitting a signal includes
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generating layer-1 information destined to be inserted into a signal frame, encoding the
layer-1 information an error correction encoding scheme, said error correction
encoding scheme including a shortening scheme and a puncturing scheme, interleaving
bits of the error-correction-encoded layer-1 information, arranging the interleaved bits
of the layer-1 information in a preamble of the signal frame, and arranging a physical
layer pipe (PLP) in the signal frame, and modulating the signal frame and transmitting
the modulated signal frame via at least one radio frequency (RF) channel.

In another aspect of the present invention, the method of receiving a signal, includes
receiving a signal transmitted in a radio frequency (RF) band including at least one RF
channel, demodulating the received signal, parsing a preamble of a signal frame
including layer-1 information, from the demodulated signal, deinterleaving bits of the
layer-1 information, decoding the deinterleaved bits using an error correction decoding
scheme including a shortening scheme and a puncturing scheme and obtaining physical
layer pipes (PLPs) from the signal frame using the error-correction-decoded layer-1 in-
formation.

In another aspect of the present invention, the apparatus for transmitting a signal,
includes an information generator configured to generatelayer-1 information destined
to be inserted into a signal frame, an information coder configured to perform error
correction encoding of the layer-1 information using an error correction encoding
including a shortening scheme and a puncturing scheme and interleave bits of the
error-correction-encoded layer-1 information, a frame builder configured to arrange the
interleaved bits of the layer-1 information in a preamble of the signal frame, and
allocate physical layer pipe (PLP) in the signal frame and a modulator configured to
modulate the signal frame, and a transmit unit configured to transmit the modulated
signal frame via at least one radio frequency (RF) channel.

In another aspect of the present invention, the apparatus for receiving a signal,
includes a receiver configured to receive a signal transmitted in a radio frequency (RF)
band including at least one RF channel, a demodulator configured to demodulate the
received signal, an information decoder configured to deinterleave bits oflayer-1 in-
formation parsed from a signal frame of the received signal and perform an error
correction decoding of the deinterleaved bits according to error correction decoding
scheme including a shortening scheme and a puncturing scheme, an information
extractor configured to extract the error-correction-encoded layer-1 information,and a
frame parser configured to parse the signal frame using the extracted layer-1 in-
formation and obtain physical layer pipes (PLPs), from the signal frame.

The error correction encoding scheme and the error correction decoding scheme
include low density parity check (LDPC) error correction scheme.

The layer-1 information may be encoded and decoded using error-
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correction-encoding and decoding schemes including a short mode of the LDPC.
The layer-1 information may be at least one of a guard-interval length, a number of

error-correction-encoding blocks in each signal frame, service modulation information
and a cell identifier.

The information coder may includes a first coder configured to perform first error
correction encoding with respect to the bits of the layer-1 information, a first in-
terleaver configured to interleave the first error-correction-encoded bits, a second
coder configured to perform second error correction encoding of the interleaved bits
according to said shortening scheme and said puncturing scheme and a second in-
terleaver configured to interleave the second error-correction-encoded bits.

The information decoder may includes a first deinterleaver configuredto deinterleave
the bits of the layer-1 information, a first decoder configured to perform error
correction decoding with respect to the deinterleaved bits according to schemes inverse
to the shortening scheme and the puncturing scheme, a second deinterleaver configured
to deinterleave the error-correction-decoded bits and a second decoder configured to
perform error correction decoding with respect to the deinterleaved bits.
Advantageous Effects

According to the apparatus for transmitting and receiving the signal and the method
for transmitting and receiving the signal of the invention, if the data symbol con-
figuring the PLP and the symbols configuring the preamble are modulated in the same
FFT mode, the probability that the data symbol is detected bythe preamble is low and
the probability that the preamble is erroneously detected is reduced. If continuous
wave (CW) interference is included like the analog TV signal, the probability that the
preamble is erroneously detected by a noise DC component generated at the time of
correlation is reduced.

According to the apparatus for transmitting and receiving the signal and the method
for transmitting and receiving the signal of the invention, if the size of the FFT applied
to the data symbol configuring the PLP is larger than that of the FFT applied to the
preamble, the preamble detecting performance may be improved even in a delay
spread channel having a length equal to or greater than that of the usefulsymbol portion
A of the preamble. Since both the cyclic prefix (B) and the cyclic suffix (C) are used in
the preamble, the fractional carrier frequency offset can be estimated.

Since the error correction encoding is performed with respect to the preamble of the
signal frame by which a diversity gain cannot be obtained, it is possible to correct an
error of the information included in the preamble. Accordingly, it is possible to

improve reception performance of the information included in the accurate preamble

Brief Description of the Drawings
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FIG. 1 is a view showing a signal frame for transmitting a service;

FIG. 2 is a view showing the structure of a first pilot signal P1 of the signal frame;

FIG. 3 is a view showing a signaling window;

FIG. 4 is a schematic view showing an embodiment of an apparatus for transmittinga
signal;

FIG. 5 is a view showing an example of an input processor 110;

FIG. 6 is a view showing an embodiment of a coding and modulation unit;

FIG. 7 is a view showing an embodiment of a frame builder;

FIG. 8 is a view showing a first example of a ratioof symbols when mappers 131a
and 131b perform hybrid symbol mapping;

FIG. 9 is a view showing a second example of a ratio of symbols when the mappers
131a and 131b perform hybrid symbol mapping;

FIG. 10 is a view showing the number of symbols and bit number per cell word
according to a symbol mapping schemein an LDPC normal mode;

FIG. 11 is a view showing another example of the number of symbols according to a
symbol mapping scheme in an LDPC normal mode;

FIG. 12 is a view showing another example of the number of symbols according to a
symbol mapping scheme in an LDPC normal mode;

FIG. 13 is a view showing the number of symbols according to a symbol mapping
scheme in an LDPC short mode;

FIG. 14 is a view showing an example of the number of symbols according to a
symbol mapping scheme in an LDPC short mode;

FIG. 15 is a view showing another example of the number of symbols according to a
symbol mapping scheme in an LDPC short mode;

FIG. 16 is a view showing an embodiment of each of the symbol mappers 131a and
131b shown in FIG. 7;

FIG. 17 is a view showing another embodiment of each of the symbol mappers 131a
and 131b;

FIG. 18 is a view showing another embodiment of the symbol mapper;

FIG. 19 is a view showing another embodiment of each of the symbol mappers 131a
and 131b;

FIG. 20 is a view showing the concept of interleaving of bits by bit interleavers
1312a and 1312b;

FIG. 21 illustrates another example of the bit interleavers which perform in-
terleaving;

FIG. 22 illustrates offset used in bit interleaving in accordance with a symbol
mapping method;

Fig. 23 is a view showing a first example of the number of rows and columns of
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memories of the bit interleavers 1312a and 1312b according to the types of symbol
mappers 1315a and 1315b;

Fig. 24 is a view showing a second example of the number of rows and columns of
the memories of the bit interleavers 1312a and 1312b according to the types of the
symbol mappers 1315a and 1315b;

FIG. 25 is a diagram showing the concept of another embodiment of interleaving of a
bit interleaver;

FIG. 26 is a view showing another embodiment of bit interleaving;

FIG. 27 is a view showing another embodiment of bit interleaving;

FIG. 28 is a view showing another embodiment of bit interleaving;

FIG. 29 is a view showing the concept of demultiplexing of input bits of demuxs
1313a and 1313b;

FIG. 30 is a view showing an embodiment of demultiplexing an input stream by the
demux;

FIG. 31 is a view showing an example of a demultiplexing type according to a
symbol mapping method;

FIG. 32 is a view showing an embodiment of demultiplexing an input bit stream
according to a demultiplexing type;

FIG. 33 is a view showing a demultiplexing type which is determined according to a
code rate of an error correction coding and a symbol mapping method;

FIG. 34 is a view showing an example of expressing the demultiplexing method by
an equation;

FIG. 35 is a view showing an example of mapping a symbol by a symbol mapper;

FIG. 36 is a view showing an example of a multi-path signal coder;

FIG. 37 is a view showing an embodiment of a modulator;

FIG. 38 is a view showing an embodiment of an analog processor 160;

FIG. 39 is a view showing an embodiment of a signal receiving apparatus capable of
receiving a signal frame;

FIG. 40 is a view showing an embodiment of a signal receiver;

FIG. 41 is a view showing an embodiment of a demodulator;

FIG. 42 is a view showing a multi-path signal decoder;

FIG. 43 is a view showing an embodiment of a frame parser;

FIG. 44 is a view showing an embodiment of each of symbol demappers 247a and
247p;

FIG. 45 is a view showing another embodiment of each of the symbol demappers
247a and 247p;

FIG. 46 is a view showing another embodiment of each of the symbol demappers
247a and 247p;
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FIG. 47 is a view showing another embodiment of each of the symbol demappers

247a and 247p;
FIG. 48is a view showing an embodiment of multiplexing a demultiplexed sub

stream;

FIG. 49 is a view showing an example of a decoding and demodulation unit;

FIG. 50 is a view showing an embodiment of an output processor;

FIG. 51 is a view showing another embodiment of a signal transmitting apparatus for
transmitting a signal frame;

FIG. 52 is a view showing another embodiment of a signal receiving apparatus for
receiving a signal frame;

FIG. 53 is a view showing an embodiment of the structure of a first pilot signal;

FIG. 54 is a view showing an embodiment of detecting a preamble signal shown in
FIG. 53and estimating a timing offset and a frequency offset;

FIG. 55 is a view showing another embodiment of the structure of the first pilot
signal;

FIG. 56 is a view showing an embodiment of detecting the first pilot signal shown in
FIG. 55and measuring a timing offset and a frequency offset;

FIG. 57 is a view showing an embodiment of detecting the first pilot signal and
measuringa timing offset and a frequency offset using the detected result;

FIG. 58 is a view showing an embodiment of a method of transmitting a signal;

FIG. 59 is a view showing an embodiment of a method of receiving a signal; and

FIG. 60 is a flowchart illustrating an embodiment of identifying a first pilot signal
and estimating an offset in a demodulating process.

FIG. 61 illustrates another example of a method of transmitting and receiving signals
in accordance with the present invention.

FIG. 62 is a view showing another embodiment of an apparatus for transmitting a
signal;

FIG. 63 is a view showing an embodiment of an information coder 1303;

FIG. 64 is a view showing another embodiment of an apparatus for receiving a
signal;

FIG. 65 is a view showing a detailed embodiment of decoding layer-1 information
and layer-2 information; and

FIG. 66 is a flowchart illustrating a method for transmitting and receiving a signal.
Best Mode for Carrying Out the Invention

Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accompanying drawings. Wherever

possible, the same reference numbers will be used throughout the drawings to refer to
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the same or like parts.

In the following description, the term "service"is indicative of either broadcast
contents which can be transmitted/received by the signal transmission/reception
apparatus, or content provision.

Prior to the description of an apparatus for transmitting and receiving a signal
according to an embodiment of the present invention, asignal frame which is
transmitted and received by the apparatus for transmitting and receiving the signal
according to an embodiment of the present invention will be described.

FIG. 1 shows a signal frame for transmitting a service according to an embodiment of
the present invention.

The signal frame shown in FIG. 1 shows an exemplary signal frame for transmitting
a broadcast service including audio/video (A/V) streams. In this case, a single service
is multiplexed in time- and frequency- channels, and themultiplexed service is
transmitted. The above-mentioned signal transmission scheme is called a time-
frequency slicing (TFS) scheme. Compared with the case in which a single service is
transmitted to only one radio frequency (RF) band, the signal transmission apparatus
according to an embodiment of the present invention transmits the signal service via at
least one RF band (possibly several RF bands), such that it can acquire a statistical
multiplexing gain capable of transmitting many more services. The signal
transmission/reception apparatus transmits/receives a single service over several RF
channels, such that it can acquire a frequency diversity gain.

First to third services (Services 1~3) are transmitted to four RF bands (RF1 ~ RF4).
However, this number of RF bands and this number of services have been disclosed for
only illustrative purposes, such that other numbers may also be used as necessary. Two
reference signals (i.e., a first pilot signal (P1) and a second pilot signal (P2)) are
located at the beginning part of the signal frame. For example, in the case of the RF1
band, the first pilot signal (P1) and the second pilot signal (P2) are located at the
beginning part of the signal frame. The RF1 band includes three slots associated with
the Service 1, two slots associated with the Service 2, and a single slot associated with
the Service 3. Slots associated with other services may also be located in other slots
(Slots 4~17) located after the single slot associated with the Service 3.

The RF2 band includes a first pilot signal (P1), a second pilot signal (P2), and other
slots 13 ~ 17. In addition, the RF2 band includes three slots associated with the Service
1, two slots associated with the Service 2, and a single slot associated with the Service
3.

The Services 1 ~ 3 are multiplexed, and are then transmitted to the RF3 and RF4
bands according to the time-frequency slicing (TFS) scheme. The modulation scheme

for signal transmission may be based on an orthogonal frequency division multiplexing
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(OFDM) scheme.

In the signal frame, individual services are shifted to the RF bands (in the case that
there are a plurality of the RF bands in the signal frame) and a time axis.

If signal frames equal to the above signal frame are successively arranged in time, a
super-frame can be composed of several signal frames. A future extension frame may
also be located among the several signal frames. If the future extension frame is
located among the several signal frames, the super-frame may be terminated at the
future extension frame.

FIG. 2 shows a first pilot signal (P1) contained in the signal frame of FIG. 1
according to an embodiment of the present invention.

The first pilot signal P1 and the second pilot signal P2 are located at the beginning
part of the signal frame. The first pilot signal P1 is modulated by a 2K FFT mode, and
may be transmitted simultaneously while including a 1/4 guard interval. In FIG. 2, a
band of 7.61Mhz of the first pilot signal P1 includes a band of 6.82992Mhz. The first
pilot signal uses 256 carriers from among 1705 active carriers. A single active carrier
is used for every 6 carriers on average. Data-carrier intervals may be irregularly
arranged in the order of 3, 6, and 9. In FIG. 2, a solid line indicates the location of a
used carrier,a thin dotted line indicates the location of an unused carrier, and a chain
line indicates a center location of the unused carrier. In the first pilot signal, the used
carrier can be symbol-mapped by a binary phase shift keying (BPSK), and a pseudo-
random bit sequence (PRBS) can be modulated. The size of a FFT used for the second
pilot signal can be indicated by several PRBSs.

The signal reception apparatus detects a structure of a pilot signal, and recognizes a
time-frequency slicing (TFS) using the detected structure. The signal reception
apparatus acquires the FFT size of the second pilot signal, compensates for a coarse
frequency offset of a reception signal, and acquires time synchronization.

In the first pilot signal, a signal transmission type and a transmission parameter may
be set.

The second pilot signal P2 may be transmitted with a FFT size and a guard interval
equal to those of the data symbol. In the second pilot signal, a single carrier is used as a
pilot carrier at intervals of three carriers. The signal reception apparatus compensates
for a fine frequency synchronization offset using the second pilot signal, and performs
fine time synchronization. The second pilot signal transmits information of a first layer
(L1) from among Open Systems Interconnection (OSI) layers. For example, the second
pilot signal may include a physical parameter and frame construction information. The
second pilot signal transmits a parameter value by which a receiver can access a
Physical Layer Pipe (PLP) service stream.

L1 (Layer 1) information contained in the second pilot signal P2 is as follows.
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The Layer-1 (1) information includes a length indicator indicating the length of data
including the L1 information, such that it can easily use the signaling channels
ofLayers 1 and 2 (L1 and L2). The Layer-1 (L1) information includes a frequency
indicator, a guard-interval length, a maximum number of FEC (Forward Error
Correction) blocks for each frame in association with individual physical channels, and
the number of actual FEC blocks to be contained in the FEC block buffer associated
with a current/previous frame in each physical channel. In this case, the frequency
indicator indicates frequency information corresponding to the RF channel.

The Layer-1 (L.1) information may include a variety of information in association
with individual slots. For example, the Layer-1 (L.1) information includes the number
of frames associated with a service, a start address of a slot having the accuracy of an
OFDM carrier contained in anOFDM symbol, a length of the slot, slots corresponding
to the OFDM carrier, the number of bits padded in the last OFDM carrier, service
modulation information, service mode rate information, and Multi-Input-Multi-Output
(MIMO) scheme information.

The Layer-1 (L1) information may include a cell ID, a flag for service like noti-
fication message service(e.g., an emergency message), the number of current frames,
and the number of additional bits for future use. In this case, the cell ID indicates a
broadcast area transmitted by a broadcast transmitter

The second pilot signal P2 is adapted to perform channel estimation for decoding a
symbol contained in the P2 signal. The second pilot signal P2 can be used as an initial
value for channel estimation for the next data symbol. The second pilot signal P2 may
also transmit Layer-2 (L2) information. For example, the second pilot signal is able to
describe information associated with the transmission service in Layer-2 (L2) in-
formation. The signal transmission apparatus decodes the second pilot signal, such that
it can acquire service information contained in the time-frequency slicing (TFS) frame
and can effectively perform the channel scanning. Meanwhile, this Layer-2 (L2) in-
formation may be included in a specific PLP of the TFS frame. According to another
instance, L2 information can be included in a specific PLP, and the service description
information also can be transmitted in the specific PLP.

For example, the second pilot signal may include two OFDM symbols of the 8k FFT
mode. Generally, the second pilot signal may be any one of a single OFDM symbol of
the 32K FFT mode, a single OFDM symbol of the 16k FFT mode, two OFDM
symbols of the 8k FFT mode, four OFDM symbols of the 4k FFT mode, and eight
OFDM symbols of the 2k FFT mode.

In other words, a single OFDM symbol having the size of a large FFT or several
OFDM symbols, each of which has the size of a small FFT, may be contained in the

second pilot signal P2, such that capacity capable of being transmitted to the pilot can
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be maintained.

If information to be transmitted to the second pilot signal exceeds capacity of the
OFDM symbol of the second pilot signal, OFDM symbols after the second pilot signal
can be further used. L1 (Layerl) and L2 (Layer2) information contained in the second
pilot signal is error-correction-coded and is then interleaved, such that data recovery is
carried out although an impulse noise occurs.

As described the above, L2 information can also be included in a specific PLP
conveying the service description information.

FIG. 3 shows a signaling window according to the present invention. The time-
frequency slicing (TFS) frame shows an offset concept of the signaling information.
Layer-1 (L1) information contained in the second pilot signal includesframe con-
struction information and physical layer information required by the signal reception
apparatus decoding the data symbol. Therefore, if information of the following data
symbols located after the second pilot signal, is contained in the second pilot signal,
and the resultant second pilot signal is transmitted, the signal reception apparatus may
be unable to immediately decode the above following data symbols due to a decoding
time of the second pilot signal.

Therefore, as shown in FIG. 3, the L1 information contained in the second pilot
signal (P2) includes information of a single time-frequency slicing (TFS) frame size,
and includes information contained in the signaling window at a location spaced apart
from the second pilot signal by the signaling window offset.

In the meantime, in order to perform channel estimation of a data symbol con-
structing the service, the data symbol may include a scatter pilot and a continual pilot.
The signal transmission/reception system capable of transmitting/receiving signal
frames shown in FIGS. 1 ~ 3 will hereinafter be described. Individual services can be
transmitted and received over several RF channels. A path for transmitting each of the
services or a stream transmitted via this path is called a PLP. The PLP may be dis-
tributed among the timely-divided slots in several RF channels or a single RF band.
This signal frame can convey the timely-divided PLP in at least one RF channel. In

other word, a single PLP can be transferred through at least one RF channel with
timely-divided regions. Hereinafter the signal transmission/reception systems
transmitting/receiving a signal frame via at least one RF band will be disclosed.

FIG. 4 is a block diagram illustrating an apparatus for transmitting a signal according
to one embodiment of the present invention. Referring to FIG. 4, the signal
transmission apparatus includes an input processor 110, a coding and modulation unit
120, a frame builder 130, a MIMO/MISO encoder 140, a plurality of modulators
(150a, ..., 150r) of the MIMO/MISO encoder 140, and a plurality of analog processors
(160a,...,160r).
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The input processor 110 receives streams equipped with several services, generates P
number of baseband frames (P is a natural number) which includes modulation- and
coding- information corresponding to transmission paths of the individual services, and
outputs the P number of baseband frames.

The coding and modulation unit 120 receives baseband frames from the input
processor 110, performs the channel coding and interleaving on each of the baseband
frames, and outputs the channel coding and interleaving result.

The frame builder 130 forms frames which transmit baseband frames contained in P
number of PLPs to R number of RF channels (where R is a natural number), splits the
formed frames, and outputs the split frames to paths corresponding to the R number of
RF channels. Several services may be multiplexed in a single RF channel in time. The
signal frames generated from the frame builder 140 may include a time-frequency
slicing (TFS) structure in which the service is multiplexed in time- and frequency-
domains.

The MIMO/MISO encoder 140 encodes signals to be transmitted to the R number of
RF channels, and outputs the coded signals to paths corresponding to A number of
antennas (where A is a natural number). The MIMO/MISO encoder 140 outputs the
coded signal in which a single to be transmitted to a single RF channel is encoded to
the A number of antennas, such that a signal is transmitted/received to/from a MIMO
(Multi-Input-Multi-Output) or MISO (Multi-Input-Single-Output) structure.

The modulators (150a, ..., 150r) modulate frequency-domain signals entered via the
path corresponding to each RF channel into time-domain signals. The modulators
(150a, ..., 150r) modulate the input signals according to an orthogonal frequency
division multiplexing (OFDM) scheme, and outputs the modulated signals.

The analog processors (160a, ..., 160r) converts the input signals into RF signals,
such that the RF signals can be outputted to the RF channels.

The signal transmission apparatus according to this embodiment may include a pre-
determined number of modulators (150a,...150r) corresponding to the number of RF
channels and a predetermined number of analog processors (160a....,160r) corre-
sponding to the number of RF channels. However, in the case of using the MIMO
scheme, the number of analog processors must be equal to the product of R (i.e., the
number of RF channels) and A (i.e., the number of antennas).

FIG. 5 is a block diagram illustrating an input processor 110 according to an em-
bodiment of the present invention. Referring to FIG. 5, the input processor 110
includes the first stream multiplexer 111a, the first service splitter 113a, and a plurality
of first baseband (BB) frame builders (115a, ..., 115m). The input processor 110
includes a second stream multiplexer 111b, a second service splitter 113b, and a
plurality of second baseband (BB) frame builders (115n, ..., 115p).
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For example, the first stream multiplexer 111a receives several MPEG-2 trans-
portstreams (TSs), multiplexes the received MPEG-2 TS streams, and outputs the mul-
tiplexed MPEG-2 TS streams. The first service splitter 113a receives the multiplexed
streams, splits the input streams of individual services, and outputs the split streams.
As described above, provided that the service transmitted via a physical-channel path
is called a PLP, the first service splitter 113a splits the service to be transmitted to each
PLP, and outputs the split service.

The first BB frame builders (115a, ..., 115m) build data contained in a service to be
transmitted to each PLP in the form of a specific frame, and output the specific-
frame-formatted data. The first BB frame builders (115a, ..., 115m) build a frame
including a header and payload equipped with servicedata. The header of each frame
may include mode information based on the modulation and encoding of the service
data, and a counter value based on a clock rate of the modulator to synchronize input
streams.

The second stream multiplexer 111b receives several streams, multiplexes input
streams, and outputs the multiplexed streams. For example, the second stream mul-
tiplexer 111b may multiplex Internet Protocol (IP) streams instead of the MPEG-2 TS
streams. These streams may be encapsulated by a generic stream encapsulation (GSE)
scheme. The streams multiplexed by the second stream multiplexer 111b may be any
one of streams. Therefore, the above-mentioned streams different from the MPEG-2
TS streams are called generic streams (GS streams).

The second service splitter 113b receives the multiplexed generic streams, splits the
received generic streams according to individual services (i.e., PLP types), and outputs
the split GS streams.

The second BB frame builders (115n, ..., 115p) build service data to be transmitted to
individual PLPs in the form of a specific frame used as a signal processing unit, and
output the resultant service data. The frame format built by the second BB frame
builders (115n, ..., 115p) may be equal to that of the first BB frame builders (115a, ...,
115m) as necessary. If required, another embodiment may also be proposed. In another
embodiment, the frame format built by the second BB frame builders (115n, ..., 115p)
may be different from that of the first BB frame builders (115a, ..., 115m). The MPEG-
2 TS header further includes a Packet Syncword which is not contained in the GS
stream, resulting in the occurrence of different headers.

FIG. 6 is a block diagram illustrating a coding and modulation unit according to an
embodiment of the present invention. The coding and modulation unit includes a first
interleaver 123, a second encoder 125, and a second interleaver 127.

The first encoder 121 acts as an outer coder of the input baseband frame, and is able

to perform the error correction encoding. The first encoder 121 performs the error
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correction encoding of the input baseband frame using a Bose- Chaudhuri-Hoc-
quenghem (BCH) scheme. The first interleaver 123 performs interleaving of the
encoded data, such that it prevents a burst error from being generated in a transmission
signal. The first interleaver 123 may not be contained in the above-mentioned em-
bodiment.

The second encoder 125 acts as an inner coder of either the output data of the first
encoder 121 or the output data of the first interleaver 123,and is able to perform the
error correction encoding. A low density parity bit (LDPC) scheme may be used as an
error correction encoding scheme. The second interleaver 127 mixes the error-
correction-encoded data generated from the second encoder 125, and outputs the mixed
data. The first interleaver 123 and the second interleaver 127 are able to perform in-
terleaving of data in units of a bit.

The coding and modulation unit 120 relates to a single PLP stream. The PLP stream
is error-correction-encoded and modulated by the coding and modulation unit 120, and
is then transmitted to the frame builder 130.

FIG. 7 is a block diagram illustrating a frame builder according to an embodiment of
the present invention. Referring to FIG. 7, the frame builder 130 receives streams of
several paths from the coding and modulation unit 120, and arranges the received
streams in a single signal frame. For example, the frame builder may include a first
mapper 131a and a first time interleaver 132a in a first path, and may include a second
mapper 131b and a second time interleaver 132b in a second path. The number of input
paths is equal to the number of PLPs for service transmission or the number of streams
transmitted via each PLP.

The first mapper 131a performs mapping of data contained in the input stream
according to the first symbol mapping scheme. For example, the first mapper 131a
may perform mapping of the input data using a QAM scheme (e.g., 16 QAM, 64
QAM, and 256 QAM).

If the first mapper 131a performs mapping of the symbol, the input data may be
mapped to several kinds of symbols according to several symbol mapping schemes.
For example, the first mapper 131a classifies the input data into a baseband-frame unit
and a baseband-frame sub-unit. Individual classified data may be hybrid-
symbol-mapped by at least two QAM schemes (e.g., 16 QAM and 64 QAM).
Therefore, data contained in a single service may be mapped to symbols based on
different symbol mapping schemes in individual intervals.

The first time interleaver 132a receives a symbol sequence mapped by the first
mapper 131a, and is able to perform the interleaving in a time domain. The first
mapper 131a maps data, which is contained in the error-corrected frame unit received

from the coding and modulation unit 120, into symbols. The first time interleaver 132a
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receives the symbol sequence mapped by the first mapper 131a, and interleaves the
received symbol sequence in units of the error-corrected frame.

In this way, the p-th mapper 131p or the p-th time interleaver 132p receives service
data to be transmitted to the p-th PLP, maps the service data into symbols according to
the p-th symbol mapping scheme. The mapped symbols can be interleaved in a time
domain. It should be noted that this symbol mapping scheme and this interleaving
scheme are equal to those of the first time interleaver 132a and the first mapper 131a.

The symbol mapping scheme of the first mapper 131a may be equal to or different
from that of the p-th mapper 131p. The first mapper 131a and the p-th mapper 131p are
able to map input data to individual symbols using the same or different hybrid symbol
mapping schemes.

Data of the time interleavers located at individual paths (i.e., service data interleaved
by the first time interleaver 132a and service data to be transmitted to R number of RF
channels by the p-th time interleaver 132p) is interleaved, such that the physical
channel allows the above data to be interleaved over several RF channels.

In association with streams received in as many paths as the number of PLPs, the
TFS frame builder 133 builds the TFS signal frame such as the above-mentioned signal
frame, such that the service is time-shifted according to RF channels. The TFS frame
builder 133 splits service data received in any one of paths, and outputs the service
data split into data of the R number of RF bands according to a signal scheduling
scheme.

The TES frame builder 133 receives the first pilot signal and the second pilot signal
from the signaling information unit (denoted by Ref/PL signal)135, arranges the first
and second pilot signals in the signal frame, and inserts the signaling signal (L1 and
L2) of the above-mentioned physical layer in the second pilot signal. In this case, the
first and second pilot signals are used as the beginningsignals of the signal frame
contained in each RF channel from among the TFS signal frame received from the
signaling information unit (Ref/PL signal) 135. As shown in FIG. 2, the first pilot
signal may include a transmission type and basic transmission parameters, and the
second pilot signal may include a physical parameter and frame construction in-
formation. Also, the second pilot signal includes a L1 (Layer 1) signaling signal and a
L2 (Layer 2) signaling signal.

The R number of frequency interleavers (137a, ..., 137r) interleave service data, to be
transmitted to corresponding RF channels of the TFS signal frame, in a frequency
domain. The frequency interleavers (137a, ..., 137r) can interleave the service data at a
level of data cells contained in an OFDM symbol.

Therefore, service data to be transmitted to each RF channel in the TFS signal frame

is frequency-selective-fading-processed, such that it may not be lost in a specific
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frequency domain.

FIG. 8 is a view showing a first example of a ratio of symbols when the mappers
131a and 131b perform hybrid symbol mapping. This Figure shows the number of bits
transmitted by one sub carrier (cell) if error correction coding is performed by the
coding and modulation unit in a normal mode (the length of the error-correction-coded
code is 64800 bits) of LDPC error correction coding mode.

For example, if the mappers 131a and 131b perform symbol mapping using
256QAM, 64800 bits are mapped to 8100 symbols. If the mappers 131a and 131b
perform hybrid symbol mapping (Hyb 128-QAM) using 256QAM and 64QAM with a
ratio of 3:2, the number of symbols mapped by 256QAM is 4860 and the number of
symbols mapped by 64QAM is 4320. The number of transmitted bits per sub carrier
(cell) is 7.0588.

If a symbol mapping method of 64QAMis used, input data may be mapped to 10800
symbols and six bits per cell may be transmitted. If data is mapped to the symbols by a
hybrid symbol mapping method of 64QAM and 16QAM (64QAM:16QAM=3:2,
Hyb32-QAM), five bits may be transmitted by one sub carrier (cell).

If data is mapped to symbols by the 16QAM method, the data is mapped to 16200
symbols, each of which is used to transmit four bits.

Similarly, if data is mapped to symbols by a hybrid symbol mapping method of
16QAM and QPSK (16QAM:QPSK=2:3, Hyb8-QAM), three bits may be transmitted
by one sub carrier (cell).

If data is mapped to symbols by a QPSK method, the data may be mapped to 32400
symbols, each of which is used to transmit two bits.

FIG. 9 shows symbol mapping methods of error-corrected data by LDPC error
correction coding method of a short mode (the length of the error-correction-coded
code is 16200 bits), which are equal to the symbol mapping methods of FIG. &, and the
numbers of bits per sub carrier according to the symbol mapping methods.

The numbers of bits transmitted by the sub carrier is equal to those of the normal
mode (64800 bits) according to the symbol mapping methods such as 256QAM, Hyb
128-QAM, 64-QAM, Hyb 32-QAM, 16QAM, Hyb8-QAM and QPSK, but the total
numbers of symbols transmitted are different from those of the normal mode. For
example, 16200 bits are transmitted by 2025 symbols in 256QAM, 16200 bits are
transmitted by 1215 symbols according to 256QAM and 1080 symbols according to
64QAM (total 2295 symbols) in Hyb 128-QAM.

Accordingly, a data transmission rate per sub carrier (cell) for each PLP may be
adjusted according to a hybrid symbol mapping method or a single symbol mapping
method.
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FIG. 10 is a view showing the number of symbols and bit number per cell word
according to a symbol mapping methodin an LDPC normal mode. If a TFS signal
frame includes at least one RF channel, symbols configuring a specific PLP can be uni-
formlyallocated to RF channels. The locations of the PLP symbols allocated to the RF
channels can be more efficiently addressed. Accordingly, when the signal receiving
apparatus selects the RF channels, the bits used for addressing the specific PLP can be
reduced.

In this drawing, a symbol mapping method represented by 256-QAM indicates a
method of mapping bits configuring a single error-correction-coded block to symbols
with a ratio of 256QAM:64QAM=8:1. According to this symbol mapping method, the
number of the bits in a single error-correction-coded block by the 256-QAM methodis
57600, the number of the bits in a single error-correction- coded block by the
256-QAM methodis 1200, the number of total symbols in the block is 8400, and the bit
number per cell word is 7.714285714.

A symbol mapping method represented by Hyb 128-QAM indicates a method of
mapping bits configuring a single error-correction-coded block to symbols with a ratio
of 256QAM:64QAM=8:7. According to the Hyb 128-QAM symbol mapping method,
the number of total symbols in a single error-correction-encoding block is 9600, and
the bit number per cell word is 6.75.

According to a symbol mapping method represented by 64 QAM, the number of total
symbols in a single error-correction-encoding block is 10800 and the bit number per
cell word is 6.

A symbol mapping methodrepresented by Hyb 32-QAM indicates a methodof
mapping bits configuring a single error-correction- coded block to symbols with a ratio
of 64QAM:32QAM=5:4. According to the Hyb 32-QAM symbol mapping method, the
number of total symbols in the error-correction-coded block is 13200, and the bit
number per cell word is 4.90909009.

A symbol mapping method represented by 16 QAM indicates a methodof mapping
bits configuring a single error-correction- coded block to symbols with a ratio of
16QAM:QPSK=1:8. According to the 16 QAM symbol mapping method, the number
of total symbols in one error-correction-coded block is 15600, and the bit number per
cell word is 4.153846154.

A symbol mapping methodrepresented by Hyb 8-QAM indicates a methodof
mapping bits configuring a single error-correction- coded block to symbols with a ratio
of 16QAM:QPSK=2:1. According to the Hyb 8-QAM symbol mapping method, the
number of total symbols in one error-correction-coded block is 21600, and the bit
number per cell word is 3.

According to a symbol mapping method represented by QPSK, the number of total
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symbols in one error-correction-coded block is 32400 and the bit number per cell word
is 2.

When the symbols configuring the PLP are allocated to the RF channels, the
diversity gain of the frequency domain canbe maximized when the numbers of the
symbols allocated to the respective RF channels are equal. If a maximum of six RF
channels is considered, the lowest common multiple of 1 to 6 is 60 and the greatest
common divisor of the numbers of symbols mapped to one error correction coded
block is 1200. Accordingly, if the integral multiple of 1200/60=20 symbols is allocated
to each of the RF channels, the symbols can be uniformly allocated to all the RF
channels. At this time, if 20 symbols are considered as one group and the group is
addressed, the addressing overhead of log2(20)4.32 bits can be reduced compared with

the case the symbols are addressed one by one.

FIG. 11 is a view showing another example of the number of symbols according to a
symbol mapping method in an LDPC normal mode. In the example of this drawing, a
256-QAM methodusing 256QAM and 64QAM symbols (256QAM:64QAM=4:1), a
Hyb 128-QAM method using 256QAM and 64QAM symbol (256QAM:64QAM=8:7),
a 64QAM method, a Hyb 32-QAM methodusing 64QAM and 8QAM symbols
(64QAM:8QAM=3:2), a 16 QAM methodusing 16QAM and QPSK symbols
(16QAM:QPSK=1:14), a Hyb 8-QAM methodusing 16QAM:QPSK=2:1and a QPSK
method were used as the symbol mapping method. The greatest common divisor
(GCD) of the numbers of total symbols of an error correction coded block (normal
mode) according to the symbol mapping methods is 720. Accordingly, if the integral
multiple of 12(=720/60) symbols is allocated to each of the RF channels, the symbols
can be uniformly allocated to all the RF channels. At this time, if 12 symbols are
considered as one group and the group is addressed, the addressing overhead of
log2(12)3.58 bits can be reduced compared with the case the symbols are addressed
one by one. The signal receiving apparatus can collect the allocated PLP symbols by

the addressing scheme and obtain a PLP service stream.

FIG. 12 is a view showing another example of the number of symbols according to a
symbol mapping method in an LDPC normal mode. In the example of this drawing, a
256-QAM scheme, a Hyb 128-QAM scheme, a 64QAM scheme, a Hyb 32-QAM
scheme, a 16 QAM scheme, a Hyb 8-QAM scheme and a QPSK scheme were used as
the symbol mapping method. The 256QAM symbol mapping method uses 256QAM
and 64QAM symbols (256QAM:64QAM=44:1) and the Hyb 128-QAM symbol
mapping methoduses 256QAM and 64QAM symbols (256QAM:64QAM=28:17). The
Hyb 32-QAM methoduses 64QAM and 8QAM symbols (64QAM:8QAM=3:2), the
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16QAM symbol mapping methoduses 16QAM and QPSK symbols (16QAM:
QPSK=1:14), and the Hyb 8-QAM symbol mapping method uses 16QAM and QPSK
symbols (16QAM:QPSK=2:1). The GCD of the numbers of total symbols of an error
correction coded block (normal mode) according to the symbol mapping methods is
240. Accordingly, if the integral multiple of 240/60=4 symbols is allocated to each of
the RF channels, the symbols can be uniformlyallocated to all the RF channels. At this
time, if four symbols are considered as one group and the group is addressed, the ad-
dressing overhead of log2(4)2 bits can be reduced compared with the case where the
symbols are addressed one by one. Accordingly, even when the number of RF
channels is any one of 1 to 6 in the signal frame, the PLP symbols can be uniformly
allocated to the RF channels.

FIG. 13 is a view showing the number of symbols according to a symbol mapping
method in an LDPC short mode. As described above, if symbol mapping is performed
according to this example, the PLP symbols can be uniformlyallocated to the RF
channels and the overhead of the PLP symbol addressing can be reduced. The symbol
mapping methods shown in this drawing are equal to those shown in FIG. 10.
However, since the bit number of the LDPC short mode is different from that of the
normal mode, the GCD of the numbersof total symbols of an error correction coded
block (short mode) according to the symbol mapping methods is 300, unlike to FIG.
10. Accordingly, if the integral multiple of 300/60=5 symbols is allocated to each of
the RF channels, the symbols can be uniformly allocated to all the RF channels. At this
time, if fivesymbols are considered as one group and the group is addressed, the ad-
dressing overhead of log2(5) bits can be reduced compared with the case where the
symbols are addressed one by one. Accordingly, in this embodiment, the addressing
bits are saved by log2(5) bits when the divided PLP symbols are addressed.

FIG. 14 is a view showing an example of the number of symbols according to a
symbol mapping method in an LDPC short mode. The symbol mapping methods of
this drawing are equal to those shown in FIG. 11. In this example, the GCD of the
numbers of total symbols of an error correction coded block (short mode) according to
the symbol mapping methods is 180, which may be used for PLP symbol allocation of
one RF channel and the addressing of the allocated symbols. In this embodiment, the

addressing bits are saved by log2(3) bits.
FIG. 15 is a view showing another example of the number of symbols according to a

symbol mapping method in an LDPC short mode. The symbol mapping methods of
this drawing are equal to those shown in FIG. 12. In this example, the GCD of the
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numbers of total symbols of an error correction coded block (short mode) according to
the symbol mapping methods is 60. In this embodiment, the addressing bits are saved
by log2(1) bits (that is, the addressing bit is not saved).

FIG. 16 is a view showing an example of each of the symbol mappers 131a and 131b
shown in FIG. 7. Each of the symbol mappers 131a and 131b includes a first order
mapper 1315a, a second order mapper 131b, a symbol merger 1317 and an error
correction block merger 1318.

The bit stream parser 1311 receives the PLP service stream from the coding and
modulation unit and splits the received service stream.

The first order symbol mapper 1315a maps the bits of the service stream split by a
higher order symbol mapping method to symbols. The second order symbol mapper
1315b maps the bits of the service stream split by a lower order symbol mapping
method to symbols. For example, in the above example, the first order symbol mapper
1315a may map the bit stream to symbols according to 256QAM and the second order
symbol mapper 1315b may map the bit stream to symbols according to 64QAM.

The symbol merger 1317 merges the symbols output from the symbol mappers 1315a
and 1315b to one symbol stream and outputs the symbol stream. The symbol merger
1317 may output the symbol stream included in one PLP.

The error correction block merger 1318 may output one symbol stream merged by
the symbol merger 1317 in the error-correction-coded code block unit. The error
correction block merger 1318 may output a symbol block such that the error-
correction-coded code blocks are uniformly allocated to at least one RF band of the
TFS signal frame. The error correction block merger1318 may output the symbol block
such that the length of the symbol block of the error-correction-coded block of a
normal mode is equal to that of the symbol block of the error-correction-coded block
of a short mode. For example, four symbol blocks of the error-correction-coded block
of the short mode may be merged to one symbol block.

The error correction block merger 1318 may split the symbol stream according to a
common multiple of the number of RF bands such that signal frame builder uniformly
arranges the symbols to the RF bands. If the maximum number of RF bands in the
signal frame is 6, the error correction block merger 1318 outputs the symbol block
such that the total number of symbols can be divided by 60 which is a common
multiple of 1, 2, 3, 4, 5 and 6.

The symbols included in the output symbol block may be arranged to be uniformly
allocated to the six RF bands. Accordingly, although an error correction mode
according to a code rate and a symbol mapping method are combined, the symbols

configuring the PLP are uniformly allocated to the RF bands.
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FIG. 17 is a view showing another embodiment of each of the symbol mappers 131a
and 131b. The embodiment of this drawing is similar to the embodiment of FIG. 16
except that a first order power calibration unit 1316a and a second order power cal-
ibration unit 1316b are further included.

The first order power calibration unit 1316a calibrates the power of the symbols
mapped by the first order symbol mapper 1315a according to the size of the con-
stellation and outputs the calibrated symbols. The second order power calibration unit
1316b calibrates the power of the symbols mapped by the second order symbol mapper
1315b according to the size of the constellation and outputs the calibrated symbols.
Accordingly, although the symbol mapping methodis changed in one PLP or is
changed among a plurality of PLPs, if the power of the symbol by the symbol mapping
method is adjusted according to the size of the constellation, signal reception per-
formance of a receiver can be improved.

The symbol merger 1317 merges the symbols calibrated by the power calibration

units 1316a and 1316b and outputs one symbol stream.

FIG. 18 is a view showing another embodiment of the symbol mapper. In the em-
bodiment of this Figure, the symbol mapper includes the second encoder 125 and the
second interleaver 127 included in the coding and modulation unit. That is, if this em-
bodiment is used, the coding and modulation unit may include only the first encoder
121, the first interleaver 123 and the second encoder 125.

The embodiment of the symbol mapper includes a bit stream parser 1311, a first
order bit interleaver 1312a, a second order bit interleaver 1312b, a first order demux
1313a, a second order demux 1313b, a first order symbol mapper 1315a, a second
order symbol mapper 1315b and a symbol merger 1317.

When the second encoder 125 performs LDPC error correction coding, the length of
the error-correction-coded block (e.g., the length of 64800 bits and the length of 16200
bits) may vary according to an LDPC mode. If the bits included in the error-
correction-coded block are mapped to the symbols, the error correction capabilities of
the bits included in a cell word configuring the symbol may vary according to the
locations of the bits. For example, the cell word which is the symbol may be de-
termined according to the code rate of the error correction coding and the symbol
mapping method (whether the symbol mapping method is the higher order symbol
mapping method or the lower order symbol mapping method). If the error-
correction-code is the LDPC, the error correction capabilities of the bits vary according
to the locations of the bits in the error-correction-coded block. For example, the relia-

bilities of the bits coded according to the characteristics of the H-matrix used in the
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irregular LDPC error correction coding method may vary according to the locations of
the bits. Accordingly, the order of the bits configuring the cell word mapped to the
symbol is changed such that the error correction capabilities of the bits which are weak
against the error correction in the error-correction-coded block are adjusted and the ro-
bustness against the error in the bit level can be adjusted.

First, the second encoder 125, for example, performs the error correction coding with
respect to the stream included in one PLP by the LDPC error correction coding
method.

The bit stream parser 1311 receives the service stream according to the PLP and
splits the received service stream.

The first order bit interleaver 1312a interleaves the bits included in a first bit stream
of the split service streams. Similarly, the second order bit interleaver 1312b in-
terleaves the bits included in a second bit stream of the split service streams.

The first order bit interleaver 1312a and the second order bit interleaver 1312b may
correspond to the second interleaver 127 used as an inner interleaver. The interleaving
method of the first order bit interleaver 1312a and the second order bit interleaver
1312b will be described later.

The first order demux 1313a and the second order demux 1313b demultiplex the bits
of the bit streams interleaved by the first order bit interleaver 1312a and the second
order bit interleaver 1312b. The demuxs 1313a and 1313b divide the input bit stream
intosub bit streams which will be mapped to a real axis and an imaginary axis of a con-
stellation and output the sub bit streams. The symbol mappers 1315a and 1315b map
the sub bit streams demultiplexed by the demuxs 1313a and 1313b to the corre-
sponding symbols.

The bit interleavers 1312a and 1312b and the demuxs 1313a and 1313b may combine
the characteristics of the LDPC codeword and the characteristics of the constellation
reliability of the symbol mapping according to the constellation. The detailed em-
bodiment of the first order demuxs 1313a and 1313b will be described later.

The first order symbol mapper 1315a performs first order symbol mapping, for
example, higher order symbol mapping, and the second order symbol mapper 1315b
performs second order symbolmapping, for example, lower order symbol mapping.
The first order symbol mapper 1315a maps the sub bit streams output from the first
order demux 1313 to the symbols and the second order symbol mapper 1315b maps
the sub bit streams output from the second order demux 1313b to the symbols.

The symbol merger 1317 merges the symbols mapped by the first order symbol
mapper 1315a and the second order symbol mapper 1315b to one symbol stream and
outputs the symbol stream.

As described above, in the LDPC, the error correction capabilities of the bits may be
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changed according to the locations of the bits in the error-correction-coded block. Ac-
cordingly, if the bit interleaver and the demux are controlled according to the charac-
teristics of the LDPC encoder 125 so as to change the order of the bits configuring the

cell word, the error correction capability in the bit level can be maximized.

FIG. 19 is a view showing another embodiment of each of the symbol mappers 131a
and 131b. The embodiment of this drawing is similar to the embodiment of FIG. 18
except that a first order power calibration unit 1316a and a second order power cal-
ibration unit 1316b are further included.

The first order power calibration unit 1316a calibrates the power of the symbols
mapped by the first order symbol mapper 1315a according to the size of the con-
stellation and outputs the calibrated symbols. The second order power calibration unit
1316b calibrates the power of the symbols mapped by the second order symbol mapper
1315b according to thesize of the constellation and outputs the calibrated symbols. Ac-
cordingly, although the symbol mapping scheme is changed in one PLP or is changed
among a plurality of PLPs, if the power of the symbol is adjusted according to the size
of the constellation, signal reception performance can be improved.

The symbol merger 1317 merges the symbols calibrated by the power calibration
units 1316a and 1316b and outputs one symbol stream.

FIG. 20 is a view showing the concept of interleaving of bits by the bit interleavers
1312a and 1312b of FIGs. 18 and 19.

For example, input bits are stored in and read from a matrix-formed memory having
a predetermined number of rows and columns. When the input bits are stored, first, the
bits are stored in a first column in row direction, and, if the first column is filled up, the
bits are stored in another column in row direction. When the stored bits are read, the
bits are read in column direction and, if all the bits stored in a first row are read, the
bits in another row are read in column direction. In other word, when the bits are
stored, the bits are stored row-wise such that the columns are filled up serially. And
when the stored bits are read, the stored bits are read column-wise from the first row to
last row serially. In this Figure, MSB means a most significant bit and LSB means a
least significant bit.

In order to map the LDPC-error-correction-coded bits to the symbols in the same
length of error correction block unit at various code rates, the bit interleavers 1312a
and 1312b may change the number of rows and columns of the memory according to
the types of the symbol mappers 1315a and 1315b.

FIG. 21 illustrates another example of the bit interleavers which perform in-
terleaving. If bit interleavers 1312a and 1312b store bits in units of column, they can

store the bits to generate offset of the location where the bits are stored, in each
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column. If the bit interleavers 1312a and 1312b read the stored bits in units of row,
they can store the bits as much as offset of the location where the bits are read, in each
row.

In the example of FIG. 21, thick dots respectively represent the location of offset. For
example, the bit interleavers store bits in units of column. In the first column, the bits
are stored from the first rowto the nth row (n is the number of rows of the memory) in
due order. In the second column, the bits are stored from the row (referred to as rlth
row) with a thick dot to the nth row, and then the bits are stored from the first row to
the r1-1th. In the third column, the bits are stored from the r2th row with a thick dot to
the nth row, and then the bits are stored from the first row to the r2-1th. In this way, the
bits are stored in each column in accordance with circular addressing of the rows from
the row away as much as the offset of the stored location.

If the bit interleavers 1312a and 1312b read the bits stored therein, they read the bits
from each row in accordance with circular addressing of the columns from the location
away as much as the offset. For example, in the first row, the bit interleavers read the
stored bits from the first column to the mth column (m is the number of columns of the
memory) in due order. In the second row, the bit interleavers read the stored bits from
the column (referred to as C1th column) with a thick dot to the mth column and then
from the first column to the (C1-1)th column. In the third row, the bit interleavers read
the stored bits from the column (referred to as C2th column) with a thick dot to the mth
column, and read the bits from the first column to the (C2-1)th column in accordance

with circular addressing of the columns.

FIG. 22 illustrates offset used in bit interleaving in accordance with a symbol
mapping method. nCol represents the number of columns of thememory of the bit in-
terleaver. If the symbol mapping method is QPSK, the number of columns of the
memory could be two (2). The bit interleaver can store and read the bits using offset
corresponding to the second row in the second column Col2.

If the symbol mapping method is 16QAM, the number of columns of the memory
could be four(4). The bit interleaver can store and read the bits in accordance with
offset corresponding to the second row in the second column Col2, the fourth row in
the third column Col3, and the seventh row in the fourth column Col4.

If the symbol mapping method is 64QAM, the number of columns of the memory
could be six(6). The bit interleaver can store and read the bits in accordance with offset
corresponding to the second row in the second column Col2, the fifth row in the third
column Col3, the ninth row in the fourth column Col4, the tenth row in the fifth
column Col5, and the thirteenth row in the sixth column Col6.

If the symbol mapping method is 256QAM, the number of columns of the memory
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could be eight(8). The bit interleaver can store and read the bits in accordance with off-
setcorresponding to the second row in the third column Col3, the fourth row in the
fourth column Col4, the fourth row in the fifth column Col5, the fifth row in the sixth
column Col6, the seventh row in the seventh column Col7, and the seventh row in the
eighth column Col8.

As described above, the number of columns in the memory of the bit interleaver is
varied depending on the symbol mapping method, and the bit interleaver can store and
read bits by varying offset depending on the number of columns. The number of bits
included in one symbol according to the symbol mapping method could be identical
with the number of columns. Accordingly, after reading bits, the bit interleaver can
map the read bits with one symbol in accordance with the corresponding mapping
method. In this case, the bits mapped with the symbol can be permuted. Also, even
though error correction capability of bits in a specific location is lowered in accordance
with an error correction symbol method, since the bits mapped with the symbol are
permuted in the bit interleaver, the error correction capability of the error correction
symbol method can be maximized.

Fig. 23 is a view showing an example of the number of rows and columns of
memories of the bit interleavers 1312a and 1312b according to the types of symbol
mappers 1315a and 1315b, if the LDPC mode is the normal mode.

For example, if the symbol mapper 1315a maps the bits to 256QAM symbols, the
first order interleaver 1312a interleaves the bits by a memory having 8100 rows and 8
columns. If the symbols are mapped by 64QAM, the first order interleaver 1312a in-
terleaves the bits by a memory having 10800 rows and 6 columns. If the symbols are
mapped by 16QAM, the first order interleaver 1312a interleaves the bits by a memory
having 16200 rows and 4 columns.

For example, if the symbol mappers 1315a and 1315b map the bits to Hyb128-QAM
symbols, the first order interleaver 1312a interleaves the bits using a memory having
4860 rows and 8 columns, and the second order interleaver 1312b interleaves the bits
using a memory having 4320 rows and 6 columns.

Similarly, if the symbol mappers 1315a and 1315b map the symbols by
Hyb32-QAM, the first order interleaver 1312a interleaves the bits using a memory
having 6480 rows and 6 columns, and the second order interleaver 1312b interleaves
the bits using a memory having 6480 rows and 4 columns.

Fig. 24 is a view showing an example of the number of rows and columns of the
memories of the bit interleavers 1312a and 1312b according to the types of the symbol
mappers 1315a and 1315b, if the LDPC mode is the short mode.

For example, if the symbol mapper 1315a maps the bits to 256QAM symbols, the

first order interleaver 1312a interleaves the bits by a memory having 2025 rows and 8
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columns. If the symbol mappers 1315a and 1315b map the symbols by Hyb128-QAM,
the first order interleaver 1312a interleaves the bits using a memory having 1215 rows
and 8 columns, and the second order interleaver 1312b interleaves the bits using a
memory having 1080 rows and 6 columns.

If the bit interleaving is performed with respect to the error-correction-coded block,

the locations of the bits in the error-correction-coded block may be changed.

FIG. 25 is a diagram showing the concept of another embodiment of interleaving of a
bit interleaver. In the embodiment shown in this drawing, when bits are written in a
memory, the bits are written in a column direction. When the written bits are read, the
bits of the circularly shifted locations are read in a row direction. In each row, the bits
written in each row is circularly shifted. If the bits are written or read by a circular shift
method with respect to the row or the column of the memory, this is called twisted bit
interleaving. This embodiment relates to the twisted bit interleaving method using a
method of reading the bits after the bits are shifted by one column in row direction.
Instead of shifting the written bits in the memory, thepoint for reading bits in the
memory or the point for writing bits in the memory can be shifted.

In this embodiment, N denotes the length of the error correction coded block and C
denotes the length of the column. When the bits are written, the bits arewritten in a first
column (represented by a shadow) in order of 1, 2, 3, 4, ..., and C and the bits are
written in a second column in order of C+1, C+2, C+3, ....

The written bits are twisted in the row direction one column by one column.

If the written bits are read, the twisted bits are read in the row direction. For example,
in this embodiment, the bits are read in a first row in order of 1, C+1, ... and the bits are
read in a second row in order of X1, 2, C+2, ...(X1 is a bit in the first column of the
second row). The bits are read by row by row and the circularly shifted bits are read.
Of course, instead of shifting the written bits in the memory, the point for reading bits

written in the memory can be shifted.

FIG. 26 is a view showing another embodiment of bit interleaving. In this em-
bodiment, N denotes the length of the error correction coded block and C denotes the
length of the column. When the bits are written, the bits are written in a first column in
orderof 1, 2,3, 4, ..., C-1, and C and the bits are written in a second column in order of
C+1,C+2,C+3, ...

The written bits are double-twisted in the row direction two columns by two
columns. If the written bits are read, the bits circularly shifted by two columns are read
in the column direction in every row. This method may be called a double twisted bit

interleaving method.
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FIG. 27 is a view showing another embodiment of bit interleaving. In this em-
bodiment, N denotes the length of the error correction coded block and C denotes the
length of the column. The bits are written in a first column in order of 1, 2, 3, 4, ..., C-
1, and C and the bits are written in a second column in order of C+1, C+2, C+3, ....

When the written bits are read, in a first region of the rows, the bits may be read by
the twisted bit interleaving method.

In a second region of the rows, the bits may be read by the double twisted in-
terleaving method.

In a third region of the rows, the bits may be read by the twisted bit interleaving
method.

If the bits are interleaved by at least one of the twisted bit interleaving method and
the double twisted interleaving method, the bits in the error correction coded block can
be more randomly mixed.

FIG. 28 is a view showing another embodiment of bit interleaving. As another em-
bodiment of bit interleaving, different bit interleaving may be performed with respect
to error-correction-encoded information bits and parity bits.

For example, in an error correction encoding process (for example, an LDPC error
correction encoding process), information bits are bit-interleaved as shown in FIGs. 21
and 22. If the bits are written and read in each column with respect to the information
bits, bit interleaving may be performed according to an offset of a start location for
writing and reading bits in each column.

In the error correction encoding process, parity bits are bit-interleaved by a twist
scheme according to at least one of the schemes shown in FIGs. 25 to 27. The parity
bits are written in each column and then rows are twisted. That is, the bits written in
the rows may be shifted by a predetermined location. The twisted bits are read along
each row. The written parity bits may include at least one of a twisted row region and a
double twisted row region.

If bit interleaving is performed with respect to the parity bits by the above-described
method, decoding performance of the parity bits can be improved. For example, the
parity bits of a parity check matrix used in the error correction encoding process such
as a structured LDPC may have a dual matrix form. However, if parity bits with low
reliabilityare consecutive in a parity check matrix, error correction decoding per-
formance may deteriorate. Accordingly, if bit interleaving is performed with respect to
the parity bits by the above-describedmethod, error correction decoding performance
may be improved.

Now, an embodiment of an encoding process capable of coping with error oc-

currence with respect to at least one of layer-1 information and layer-2 information
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which are transmitted/received will be described.

FIG. 29 is a view showing the concept of multiplexing of input bits of the demuxs
1313a and 1313b.

The bit interleavers 1312a and 1312b interleave the input bits x0, x1, ..., and xn-1
and output the interleaved bits. The interleaving method is already described above.

The demuxs 1313a and 1313b demultiplex the interleaved bit streams. The demul-
tiplexing method may vary according to the code rate of the error correction coding
method and the symbol mapping method of the symbol mapper. If thesymbol method
of the symbol mapper is QPSK, the input bits, for example, are interleaved to two sub
streams and the symbol mapper maps the two sub streams to the symbols so as to
correspond to the real axis and the imaginary axis of the constellation. For example, a
first bit yO of the demultiplexed first sub stream corresponds to the real axis and a first
bit y1 of the demultiplexed second sub stream corresponds to the imaginary axis.

If the symbol method of the symbol mapper is 16QAM, the input bits, for example,
are demultiplexed to four sub frames. The symbol mapper selects the bits included in
the four sub streams and maps the selected bits to the symbols so as to correspond to
the real axis and the imaginary axis of the constellation.

For example, the bits y0 and y2 of the demultiplexed first and third sub streams
correspond to the real axis and the bits y1 and y3 of the demultiplexed second and
fourth sub streams correspond to the imaginary axis.

Similarly, if the symbol method of the symbol mapper is 64QAM, the input bits may
be demultiplexed to six bit streams. The symbol mapper maps the six sub streams to
the symbols so as to correspond to the real axis and the imaginary axis of the con-
stellation. For example, the demultiplexed first, third and fifth sub stream bits y0, y2
and y4 correspond to the real axis and the demultiplexed second, fourth and sixth sub
stream bits y1, y3 and y6 correspond to the imaginary axis.

Similarly, if the symbol method of the symbol mapper is 256QAM, the input bits
may be demultiplexed to eight bit streams. The symbol mapper maps the eight sub
streams to the symbols so as to correspond to the real axis and the imaginary axis of
the constellation. For example, first, the demultiplexed first, third fifth and seventh sub
stream bits y0, y2, y4 and y6 correspond to the real axis and the demultiplexed second,
fourth, sixth and eighth sub stream bits y1, y3, y6 and y7 correspond to the imaginary
axis.

If the symbol mapper maps the symbols, the sub streams demultiplexed by the
demux may be mapped to the bit streams of the real axis and the imaginary axis of the
constellation.

The above-described bit interleaving method, demultiplexing method and symbol
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mapping method are exemplary and various methods may be used as the methodof
selecting the bits in the sub streams such that the sub streams demultiplexed by the
demux may correspond to the real axis and the imaginary axis of the constellation.

The cell word mapped to the symbols may vary according to any one of the error-
corrected bit streams according to the code rate, the method of interleaving the bit
streams, the demultiplexing method and the symbol mapping method. The MSB of the
cell word is higher than the LSB of the cell word in the reliability of the error
correction decoding. Although the reliability of the bit of a specific location of the
error-correction-coded block is low, the reliability of the bit can be improved by the
symbol demapping process if the bit of the cell word is arranged on the MSB or close
to the MSB.

Accordingly, although the reliability of the bit coded according to the characteristics
of the H-matrix used in the irregular LDPC error correction coding method is changed,
the bit can be robustly transmitted/received by the symbol mapping and demapping
process and the system performance can be adjusted.

FIG. 30 is a view showing an embodiment of demultiplexing an input stream by the
demux.

If the symbol mapping method is QPSK, two bits are mapped to one symbol and the
two bits of one symbol unit are demultiplexed in order of the bit indexes (indexes 0
and 1 of b).

If the symbol mapping method is 16QAM, 4 bits are mapped to one symbol and the
four bits of one symbol unit are demultiplexed according to the calculating result of the
modulo-4 of bit indexes (indexes 0O, 1, 2 and 3 of b).

If the symbol mapping method is 64QAM, 6 bits are mapped to one symbol and the
six bits of one symbol unit are demultiplexed according to the calculating result of the
modulo-6 of bit indexes (indexes 0, 1, 2, 3, 4 and 5 of b).

If the symbol mapping method is 256QAM, 8 bits are mapped to one symbol and the
eight bits of one symbol unit are demultiplexed according to the calculating result of
the modulo-8 of bit indexes (indexes 0, 1, 2, 3,4, 5, 6 and 7 of b).

The demultiplexing order of the sub streams is exemplary and may be modified.

FIG. 31 is a view showing an example of a demultiplexing type according to a
symbol mapping method. The symbol mapping method includes QPSK, 16QAM,
64QAM and 256QAM, and the demultiplexing type includes a first type to a sixth
type.

The first type is an example in which the input bits sequentially correspond to even-
numbered indexes (0, 2, 4, 8, ...) (or the real axis of the constellation) and sequentially
correspond to odd-numbered indexes (1, 3, 5, 7, ...) (or the imaginary axis of the con-

stellation). Hereinafter, the bit demultiplexing of the first type may be represented by a
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demultiplexing identifier 10 (a binary number of 1010; the location of 1 is the location
of the MSB corresponding to the real axis and the imaginary axis of the constellation).

The second type is an example in which the demultiplexing is performed in reverse
order of the first type, that is, the LSB of the input bits sequentially correspond to
even-numbered indexes (6, 4, 2, 0) (or the real axis of the constellation) and odd-
numbered indexes (1, 3, 5, 7, ...) (or the imaginaryaxis of the constellation).
Hereinafter, the bit demultiplexing of the second type may be represented by a demul-
tiplexing identifier 5 (a binary number of 0101).

The third type is an example in which the input bits are arranged such that the bits of
the both ends of the codeword become the MSB. The input bits are rearranged so as to
fill the code word from the both ends of the code word. Hereinafter, the bit demul-
tiplexing of the third type may be represented by a demultiplexing identifier 9 (a binary
number of 1001).

The fourth type is an example in which the input bits are arranged such that a middle
bit of the code word becomes the MSB. A bit of the input bits is first filled in the
middle location of the code word and the remaining bits are then rearranged toward the
both ends of the code word in order of the input bits. Hereinafter, the bit demul-
tiplexing of the fourth type may be represented by a demultiplexing identifier 6 (a
binary number of 0110).

The fifth type is an example in which the bits are demultiplexed such that a last bit of
the code word becomes the MSB and a first bit thereof becomes the LSB, and the sixth
type is an example in which the bits are rearranged such that the first bit of the code
word becomes the MSB and the last bit thereof becomes the LSB. Hereinafter, the bit
demultiplexing of the fifth type may be represented by a demultiplexing identifier 3 (a
binary number of 0011), and the bit demultiplexing of the sixth type may be rep-
resented by a demultiplexing identifier 12 (a binary number of 1100).

As described above, the demultiplexing type may vary according to the symbol
mapping method or the code rate of the error correction coding method. That is, a
different demultiplexing type may be used if the symbol mapping method or the code
rate is changed.

FIG. 32 is a view showing an embodiment of demultiplexing an input bit stream
according to a demultiplexing type. This embodiment may include bit interleavers
1312a and 1312b, demuxs 1313a and 1313b and mappers 1315a and 1315b.

The bit interleavers 1312a and 1312b interleave the error-correction-coded PLP
service streams. For example, the bit interleavers 1312a and 1312b mayperform the bit
interleaving in the error correction coding units according to the error correction
coding mode. The bit interleaving method is already described above.

The demuxs 1313a and 1313b may include first type demuxs 1313al and 1313b1, ...,
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and nthtype demuxs 1313a2 and 1313b2. Here, n is an integer. The methods of demul-
tiplexing the bits by the n types of demuxs follow the types shown in FIG. 17. For
example, the first type demuxs may correspond to the first type bit demultiplexing
(1100) and the second type demux (not shown) may correspond to the second type bit
demultiplexing (0011). The nth type demux 1313b demultiplexes the input bit stream
according to the nth type bit multiplexing (e.g., the demultiplexing identifier 1100) and
outputs the demultiplexed bit stream. Selectors 1313a3 and 1313b3 receive a demux
selection signal of the demultiplexing type suitable for the input bits and output the de-
multiplexed bit stream according to any one of the first type to the nth type and the
demux selection signal. The demux selection signal may vary according to the code
rate of the error correction coding and the symbol mapping method of the con-
stellation. Accordingly, the demultiplexing type may be determined according to the
code rate of the error correction coding method or/and the symbol mapping method of
the constellation. The detailed example according to the symbols mapped to the con-
stellation or/and the code rate of the error correction coding according to the demux
selection signal will be described later.

The mappers 1315a and 1315b may map the demultiplexed sub bit streams to the
symbols according to the demux selection signal and output the mapped symbols.

FIG. 33 is a view showing a demultiplexing type which is determined according to a
code rate of the error correction coding and the symbol mapping method.

In the 4QAM symbol mapping method, even when the code rate cr of the LDPC
error correction coding method is any one of 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6,
8/9 and 9/10, thebit stream can be demultiplexed according to all the demultiplexing
types (denoted by all).

In the 16QAM symbol mapping method, if the code rate of the LDPC error
correction coding method is 1/4, 1/3, 2/5 and 1/2, the symbols can be mapped without
performing the bit interleaving and the bit demultiplexing (denoted by No-Int and No-
Demux). If the code rate of the error correction coding is 3/5, the bit can be demul-
tiplexed according to any one of the demultiplexing identifiers 9, 10 and 12. If the code
rate of the error correction coding is 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10, the input bit
stream can be demultiplexed according to the demultiplexing identifier 6.

In the 64QAM symbol mapping method, if the code rate of the LDPC error
correction coding is 1/4, 1/3, 2/5 and 1/2, the symbols can be mapped without
performing the bit interleaving and the bit demultiplexing. If the code rate is 3/5, the
bits can be demultiplexed according to any one of the demultiplexing identifiers 9 and
10. If the code rate is 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10, the bits can be demultiplexed
according to the demultiplexing identifier 6.

In the 256QAM symbol mapping method, if the code rate of the LDPC error
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correctxon codmg is 1/4, 1/3 /‘i and 1/2, the symbols can be mapped W1thout

performing the bit mterleavmg and the bit demultlp]exmg If the code rate s 3/5, the .
’ bits can be demultlplexed according to the demultiplexing ldentxﬁer 9. If the code rate 2

is 2/3, 3/4, 415, 5/6, 8/9 and 9/10, the bits can be demultlplexed according to'the de~-
- multiplexing identifier 6. :

As described above, the bit demul‘uplexmg type may vary accordmg to the code rate .
used for the error correcnon codmv and the symbol mappmg method. Accordmgly, the'
error correction capability of a bit located on a specific location of the error- '
correcuon—coded block may be adjusted by mapping the demulnplexed sub streams to.

. the symbols ‘Accordingly it is- poss1ble to optimize the. robustness in the bit Jevel.

FIG. 34 is a view showing an examp]e of expressing the demultlplemng method by

- an equation. For example if the symbol mapping method is QPSK, the mput bits (xi; -
XIN/2-+) correspond to the demultlplexed bits'y0 and y1. If the symbol mappmg

method is 16QAM, the mput b1ts (.

| X-2i‘-+ Xs_{;f_n" X, Xg_n

4

) correspond to the defnultiplexéd bits y0, yll,'y2 and y3.
If the symbol mapping method is 64QAM, the input bits (
Xw‘ XW .rXM¢9XM X X_+

P
o L S

i

) correspond to the demuluplexed bits yO yl y2 y3, y4 and y5. If the symbol :
mapping method is ?56QAM the input bits ( : :

XQ\L P/ X7N+.»-f Xl'lN i’ X5N' ) kQN‘ 3. X X X__

8& ——8“-14"—_5—1,.—8—“{_1' —+1i

3 . 8 +z

) correspond to the demuluPlexed bits y0, y1, y2, y3 y4 y5, y6 and y7
Here, N denotes the number of bits mapped to the symbols w1th respect to the mput
of the bit mterleaver

FIG.35isa vi‘e\'v showing an examplé of mapping a symbol by a symboil'mapp'er'

correspond to the value of the bit yO of the demultlplexed ﬁrst sub stream and the value ]
of the bit y1 of the demultlplexed second sub stream. ' ' ‘

~ Inthe 16QAM thé real axis of the symbols on the constellatlon coneSponds to the

bits of the demultxplexed first and thlrd sub streams (bits separated from the locauon ofA K

the MSB by 0 and ’7) and the i imaginary axis thereof corresponds to the blts of the de-
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MSB by 1 and 3).

In the 64QAM, the real axis of the symbols on the constellation corresponds to the
bits of the demultiplexed first, third, and fifth sub streams (bits separated from the
location of the MSB by 0, 2 and 4) and the imaginary axis thereof corresponds to the
bits of the demultiplexed second, fourth and sixth sub streams (bits separated from the
location of the MSB by 1, 3 and 5).

Accordingly, the bits configuring the symbol may be mapped to the cell word in the
demultiplexing order. If the bits configuring the cell word are demultiplexed, the MSB
and the LSB of the cell word are changed and the robustness of the bits can be adjusted
although the reliabilities of the LDPC error-correction-coded bits vary according to the
locations.

FIG. 36 is a block diagram illustrating a MIMO/MISO encoder according to an em-
bodiment of the present invention. The MIMO/MISO encoder encodes the input data
using the MIMO/MISO encoding scheme,and outputs the encoded data to several
paths. If a signal reception end receives the signal transmitted to the several paths from
one or more paths, it is able to acquire a gain (also called a diversity gain, a payload
gain, or a multiplexing gain).

TheMIMO/MISO encoder 140 encodes service data of each path generated from the
frame builder 130, and outputs the encoded data to the A number of paths corre-
sponding to the number of output antennas.

FIG. 37 is a block diagram illustrating a modulator according to an embodiment of
the present invention. The modulator includes a first power controller (PAPR Reducel)
151, a time-domain transform unit (IFFT) 153, a second power controller (PAPR
Reduce2) 157, and a guard-interval inserter 159.

The first power controller 151 reduces a PAPR (Peak-to-Average Power Ratio) of
data transmitted to the R number of signal paths in the frequency domain.

The time-domain transform (IFFT) unit 153 converts the received frequency-domain
signals into time-domain signals. For example, the frequency-domain signals may be
converted into the time-domain signals according to the IFFT algorithm. Therefore, the
frequency-domain data may be modulated according to the OFDM scheme.

The second power controller (PAPR Reduce2) 157 reduces a PAPR
(Peak-to-Average Power Ratio) of channel data transmitted to the R number of signal
paths in the time domain. In this case, a tone reservation scheme, and an active con-
stellation extension (ACE) scheme for extending symbol constellation can be used.

The guard-interval inserter 159 inserts the guard interval into the output OFDM
symbol, and outputs the inserted result. As described above, the above-mentioned em-
bodiment can be carried out in each signal of the R number of paths.

FIG. 38 is a block diagram illustrating an analog processor 160 according to an em-
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bodiment of the present invention. The analog processor 160 includes a digital-
to-analog converter (DAC) 161, an up-conversion unit 163, and an analog filter 165.

The DAC 161 converts the input data into an analog signal, and outputs the analog
signal. The up-conversion unit 163 converts a frequency domain of the analog signal
into an RF area. The analog filter 165 filters the RF-area signal, and outputs the filtered
RF signal.

FIG. 39 is a block diagram illustrating an apparatus for receiving a signal according
to an embodiment of the present invention. The signal reception apparatus includes a
first signal receiver 210a, an n-th signal receiver 210n, a first demodulator 220a, an n-
th demodulator 220n, a MIMO/MISO decoder 230, a frame parser 240, and a decoding
demodulator 250, and an output processor 260.

In the case of a reception signal according to the TFS signal frame structure, several
services are multiplexed to R channels, and are then time-shifted, such that the time-
shifted result is transmitted.

The receiver may include at least one signal receiver for receiving a service
transmitted over at least one RF channel. The TFS signal frame transmitted to the R
(where R is a natural number) number of RF channels can be transmitted to a multi-
path via the A number of antennas. The A antennas have been used for the R RF
channels, such that a total number of antennas is R x A.

The first signal receiver 210a is able to receive service data transmittedvia at least
one path from among overall service data transmitted via several RF channels. For
example, the first signal receiver 210a can receive the transmission signal processed by
the MIMO/MISO scheme via several paths.

The first signal receiver 210aand the n-th signal receiver 210n can receive several
service data units transmitted over n number of RF channels from among several RF
channels, as a single PLP. Namely, this embodiment shows the signal reception
apparatus capable of simultaneously receiving data of the R number of RF channels.
Therefore, if this embodiment receives a single RF channel, only the first receiver 210a
is needed.

The first demodulator 220a and the n-th demodulator 220n demodulate signals
received in the first and n-th signalreceivers 210a and 210n according to the OFDM
scheme, and output the demodulated signals.

The MIMO/MISO decoder 230 decodes service data received via several
transmission paths according to the MIMO/MISO decoding scheme, and outputs the
decoded service data to a single transmission path. If the number R of services
transmitted over several transmission paths are received, the MIMO/MISO decoder
230 can output single PLP service data contained in each of R services corresponding

to the number of R channels.If P number of services are transmitted via the R number
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of RF channels, and signals of individual RF channels are received via the A number
of antennas, the receiver decodes the P number of services using a total of (R x A)
reception antennas.

The frame parser 240 parses the TFS signal frame including several services, and
outputs the parsed service data.

The decoding demodulator 250 performs the error correction decoding on the service
data contained in the parsed frame, demaps the decoded symbol data into bit data, and
outputs the demapping-processed result.

The output processor 260 decodes a stream including the demapped bit data, and
outputs the decoded stream.

In the above-mentioned description, each of the frame parser 240, and the decoding
demodulator 250, and the output processor 260 receives several service data units as
many as the number of PLPs, and performs signal processing on the received service
data.

FIG. 40 is a block diagram illustrating a signal receiver according to an embodiment
of the present invention. The signal receiver may include a tuner 211, a down-
converter 213, and an analog-to-digital converter (ADC) 215.

The tuner 211 performs hopping of some RF channels capable of transmitting user-
selected services in all RF channels when the PLP is included in several RF channels,
and outputs the hopping result. The tuner 211 performs hopping of RF channels
contained in the TFS signal frame according to input RF center frequencies, and at the
same time tunes corresponding frequency signals, such that it outputs the tuned signals.
If a signal is transmitted to A number of multi-paths, the tuner 211 performs the tuning
to a corresponding RF channel, and receives reception signals via the A number of
antennas.

The down converter 213 performs down conversion of the RF frequency of the signal
tuned by the tuner 211, and outputs the down-conversion result. The ADC 215
converts an analog signal into a digital signal.

FIG. 41 is a block diagram illustrating a demodulator according to the present
invention. The demodulator includes a frame detector 221, a frame synchronization
unit 222, a guard-interval remover 223, a frequency-domain transform unit (FFT) 224,
a channel estimator 225, a channel equalizer 226, and a signaling-information extractor
227.

If the demodulator acquires service data transmitted to a single PLP stream, the
following signal demodulation will be carried out. A detailed description thereof will
hereinafter be described.

The frame detector 221 identifies a delivery system of a reception signal. For

example, the frame detector 221 determines whether the reception signal is a DVB-TS
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signal or not. And, the frame detector 221 may also determine whether a reception
signal is a TFS signal frame or not. The frame synchronization unit 222 acquires time-
and frequency- domain synchronization of the TFS signal frame.

The guide interval controller 223 removes a guard interval located between OFDM
symbols from the time domain. The frequency-domain converter (FFT) 224 converts a
reception signal into a frequency-domain signal using the FFT algorithm, such that it
acquires frequency-domain symbol data.

The channel estimator 225 performs channel estimation of a reception channel using
a pilot symbol contained in symbol data of the frequency domain. The channel
equalizer 226 performs channel equalization of reception data using channel in-
formation estimated by the channel estimator 225.

The signaling information extractor 227 can extract the signaling information of a
physical layer established in the first and second pilot signals contained in channel-
equalized reception data.

FIG. 42 is a block diagram illustrating a MIMO/MISO decoder according to the
present invention. The signal receiver and the demodulator are designed to process a
signalreceived in a single path. If the signal receiver and the demodulator receive PLP
service data providing a single service via several paths of several antennas, and de-
modulate the PLP service data, the MIMO/MIMO decoder 230 outputs the signal
received in several paths as service data transmitted to a single PLP. Therefore, the
MIMO/MISO decoder 230 can acquire a diversity gain and a multiplexing gain from
service data received in a corresponding PLP.

The MIMO/MISO decoder 230 receives a multi-path transmission signal from
several antennas, and is able to decode a signal using a MIMO scheme capable of re-
covering each reception signal in the form of a single signal. Otherwise, the MIMO/
MISO decoder 230 is able to recover a signal using a MIMO scheme which receives
the multi-path transmission signal from a single antenna and recovers the received
multi-path transmission signal.

Therefore, if the signal is transmitted via the R number of RF channels (where R is a
natural number), the MIMO/MISO decoder 230 can decode signals received via the A
number of antennas of individual RF channels. If the A value is equal to "1", the
signals can be decoded by the MISO scheme. If the A value is higher than "1", the
signals can be decoded by the MIMO scheme.

FIG. 43 is a block diagram illustrating a frame parser according to an embodiment of
the present invention. The frame parser includes a first frequency de-interleaver 241a,
a r-th frequency de-interleaver 241r, a frame parser 243, a first time de-interleaver
245a, a p-th time de-interleaver 245p, a first symbol demapper 247a, and a p-th symbol

demapper. The value of "r" can be decided by the number of RF channels, and the
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value of "p" can be decided by the number of streams transmitting PLP service data
generated from the frame parser 243.

Therefore, if p number of services are transmitted to p number of PLP streams over R
number of RF channels, the frame parser includes the r number of frequency de-
interleavers, the p number of time de-interleavers, and the p number of symbol
demappers.

In association with a first RF channel, the first frequency interleaver 241a performs
de-interleaving of frequency-domain input data, and outputs the de-interleaving result.

The frame parser 243 parses the TFS signal frame transmitted to several RF channels
using scheduling information of the TFS signal frame, and parses PLP service data
contained in the slot of a specific RF channel including a desired service. The frame
parser 243 parses the TFS signal frame to receive specific service data distributed to
several RF channels according to the TFS signal frame structure, and outputs first-path
PLP service data.

The first time de-interleaver 245a performs de-interleaving of the parsed first-path
PLP service data in the time domain. The first symbol demapper 247a determines
service data mapped to the symbol to be bit data, such that it can output a PLP stream
associated with the first-path PLP service data.

Provided that symbol data is converted into bit data, and each symbol data in-
cludessymbols based on the hybrid symbol-mapping scheme, the p number of symbol
demappers, each of which includes the first symbol demapper, can determine the
symbol data to be bit data using different symbol-demapping schemes in individual
intervals of the input symbol data.

FIG. 44 is a view showing an embodiment of each of symbol demappers 247a and
247p. The symbol demappers receive the streams corresponding to the PLPs from the
time interleavers 245a and 245p respectively corresponding to the symbol demappers.

Each of the symbol demappers 247a and 247p may include an error correction block
splitter 2471, a symbol splitter 2473, a first order demapper 2475a, a second order
demapper 2475b and a bit stream merger 2478.

The error correction block splitter 2471 may split the PLP stream received from the
corresponding one of the time interleavers 245a and 245p in the error correction block
units. The error correction block splitter 2471 may split the service stream in the
normal mode LDPC block unit. In this case, the service stream may be split in a state
in which four blocks according to the short mode (the block having the length of 16200
bits) are treated as the error correction block of one block according to the normal
mode (the block having the length of 64800 bits).

The symbol splitter 2473 may split the symbol stream in the split error correction

block according to the symbol mapping method of the symbol stream.
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For example, the first order demapper 2475a converts the symbols according to the
higher ordersymbol mapping method into the bits. The second order demapper 2475b
converts the symbols according to the lower order symbol mapping method into the
bits.

The bit stream merger 2478 may receive the converted bits and output one bit stream.

FIG. 45 is a view showing another embodiment of each of the symbol demappers
247a and 247p. The embodiment of this drawing is similar to the embodiment of FIG.
44 except that a first order power calibration unit 2474a and a second order power cal-
ibration unit 2474b are further included.

The first order power calibration unit 2474a receives the symbols split by the symbol
splitter 2473, calibrates the power of the received symbols according to the symbol
mapping schemes, and outputs the calibrated symbols. The power of the received
symbols may have the power calibrated according to the size of the constellation based
on the symbol mapping methods. The first order power calibration unit 2474a converts
the power calibrated in accordance with the into the original symbolpower of the con-
stellation. The first order demapper 2475a may demap the symbols, of which the
power is calibrated by the first order power calibration unit, to the bits.

Similarly, the second order power calibration unit 2474b receives the symbols split
by the symbol splitter 2473, modified the calibrated power of the received symbols to
the original power according to the size of the constellation, and outputs the modified

symbols.

FIG. 46is a view showing another embodiment of each of the symbol demappers
247a and 247p. Each of the symbol demappers 247a and 247p may include a symbol
splitter 2473, a first order demapper 2474a, a second order demapper 2474b, a first
order mux 2475a, a second order mux 2475b, a first order bit deinterleaver 2476a, a
second order bit deinterleaver 2476b and a bit stream merger 2478. By this em-
bodiment, the embodiment of the decoding and demodulation unit of FIG. 36includes a
first decoder 253, a first deinterleaver 255 and a second decoder 257.

The symbol splitter 2473 may split the symbol stream of the PLP according to the
method corresponding to the symbol mapping method.

The first order demapper 2474a and the second order demapper 2474b convert the
split symbol streams into bits. For example, the first order demapper 2474a performs
the symbol demapping of the higher order QAM and the second order demapper 2474b
performs the symbol demapping of the lower order QAM. For example, the first order
demapper 2474a may perform the symbol demapping of 256QAM and the second
order demapper 2474b may perform the symbol demapping of 64QAM.
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The first order mux 2475a and the second order mux 2475b multiplex the symbol-
mapped bits. The multiplexing methods may correspond to the demultiplexing
methods described with reference to FIGs. 15 to 18. Accordingly, the demultiplexed
sub streams may be converted into one bit stream.

The first order bit deinterleaver 2476a deinterleaves the bit streams multiplexed by
the first order mux 2475a. The second order bit deinterleaver 2476b deinterleaves the
bits multiplexed by the first order mux 2475a. The deinterleaving method corresponds
to the bit interleaving method. The bit interleaving method is shown in FIG. 12.

The bit stream merger 2478 may merge the bit streams deinterleaved by the bit in-
terleavers 2476a and 2476b to one bit stream.

The first decoder 253 of the decoding and demodulation unit may error correction
decode the output bit stream according to the normal mode or the short mode and the
code rate according to the modes.

FIG. 47 is a view showing another embodiment of each of the symbol demappers
247a and 247p. The embodiment of this drawing is similar to the embodiment of FIG.
46except that a first order power calibration unit 2474a and a second order power cal-
ibration unit 2474b are further included. The first order power calibration unit 2474a
and the second order power calibration unit 2474b modify the calibrated powersof the
symbols according to the symbol mapping methods and output the modified symbols
to the symbol demappers 2475a and 2475b.

FIG. 48is a view showing an embodiment of multiplexing the demultiplexed sub
stream. In this embodiment, the demappers 2474a and 2474b decide the cell words
including the bits. The muxs 2475a and 2475b multiplex the decided cell words
according to the mux selection signal. The demultiplexed cell words are input to any
one of first muxs 2475a2 and 2475b2 to nth muxs 2475a3 and 2475b3.

The first muxs 2475a2 and 2475b2 to the nth muxs 2475a3 and 2475b3 change the
order of the bits in the cell words input according to the mux selection signal. The mux
selection signal may be changed according to the code rate of the error correction
coding or the symbol mapping method. In order to generate one stream and the bit
streams delivered to the muxs, the order of selecting the sub stream may be changed
according to the mux selection signal.

The first demuxs 2475al and 2475b1 output the symbol-demapped bit streams to any
one of the first muxs 2475a2 and 2475b2 to the nth muxs 2475a3 and 2475b3
according to the mux selection signal. The first sub muxs 2475al and 2475b1 may
receive the sub streams multiplexed by the first muxs 2475a2 and 2475b2 to the nth
muxs 2475a3 and 2475b3 and output one stream, according to the mux selection
signal.

The cellwords including the changed bits are input to the bit interleavers 2476a and
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2476b, and the bit deinterleavers 2476a and 2476b deinterleave the input bits and
output the deinterleaved bits.

FIG. 49 is a block diagram illustrating a decoding demodulator according to an em-
bodiment of the present invention. The decoding demodulator may include several
function blocks corresponding to the coding and modulation unit. In this embodiment,
the decoding demodulator of FIG. 16 may include a first de-interleaver 251, a first
decoder 253, a second de-interleaver 255, and a second decoder 257. The second de-
interleaver 255 can be selectively contained in the decoding demodulator.

The first de-interleaver 251 acts as an inner de-interleaver, and is able to perform de-
interleaving of the p-th PLP stream generated from the frame parser.

The first decoder 253 acts as an inner decoder, can perform error correction of the
de-interleaved data, and can use an error correction decoding algorithm based on the
LDPC scheme.

The second de-interleaver 255 acts as an outer interleaver, and can perform de-
interleaving of the error- correction-decoded data.

The second decoder 257 acts as an outer decoder. Data de-interleaved by the second
de-interleaver 255 or error-corrected by the first decoder 253 is error-corrected again,
such that the second decoder 257 outputs the re- error-corrected data. The second
decoder 257 decodes data using the error correction decoding algorithm based on the
BCH scheme, such that it outputs the decoded data.

The first de-interleaver 251 and the second de-interleaver 255 are able to convert the
burst error generated in data contained in the PLP stream into a random error. The first
decoder 253 and the second decoder 257 can correct errors contained in data.

The decoding demodulator shows operation processes associated with a single PLP
stream. If the p number of streams exist, the p number of decoding demodulators are
needed, or the decoding demodulator may repeatedly decode input data p times.

FIG. 50 is a block diagram illustrating an output processor according to an em-
bodiment of the present invention. The output processor may include p number of
baseband (BB) frame parsers (251a, ..., 261p), a first service merger 263a, a second
service merger 263b, a first demultiplexer 265a, and a second demultiplexer 265b.

The BB frame parsers (261a, ..., 261p) remove BB frame headers from the first to p-
th PLP streams according to the received PLP paths, and output the removed result.
This embodiment shows that service data is transmitted to at least two streams. A first
stream is an MPEG-2 TS stream, and a second stream is a GS stream.

The first service merger 263a calculates the sum of service data contained in payload
of at least one BB frame, such that it outputs thesum of service data as a single service
stream. The first demultiplexer 255a may demultiplex the service stream, and output

the demultiplexed result.
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[353] In this way, the second service merger 263b calculates the sum of service data
contained in payload of at least one BB frame, such that it can output another service
stream. The second demultiplexer 255b may demultiplex the GS-format service
stream, and output the demultiplexed service stream.

[354] FIG. 51 is a block diagram illustrating an apparatus for transmitting a signal
according to another embodiment of the present invention. The signal transmission
apparatus includes a service composer 310, a frequency splitter 320, and a transmitter
400. The transmitter 400 encodes or modulates a signal including a service stream to
be transmitted to each RF band.

[355] The service composer 310 receives several service streams, multiplexes several
service streams to be transmitted to individual RF channels, and outputs the mul-
tiplexed service streams. The service composer 310 outputs scheduling information,
such that it controls the transmitter 400 using the scheduling information, when the
transmitter 400 transmits the PLP via several RF channels. By this scheduling in-
formation, the service composer 310 modulates several service frames to be
transmitted to the several RF channels by the transmitter 400, and transmits the
modulated service frames.

[356] The frequency splitter 320 receives a service stream to be transmitted to each RF
band, and splits each service stream into several sub-streams, such that the individual
RF frequency bands can be allocated to the sub-streams.

[357] The transmitter 400 processes the service streams to be transmitted to individual
frequency bands, and outputs the processed resultant streams. For example, in as-
sociation with a specific service stream to be transmitted to the first RF channel, the
first mapper 410 maps the input service stream data into symbols. The first interleaver
420 interleaves the mapped symbols to prevent the burst error.

[358] The first symbol inserter 430 can insert a signal frame equipped with a pilot signal
(e.g., a scatter pilot signal or a continual pilot signal) into the modulated signal.

[359] The first modulator 440 modulates the data interleaved by the signal modulation
scheme. For example, the first modulator 440 can modulate signals using the OFDM
scheme.

[360] The first pilot symbol inserter 450 inserts the first pilot signal and the second pilot
signal in the signal frame, and is able to transmit the TFS signal frame.

[361] Service stream data transmitted to the second RF channel is transmitted to the TES
signal frame via several blocks 415, 425, 435, 445, and 455 of different paths shown in
the transmitter of FIG. 18.

[362] The number of signal processing paths transmitted from the transmitter 400 may be
equal to the number of RF channels contained in the TFS signal frame.

[363] The first mapper 410 and the second mapper may respectively include the demul-
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tiplexers 1313a and 1313b, and allow the locations of the MSB and the LSB to be
changed in the symbol-mapped cell word.

FIG. 52 is a block diagram illustrating an apparatus for receiving a signal according
to another embodiment of the present invention. The signal reception apparatus may
include a reception unit 510, a synchronization unit 520, a mode detector 530, an
equalizer 540, a parameter detector 550, a de-interleaver 560, a demapper 570, and a
service decoder 580.

The reception unit 500 is able to receive signals of a first RF channel selected by a
user from among the signal frame. If the signal frame includes several RF channels, the
reception unit 500 performs hopping of the several RF channels, and at the same time
can receive a signal including the selected service frame.

The synchronization unit 510 acquires synchronization of a reception signal, and
outputs the synchronized reception signal. The demodulator 520 is able to demodulate
the synchronization-acquired signal. The mode detector 530 can acquire a FFT mode
(e.g., 2k, 4k, 8k FFT operation length) of the second pilot signal using the first pilot
signal of the signal frame.

The demodulator 520 demodulates the reception signal under the FFT mode of the
second pilot signal. The equalizer 540 performs channel estimation of the reception
signal, and outputs the channel-estimation resultant signal. The de-interleaver 560 de-
interleaves the channel-equalized reception signal. The demapper 570 demaps the in-
terleaved symbol using the symbol demapping scheme corresponding to the
transmission-signal symbol mapping scheme (e.g., QAM).

The parameter detector 550acquires physical parameter information (e.g., Layer-1
(L1) information) contained in the second pilot signal from the output signal of the
equalizer 540, and transmits the acquired physical parameter information to the
reception unit 500 and the synchronization unit 510. The reception unit 500 is able to
change the RF channel to another channel using network information detected by the
parameter detector 550.

The parameter detector 550 outputs service-associated information, service decider
580 decodes service data of the reception signal according to the service-associated in-
formation from the parameter detector 550, and outputs the decoded service data.

The demapper 570 may include the muxs 2475a and 2475b and output the bit stream
obtained by restoringthe order of the bits of which the locations of the MSB and the
LSB are changed according to the code rate of the error correction coding and the
symbol mapping method.

Hereinafter, a method for modulating a first pilot signal of a signal frame having at
least one RF band and a method and apparatus for receiving the modulated first pilot

signal will be described.
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. signal will be descnbed
[372]' The. trme-mterleaved PLP symbols are transrrutted via regions, Wthh are temporally
dlvrded in the srgnal frame. The time-interleaved PLP symbols may be transmiitted via.. -
'regrons which are divided in the frequency domain, if a plurality of RF bands exists.
Accordmgly, if the PLP is transmitted or recelved a diversity gain can be obtained. An
error correction mode and a symbol mappmg method may be changed aocordmg to
.. services correspondrmr to transport streams or may be changed in the service..
' [373]  Afust pllot signal and a second pﬂot swnal are arranged at the start location of the ;
. signal frame having such charactenstrcs, asa preamble §1gnal.

[374] - Asdescribed above, the first pilot signal inc‘lddéd in the signal frame may include an :
identifier for identifying the signal frame havmg the above-descnbed structure. ‘The-
first p110t signal may include information about the transrmssron structure 1nd1catm0

- whether or not the srgnal frame is transmitted via multiple paths and. information about ,'
an FFT mode of a 31gnal following the first pilot signal. The receiver can detect the
signal frame from the first pﬂot szgnal and obtain the mfonnatron about the mtegral
carrier frequency offset estimation and mfonnatron about the FFT mode of the data

. " symbol.

[3751 '

[376] FIG 53 is a view showing an embodiment of the structure of a first prlot srgnal A

- portion denoted by A i isa vahd portion of the first pilot signal. B denotes the same-
cyclic’ prefrx as a ﬁrst portron of the portlon A in the time domain and C denotes the
same cyclic suffix as a second portion of the portion A in the time region. The ﬁrst
portion may be duplicated from the second half of the portion A and the second portron

. 'may be duplicated from the first haif of the port1on A. : : -

{3771 . B and C can be respectively obtained by duplicating the first pomon and the second

| portion and frequency shifting the duplicated portions. A relatronshrp between BorC .

, " .and A is as.follows.- ' o k

[378] - [Equation 1]

7] s2rfot

B

L

oone part (A e

C= another ‘part (A) ﬂWfSHt
'[380] - In the above equation, SH denotes a shift unit of the frequency shift. Accordmgly, ,
' the frequency shift values of the portrons Band C ‘may be 1nversely proportlonal to the
lengths of the portions B and C.
[381] Ifthe first pilot 81gnal is configured by frequency shifting the. cychc preflx (B)and
v the cychc suffix (C) the probabrhty that the data symbol is erroneously detected fo the
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reduced, although the data symbols configuring the PLP and the symbols configuring
the preamble are modulated in the same FFT mode.

If continuous wave (CW) interference is included like an analog TV signal, the
probability that the preamble is erroneously detected due toa noise DC component
generated in a correlation process,is reduced. In addition, if the size of the FFT applied
to the data symbols configuring the PLP is larger than that of the FFT applied to the
preamble, preamble detection performance can be improved even in a delay spread
channel having a length equal to or greater than that of the valid symbol portion A of
the preamble. Since both the cyclic prefix (B) and the cyclic suffix (C) are used in the
preamble, the fractional carrier frequency offset can be estimated by the correlation

process.

FIG. 54 is a view showing an embodiment of detecting a preamble signal shown in
FIG. 53 and estimating a timing offset and a frequency offset. This embodiment may
be included in the frame detector 221 or the frame synchronization unit 222.

This embodiment may include a first delay unit 601, a complex conjugate calculation
unit 603, a first multiplier 605, a second multiplier 607, a first filter 611, a second
delay unit 615, a third multiplier609, a second filter 613, a fourth multiplier 617, a
peak search unit 619, and a phase measurement unit 621.

The first delay unit 601 may delay a received signal. For example, the first delay unit
601 may delay the received signal by the length of the valid symbol portion (A) of the
first pilot signal.

The complex conjugate calculation unit 603 may calculate the complex conjugate of
the delayed first pilot signal and output the calculated signal.

The first multiplier 605 may multiply the signal output from the complex conjugate
calculation unit 603 by the received signal and output the multiplied signal.

Since the first pilot signal includes the portions B and C obtained by frequency-
shifting the valid portion A, the respective correlation values are obtained by shifting
the received signals by the respective frequency shift amounts. In the first pilot signal,
the portion B is a portion which is frequency-shifted up or frequency-shifted down
from the portion A, and C is a portion which is frequency-shifted up or frequency-
shifted down from the portion A.

For example, if the output of the complex conjugate calculation unit 603 is used, the
output of the first multiplier 605 may include the correlation result of B (or the
complex conjugate of B) and A (or the complex conjugate of A).

The second multiplier 607 may multiply the signal output from the first multiplier
605 by the frequency shift amount (denoted by ejfSHt) applied to the portion B and
output the multiplied signal.
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The first filter 611 performs a moving average during a predetermined period with
respect to the signal output from the second multiplier 607. The moving average
portion may be the length of the cyclic prefix (B) or the length of the cyclic suffix (C).
In this embodiment, the first filter 611 may calculate anaverage of the signal included
in the length of the portion B. Then, in the result output from the first filter 611, the
correlation value of the portions A and C included in the portion, of which the average
is calculated, substantially becomes zero and the correlation result of the portions B
and A remains. Since the signal of the portion B is multiplied by the frequency shift
value by the second multiplier 607, it is equal to the signal obtained by duplicating the
second half of the portion A.

The third multiplier 609 may multiply the signal output from the first multiplier 605
by the frequency shift amount (denoted by -ejfSHt) applied to the portion C and output
the multiplied signal.

The second filter 613 performs a moving average during a predetermined period with
respect to the signal output from the third multiplier 609. The moving average portion
may become the length of the cyclic prefix (B) or the length of the cyclic suffix (C). In
this embodiment, the second filter 613 may calculate the average of the signal included
in the length of the portion C. Then, in the result output from the second filter 613, the
correlation value of the portions A and B included in the portion, of which the average
is calculated, substantially becomes zero and the correlation result of the portions C
and A remains. Since the signal of the portion C is multiplied by the frequency shift
value by the third multiplier 609, it is equal to the signal obtained by duplicating the
first half of the portion A.

The length TB of the portion of which the moving average is performed by the first
filter 611 and the second filter 613 is expressed as follows.

[Equation 2]

i) B~ kif, SH

2

where, k denotes an integer. In other words, the unit fSH of the frequency shift used
in the portions B and C may be decided by k/TB.

The second delay unit 615 may delay the signal output from the first filter 611. For
example, the second delay unit 615 delays the signal filtered by the first filter 611 by
the length of the portion B and outputs the delayed signal.

The fourth multiplier 617 multiplies the signal delayed by the second delay unit 615
by the signal filtered by the second filter 613 and outputs the multiplied signal.

The peak search unit 619 searches for the locationwhere a peak value is generated
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The peak search unit 619 searches for the locationwhere a peak value is crenerated

, 'from the multrphed s10nal output from the fourth: multlpher 617 and outputs the

searched 1ocat10n to the phase measurement unit 621 ‘The peak value and the locatlon

. may be used for the timing offset estrmatron '

. The phase measurement unit 621 may. measure the changed phase using the peak

value and the locationoutput from the peak search unit 619 and output the measured

phase. The phase value may be used for the fractional catrier frequency offset ‘es-
tlmatlon »
Meanwhrle an oscillator for. generaung the’ frequency used for performing the -

any phase errot. :
Even in this case, the fourth ‘multiplier 617 can eliminate the phase errorof the os-

_ cillator. The resu]ts output’ from the first ﬁlter 611 and the second filter 613 and the .

result output from the fourth multzpller 617 may be expressed by the followmg

- equation. -

[Equat10n 3]

| 2 _jemAf+
Ymar = lla1(n)|| - e’ mAfTS

L 2. pmAf—0
Yuarz = "az(n)‘ll . gfPmal—e
2 2 32 ‘2 |
Yprod = llax@I” Nazmll* - e A7
“where, yMAFl and yMAF” respectively denote the outputs of the ﬁrst ﬁlter 611 and
the second ﬁlter 613, and yProd denotes the output of the fourth multlpher 617. In

addmon al and a2 respectlvely denote the levels of the correlation results and f and re-.

,spectlvely denote the frequency offset and the phaSe error of the oscxllator

Accordmg]y, YMAF1 and yMAF2may include the phase errors of the oscillator

g havmv different signs, but the phase error of the oscillator is ehmmated in the result of

the fourth multiplier 617. Accordmgly, the frequency offset f can be estimated- Te-

| oardless of the phase error of the- oscr]lator of the signal rece1v1ng apparatus

The estunated frequency offset may be ev.pressed by the following, equatron
[Equatron 41

fdr

where, the estimated. frequency offset f is O‘<'=f<'0.5.f

i p%o'd,

FIG 55is a view showmg another embodiment of the structure of the first p110t
s1gr1a1 In the ﬁrst pilot srgnal the frequency shift of the first half of the vahd poruon A
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is the cyclic suffix (C). The lengths of the valid portion A for generating the portions B
and C may be, for example, 1/2 of the length of the portion A, and the lengths of B and
C may be different.

FIG. 56 is a view showing an embodiment of detecting the first pilot signal shown in
FIG. 55 and measuring a timing offset and a frequency offset using the detected result.
In this embodiment, for convenience of description, B and C respectively denote the
cyclic prefix andthe cyclic suffix obtained by frequency-shifting 1/2 of the length of
the portion A.

This embodiment includes a first delay unit 601, a complex conjugate calculation
unit 603, a first multiplier 605, a second multiplier 607, a first filter 611, a second
delay unit 615, a third multiplier 609, a second filter 613, a fourth multiplier 617, a
peak search unit 619, and a phase measurement unit 621. That is, this embodiment is
equal to the embodiment of FIG. 54, but the features of the components may be
changed according to the length of the portion A by which the portions B and C are
generated. B denotes a portion frequency-shifted down from the portion A, and C
denotes a portion frequency-shifted up from the portion A.

The first delay unit 601 may delay a received signal. For example, the first delay unit
601 may delay the received signal by 1/2 of the length of the valid symbol portion A of
the first pilot signal.

The complex conjugate calculation unit 603 may calculate the complex conjugate of
the delayed first pilot signal and output the calculated signal.

The first multiplier 605 may multiply the signal output from the complex conjugate
calculation unit 603 by the received signal and output the multiplied signal.

The second multiplier 607 may multiply the signal output from the first multiplier
605 by the frequency shift amount (denoted by ejfSHt) applied to the portion B and
output the multiplied signal.

The first filter 611 performs a moving average during a predetermined period with
respect to the signal output from the second multiplier 607. The moving average
portion may be the length of the cyclic prefix (B). In this embodiment, the first filter
611 may calculate the average of the signal included in the length of the portion B.
Then, in the result output from the first filter 611, the correlation value of the portions
A and C included in the portion, of which the average is calculated, substantially
becomes zero and the correlation result of the portions B and A remains. Since the
signal of the portion B is multiplied by the frequency shift value by the second
multiplier 607, it is equal tothe signal obtained by duplicating the second half of the
portion A.

The third multiplier 609 may multiply the signal output from the first multiplier 605
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The third multiplier 609 may multiply the signal output from the first multiplier 605
by the frequency shift _amount (denoted by -eijHt) applied to theypdrtioui C and output -

. the multiplied signal.

The second filter 613 performs a moving average during a predetermined perio’d with
respect to the signal output from the third mulupher 609. The moving average port10n
may be the length of the cyclic suffix (C). In this embodiment, the second filter.
613may calculate the average of the signal included 1 in the length of the pomon C.
Then, in the result output from the second filter 613, the correlatlon value of A and B -
included in the portion, ‘ofwhich the average is calculated, substanﬁally becomes zero
and the correlation result of the pomons C and A remains. Since the signal of the ‘
portion C is mult1pl1ed by the frequency shift value by the third multiplier 609, itis.
equal to the s1gnal obtained by duplicating the flISt half of the portion A. -

© The second delay unit 615 may delay the signal output from the first ﬁlter 611, For '
example, the second delay unit 615 delays the signal filtered by the first ﬁlter 611 by

the length of the-portion B + 1/2A and outputs the delayed srgnal

~ The fourth multiplier 617 multrphes the. s1gna1 delayed by the second delay- unit 615
by the signal filtered by the second filter 613 and outputs the muluplled 51gna1

The peak search unit 619 searches for the lqcatlonwhere a peak value is generated
from the multiplied signal output from the fourth multiplier 617 and outputs the. .
searched location to the phase measurement unit 621. The peak value and the location -

-may be used for the timing offset estimation.
- The phase measurement unit 621 may measure the changed phase using the peak

value and the locauonoutput from the peak search unit 619 and output the measured

, phase The phase value may be used.fo_r the fractional carrier frequency offset es-

t1mat10n

"As descnbed above an oscxllatorfor generahng the frequency used for performmg _
the frequency shift by the second mult1p11er 607 and the third multlpher 609 may
generate any phase error. However, even in this embodlment the fourth multiplier 617
can eliminate the phase error of the oscillator.

The results output from the first filter 611-and the second filter 613 and the result
output from the fourth multiplier 617 may be expressed by the followmg equatlon

[Equauon 5]

yaart = lai@l)? - 24/ +e

yuarz = llas(l® - GI2Af =0
Yoroa = laz@I? llaz(n)ll2 . gf2m2Af
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where, YMAF1 and yMAF2respectively denote the outputs of the first filter 611 and
the second filter 613, and yProd denotes the output of the fourth multiplier 617. In
addition, al and a2 respectively denote the levels of the correlation results and f and re-
spectively denote the frequency offset and the phase error of the oscillator.

Accordingly, yYMAF1 and yMAF2may include the phase errors of the oscillator
having different signs, but the phase error of the oscillator is eliminated inthe result of
the fourth multiplier 617. Accordingly, the frequency offset f can be estimated re-
gardless of the phase error of the oscillator of the signal receiving apparatus.

The estimated frequency offset may be expressed by the following equation.

[Equation 6]

f B — 4.] prod f 2 7T

where, the estimated frequency offset f is O<=f<I.

That is, phase aliasing may be generated in a range of 0.5<=f <1 in the frequency
offset estimated in [Equation 4], but phase aliasing is not generated in the frequency
offset estimated in [Equation 6]. Accordingly, the frequency offset can be more ac-
curately measured. The structure of the first pilot signal may be used in the data
symbol and the second frequency signal. If such a structure is used, offset estimation
performance such as CW interference can be improved and the reception performance

of the receiver can be improved.

FIG. 57 is a view showing an embodiment of detecting the first pilot signal and
measuring a timing offset and a frequency offset using the detected result.

This embodiment includes a first delay unit 601, a third delay unit 602, a first
complex conjugate calculation unit 603, a second complex conjugate calculation unit
604, a first multiplier 605, a fifthmultiplier 606, a second multiplier 607, a first filter
611, a second delay unit 615, a third multiplier 609, a second filter 613, a fourth
multiplier 617, a peak search unit 619, and a phase measurement unit 621.

In this embodiment, the first delay unit 601 may delay a received signal. For
example, the first delay unit 601 may delay the received signal by the length of the
cyclic suffix.

The third delay unit 602 may delay the signal delayed by the first delay unit 601. For
example, the third delay unit 602 further delays the signal by a difference between the
length of the cyclic prefix and the length of the cyclic suffix.

The first complex conjugate calculation unit 603 may calculate the complex
conjugate of the signal delayed by the third delay unit 602 and output the calculated

signal. The second complex conjugate calculation unit 604 may calculate the complex
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conjugate of the signal delayed by the first delay unit 601 and output the calculated
signal.

The first multiplier 605 may multiply the signal output from the first complex
conjugate calculation unit 603 by the received signal and output the multiplied
signal.The fifth multiplier 606 may multiply the complex conjugate calculated by the
second complex conjugate calculation unit 604 by the received signal and output the
multiplied signal.

The second multiplier 607 may multiply the signal output from the first multiplier
605 by the frequency shift amount (denoted by ejfSHt) applied to the portion B and
output the multiplied signal.

The first filter 611 performs a moving average during a predetermined period with
respect to the signal output from the second multiplier 607. The moving average
portion may become the length of the valid portion (A) of the first pilot signal.

The third multiplier 609 may multiply the signal output from the second multiplier
604 by the frequency shift amount (denoted by -ejfSHt) applied to the portion C and
output the multiplied signal.

The second filter 613 performs a moving average during a predetermined period with
respect to the signal output from the third multiplier 609. The moving average portion
may become the length of the valid portion A of the first pilot signal.

The second delay unit 615 may delay the signal output from the first filter 611. For
example, the second delay unit 615 delays the signal filtered by the first filter 611 by
the length of the valid portion (A) of the first pilot signal and outputs the delayed
signal.

The fourth multiplier 617 multiplies the signal delayed by the second delay unit 615
by the signal filtered by the second filter 613 and outputs the multiplied signal. The
fourth multiplier 617 may eliminate the phase error of the oscillator.

The operations of the peak search unit 619 and the phase measurement unit 621 are
equal to thoseof the above-described embodiment. The peak search unit 619 searches
for the locationwhere a peak value is generated from the multiplied signal output from
the fourth multiplier 617 and outputs the searched location to the phase measurement

unit 621. The peak value and the location may be used for the timing offset estimation.

FIG. 58 is a view showing an embodiment of a method of transmitting a signal.

A transport stream transferring a service is error-correction-coded (S110). An error
correction coding scheme may be changed according to the transport streams.

An LDPC error correction coding scheme may be used as the error correction coding
scheme and the error correction coding may be performed at various code rates. The

bits which are error-correction-coded according to a specific error correction code rate
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may be included in an error correction coded block according to the error correction
coding mode. If the error correction coding scheme is the LDPC, a normal mode
(64800 bits) and a short mode (16200 bits) may be used.

The error-correction-coded transport stream is interleaved (S120). The interleaving
may be performed by differentiating the directions for writing and reading the bits
included in the error correction coded block in and from a memory.The number of
rows and the number of columns of the memory may be changed according to the error
correction coding mode. The interleaving may be performed in the unit of the error
correction coded blocks.

The interleaved bits are mapped to symbols (S130). A symbol mapping methodmay
be changed according to transport streams or in the transport stream. For example, as
the symbol mapping method, a higher order symbol mapping method and a lower order
symbol mapping method may be used. When the symbols are mapped, the interleaved
bit stream may be demultiplexed according to the symbol mapping method or the code
rate of the error correction code, and the symbolsmay be mapped using the bits
included in the demultiplexed sub streams. Then, the sequence of the bits in the cell
word mapped to the symbols may be changed.

The mapped symbols are interleaved (S140). The mapped symbols may be in-
terleaved in the unit of error correction coded blocks. Time interleavers 132a and 132b
may interleave the symbols in the unit of error correction coded blocks. That is, the
transport stream is interleaved again in the symbol level.

The interleaved symbols of the transport stream are split, the split symbols are
allocated to a signal frame having at least one frequency band and including slotswhich
are temporally split in the frequency bands, and a preamble including a first pilot
signal and a second pilot signal is arranged in a start portion of the signal frame
(S150). The interleaved symbols of the transport stream may configure the PLP with
respect to the transport stream for providing the service. The streams configuring the
PLP may be split and allocated to the signal frame. The PLP may be allocated to the
signal frame having at least one frequency band. If a plurality of frequency bands is
arranged, the symbols configuring the PLP may be arranged in the slots shifted
between the frequency bands. The bits included in the service stream may be arranged
in the signal frame in the unit of interleaved error correction coded blocks.

The signal frame is converted into a time domain according to an OFDM scheme
(S160).

The cyclic prefix obtained by frequency-shifting a first portion of a valid portion of
the first pilot signal and the cyclic suffix obtained by frequency-shifting a second
portion of the valid portion are inserted into the OFDM symbols including the first

pilot signal inthe time domain (S170). If the preamble is not inserted in the frequency
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domain, the preamble including the first pilot signal and the second pilot signal may be
inserted in the time domain. The first pilot signal of the time domain may include the
valid portion, the cyclic prefix of the first portion of the valid portion and the cyclic
suffix of the second portion of the valid portion. The first portion may be a backmost
portion or the foremostportion of the valid portion. The second portion may be the
foremost portion or the backmost portion of the valid portion.

The signal frame including the first frame signal is transmitted by an RF signal
(S180).

Since the valid portion of the first pilot signal includes the frequency-shifted cyclic
prefix and cyclic suffix, the signal frame can be clearly identified as the structure of the
first pilot signal. The timing offset or the frequency offset may be estimated and com-

pensated for using the structure of the first pilot signal.

FIG. 59 is a view showing an embodiment of a method of receiving a signal.

A signal is received from a specific frequency band included in a signal frame
(S210). The signal frame may have at least one frequency band. The signal may be
received from a specific frequency band

From the received signal, a first pilot signal including a cyclic prefix obtained by
frequency-shifting a first portion of a valid portion and a cyclic suffix obtained by
frequency-shifting a second portion of the valid portion is identified, and the signal
frame in which blocks including the symbols of the transport stream are allocated to a
plurality of time-domain slots is demodulated by the OFDM scheme using the first
pilot signal (S220). The demodulating process using the first pilot signal will be
described in detail later.

The identified signal frame is parsed (S230). The signal frame may include at least
one frequency band. In the signal frame, the error correction coded blocks including
the symbols, to which the transportstream is mapped, may be allocated to OFDM
symbols together with the error correction coded blocks of another transport stream. If
the signal frame includes a plurality of frequency bands, the error correction coded
blocks may be allocated to the OFDM symbols which are temporally shifted in the
plurality of frequency bands.

The symbols, to which the transport stream is mapped, are deinterleaved from the
parsed signal frame (S240). The deinterleaving may be performed in the symbol level
which the transport stream is mapped to. For example, the time deinterleavers 245aand
245b may deinterleave the error correction coded blocks including the symbols, to
which the transport stream is mapped.

Then, the deinterleaved symbols are demapped so as to obtain the transportstream

(S250). When the symbols are demapped, a plurality of sub streams obtained by
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demapping the symbols may be output, the output sub streams may be multiplexed,
and the error-correction-coded transport stream may beoutput. The multiplexing
scheme may be changed according to the symbol mapping method and the error
correction code rate. The symbol demapping method may be changed in one transport
stream or according to transport streams.

The transport stream is deinterleaved and the deinterleaved transport stream is error-
correction-coded (S260).

According to an apparatus for transmitting and receiving a signal and a method for
transmitting and receiving a signal of an embodiment of the present invention, it is
possible to readily detect and restore a transmitted signal. In addition, it is possible to
improve the signal transmission/reception performance of the transmitting/receiving

system.

FIG. 60 is a flowchart illustrating an embodiment of identifying a first pilot signal
and estimating an offset in a demodulating process.

The first pilot signal includes the cyclic prefix obtained by frequency-shifting the
first portion of the valid portion thereof and thecyclic suffix obtained by frequency-
shifting the second portion of the valid portion thereof. The timing offset and the
frequency offset may be calculated using the first pilot signal as follows.

The received signal is delayed (S311). For example, the delay portion may be the
valid portion of the first pilot signal or 1/2 of the valid portion. Alternatively, the delay
portion may be the length of the cyclic prefix or the length of the cyclic suffix.

The complex conjugate of the delayed signal is calculated (S313).

The complex conjugate of the received signal and the delayed signal are multiplied
(S315). The delayed signal multiplied by the complex conjugate may be the signal
having the above-described length. If the delay signal is the length of the cyclic prefix
or the cyclic suffix, the complex conjugate of the delayed signal may be calculated.

The signal multiplied by the complex conjugate is inversely shifted according to the
frequency shift of the cyclic prefix (S317). That is, the signal multiplied by the
complex conjugate is shifted by the inverse shift amount of the frequency shift amount
of the cyclic prefix signal. That is, a signal which is frequency shifted up is frequency
shifted down (or the signal which is frequency shifted down is frequency shifted up).

Then, an average of the signal which is inversely shifted according to the frequency
shift of the cyclic prefix is calculated (S319). The portion of which the average is
calculated may be the length of the cyclic prefix or the length of the valid portion A of
the first pilot signal depending on the embodiments. Since the average is calculated
with respect to the signal having the same length along withthe received signal, the

moving average value may be output along with the received signal.
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The signal of which the average is calculated is delayed (S321). The delay portion
may be the sum of the length of the cyclic prefix and the length of 1/2 of the valid
period, the length of the cyclic prefix, or the length of the valid portion A of the first
pilot signal, according to the embodiment.

The signal multiplied in the step S315 is inversely shifted according to the frequency
shift of the cyclic suffix (S323). The signal multiplied by the complex conjugate is
shifted by the inverse shift amount of the frequency shift amount of the cyclic suffix
signal. That is, a signal which is frequency shifted up is frequency shifted down (or the
signal which is frequency shifted down is frequency shifted up).

An average is calculated with respect to the signal which is inversely shifted
according to the frequency shift of the cyclic suffix (S325). The moving average is
performed with respect to the signal corresponding to the length of the calculated
cyclic suffix or the length of the valid portion of the first pilot signal according to the
embodiments.

The signal delayed in the step S321 and the signal of which the average is calculated
in the step S325 are multiplied (S327).

A peak location of the multiplied result is searched for (S329) and the phaseof the
signal is measured using the peak (S331). The searched peak may be used for es-
timating the timing offset and the measured phase may be used for estimating the
frequency offset.

In this flowchart, the length of the cyclic suffix, the length of the cyclic prefix and
the frequency inverse shift amount may be changed.

According to the apparatus for transmitting and receiving the signal and the method
for transmitting and receiving the signal of the invention, if the data symbol con-
figuring the PLP and the symbols configuring the preamble are modulated in the same
FFT mode, the probability that the data symbol is detected bythe preamble is low and
the probability that the preamble is erroneously detected is reduced. If continuous
wave (CW) interferenceis included like the analog TV signal, the probability that the
preamble is erroneously detected by a noise DC component generated at the time of
correlation is reduced.

According to the apparatus for transmitting and receiving the signal and the method
for transmitting and receiving the signal of the invention, if the size of the FFT applied
to the data symbol configuring the PLP is larger than that of the FFT applied to the
preamble, the preamble detecting performance may be improved even in a delay
spread channel having a length equal to or greater than that of the valid symbol portion
A of the preamble. Since both the cyclic prefix (B) and the cyclic suffix (C) are used in
the preamble, the fractional carrier frequency offset can be estimated.

Hereinafter, an example of a method of transmitting and receiving signals in ac-
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cordance with the aforementioned bit interleaving method will be described.

FIG. 61 illustrates another example of a method of transmitting and receiving signals
in accordance with the present invention.

Transport streams including service are error-correction-coded (S411).

Bits of the error-correction-coded transport streams are interleaved by varying a
method of storing the bits in the memory and a method of reading the bits from the
memory in accordance with the symbol mapping method (S413). In this case, bit in-
terleaving is performed in such a manner that the bits are stored in the memory in units
of column, wherein the memory has a plurality of rows and columns in accordance
with the symbol mapping method, offset is generated between locations of the first bits
stored in each column in accordance with the symbol mapping method, and in each
column, the bits are stored from the location where the first bits are stored to the
location where the bits are stored in accordance with circular addressing.

If the stored bits are read, the bits stored in the memory in accordance with the
symbol mapping method are read in units of row. In this case, offset should be
generated in locations of the first bits read from each row in accordance with the
symbol mapping method, and in each column, the bits are read from the location where
the first bits are read in accordance with circular addressing.

The interleaved bits are symbol-mapped in accordance with the above symbol
mapping method (S415).

The mapped symbols are allocated to signal frames transmitted to at least one RF
channel, and a preamble, which includes a first pilot signal that can identify the signal
frames from one another, is arranged in the signal frames (S417).

The signal frames are modulated and then transmitted (S419).

A method of receiving and processing the above signal will be described below.

A receiving signal which includes signal frames transmitted to at least one RF
channel is received from the first RF channel, and the signal frames are identified from
the first pilot signal of the preamble of the signal frames (S421).

The signal frames are demodulated, and the demodulated signal frames are parsed, so
that symbols of the first transport stream among a plurality of time slots are output
(S423).

The symbols are demapped in accordance with the symbol mapping method to output
bit streams (S425).

The output bit streams are deinterleaved by varying the method of storing the bits in
the memory and the method of reading the bits from the memory (S427). Bit in-
terleaving corresponding to the step S413 is used. The bits are stored in the memory in
units of column, wherein the memory has a plurality of rows and columns in ac-

cordance with the symbol mapping method. In this case, the bits should be stored in
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the memory so that offset is generated between locations of the first bits stored in each
column in accordance with the symbol mapping method, and in each column, the bits
are stored from the location where the first bits are stored to the location where the bits
are stored in accordance with circular addressing.

If the stored bits are read, the bits stored in the memory in accordance with the
symbol mapping method are read in units of row. In this case, offset should be
generated in locations of the first bits read from each row in accordance with the
symbol mapping method, and in each column, the bits are read from the location where
the first bits are read, in accordance with circular addressing.

The deinterleaved bits are error-correction-decoded. (S429).

FIG. 62 is a view showing another embodiment of an apparatus for transmitting a
signal. The signal transmitting apparatus shown in FIG. 62 includes an input processor
110, acoding and modulation unit 120, a frame builder 130, a MIMO/MISO encoder
140, modulators 150a, ..., and 150r corresponding to the multiple paths of the MIMO/
MISO encoder 140, and a plurality of analog processors 160a, ..., and 160r. This em-
bodiment is similar to the embodiment shown in FIG. 4 except that an information
(L1/L2) generator 1301 and information (L1/L2) coder 1303 for coding and in-
terleaving layer-1 information and layer-2 information are further included. The
examples of the information generator 1301 and the information coder 1303 will now
be described in detail.

As described above, the layer-1 information may include information about a PLP
configuration of a signal frame and may be included in a second pilot signal. The
layer-2 information may describe a service transmitted by a PLP included in the signal
frame and may be transmitted to the second pilot signal or a common PLP. For
example, although the second pilot signal and the common PLP included in the signal
frame are transmitted to a plurality of RF channels of the signal frame, the same value
is transmitted to the plurality of RF channels. Accordingly, since a frequency diversity
gain cannot be obtained, the signals may be processed such that information recovery
capability is improved according to error correction encoding or interleaving.

If the frame builder 130 configures the signal frame, the information generator 1301
may generate the layer-1 information and the layer-2 information which will be
included in the signal frame. The information generator 1301 may generate a location
of the signal frame, to which a transport stream for transmitting a service will be
transmitted, and modulation and coding information of the transport stream.

The information coder 1303 may code the layer-1 information and the layer-2 in-
formation generated by the information generator 1301 according to the modulation
and coding information. The frame builder 130 inserts the layer-1 information coded

by the information coder 1303 into the second pilot signal and inserts the layer-2 in-
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formation into the second pilot signal or the common PLP. Accordingly, the layer-1 in-
formation and the layer-2 information may be protected from an error of a transmission
channel by the information coder 1303.

FIG. 63 is a view showing an embodiment of the information coder 1303. The in-
formation coder may include a first coder 1311, a first interleaver 1313, a second coder
1315 and a second interleaver 1317.

The first coder 1311 is an outer coder, which performs first error correction encoding
with respect to input data (the layer-1 information and the layer-2 information). For
example, the input data may be error-correction-encoded by a BCH error correction
encoding scheme. The error correction encoding of the first coder 1311 is performed in
order to suppress error floor according to an error correction encoding scheme of the
second coder.

The first interleaver 1313 is an outer interleaver, which may interleave the data
output from the first coder 1311. The first interleaver 1313 may reduce a burst error.

The second coder 1315 is an inner coder, which performs second error correction
encoding with respect to the data output from the first interleaver 1313. For example,
the second coder 1315 may code the data interleaved by the first interleaver 1313 by an
LDPC error correction encoding scheme.

The second coder 1315 may perform shortening and puncturing with respect to the
data to be error-correction-encoded, when the input data is coded. For example, since
the amount of layer-1 information and layer-2 information is less than that of transport
stream data for transmitting a service, a code with a short length may be used. Ac-
cordingly, the second coder 1315 may perform shortening and puncturing from a
mother code with a low code rate and output an error correction code with a short
length. As the mother code, an LDPC or a convolution code may be used.

The second coder 1315 pads zero (0) to a small size of information bits (zero
padding), so the second coder 1315 conforms the input bit number for LDPC encoding
(shortening). After the LDPC encoding, the second coder 1315 removes the padded
zero and performs puncturing on a part of the generated parity of encoding data to
conform its code rate.

The second interleaver 1317 is an inner interleaver, which performs bit interleaving
with respect to the data coded by the second coder 1315. The bit interleaving may be
performed by one of the schemes shown in FIGs. 20 to 28.

FIG. 64 is a view showing another embodiment of an apparatusfor receiving a signal.
This embodiment is similar to the signal receiving apparatus shown in FIG. 39. Ac-
cordingly, the embodiment of the signal receiving apparatus includes a first signal
receiver 210a, an nth signal receiver 210n, a first demodulator 220a, an nthde-
modulator 220n, a MIMO/MISO decoder 230, a frame parser 240, a decoding de-
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modulator 250 and an output processor 260. The embodiment of this drawing further
includes an information (L.1/L2) decoder 2401 and an information (LL.1/L2) extractor
2403.

The frame parser 240 may parse the signal frame. The frame parser 240 may parse
the preamble of the signal frame including the first pilot signal and the second pilot
signal. The frame parser 240 may parse the common parser.

The frame parser 240 outputs the layer-1 information and the layer-2 information
included in the second pilot signal and the common PLP to the information decoder
2401. The information decoder 2401 decodes the layer-1 information and the layer-2
information. The example of the information decoder 2401 will be described in detail
later. The information extractor 2403 extracts the decoded layer-1 information and the
layer-2 information and outputs the layer-1 information to the frame parser 240 and a
system controller (not shown).The frame parser 240 may check the configuration of
the PLPs included in the signal frame using the extracted layer-1 information and
output a PLP selected by a user according to the layer-1 information.

FIG. 65 is a view showing a detailed embodiment ofdecoding layer-1 information
and layer-2 information. This embodiment may include a first deinterleaver 2411, a
first decoder 2413, a second deinterleaver 2415 and a second decoder 2417.

The first deinterleaver 2411 performs inner interleaving with respect to the input data
including the layer-1 information and the layer-2 information. The deinterleaving
scheme of the first deinterleaver 2411 may be performed by one of the bit interleaving
schemes described with respect to FIGs. 20 to 28.

The first decoder 2413 performs error correction decoding with respect to the dein-
terleaved data according to a first error correction encoding scheme. In this case, the
data including the shortened and punctured layer-1 information and layer-2 in-
formation may be decoded.

For example, the first decoder 2413 performs depuncturing with respect to the parity
bits of the data output from the first deinterleaver 2411. In addition, the first decoder
2413 adds 0 to the depunctured data and performs error correction decoding. The first
decoder 2413 removes the added 0 and outputs the shortened data.

The second deinterleaver 2415 performs deinterleaving with respect to the data error-
correction-decoded by the first decoder 2413, and the second decoder 2417 performs
error correction decoding with respect to the data output from the second deinterleaver
2415 according to a second error correction encoding scheme. The second decoder
2417 may output raw data of the layer-1 information and the layer-2 information.

Although, in the above-described embodiment, the layer-1 information and the layer-
2 information are error-correction encoded/decoded using the shortening scheme and

the puncturing scheme, at least one of the layer-1 information and the layer-2 in-
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formation may be error-correction-encoded/decoded. For example, the shortening
scheme and the puncturing scheme may be used with respect to only the layer-1 in-
formation. In this case, the embodiments of FIGs. 63 and 65 may be employed with
respect to only the layer-1 information. The embodiments of FIGs. 6 and 49 may be
employed with respect to only the layer-1 information, and vice versa.

FIG. 66 is a flowchart illustrating a method for transmitting and receiving a signal.
Hereinafter, the embodiment of processing the layer-1 information will be described.
However, the layer-2 information may be transmitted in a state of being arranged in the
common PLP similar to this embodiment. Hereinafter, an embodiment of decoding and
encoding the layer-1 information will be described in detail.

The layer-1 information which will be inserted into a signal frame is generated
(S501). The layer-1 information may include information about the PLP configuration
of the signal frame and information for identifying the signal frame. The information
about the PLP configuration may include information about PLPs included in a super
frame included in a plurality of signal frames and information about the signal frames
of the super frame. The PLP may be a unit in which the transport streams are indi-
vidually encoded and modulated in order to transmit the transport streams. The PLP
may be allocated to at least one RF channel of the signal frame or a plurality of signal
frames.

The layer-1 information is encoded using an error-correction-encoding scheme
including the shortening scheme and the puncturing scheme (S503). Since the size of
the layer-1 information which will be inserted into the signal frame is small, the layer-
1 information may be encoded using an error-correction-encoding scheme according
toa short mode of an error-correction-encoding scheme such as LDPC coding scheme.

The bits of the error-correction-encoded layer-1 information are interleaved (S505).

As the error correction encoding, the first error correction encoding process or the
second error correction encoding process may be performed. Then, first interleaving is
performed after the first error correction encoding and second interleaving is
performed after the second error correction encoding. As the second error correction
encoding, an LDPC error correction encoding scheme may be used.

For example, the second error correction encoding step is performed by adding O to
the input data in order to check a number of the input data (shortening). After the
second error-correction-encoding, a part of the generated parity bits is punctured
andcode rate of the second error-correction-encoding scheme is adjusted (puncturing).

The interleaved bits of the layer-1 information are arranged in a preamble of the
signal frame and PLPs are arranged in the signal frame (S507). The signal frame may
include the PLPs which will be transmitted via at least one RF channel.

The signal frame is modulated and transmitted via at least one RF channel (S509).
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If the signal is received, the signal frame transmitted in an RF band including at least

one RF channel is received from a first RF channel (S511).
The signal frame of the received signal is demodulated (S513).

The preamble of the signal frame including the layer-1 information is parsed, and the
layer-1 information is output (S515).

The bits of the layer-1 information are deinterleaved (S517).

The deinterleaved bits are decoded using an error-correction-decoding scheme
including the shortening scheme and the puncturing scheme (S519). In this step, for
example, the deinterleaved bits are depunctured and O is added according to the error
correction encoding scheme. The data to which O is added is error-correction-decoded
and the added 0 is removed.

The signal frame is parsed using the error-correction-decoded layer-1 information
and the PLPs are obtained from the signal frame (S521).

By this process, since the error correction encoding is performed with respect to the
preamble of the signal frame by which a diversity gain cannot be obtained, it is
possible to correct an error of the information included in the preamble. Accordingly, it
is possible to improve reception performance of the information included in the
accurate preamble.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from scope of the invention.
Thus, it is intended that the present invention covers the modifications and variations
of this invention provided they come within the scope of the appended claims and their
equivalents.

Mode for the Invention

The embodiments of the invention are described in the best mode of the invention.
Industrial Applicability

A method of transmitting/receiving a signal and an apparatus for transmitting/

receiving a signal of the present invention can be used in broadcast and communication
fields.
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Claims

A method of transmitting a signal, the method comprising:

generating (S501) layer-1 information destined to be inserted into a signal frame;
encoding (S503) the layer-1 information an error correction encoding scheme,
said error correction encoding scheme including a shortening scheme and a
puncturing scheme;

interleaving (S505) bits of the error-correction-encoded layer-1 information;
arranging (S507) the interleaved bits of the layer-1 information in a preamble of
the signal frame, and arranging a physical layer pipe (PLP) in the signal frame;
and

modulating (S509) the signal frame and transmitting the modulated signal frame
via at least one radio frequency (RF) channel.

The method according to claim 1, wherein the error correction encoding scheme
includes low density parity check (LDPC) error correction encoding scheme.
The method according to claim 2, wherein the layer-1 information is error-
correction-encoded according to a short mode of the LDPC.

The method according to claim 1, wherein the layer-1 information includes at
least one of a guard-interval length, a number of error-correction-encoding
blocks in each signal frame, service modulation information and a cell identifier.
A method of receiving a signal, the method comprising:

receiving (S511) a signal transmitted in a radio frequency (RF) band including at
least one RF channel

demodulating (S513) the received signal;

parsing (S515) a preamble of a signal frame including layer-1 information, from
the demodulated signal

deinterleaving (S517) bits of the layer-1 information;

decoding (S519) the deinterleaved bits using an error correction decoding
scheme including a shortening scheme and a puncturing scheme; and

obtaining (S521) physical layer pipes (PLPs) from the signal frame using the
error-correction-decoded layer-1 information.

The method according to claim 5, wherein the error correction decoding is
performed by low density parity check (LDPC) error correction encoding
scheme.

The method according to claim 6, wherein the layer-1 information is error-
correction-encoded according to a short mode of the LDPC.

The method according to claim 5, wherein the layer-1 information includes at

least one of a guard-interval length, a number of error-correction-encoding
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blocks in each signal frame, service modulation information and a cell identifier.
An apparatus for transmitting a signal, the apparatus comprising:

an information generator (1301) configured to generate layer-1 information
destined to be inserted into a signal frame;

an information coder (1303) configured to

perform error correction encoding of the layer-1 information using an error
correction encoding including a shortening scheme and a puncturing scheme; and
interleave bits of the error-correction-encoded layer-1 information;

a frame builder (130) configured to arrange the interleaved bits of the layer-1 in-
formation in a preamble of the signal frame, and allocate physical layer pipe
(PLP) in the signal frame; and

a modulator (150a, 150r) configured to modulate the signal frame; and

a transmit unit (160a, 160r) configured to transmit the modulated signal frame
via at least one radio frequency (RF) channel.

The method according to claim 9, wherein the information coder (1303)
includes:

a first coder (1311) configured to perform first error correction encoding with
respect to the bits of the layer-1 information;

a first interleaver (1313) configured to interleave the first error-
correction-encoded bits;

a second coder (1315) configured to perform second error correction encoding of
the interleaved bits according to said shortening scheme and said puncturing
scheme; and

a second interleaver (1317) configured to interleave the second error-
correction-encoded bits.

The apparatus according to any one of claims 8 and 9, wherein the error
correction encoding scheme includes a low density parity check (LDPC) error
correction encoding scheme.

The apparatus according to claim 10, wherein the layer-1 information is error-
correction-encoded according to a short mode of the LPDC error correction
encoding scheme.

An apparatus for receiving a signal, the method comprising:

a receiver (210a, 210n) configured to receive a signal transmitted in a radio
frequency (RF) band including at least one RF channel;

a demodulator (220a, 220n) configured to demodulate the received signal;

an information decoder (2401) configured to

deinterleave bits of layer-1 information parsed from a signal frame of the

received signal and
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perform an error correction decoding of the deinterleaved bits according to error
correction decoding scheme including a shortening scheme and a puncturing
scheme;

an information extractor (2403) configured to extract the error-
correction-encoded layer-1 information; and

a frame parser (240) configured to parse the signal frame using the extracted
layer-1 information and obtain physical layer pipes (PLPs), from the signal
frame.

The apparatus according to claim 13, wherein the information decoder (2401)
includes:

a first deinterleaver (2411) configured to deinterleave the bits of the layer-1 in-
formation;

a first decoder (2413) configured to perform error correction decoding with
respect to the deinterleaved bits according to schemes inverse to the shortening
scheme and the puncturing scheme;

a second deinterleaver (2415) configured to deinterleave the error-
correction-decoded bits; and

a second decoder (2417) configured to perform error correction decoding with

respect to the deinterleaved bits.
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[Fig. 18]

Toddey XN @ME
13pIC T 3PI0 T 19p10 1 T
ToSIaly m m m 19818
[OqUIAS qs1¢1 qe1el qziel weansyrg
AJLIu] A[BU[ AJJu]
A 1oddepy XNNR(Q 1 L N0
OFgt St B Mt B B P WA | wawa
AR Beltl LtARYI BrIel [1¢] ¢Cl



PCT/KR2008/007545

WO 2009/093809

16/50

[Fig. 19]

AT1IU]
W], ~—
(W d1d

1o3101
JoquiAg

LIE]

@Nﬂ
AJI
:o_.ww%wmu Toddery XNARC “_M_ m
1ap10 PI7 ._QEM pl EEM pul SEM ol
108184
qsT¢T QeTEl qzIEl weansg
ao_wwﬁwmu raddepy X[ >“.N_E mpoosd | M_MM
19p10 1] .ac.Mo sl s_u.mo sl ._%._mo 5] m omma () d1d
S%ﬂ BCIET BE[E] BCIEL T1€T ¢zl



WO 2009/093809

[Fig. 20]

Rows <

Columns

PCT/KR2008/007545
17/50

\

4

‘.E:Illllll.ll.ll SESEEREEEBEEENEREEN(
"'ﬂ.,u_“

A

B T™
e S

‘l EVE PRV SIENEEEN FENURANEAEER
Az

.

—
———

‘lu.:l":'::.Il.II-ll ENESEEEEEEEE

s VS

.

-y,
"'-n-.._“

Saed

s
Lt
-o..‘h“"

‘III-I IAS AEEENEST EREEREEPEAE

s P

-
0
o

WRITE

MSB

aarr et
EEEEEEN

R
Itl'a'l':';lunnl

'_"‘"_....ﬂ

s

--rT‘-":'.-u.

FEEEEEN
‘___..,..--‘
EEEEEEN
v 7V T

LLELEDR L]

o v T

| s per

oL L LLLL LT

w-'"""'"

bbb LELLY.

i

e

s

o=t
P

e

o el

LSB

READ



PCT/KR2008/007545

18/50

Columns

PTTT T .!Illll-ll--lllllllllvw

ot u
.,
-
LS
-
-

\ 7 0]
A A . A2
w, \ Y []
Yy 18 [ 1Y 3 [ ]
T n % “._ “__ y kY F
Rt (Y m Y '} " &
* . By m m \, =
: A \E
1
. L Y IR X
:::::: - i / a Y B
rrrrrrr - H .= Y oE 'YY Y A
rrrrrr ] T U T
o .. oW~ T T ] n
e —— ] ] OB [
——— “ __l \ " _- “
—— 1
sussnunnunnesunnnxa ) @unnanannanin) s ﬁ VB H
ey
!......., ] b —. B \ ]
.. n N \ n
= = - - L -]
- n -] ' n
- g _ f
llll'.Fllull--In-lllllnnnl-lnunltv n H 4 H
:::::: ] - \ ]
..... n a A i ]
it | | | | [ § 3 | |
::::: H H H | H
h L
::::::: [anly-] ] n \ u
AN EEESEEEEENEEEENEANENNGUEREES Wo. a L] v L]

WO 2009/093809

[Fig. 21]

Rows

READ



WO 2009/093809

[Fig. 22]

Col 8

Col7

Col 6

Col 5

Col4
7
5

Col 3
4
5

Col 2
2
2
2

Col 1
0
0
0

nCol
2
4
6

8

QAM
QPSK

16QAM
64QAM

256QAM

[Fig. 23]

19/50

QAM type

HOQ
Rows

HOQ
Columns

LOQ
Rows

LOQ
Columns

256-QAM

8100

Hyb 128-QAM

4860

4320

64-QAM

10800

Hyb 32-QAM

6480

6480

16-QAM

16200

Hyb 8-QAM

10800

10800

4-QAM

32400

N[00

PCT/KR2008/007545



WO 2009/093809 PCT/KR2008/007545

20/50
[Fig. 24]
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[Fig. 26]
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[Fig. 33]
Jam cr DEMUX selection
4-gam 1/4 all
13 all
2{5 all
12 -l
315 -l
213 all
3/4 all
4/5 all
506 all
819 all
9/10 all
16-qam 1/4 No-Int, No-Demux
173 No-Int, No-Demux
2/5 No-Int, No-Demux
12 No-Int, No-Demux
315 9,100r12
213 6
3/4 6
4f5 0
506 6
89 6
9/10 6
64-qam 1/4 No-Int, No-Demux
173 No-Int, No-Demux
25 No-Int, No-Demux
172 No-Int, No-Demux
3/5 9,0r10
213 6
34 6
4f5 {
5f6 6
8/9 6
9/10 6
256-gam /4 | No-Int, No-Demux
113 No-Int, No-Demux
2/5 No-Int, No-Demux
112 No-Int, No-Demiux
3/5 9
23 6
3/4 6
4/5 6
516 6
89 6
9/10 6




WO 2009/093809 PCT/KR2008/007545
28/50
[Fig. 34]
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[Fig. 35]
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[Fig. 36]
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[Fig. 40]
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[Fig. 41]
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[Fig. 44]
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[Fig. 46]
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A service stream is converted to a PLP

——S§110

1

The PLP modulated is allocated in at least one signal frame and
a preamble including a first pilot signal is arranged in a beginning part of the signal frame

—— 5150

The signal frame is converted into a time domain according to an OFDM scheme

— 8160

The cyclic prefix obtained by frequency-shifting a first portion of an useful portion of
the first pilot signal and the cyclic suffix obtained by frequency-shifting a second portion
of the useful portion are inserted into the first pilot signal in the time domain

—— 8170

1

The signal frame including the first frame signal is transmitted over at least one RF channel

—— 5180

[Fig. 59]

A signal is received from a specific frequency band transferring signal frame

——S8210

1

From the received signal, a first pilot signal including a cyclic prefix obtamed by
frequency-shifting a first portion of an useful portion and a eyclic suffix obtained by
frequency-shifting a second portion of the useful portion, is identified, and the signal frame
ncluding the PLPs, is demodulated by the OFDM scheme using information set in the
first pilot signal

—~— 8220

A

The identified signal frame is parsed

—— 8230

L

A service can be obiained from the PLP of the parsed signal frame

—— 5240




WO 2009/093809 PCT/KR2008/007545

46/50
[Fig. 60]

Delay received signal —— 8311

i
Calculate complex conjugate of delayed signal ——S8313
Multiply received signal by complex conjugate of delayed signal -~—8315
Inversely shift multiplied signal according to frequency shift of cyclic prefix —— 8317

1

Calculate average of signal inversely shifted

according to frequency shift of cyclic prefix 8318

Y

Delay signal of which average is calculated —— 5321

Inversely shift signal multiplied in S315 according to frequency shift of cyclic suffix — ——8323

k

Calculate average of signal inversely shifted

according to frequency shift of cyclic suffix 8325

\
Maultiply signal delayed in S321 and signal of which average is calculated in 325 |——8327

L

Search for peak location of multiplied result r—— 8329

Measure phase of signal using peak —— 8331
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[Fig. 61]
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A transport stream for delivering a service is error-correction-coded

—— 5411

|

. The bits of error-correction-coded transport stream are interleaved, in which the bits
are stored in a memory by a method and the stored bits are read by another method,
according fo a symbol mapping method

——S8413

1

The interleaved bits are symbol-mapped according to the symbol mapping method

——5415

The symbols are allocated in signal frames, and the allocated symbols are arranged in
a signal frame which is transmitted over at least one radio frequency (tf) channef and

a first pilot signal which can identify the signal frame is arranged in

—— 3417

1

The signal frame is modulated and transmitted

—— 5419

L

channel is received from a first radio frequency channel, and the signal frame 1s identified
by using the preamble of the signal frame

A signal including 2 signal frame which can be transmitted over at least one radio frequency

——38421

1

The signal frame is demodulated and symbols of a transport stream are outputted
by parsing the demodulated the signal frame

5423

Y

The symbols are demapped according to a symbol mapping method,
and demapped bit stream is outputted

—— 8425

The bit stream is deinterleaved, in which the bits are stored in a memory by a method and
the stored bits are read by another method, according to a symbol mapping method

—~— 5427

1

The deinterleaved bits are error-correction-decoded

5429
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[Fig. 62]
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[Fig. 66]
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Generate layer-1 information desfined to be inserted into signal frame

8501

]

Encoding the layer-1 information an error correction encoding scheme, said error
correction encoding scheme including a shortening scheme and 2 puncturing scheme

r——S503

A

Interleaving bits of the error-correction-encoded fayer-1 information

—— 5505

Arranging the interleaved bits of the layer-1 information in a preamble of the signal frame,
and arranging a physical layer pipe (PLP) in the signal frame

— 8507

1

- Modulating the signal frame and transmitting the modulated signal frame
and transmitting the modulated signal frame via at least one radio frequency (RF) channel

——S509

1

Receiving a signal transmitted in a radio frequency (RF) band
including at least one RF channel

8511

|

Demodulating the received signal

8513

Parsing a preamble of the signal frame including layer-1 information,
from the demodulated signal '

——S8515

Deinterleaving bits of the layer-1 information

——8517

y

Decoding the deinterleaved bits using an error correction decoding scheme including
a shortening scheme and a puncturing scheme

——8519

1

Parsing the signal frame using the error-correction-decoded layer-1
information and obtaining physical layer pipes (PLPs) from the signal frame.

r——S521
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