2015/023150 A1 I 00 0T OO0 P00 OO0 0

<

(43) International Publication Date
19 February 2015 (19.02.2015)

Organization
International Bureau

—~
é

=

\

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/023150 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

HO4N 7/08 (2006.01)

International Patent Classification:
HO4N 21/234 (2011.01)

International Application Number:
PCT/KR2014/007592

International Filing Date:
14 August 2014 (14.08.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/865,626 14 August 2013 (14.08.2013) US
61/868,081 20 August 2013 (20.08.2013) US

Applicant: LG ELECTRONICS INC. [KR/KR]; 128,
Yeoui-daero, Yeongdeungpo-gu, Seoul 150-721 (KR).

Inventors: BAEK, Jongseob; 19, Yangjae-daero 1l1gil,
Seocho-gu, Seoul 137-893 (KR). KIM, Jaehyung; 19,
Yangjae-daero 11gil, Seocho-gu, Seoul 137-893 (KR).
KO, Woosuk; 19, Yangjae-daero 11gil, Seocho-gu, Seoul
137-893 (KR). HONG, Sungryong; 19, Yangjae-daero
11gil, Seocho-gu, Seoul 137-893 (KR).

Agents: KIM, Yong In et al.; KBK & Associates, 7th
Floor, 82, Olympic-ro, Songpa-ku, Seoul 138-861 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: APPARATUS FOR TRANSMITTING BROADCAST SIGNALS, APPARATUS FOR RECEIVING BROADCAST
SIGNALS, METHOD FOR TRANSMITTING BROADCAST SIGNALS AND METHOD FOR RECEIVING BROADCAST SIG-
NALS

Data Tx1 Txant. ]
Pipe 0 path Signal
\ \ \
1000 J 1100 J 1200 1300 1
I { I { i
ESS’InP ?1{ . Input : (B”clgé?;lfzem . Frame Waveform < TxSignal
> P Formatting . e * Structure Generation : output
streams  ——mmt ( Modulation ( f——<—
w ) ) )
| Data Txm Txant. m
Pipen path Signal
Management Signaling
Information Generation Physical Layer Signaling (PLS)

(57) Abstract: A method and an apparatus for transmitting broadcast signals thereot are disclosed. The apparatus for transmitting
broadcast signals comprises an encoder for encoding service data, a mapper for mapping the encoded service data into a plurality of
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Description
Title of Invention: APPARATUS FOR TRANSMITTING
BROADCAST SIGNALS, APPARATUS FOR RECEIVING
BROADCAST SIGNALS, METHOD FOR TRANSMITTING
BROADCAST SIGNALS AND METHOD FOR RECEIVING

BROADCAST SIGNALS
Technical Field

[1] The present invention relates to an apparatus for transmitting broadcast signals, an
apparatus for receiving broadcast signals and methods for transmitting and receiving

broadcast signals.

Background Art

[2] As analog broadcast signal transmission comes to an end, various technologies for
transmitting/receiving digital broadcast signals are being developed. A digital
broadcast signal may include a larger amount of video/audio data than an analog
broadcast signal and further include various types of additional data in addition to the

video/audio data.
Disclosure of Invention

Technical Problem

[3] That is, a digital broadcast system can provide HD (high definition) images, multi-
channel audio and various additional services. However, data transmission efficiency
for transmission of large amounts of data, robustness of transmission/reception
networks and network flexibility in consideration of mobile reception equipment need
to be improved for digital broadcast.
Solution to Problem

(4] To achieve the object and other advantages and in accordance with the purpose of the
invention, as embodied and broadly described herein, a method for transmitting
broadcast signals comprises encoding service data, building at least one signal frame
including the encoded service data, wherein the at least one signal frame includes a
plurality of OFDM symbols,modulating data in the built at least one signal frame by an
OFDM (Orthogonal Frequency Division Multiplex) scheme and transmitting the

broadcast signals having the modulated data.
Advantageous Effects of Invention

[5] The present invention can process data according to service characteristics to control

QoS for each service or service component, thereby providing various broadcast
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services.
The present invention can achieve transmission flexibility by transmitting various

broadcast services through the same RF signal bandwidth.
The present invention can improve data transmission efficiency and increase ro-
bustness of transmission/reception of broadcast signals using a MIMO system.
According to the present invention, it is possible to provide broadcast signal
transmission and reception methods and apparatus capable of receiving digital
broadcast signals without error even with mobile reception equipment or in an indoor

environment.

Brief Description of Drawings

FIG. 1 illustrates a structure of an apparatus for transmitting broadcast signals for
future broadcast services according to an embodiment of the present invention.

FIG. 2 illustrates an input formatting module according to an embodiment of the
present invention.

FIG. 3 illustrates an input formatting module according to another embodiment of the
present invention.

FIG. 4 illustrates an input formatting module according to another embodiment of the
present invention.

FIG. 5 illustrates a coding & modulation module according to an embodiment of the
present invention.

FIG. 6 illustrates a frame structure module according to an embodiment of the
present invention.

FIG. 7 illustrates a waveform generation module according to an embodiment of the
present invention.

FIG. 8 illustrates a structure of an apparatus for receiving broadcast signals for future
broadcast services according to an embodiment of the present invention.

FIG. 9 illustrates a synchronization & demodulation module according to an em-
bodiment of the present invention.

FIG. 10 illustrates a frame parsing module according to an embodiment of the
present invention.

FIG. 11 illustrates a demapping & decoding module according to an embodiment of
the present invention.

FIG. 12 illustrates an output processor according to an embodiment of the present
invention.

FIG. 13 illustrates an output processor according to another embodiment of the
present invention.

FIG. 14 illustrates a coding & modulation module according to another embodiment
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of the present invention.

FIG. 15 illustrates a demapping & decoding module according to another em-
bodiment of the present invention.

FIG. 16 is a view illustrating an operation of a frequency interleaver according to an
embodiment of the present invention.

FIG. 17 illustrates a basic switch model for MUX and DEMUX procedures according
to an embodiment of the present invention.

FIG. 18 is a view illustrating a concept of frequency interleaving applied to a single
super-frame according to an embodiment of the present invention.

FIG. 19 is a view illustrating logical operation mechanism of frequency interleaving
applied to a single super-frame according to an embodiment of the present invention.

FIG. 20 illustrates math figures of logical operation mechanism of frequency in-
terleaving applied to a single super-frame according to an embodiment of the present
invention.

FIG. 21 illustrates an operation of a memory bank according to an embodiment of the
present invention.

FIG. 22 illustrates a frequency deinterleaving procedure according to an embodiment
of the present invention.

FIG. 23 is a view illustrating an output signal of a time interleaver according to an
embodiment of the present invention.

FIG. 24 is a view of a 32K FFT mode random main-seed generator according to an
embodiment of the present invention.

FIG. 25 illustrates expressions representing an operation of a 32K FFT mode random
main-seed generator according to an embodiment of the present invention.

FIG. 26 is a view illustrating a 32K FFT mode random symbol-offset generator
according to an embodiment of the present invention.

FIG. 27 illustrates expressions showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 32K FFT mode including a O bits-
spreader and a 15 bits-PN generator according to an embodiment of the present
invention.

FIG. 28 illustrates expressions illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 32K FFT mode including a 1 bits-
spreader and an 14 bits-PN generator according to an embodiment of the present
invention.

FIG. 29 illustrates expressions illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 32K FFT mode including a 2 bits-
spreader and a 13 bits-PN generator according to an embodiment of the present

invention.
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FIG. 30 is a view illustrating logical composition of a 32K FFT mode random main-

seed generator according to an embodiment of the present invention.
FIG. 31 is a view illustrating an output signal of a time interleaver according to

another embodiment of the present invention.

FIG. 32 is a view illustrating a 32K FFT mode quasi-random main interleaving-seed
generator according to an embodiment of the present invention.

FIG. 33 is expressions representing operations of 32K FFT mode bit shuffling and
32K FFT mode quasi-random main interleaving-seed generator according to an em-
bodiment of the present invention.

FIG. 34 is a view illustrating logical composition of a 32K FFT mode quasi-random
main interleaving-seed generator according to an embodiment of the present invention.

FIG. 35 is a view illustrating single-memory deinterleaving for input sequential
OFDM symbols.

FIG. 36 is a flowchart illustrating a method for transmitting broadcast signals
according to an embodiment of the present invention.

FIG. 37 is a flowchart illustrating a method for receiving broadcast signals according
to an embodiment of the present invention.

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. The
detailed description, which will be given below with reference to the accompanying
drawings, is intended to explain exemplary embodiments of the present invention,
rather than to show the only embodiments that can be implemented according to the
present invention. The following detailed description includes specific details in order
to provide a thorough understanding of the present invention. However, it will be
apparent to those skilled in the art that the present invention may be practiced without
such specific details.

Although most terms used in the present invention have been selected from general
ones widely used in the art, some terms have been arbitrarily selected by the applicant
and their meanings are explained in detail in the following description as needed. Thus,
the present invention should be understood based upon the intended meanings of the
terms rather than their simple names or meanings.

The present invention provides apparatuses and methods for transmitting and
receiving broadcast signals for future broadcast services. Future broadcast services
according to an embodiment of the present invention include a terrestrial broadcast
service, a mobile broadcast service, a UHDTYV service, etc. The apparatuses and

methods for transmitting according to an embodiment of the present invention may be
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categorized into a base profile for the terrestrial broadcast service, a handheld profile
for the mobile broadcast service and an advanced profile for the UHDTYV service. In
this case, the base profile can be used as a profile for both the terrestrial broadcast
service and the mobile broadcast service. That is, the base profile can be used to define
a concept of a profile which includes the mobile profile. This can be changed
according to intention of the designer.

The present invention may process broadcast signals for the future broadcast services
through non-MIMO (Multiple Input Multiple Output) or MIMO according to one em-
bodiment. A non-MIMO scheme according to an embodiment of the present invention
may include a MISO (Multiple Input Single Output) scheme, a SISO (Single Input
Single Output) scheme, etc.

While MISO or MIMO uses two antennas in the following for convenience of de-
scription, the present invention is applicable to systems using two or more antennas.

FIG. 1 illustrates a structure of an apparatus for transmitting broadcast signals for
future broadcast services according to an embodiment of the present invention.

The apparatus for transmitting broadcast signals for future broadcast services
according to an embodiment of the present invention can include an input formatting
module 1000, a coding & modulation module 1100, a frame structure module 1200, a
waveform generation module 1300 and a signaling generation module 1400. A de-
scription will be given of the operation of each module of the apparatus for
transmitting broadcast signals.

Referring to FIG. 1, the apparatus for transmitting broadcast signals for future
broadcast services according to an embodiment of the present invention can receive
MPEG-TSs, IP streams (v4/v6) and generic streams (GSs) as an input signal. In
addition, the apparatus for transmitting broadcast signals can receive management in-
formation about the configuration of each stream constituting the input signal and
generate a final physical layer signal with reference to the received management in-
formation.

The input formatting module 1000 according to an embodiment of the present
invention can classify the input streams on the basis of a standard for coding and
modulation or services or service components and output the input streams as a
plurality of logical data pipes (or data pipes or DP data). The data pipe is a logical
channel in the physical layer that carries service data or related metadata, which may
carry one or multiple service(s) or service component(s). In addition, data transmitted

through each data pipe may be called DP data.

*In addition, the input formatting module 1000 according to an embodiment of the

present invention can divide each data pipe into blocks necessary to perform coding
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and modulation and carry out processes necessary to increase transmission efficiency
or to perform scheduling. Details of operations of the input formatting module 1000
will be described later.

The coding & modulation module 1100 according to an embodiment of the present
invention can perform forward error correction (FEC) encoding on each data pipe
received from the input formatting module 1000 such that an apparatus for receiving
broadcast signals can correct an error that may be generated on a transmission channel.
In addition, the coding & modulation module 1100 according to an embodiment of the
present invention can convert FEC output bit data to symbol data and interleave the
symbol data to correct burst error caused by a channel. As shown in FIG. 1, the coding
& modulation module 1100 according to an embodiment of the present invention can
divide the processed data such that the divided data can be output through data paths
for respective antenna outputs in order to transmit the data through two or more Tx
antennas.

The frame structure module 1200 according to an embodiment of the present
invention can map the data output from the coding & modulation module 1100 to
signal frames. The frame structure module 1200 according to an embodiment of the
present invention can perform mapping using scheduling information output from the
input formatting module 1000 and interleave data in the signal frames in order to
obtain additional diversity gain.

The waveform generation module 1300 according to an embodiment of the present
invention can convert the signal frames output from the frame structure module 1200
into a signal for transmission. In this case, the waveform generation module 1300
according to an embodiment of the present invention can insert a preamble signal (or
preamble) into the signal for detection of the transmission apparatus and insert a
reference signal for estimating a transmission channel to compensate for distortion into
the signal. In addition, the waveform generation module 1300 according to an em-
bodiment of the present invention can provide a guard interval and insert a specific
sequence into the same in order to offset the influence of channel delay spread due to
multi-path reception. Additionally, the waveform generation module 1300 according to
an embodiment of the present invention can perform a procedure necessary for
efficient transmission in consideration of signal characteristics such as a peak-
to-average power ratio of the output signal.

The signaling generation module 1400 according to an embodiment of the present
invention generates final physical layer signaling information using the input
management information and information generated by the input formatting module
1000, coding & modulation module 1100 and frame structure module 1200. Ac-

cordingly, a reception apparatus according to an embodiment of the present invention
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can decode a received signal by decoding the signaling information.

As described above, the apparatus for transmitting broadcast signals for future
broadcast services according to one embodiment of the present invention can provide
terrestrial broadcast service, mobile broadcast service, UHDTYV service, etc. Ac-
cordingly, the apparatus for transmitting broadcast signals for future broadcast services
according to one embodiment of the present invention can multiplex signals for
different services in the time domain and transmit the same.

FIGS. 2, 3 and 4 illustrate the input formatting module 1000 according to em-
bodiments of the present invention. A description will be given of each figure.

FIG. 2 illustrates an input formatting module according to one embodiment of the
present invention. FIG. 2 shows an input formatting module when the input signal is a
single input stream.

Referring to FIG. 2, the input formatting module according to one embodiment of the
present invention can include a mode adaptation module 2000 and a stream adaptation
module 2100.

As shown in FIG. 2, the mode adaptation module 2000 can include an input interface
block 2010, a CRC-8 encoder block 2020 and a BB header insertion block 2030. De-
scription will be given of each block of the mode adaptation module 2000.

The input interface block 2010 can divide the single input stream input thereto into
data pieces each having the length of a baseband (BB) frame used for FEC
(BCH/LDPC) which will be performed later and output the data pieces.

The CRC-8 encoder block 2020 can perform CRC encoding on BB frame data to add
redundancy data thereto.

The BB header insertion block 2030 can insert, into the BB frame data, a header
including information such as mode adaptation type (T'S/GS/IP), a user packet length, a
data field length, user packet sync byte, start address of user packet sync byte in data
field, a high efficiency mode indicator, an input stream synchronization field, etc.

As shown in FIG. 2, the stream adaptation module 2100 can include a padding
insertion block 2110 and a BB scrambler block 2120. Description will be given of each
block of the stream adaptation module 2100.

If data received from the mode adaptation module 2000 has a length shorter than an
input data length necessary for FEC encoding, the padding insertion block 2110 can
insert a padding bit into the data such that the data has the input data length and output
the data including the padding bit.

The BB scrambler block 2120 can randomize the input bit stream by performing an
XOR operation on the input bit stream and a pseudo random binary sequence (PRBS).

The above-described blocks may be omitted or replaced by blocks having similar or

identical functions.
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As shown in FIG. 2, the input formatting module can finally output data pipes to the
coding & modulation module.

FIG. 3 illustrates an input formatting module according to another embodiment of the
present invention. FIG. 3 shows a mode adaptation module 3000 of the input
formatting module when the input signal corresponds to multiple input streams.

The mode adaptation module 3000 of the input formatting module for processing the
multiple input streams can independently process the multiple input streams.

Referring to FIG. 3, the mode adaptation module 3000 for respectively processing
the multiple input streams can include input interface blocks, input stream syn-
chronizer blocks 3100, compensating delay blocks 3200, null packet deletion blocks
3300, CRC-8 encoder blocks and BB header insertion blocks. Description will be
given of each block of the mode adaptation module 3000.

Operations of the input interface block, CRC-8 encoder block and BB header
insertion block correspond to those of the input interface block, CRC-8 encoder block
and BB header insertion block described with reference to FIG. 2 and thus description
thereof is omitted.

The input stream synchronizer block 3100 can transmit input stream clock reference
(ISCR) information to generate timing information necessary for the apparatus for
receiving broadcast signals to restore the TSs or GSs.

The compensating delay block 3200 can delay input data and output the delayed
input data such that the apparatus for receiving broadcast signals can synchronize the
input data if a delay is generated between data pipes according to processing of data
including the timing information by the transmission apparatus.

The null packet deletion block 3300 can delete unnecessarily transmitted input null
packets from the input data, insert the number of deleted null packets into the input
data based on positions in which the null packets are deleted and transmit the input
data.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions.

FIG. 4 illustrates an input formatting module according to another embodiment of the
present invention.

Specifically, FIG. 4 illustrates a stream adaptation module of the input formatting
module when the input signal corresponds to multiple input streams.

The stream adaptation module of the input formatting module when the input signal
corresponds to multiple input streams can include a scheduler 4000, a 1-frame delay
block 4100, an in-band signaling or padding insertion block 4200, a physical layer
signaling generation block 4300 and a BB scrambler block 4400. Description will be

given of each block of the stream adaptation module.
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The scheduler 4000 can perform scheduling for a MIMO system using multiple
antennas having dual polarity. In addition, the scheduler 4000 can generate parameters
for use in signal processing blocks for antenna paths, such as a bit-to-cell demux block,
a cell interleaver block, a time interleaver block, etc. included in the coding &
modulation module illustrated in FIG. 1.

The 1-frame delay block 4100 can delay the input data by one transmission frame
such that scheduling information about the next frame can be transmitted through the
current frame for in-band signaling information to be inserted into the data pipes.

The in-band signaling or padding insertion block 4200 can insert undelayed physical
layer signaling (PLS)-dynamic signaling information into the data delayed by one
transmission frame. In this case, the in-band signaling or padding insertion block 4200
can insert a padding bit when a space for padding is present or insert in-band signaling
information into the padding space. In addition, the scheduler 4000 can output physical
layer signaling-dynamic signaling information about the current frame separately from
in-band signaling information. Accordingly, a cell mapper, which will be described
later, can map input cells according to scheduling information output from the
scheduler 4000.

The physical layer signaling generation block 4300 can generate physical layer
signaling data which will be transmitted through a preamble symbol of a transmission
frame or spread and transmitted through a data symbol other than the in-band signaling
information. In this case, the physical layer signaling data according to an embodiment
of the present invention can be referred to as signaling information. Furthermore, the
physical layer signaling data according to an embodiment of the present invention can
be divided into PLS-pre information and PLS-post information. The PLS-pre in-
formation can include parameters necessary to encode the PLS-post information and
static PLS signaling data and the PLS-post information can include parameters
necessary to encode the data pipes. The parameters necessary to encode the data pipes
can be classified into static PLS signaling data and dynamic PLS signaling data. The
static PLS signaling data is a parameter commonly applicable to all frames included in
a super-frame and can be changed on a super-frame basis. The dynamic PLS signaling
data is a parameter differently applicable to respective frames included in a super-
frame and can be changed on a frame-by-frame basis. Accordingly, the reception
apparatus can acquire the PLS-post information by decoding the PLS-pre information
and decode desired data pipes by decoding the PLS-post information.

The BB scrambler block 4400 can generate a pseudo-random binary sequence
(PRBS) and perform an XOR operation on the PRBS and the input bit streams to
decrease the peak-to-average power ratio (PAPR) of the output signal of the waveform
generation block. As shown in FIG. 4, scrambling of the BB scrambler block 4400 is
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applicable to both data pipes and physical layer signaling information.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to designer.

As shown in FIG. 4, the stream adaptation module can finally output the data pipes to
the coding & modulation module.

FIG. 5 illustrates a coding & modulation module according to an embodiment of the
present invention.

The coding & modulation module shown in FIG. 5 corresponds to an embodiment of
the coding & modulation module illustrated in FIG. 1.

As described above, the apparatus for transmitting broadcast signals for future
broadcast services according to an embodiment of the present invention can provide a
terrestrial broadcast service, mobile broadcast service, UHDTYV service, etc.

Since QoS (quality of service) depends on characteristics of a service provided by the
apparatus for transmitting broadcast signals for future broadcast services according to
an embodiment of the present invention, data corresponding to respective services
needs to be processed through different schemes. Accordingly, the coding &
modulation module according to an embodiment of the present invention can inde-
pendently process data pipes input thereto by independently applying SISO, MISO and
MIMO schemes to the data pipes respectively corresponding to data paths. Con-
sequently, the apparatus for transmitting broadcast signals for future broadcast services
according to an embodiment of the present invention can control QoS for each service
or service component transmitted through each data pipe.

Accordingly, the coding & modulation module according to an embodiment of the
present invention can include a first block 5000 for SISO, a second block 5100 for
MISO, a third block 5200 for MIMO and a fourth block 5300 for processing the PLS-
pre/PLS-post information. The coding & modulation module illustrated in FIG. 5 is an
exemplary and may include only the first block 5000 and the fourth block 5300, the
second block 5100 and the fourth block 5300 or the third block 5200 and the fourth
block 5300 according to design. That is, the coding & modulation module can include
blocks for processing data pipes equally or differently according to design.

A description will be given of each block of the coding & modulation module.

The first block 5000 processes an input data pipe according to SISO and can include
an FEC encoder block 5010, a bit interleaver block 5020, a bit-to-cell demux block
5030, a constellation mapper block 5040, a cell interleaver block 5050 and a time in-
terleaver block 5060.

The FEC encoder block 5010 can perform BCH encoding and LDPC encoding on the
input data pipe to add redundancy thereto such that the reception apparatus can correct

an error generated on a transmission channel.
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The bit interleaver block 5020 can interleave bit streams of the FEC-encoded data
pipe according to an interleaving rule such that the bit streams have robustness against
burst error that may be generated on the transmission channel. Accordingly, when deep
fading or erasure is applied to QAM symbols, errors can be prevented from being
generated in consecutive bits from among all codeword bits since interleaved bits are
mapped to the QAM symbols.

The bit-to-cell demux block 5030 can determine the order of input bit streams such
that each bit in an FEC block can be transmitted with appropriate robustness in con-
sideration of both the order of input bit streams and a constellation mapping rule.

In addition, the bit interleaver block 5020 is located between the FEC encoder block
5010 and the constellation mapper block 5040 and can connect output bits of LDPC
encoding performed by the FEC encoder block 5010 to bit positions having different
reliability values and optimal values of the constellation mapper in consideration of
LDPC decoding of the apparatus for receiving broadcast signals. Accordingly, the bit-
to-cell demux block 5030 can be replaced by a block having a similar or equal
function.

The constellation mapper block 5040 can map a bit word input thereto to one con-
stellation. In this case, the constellation mapper block 5040 can additionally perform
rotation & Q-delay. That is, the constellation mapper block 5040 can rotate input con-
stellations according to a rotation angle, divide the constellations into an in-phase
component and a quadrature-phase component and delay only the quadrature-phase
component by an arbitrary value. Then, the constellation mapper block 5040 can remap
the constellations to new constellations using a paired in-phase component and
quadrature-phase component.

In addition, the constellation mapper block 5040 can move constellation points on a
two-dimensional plane in order to find optimal constellation points. Through this
process, capacity of the coding & modulation module 1100 can be optimized. Fur-
thermore, the constellation mapper block 5040 can perform the above-described
operation using 1Q-balanced constellation points and rotation. The constellation
mapper block 5040 can be replaced by a block having a similar or equal function.

The cell interleaver block 5050 can randomly interleave cells corresponding to one
FEC block and output the interleaved cells such that cells corresponding to respective
FEC blocks can be output in different orders.

The time interleaver block 5060 can interleave cells belonging to a plurality of FEC
blocks and output the interleaved cells. Accordingly, the cells corresponding to the
FEC blocks are dispersed and transmitted in a period corresponding to a time in-
terleaving depth and thus diversity gain can be obtained.

The second block 5100 processes an input data pipe according to MISO and can
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include the FEC encoder block, bit interleaver block, bit-to-cell demux block, con-
stellation mapper block, cell interleaver block and time interleaver block in the same
manner as the first block 5000. However, the second block 5100 is distinguished from
the first block 5000 in that the second block 5100 further includes a MISO processing
block 5110. The second block 5100 performs the same procedure including the input
operation to the time interleaver operation as those of the first block 5000 and thus de-
scription of the corresponding blocks is omitted.

The MISO processing block 5110 can encode input cells according to a MISO
encoding matrix providing transmit diversity and output MISO-processed data through
two paths. MISO processing according to one embodiment of the present invention can
include OSTBC (orthogonal space time block coding)/OSFBC (orthogonal space
frequency block coding, Alamouti coding).

The third block 5200 processes an input data pipe according to MIMO and can
include the FEC encoder block, bit interleaver block, bit-to-cell demux block, con-
stellation mapper block, cell interleaver block and time interleaver block in the same
manner as the second block 5100, as shown in FIG. 5. However, the data processing
procedure of the third block 5200 is different from that of the second block 5100 since
the third block 5200 includes a MIMO processing block 5220.

That is, in the third block 5200, basic roles of the FEC encoder block and the bit in-
terleaver block are identical to those of the first and second blocks 5000 and 5100
although functions thereof may be different from those of the first and second blocks
5000 and 5100.

The bit-to-cell demux block 5210 can generate as many output bit streams as input
bit streams of MIMO processing and output the output bit streams through MIMO
paths for MIMO processing. In this case, the bit-to-cell demux block 5210 can be
designed to optimize the decoding performance of the reception apparatus in con-
sideration of characteristics of LDPC and MIMO processing.

Basic roles of the constellation mapper block, cell interleaver block and time in-
terleaver block are identical to those of the first and second blocks 5000 and 5100
although functions thereof may be different from those of the first and second blocks
5000 and 5100. As shown in FIG. 5, as many constellation mapper blocks, cell in-
terleaver blocks and time interleaver blocks as the number of MIMO paths for MIMO
processing can be present. In this case, the constellation mapper blocks, cell interleaver
blocks and time interleaver blocks can operate equally or independently for data input
through the respective paths.

The MIMO processing block 5220 can perform MIMO processing on two input cells
using a MIMO encoding matrix and output the MIMO-processed data through two

paths. The MIMO encoding matrix according to an embodiment of the present
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invention can include spatial multiplexing, Golden code, full-rate full diversity code,
linear dispersion code, etc.

The fourth block 5300 processes the PLS-pre/PLS-post information and can perform
SISO or MISO processing.

The basic roles of the bit interleaver block, bit-to-cell demux block, constellation
mapper block, cell interleaver block, time interleaver block and MISO processing
block included in the fourth block 5300 correspond to those of the second block 5100
although functions thereof may be different from those of the second block 5100.

A shortened/punctured FEC encoder block 5310 included in the fourth block 5300
can process PLS data using an FEC encoding scheme for a PLS path provided for a
case in which the length of input data is shorter than a length necessary to perform
FEC encoding. Specifically, the shortened/punctured FEC encoder block 5310 can
perform BCH encoding on input bit streams, pad Os corresponding to a desired input
bit stream length necessary for normal LDPC encoding, carry out LDPC encoding and
then remove the padded Os to puncture parity bits such that an effective code rate
becomes equal to or lower than the data pipe rate.

The blocks included in the first block 5000 to fourth block 5300 may be omitted or
replaced by blocks having similar or identical functions according to design.

As illustrated in FIG. 5, the coding & modulation module can output the data pipes
(or DP data), PLS-pre information and PLS-post information processed for the re-

spective paths to the frame structure module.

*FIG. 6 illustrates a frame structure module according to one embodiment of the
present invention.

The frame structure module shown in FIG. 6 corresponds to an embodiment of the
frame structure module 1200 illustrated in FIG. 1.

The frame structure module according to one embodiment of the present invention
can include at least one cell-mapper 6000, at least one delay compensation module
6100 and at least one block interleaver 6200. The number of cell mappers 6000, delay
compensation modules 6100 and block interleavers 6200 can be changed. A de-
scription will be given of each module of the frame structure block.

The cell-mapper 6000 can allocate cells corresponding to SISO-, MISO- or MIMO-
processed data pipes output from the coding & modulation module, cells corre-
sponding to common data commonly applicable to the data pipes and cells corre-
sponding to the PLS-pre/PLS-post information to signal frames according to
scheduling information. The common data refers to signaling information commonly
applied to all or some data pipes and can be transmitted through a specific data pipe.

The data pipe through which the common data is transmitted can be referred to as a
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common data pipe and can be changed according to design.

When the apparatus for transmitting broadcast signals according to an embodiment
of the present invention uses two output antennas and Alamouti coding is used for
MISO processing, the cell-mapper 6000 can perform pair-wise cell mapping in order to
maintain orthogonality according to Alamouti encoding. That is, the cell-mapper 6000
can process two consecutive cells of the input cells as one unit and map the unit to a
frame. Accordingly, paired cells in an input path corresponding to an output path of
each antenna can be allocated to neighboring positions in a transmission frame.

The delay compensation block 6100 can obtain PLS data corresponding to the
current transmission frame by delaying input PLS data cells for the next transmission
frame by one frame. In this case, the PLS data corresponding to the current frame can
be transmitted through a preamble part in the current signal frame and PLS data corre-
sponding to the next signal frame can be transmitted through a preamble part in the
current signal frame or in-band signaling in each data pipe of the current signal frame.
This can be changed by the designer.

The block interleaver 6200 can obtain additional diversity gain by interleaving cells
in a transport block corresponding to the unit of a signal frame. In addition, the block
interleaver 6200 can perform interleaving by processing two consecutive cells of the
input cells as one unit when the above-described pair-wise cell mapping is performed.
Accordingly, cells output from the block interleaver 6200 can be two consecutive
identical cells.

When pair-wise mapping and pair-wise interleaving are performed, at least one cell
mapper and at least one block interleaver can operate equally or independently for data
input through the paths.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

As illustrated in FIG. 6, the frame structure module can output at least one signal
frame to the waveform generation module.

FIG. 7 illustrates a waveform generation module according to an embodiment of the
present invention.

The waveform generation module illustrated in FIG. 7 corresponds to an embodiment
of the waveform generation module 1300 described with reference to FIG. 1.

The waveform generation module according to an embodiment of the present
invention can modulate and transmit as many signal frames as the number of antennas
for receiving and outputting signal frames output from the frame structure module il-
lustrated in FIG. 6.

Specifically, the waveform generation module illustrated in FIG. 7 is an embodiment

of a waveform generation module of an apparatus for transmitting broadcast signals
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using m Tx antennas and can include m processing blocks for modulating and
outputting frames corresponding to m paths. The m processing blocks can perform the
same processing procedure. A description will be given of operation of the first
processing block 7000 from among the m processing blocks.

The first processing block 7000 can include a reference signal & PAPR reduction
block 7100, an inverse waveform transform block 7200, a PAPR reduction in time
block 7300, a guard sequence insertion block 7400, a preamble insertion block 7500, a
waveform processing block 7600, other system insertion block 7700 and a DAC
(digital analog converter) block 7800.

The reference signal insertion & PAPR reduction block 7100 can insert a reference
signal into a predetermined position of each signal block and apply a PAPR reduction
scheme to reduce a PAPR in the time domain. If a broadcast transmission/reception
system according to an embodiment of the present invention corresponds to an OFDM
system, the reference signal insertion & PAPR reduction block 7100 can use a method
of reserving some active subcarriers rather than using the same. In addition, the
reference signal insertion & PAPR reduction block 7100 may not use the PAPR
reduction scheme as an optional feature according to broadcast transmission/reception
system.

The inverse waveform transform block 7200 can transform an input signal in a
manner of improving transmission efficiency and flexibility in consideration of
transmission channel characteristics and system architecture. If the broadcast
transmission/reception system according to an embodiment of the present invention
corresponds to an OFDM system, the inverse waveform transform block 7200 can
employ a method of transforming a frequency domain signal into a time domain signal
through inverse FFT operation. If the broadcast transmission/reception system
according to an embodiment of the present invention corresponds to a single carrier
system, the inverse waveform transform block 7200 may not be used in the waveform
generation module.

The PAPR reduction in time block 7300 can use a method for reducing PAPR of an
input signal in the time domain. If the broadcast transmission/reception system
according to an embodiment of the present invention corresponds to an OFDM system,
the PAPR reduction in time block 7300 may use a method of simply clipping peak
amplitude. Furthermore, the PAPR reduction in time block 7300 may not be used in
the broadcast transmission/reception system according to an embodiment of the present
invention since it is an optional feature.

The guard sequence insertion block 7400 can provide a guard interval between
neighboring signal blocks and insert a specific sequence into the guard interval as

necessary in order to minimize the influence of delay spread of a transmission channel.
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Accordingly, the reception apparatus can easily perform synchronization or channel es-
timation. If the broadcast transmission/reception system according to an embodiment
of the present invention corresponds to an OFDM system, the guard sequence insertion
block 7400 may insert a cyclic prefix into a guard interval of an OFDM symbol.

The preamble insertion block 7500 can insert a signal of a known type (e.g. the
preamble or preamble symbol) agreed upon between the transmission apparatus and
the reception apparatus into a transmission signal such that the reception apparatus can
rapidly and efficiently detect a target system signal. If the broadcast transmission/
reception system according to an embodiment of the present invention corresponds to
an OFDM system, the preamble insertion block 7500 can define a signal frame
composed of a plurality of OFDM symbols and insert a preamble symbol into the
beginning of each signal frame. That is, the preamble carries basic PLS data and is
located in the beginning of a signal frame.

The waveform processing block 7600 can perform waveform processing on an input
baseband signal such that the input baseband signal meets channel transmission char-
acteristics. The waveform processing block 7600 may use a method of performing
square-root-raised cosine (SRRC) filtering to obtain a standard for out-of-band
emission of a transmission signal. If the broadcast transmission/reception system
according to an embodiment of the present invention corresponds to a multi-carrier
system, the waveform processing block 7600 may not be used.

The other system insertion block 7700 can multiplex signals of a plurality of
broadcast transmission/reception systems in the time domain such that data of two or
more different broadcast transmission/reception systems providing broadcast services
can be simultaneously transmitted in the same RF signal bandwidth. In this case, the
two or more different broadcast transmission/reception systems refer to systems
providing different broadcast services. The different broadcast services may refer to a
terrestrial broadcast service, mobile broadcast service, etc. Data related to respective
broadcast services can be transmitted through different frames.

The DAC block 7800 can convert an input digital signal into an analog signal and
output the analog signal. The signal output from the DAC block 7800 can be
transmitted through m output antennas. A Tx antenna according to an embodiment of
the present invention can have vertical or horizontal polarity.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

FIG. 8 illustrates a structure of an apparatus for receiving broadcast signals for future
broadcast services according to an embodiment of the present invention.

The apparatus for receiving broadcast signals for future broadcast services according

to an embodiment of the present invention can correspond to the apparatus for
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transmitting broadcast signals for future broadcast services, described with reference to
FIG. 1. The apparatus for receiving broadcast signals for future broadcast services
according to an embodiment of the present invention can include a synchronization &
demodulation module 8000, a frame parsing module 8100, a demapping & decoding
module 8200, an output processor 8300 and a signaling decoding module 8400. A de-
scription will be given of operation of each module of the apparatus for receiving
broadcast signals.

The synchronization & demodulation module 8000 can receive input signals through
m Rx antennas, perform signal detection and synchronization with respect to a system
corresponding to the apparatus for receiving broadcast signals and carry out de-
modulation corresponding to a reverse procedure of the procedure performed by the
apparatus for transmitting broadcast signals.

The frame parsing module §100 can parse input signal frames and extract data
through which a service selected by a user is transmitted. If the apparatus for
transmitting broadcast signals performs interleaving, the frame parsing module §100
can carry out deinterleaving corresponding to a reverse procedure of interleaving. In
this case, the positions of a signal and data that need to be extracted can be obtained by
decoding data output from the signaling decoding module 8400 to restore scheduling
information generated by the apparatus for transmitting broadcast signals.

The demapping & decoding module §200 can convert the input signals into bit
domain data and then deinterleave the same as necessary. The demapping & decoding
module 8200 can perform demapping for mapping applied for transmission efficiency
and correct an error generated on a transmission channel through decoding. In this
case, the demapping & decoding module 8200 can obtain transmission parameters
necessary for demapping and decoding by decoding the data output from the signaling
decoding module 8400.

The output processor 8300 can perform reverse procedures of various compression/
signal processing procedures which are applied by the apparatus for transmitting
broadcast signals to improve transmission efficiency. In this case, the output processor
8300 can acquire necessary control information from data output from the signaling
decoding module 8400. The output of the output processor 8300 corresponds to a
signal input to the apparatus for transmitting broadcast signals and may be MPEG-TSs,
IP streams (v4 or v6) and generic streams.

The signaling decoding module 8400 can obtain PLS information from the signal de-
modulated by the synchronization & demodulation module 8000. As described above,
the frame parsing module 8100, demapping & decoding module 8200 and output
processor 8300 can execute functions thereof using the data output from the signaling
decoding module 8400.
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FIG. 9 illustrates a synchronization & demodulation module according to an em-
bodiment of the present invention.

The synchronization & demodulation module shown in FIG. 9 corresponds to an em-
bodiment of the synchronization & demodulation module described with reference to
FIG. 8. The synchronization & demodulation module shown in FIG. 9 can perform a
reverse operation of the operation of the waveform generation module illustrated in
FIG. 7.

As shown in FIG. 9, the synchronization & demodulation module according to an
embodiment of the present invention corresponds to a synchronization & demodulation
module of an apparatus for receiving broadcast signals using m Rx antennas and can
include m processing blocks for demodulating signals respectively input through m
paths. The m processing blocks can perform the same processing procedure. A de-
scription will be given of operation of the first processing block 9000 from among the
m processing blocks.

The first processing block 9000 can include a tuner 9100, an ADC block 9200, a
preamble detector 9300, a guard sequence detector 9400, a waveform transform block
9500, a time/frequency synchronization block 9600, a reference signal detector 9700, a
channel equalizer 9800 and an inverse waveform transform block 9900.

The tuner 9100 can select a desired frequency band, compensate for the magnitude of
a received signal and output the compensated signal to the ADC block 9200.

The ADC block 9200 can convert the signal output from the tuner 9100 into a digital
signal.

The preamble detector 9300 can detect a preamble (or preamble signal or preamble
symbol) in order to check whether or not the digital signal is a signal of the system cor-
responding to the apparatus for receiving broadcast signals. In this case, the preamble
detector 9300 can decode basic transmission parameters received through the
preamble.

The guard sequence detector 9400 can detect a guard sequence in the digital signal.
The time/frequency synchronization block 9600 can perform time/frequency synchro-
nization using the detected guard sequence and the channel equalizer 9800 can
estimate a channel through a received/restored sequence using the detected guard
sequence.

The waveform transform block 9500 can perform a reverse operation of inverse
waveform transform when the apparatus for transmitting broadcast signals has
performed inverse waveform transform. When the broadcast transmission/reception
system according to one embodiment of the present invention is a multi-carrier system,
the waveform transform block 9500 can perform FFT. Furthermore, when the

broadcast transmission/reception system according to an embodiment of the present
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invention is a single carrier system, the waveform transform block 9500 may not be
used if a received time domain signal is processed in the frequency domain or
processed in the time domain.

The time/frequency synchronization block 9600 can receive output data of the
preamble detector 9300, guard sequence detector 9400 and reference signal detector
9700 and perform time synchronization and carrier frequency synchronization
including guard sequence detection and block window positioning on a detected signal.
Here, the time/frequency synchronization block 9600 can feed back the output signal
of the waveform transform block 9500 for frequency synchronization.

The reference signal detector 9700 can detect a received reference signal. Ac-
cordingly, the apparatus for receiving broadcast signals according to an embodiment of
the present invention can perform synchronization or channel estimation.

The channel equalizer 9800 can estimate a transmission channel from each Tx
antenna to each Rx antenna from the guard sequence or reference signal and perform
channel equalization for received data using the estimated channel.

The inverse waveform transform block 9900 may restore the original received data
domain when the waveform transform block 9500 performs waveform transform for
efficient synchronization and channel estimation/equalization. If the broadcast
transmission/reception system according to an embodiment of the present invention is
a single carrier system, the waveform transform block 9500 can perform FFT in order
to carry out synchronization/channel estimation/equalization in the frequency domain
and the inverse waveform transform block 9900 can perform IFFT on the channel-
equalized signal to restore transmitted data symbols. If the broadcast transmission/
reception system according to an embodiment of the present invention is a multi-
carrier system, the inverse waveform transform block 9900 may not be used.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

FIG. 10 illustrates a frame parsing module according to an embodiment of the
present invention.

The frame parsing module illustrated in FIG. 10 corresponds to an embodiment of
the frame parsing module described with reference to FIG. 8. The frame parsing
module shown in FIG. 10 can perform a reverse operation of the operation of the frame
structure module illustrated in FIG. 6.

As shown in FIG. 10, the frame parsing module according to an embodiment of the
present invention can include at least one block deinterleaver 10000 and at least one
cell demapper 10100.

The block deinterleaver 10000 can deinterleave data input through data paths of the

m Rx antennas and processed by the synchronization & demodulation module on a
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signal block basis. In this case, if the apparatus for transmitting broadcast signals
performs pair-wise interleaving as illustrated in FIG. 8, the block deinterleaver 10000
can process two consecutive pieces of data as a pair for each input path. Accordingly,
the block interleaver 10000 can output two consecutive pieces of data even when dein-
terleaving has been performed. Furthermore, the block deinterleaver 10000 can
perform a reverse operation of the interleaving operation performed by the apparatus
for transmitting broadcast signals to output data in the original order.

The cell demapper 10100 can extract cells corresponding to common data, cells cor-
responding to data pipes and cells corresponding to PLS data from received signal
frames. The cell demapper 10100 can merge data distributed and transmitted and
output the same as a stream as necessary. When two consecutive pieces of cell input
data are processed as a pair and mapped in the apparatus for transmitting broadcast
signals, as shown in FIG. 6, the cell demapper 10100 can perform pair-wise cell
demapping for processing two consecutive input cells as one unit as a reverse
procedure of the mapping operation of the apparatus for transmitting broadcast signals.

In addition, the cell demapper 10100 can extract PLS signaling data received through
the current frame as PLS-pre & PLS-post data and output the PLS-pre & PLS-post
data.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

FIG. 11 illustrates a demapping & decoding module according to an embodiment of
the present invention.

The demapping & decoding module shown in FIG. 11 corresponds to an embodiment
of the demapping & decoding module illustrated in FIG. 8. The demapping &
decoding module shown in FIG. 11 can perform a reverse operation of the operation of
the coding & modulation module illustrated in FIG. 5.

The coding & modulation module of the apparatus for transmitting broadcast signals
according to an embodiment of the present invention can process input data pipes by
independently applying SISO, MISO and MIMO thereto for respective paths, as
described above. Accordingly, the demapping & decoding module illustrated in FIG.
11 can include blocks for processing data output from the frame parsing module
according to SISO, MISO and MIMO in response to the apparatus for transmitting
broadcast signals.

As shown in FIG. 11, the demapping & decoding module according to an em-
bodiment of the present invention can include a first block 11000 for SISO, a second
block 11100 for MISO, a third block 11200 for MIMO and a fourth block 11300 for
processing the PLS-pre/PLS-post information. The demapping & decoding module
shown in FIG. 11 is exemplary and may include only the first block 11000 and the
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fourth block 11300, only the second block 11100 and the fourth block 11300 or only
the third block 11200 and the fourth block 11300 according to design. That is, the
demapping & decoding module can include blocks for processing data pipes equally or
differently according to design.

A description will be given of each block of the demapping & decoding module.

The first block 11000 processes an input data pipe according to SISO and can include
a time deinterleaver block 11010, a cell deinterleaver block 11020, a constellation
demapper block 11030, a cell-to-bit mux block 11040, a bit deinterleaver block 11050
and an FEC decoder block 11060.

The time deinterleaver block 11010 can perform a reverse process of the process
performed by the time interleaver block 5060 illustrated in FIG. 5. That is, the time
deinterleaver block 11010 can deinterleave input symbols interleaved in the time
domain into original positions thereof.

The cell deinterleaver block 11020 can perform a reverse process of the process
performed by the cell interleaver block 5050 illustrated in FIG. 5. That is, the cell dein-
terleaver block 11020 can deinterleave positions of cells spread in one FEC block into
original positions thereof.

The constellation demapper block 11030 can perform a reverse process of the
process performed by the constellation mapper block 5040 illustrated in FIG. 5. That
is, the constellation demapper block 11030 can demap a symbol domain input signal to
bit domain data. In addition, the constellation demapper block 11030 may perform
hard decision and output decided bit data. Furthermore, the constellation demapper
block 11030 may output a log-likelihood ratio (LLR) of each bit, which corresponds to
a soft decision value or probability value. If the apparatus for transmitting broadcast
signals applies a rotated constellation in order to obtain additional diversity gain, the
constellation demapper block 11030 can perform 2-dimensional LLR demapping cor-
responding to the rotated constellation. Here, the constellation demapper block 11030
can calculate the LLR such that a delay applied by the apparatus for transmitting
broadcast signals to the I or Q component can be compensated.

The cell-to-bit mux block 11040 can perform a reverse process of the process
performed by the bit-to-cell demux block 5030 illustrated in FIG. 5. That is, the cell-
to-bit mux block 11040 can restore bit data mapped by the bit-to-cell demux block
5030 to the original bit streams.

The bit deinterleaver block 11050 can perform a reverse process of the process
performed by the bit interleaver 5020 illustrated in FIG. 5. That is, the bit deinterleaver
block 11050 can deinterleave the bit streams output from the cell-to-bit mux block
11040 in the original order.

The FEC decoder block 11060 can perform a reverse process of the process
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performed by the FEC encoder block 5010 illustrated in FIG. 5. That is, the FEC
decoder block 11060 can correct an error generated on a transmission channel by
performing LDPC decoding and BCH decoding.

The second block 11100 processes an input data pipe according to MISO and can
include the time deinterleaver block, cell deinterleaver block, constellation demapper
block, cell-to-bit mux block, bit deinterleaver block and FEC decoder block in the
same manner as the first block 11000, as shown in FIG. 11. However, the second block
11100 is distinguished from the first block 11000 in that the second block 11100
further includes a MISO decoding block 11110. The second block 11100 performs the
same procedure including time deinterleaving operation to outputting operation as the
first block 11000 and thus description of the corresponding blocks is omitted.

The MISO decoding block 11110 can perform a reverse operation of the operation of
the MISO processing block 5110 illustrated in FIG. 5. If the broadcast transmission/
reception system according to an embodiment of the present invention uses STBC, the
MISO decoding block 11110 can perform Alamouti decoding.

The third block 11200 processes an input data pipe according to MIMO and can
include the time deinterleaver block, cell deinterleaver block, constellation demapper
block, cell-to-bit mux block, bit deinterleaver block and FEC decoder block in the
same manner as the second block 11100, as shown in FIG. 11. However, the third
block 11200 is distinguished from the second block 11100 in that the third block
11200 further includes a MIMO decoding block 11210. The basic roles of the time
deinterleaver block, cell deinterleaver block, constellation demapper block, cell-to-bit
mux block and bit deinterleaver block included in the third block 11200 are identical to
those of the corresponding blocks included in the first and second blocks 11000 and
11100 although functions thereof may be different from the first and second blocks
11000 and 11100.

The MIMO decoding block 11210 can receive output data of the cell deinterleaver
for input signals of the m Rx antennas and perform MIMO decoding as a reverse
operation of the operation of the MIMO processing block 5220 illustrated in FIG. 5.
The MIMO decoding block 11210 can perform maximum likelihood decoding to
obtain optimal decoding performance or carry out sphere decoding with reduced
complexity. Otherwise, the MIMO decoding block 11210 can achieve improved
decoding performance by performing MMSE detection or carrying out iterative
decoding with MMSE detection.

The fourth block 11300 processes the PLS-pre/PLS-post information and can
perform SISO or MISO decoding. The fourth block 11300 can carry out a reverse
process of the process performed by the fourth block 5300 described with reference to
FIG. 5.
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The basic roles of the time deinterleaver block, cell deinterleaver block, constellation
demapper block, cell-to-bit mux block and bit deinterleaver block included in the
fourth block 11300 are identical to those of the corresponding blocks of the first,
second and third blocks 11000, 11100 and 11200 although functions thereof may be
different from the first, second and third blocks 11000, 11100 and 11200.

The shortened/punctured FEC decoder 11310 included in the fourth block 11300 can
perform a reverse process of the process performed by the shortened/punctured FEC
encoder block 5310 described with reference to FIG. 5. That is, the shortened/
punctured FEC decoder 11310 can perform de-shortening and de-puncturing on data
shortened/punctured according to PLS data length and then carry out FEC decoding
thereon. In this case, the FEC decoder used for data pipes can also be used for PLS.
Accordingly, additional FEC decoder hardware for the PLS only is not needed and thus
system design is simplified and efficient coding is achieved.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

The demapping & decoding module according to an embodiment of the present
invention can output data pipes and PLS information processed for the respective paths
to the output processor, as illustrated in FIG. 11.

FIGS. 12 and 13 illustrate output processors according to embodiments of the present
invention.

FIG. 12 illustrates an output processor according to an embodiment of the present
invention. The output processor illustrated in FIG. 12 corresponds to an embodiment of
the output processor illustrated in FIG. 8. The output processor illustrated in FIG. 12
receives a single data pipe output from the demapping & decoding module and outputs
a single output stream. The output processor can perform a reverse operation of the
operation of the input formatting module illustrated in FIG. 2.

The output processor shown in FIG. 12 can include a BB scrambler block 12000, a
padding removal block 12100, a CRC-8 decoder block 12200 and a BB frame
processor block 12300.

The BB scrambler block 12000 can descramble an input bit stream by generating the
same PRBS as that used in the apparatus for transmitting broadcast signals for the
input bit stream and carrying out an XOR operation on the PRBS and the bit stream.

The padding removal block 12100 can remove padding bits inserted by the apparatus
for transmitting broadcast signals as necessary.

The CRC-8 decoder block 12200 can check a block error by performing CRC
decoding on the bit stream received from the padding removal block 12100.

The BB frame processor block 12300 can decode information transmitted through a

BB frame header and restore MPEG-TSs, IP streams (v4 or v6) or generic streams
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using the decoded information.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

FIG. 13 illustrates an output processor according to another embodiment of the
present invention. The output processor shown in FIG. 13 corresponds to an em-
bodiment of the output processor illustrated in FIG. 8. The output processor shown in
FIG. 13 receives multiple data pipes output from the demapping & decoding module.
Decoding multiple data pipes can include a process of merging common data
commonly applicable to a plurality of data pipes and data pipes related thereto and
decoding the same or a process of simultaneously decoding a plurality of services or
service components (including a scalable video service) by the apparatus for receiving
broadcast signals.

The output processor shown in FIG. 13 can include a BB descrambler block, a
padding removal block, a CRC-8 decoder block and a BB frame processor block as the
output processor illustrated in FIG. 12. The basic roles of these blocks correspond to
those of the blocks described with reference to FIG. 12 although operations thereof
may differ from those of the blocks illustrated in FIG. 12.

A de-jitter buffer block 13000 included in the output processor shown in FIG. 13 can
compensate for a delay, inserted by the apparatus for transmitting broadcast signals for
synchronization of multiple data pipes, according to a restored TTO (time to output)
parameter.

A null packet insertion block 13100 can restore a null packet removed from a stream
with reference to a restored DNP (deleted null packet) and output common data.

A TS clock regeneration block 13200 can restore time synchronization of output
packets based on ISCR (input stream time reference) information.

A TS recombining block 13300 can recombine the common data and data pipes
related thereto, output from the null packet insertion block 13100, to restore the
original MPEG-TSs, IP streams (v4 or v6) or generic streams. The TTO, DNT and
ISCR information can be obtained through the BB frame header.

An in-band signaling decoding block 13400 can decode and output in-band physical
layer signaling information transmitted through a padding bit field in each FEC frame
of a data pipe.

The output processor shown in FIG. 13 can BB-descramble the PLS-pre information
and PLS-post information respectively input through a PLS-pre path and a PLS-post
path and decode the descrambled data to restore the original PLS data. The restored
PLS data is delivered to a system controller included in the apparatus for receiving
broadcast signals. The system controller can provide parameters necessary for the syn-

chronization & demodulation module, frame parsing module, demapping & decoding
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module and output processor module of the apparatus for receiving broadcast signals.

The above-described blocks may be omitted or replaced by blocks having similar r
identical functions according to design.

FIG. 14 illustrates a coding & modulation module according to another embodiment
of the present invention.

The coding & modulation module shown in FIG. 14 corresponds to another em-
bodiment of the coding & modulation module illustrated in FIGS. 1 to 5.

To control QoS for each service or service component transmitted through each data
pipe, as described above with reference to FIG. 5, the coding & modulation module
shown in FIG. 14 can include a first block 14000 for SISO, a second block 14100 for
MISO, a third block 14200 for MIMO and a fourth block 14300 for processing the
PLS-pre/PLS-post information. In addition, the coding & modulation module can
include blocks for processing data pipes equally or differently according to the design.
The first to fourth blocks 14000 to 14300 shown in FIG. 14 are similar to the first to
fourth blocks 5000 to 5300 illustrated in FIG. 5.

However, the first to fourth blocks 14000 to 14300 shown in FIG. 14 are dis-
tinguished from the first to fourth blocks 5000 to 5300 illustrated in FIG. 5 in that a
constellation mapper 14010 included in the first to fourth blocks 14000 to 14300 has a
function different from the first to fourth blocks 5000 to 5300 illustrated in FIG. 5, a
rotation & I/Q interleaver block 14020 is present between the cell interleaver and the
time interleaver of the first to fourth blocks 14000 to 14300 illustrated in FIG. 14 and
the third block 14200 for MIMO has a configuration different from the third block
5200 for MIMO illustrated in FIG. 5. The following description focuses on these dif-
ferences between the first to fourth blocks 14000 to 14300 shown in FIG. 14 and the
first to fourth blocks 5000 to 5300 illustrated in FIG. 5.

The constellation mapper block 14010 shown in FIG. 14 can map an input bit word
to a complex symbol. However, the constellation mapper block 14010 may not
perform constellation rotation, differently from the constellation mapper block shown
in FIG. 5. The constellation mapper block 14010 shown in FIG. 14 is commonly ap-
plicable to the first, second and third blocks 14000, 14100 and 14200, as described
above.

The rotation & 1/Q interleaver block 14020 can independently interleave in-phase
and quadrature-phase components of each complex symbol of cell-interleaved data
output from the cell interleaver and output the in-phase and quadrature-phase
components on a symbol-by-symbol basis. The number of number of input data pieces
and output data pieces of the rotation & 1/Q interleaver block 14020 is two or more
which can be changed by the designer. In addition, the rotation & 1/Q interleaver block

14020 may not interleave the in-phase component.
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The rotation & 1/Q interleaver block 14020 is commonly applicable to the first to
fourth blocks 14000 to 14300, as described above. In this case, whether or not the
rotation & I/Q interleaver block 14020 is applied to the fourth block 14300 for
processing the PLS-pre/post information can be signaled through the above-described
preamble.

The third block 14200 for MIMO can include a Q-block interleaver block 14210 and
a complex symbol generator block 14220, as illustrated in FIG. 14.

The Q-block interleaver block 14210 can permute a parity part of an FEC-encoded
FEC block received from the FEC encoder. Accordingly, a parity part of an LDPC H
matrix can be made into a cyclic structure like an information part. The Q-block in-
terleaver block 14210 can permute the order of output bit blocks having Q size of the
LDPC H matrix and then perform row-column block interleaving to generate final bit
streams.

The complex symbol generator block 14220 receives the bit streams output from the
Q-block interleaver block 14210, maps the bit streams to complex symbols and outputs
the complex symbols. In this case, the complex symbol generator block 14220 can
output the complex symbols through at least two paths. This can be modified by the
designer.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

The coding & modulation module according to another embodiment of the present
invention, illustrated in FIG. 14, can output data pipes, PLS-pre information and PLS-
post information processed for respective paths to the frame structure module.

FIG. 15 illustrates a demapping & decoding module according to another em-
bodiment of the present invention.

The demapping & decoding module shown in FIG. 15 corresponds to another em-
bodiment of the demapping & decoding module illustrated in FIG. 11. The demapping
& decoding module shown in FIG. 15 can perform a reverse operation of the operation
of the coding & modulation module illustrated in FIG. 14.

As shown in FIG. 15, the demapping & decoding module according to another em-
bodiment of the present invention can include a first block 15000 for SISO, a second
block 11100 for MISO, a third block 15200 for MIMO and a fourth block 14300 for
processing the PLS-pre/PLS-post information. In addition, the demapping & decoding
module can include blocks for processing data pipes equally or differently according to
design. The first to fourth blocks 15000 to 15300 shown in FIG. 15 are similar to the
first to fourth blocks 11000 to 11300 illustrated in FIG. 11.

However, the first to fourth blocks 15000 to 15300 shown in FIG. 15 are dis-
tinguished from the first to fourth blocks 11000 to 11300 illustrated in FIG. 11 in that



WO 2015/023150 PCT/KR2014/007592

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

27

an I/Q deinterleaver and derotation block 15010 is present between the time interleaver
and the cell deinterleaver of the first to fourth blocks 15000 to 15300, a constellation
mapper 15010 included in the first to fourth blocks 15000 to 15300 has a function
different from the first to fourth blocks 11000 to 11300 illustrated in FIG. 11 and the
third block 15200 for MIMO has a configuration different from the third block 11200
for MIMO illustrated in FIG. 11. The following description focuses on these dif-
ferences between the first to fourth blocks 15000 to 15300 shown in FIG. 15 and the
first to fourth blocks 11000 to 11300 illustrated in FIG. 11.

The 1/Q deinterleaver & derotation block 15010 can perform a reverse process of the
process performed by the rotation & 1/Q interleaver block 14020 illustrated in FIG. 14.
That is, the I/Q deinterleaver & derotation block 15010 can deinterleave I and Q
components I/Q-interleaved and transmitted by the apparatus for transmitting
broadcast signals and derotate complex symbols having the restored I and Q
components.

The 1/Q deinterleaver & derotation block 15010 is commonly applicable to the first
to fourth blocks 15000 to 15300, as described above. In this case, whether or not the 1/
Q deinterleaver & derotation block 15010 is applied to the fourth block 15300 for
processing the PLS-pre/post information can be signaled through the above-described
preamble.

The constellation demapper block 15020 can perform a reverse process of the
process performed by the constellation mapper block 14010 illustrated in FIG. 14. That
is, the constellation demapper block 15020 can demap cell-deinterleaved data without
performing derotation.

The third block 15200 for MIMO can include a complex symbol parsing block 15210
and a Q-block deinterleaver block 15220, as shown in FIG. 15.

The complex symbol parsing block 15210 can perform a reverse process of the
process performed by the complex symbol generator block 14220 illustrated in FIG.
14. That is, the complex symbol parsing block 15210 can parse complex data symbols
and demap the same to bit data. In this case, the complex symbol parsing block 15210
can receive complex data symbols through at least two paths.

The Q-block deinterleaver block 15220 can perform a reverse process of the process
carried out by the Q-block interleaver block 14210 illustrated in FIG. 14. That is, the
Q-block deinterleaver block 15220 can restore Q size blocks according to row-column
deinterleaving, restore the order of permuted blocks to the original order and then
restore positions of parity bits to original positions according to parity deinterleaving.

The above-described blocks may be omitted or replaced by blocks having similar or
identical functions according to design.

As illustrated in FIG. 15, the demapping & decoding module according to another
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embodiment of the present invention can output data pipes and PLS information
processed for respective paths to the output processor.

As described above, the apparatus and method for transmitting broadcast signals
according to an embodiment of the present invention can multiplex signals of different
broadcast transmission/reception systems within the same RF channel and transmit the
multiplexed signals and the apparatus and method for receiving broadcast signals
according to an embodiment of the present invention can process the signals in
response to the broadcast signal transmission operation. Accordingly, it is possible to
provide a flexible broadcast transmission and reception system.

Hereinafter, a frequency interleaving procedure according to an embodiment of the
present invention will be described.

The purpose of the block interleaver 6200 in the present invention, which operates on
a single OFDM symbol, is to provide frequency diversity by randomly interleaving
data cells received from the frame structure module 1200. In order to get maximum in-
terleaving gain in a single signal frame (or frame), a different interleaving-seed is used
for every OFDM symbol pair comprised of two sequential OFDM symbols.

The block interleaver 6200 may interleave cells in a transport block as a unit of a
signal frame to acquire additional diversity gain. The block interleaver 6200 according
to an embodiment of the present invention may be referred to as a frequency in-
terleaver, which can be changed according to a designer’s intention. According to an
embodiment of the present invention, the block interleaver 6200 may apply different
interleaving seeds to at least one OFDM sysmbol or apply different interleaving seeds
to a frame including a plurality of OFDM symbols.

In the present invention, the aforementioned frequency interleaving method may be
referred to as random frequency interleaving (random FI).

In addition, according to an embodiment of the present invention, the random FI may
be applied to a super-frame structure including a plurality of signal frames with a
plurality of OFDM symbols.

As described above, a broadcast signal transmitting apparatus or a frequency in-
terleaver therein according to an embodiment of the present invention may apply
different interleaving seeds (or interleaving patterns) for at least one OFDM symbol,
that is, for each OFDM symbol or each of pair-wise OFDM symbols and perform the
random FI, thereby acquiring frequency diversity. In addition, the frequency in-
terleaver according to an embodiment of the present invention may apply different in-
terleaving seed for each respective signal frame and perform the random FI, thereby
acquiring additional frequency diversity.

Accordingly, a broadcast transmitting apparatus or a frequency interleaver according

to an embodiment of the present invention may have a ping-pong frequency interleaver
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structure that perform frequency interleaving in units of one pair of consecutive OFDM
symbols (pair-wise OFDM symbol) using two memory banks. Hereinafter, an in-
terleaving operation of the frequency interleaver according to an embodiment of the
present invention may be referred to as pair-wise symbol FI (or pair-wise FI) or ping-
pong FI (ping-pong interleaving). The aforementioned interleaving operation cor-
responds to an embodiment of the random FI, which can be changed according to a
designer’s intention.

Even-indexed pair-wise OFDM symbols and odd pair-wise OFDM symbols may be
intermittently interleaved via different FI memory banks. In addition, the frequency in-
terleaver according to an embodiment of the present invention may simultaneously
perform reading and writing operations on one pair of consecutive OFDM symbols
input to each memory bank using an arbitrary interleaving seed. A detailed operation
will be described below.

In addition, according to an embodiment of the present invention, as a logical
frequency interleaving operation for logically and effectively interleaving all OFDM
symbols in a super-frame, an interleaving seed is basically changed in units of one pair
of OFDM symbols.

In this case, according to an embodiment of the present invention, the interleaving
seed may be generated by an arbitrary random generator or a random generator formed
by a combination of various random generators. In addition, according to an em-
bodiment of the present invention, various interleaving seeds may be generated by
cyclic-shifting one main interleaving seed in order to effectively change an in-
terleaving seed. In this case, a cyclic-shifting rule may be hierarchically defined in
consideration of OFDM symbol and signal frame units. This can be changed according
to a designer’s intention, which will be described in detail.

A broadcast signal receiving apparatus according to an embodiment of the present
invention may perform an inverse procedure of the aforementioned random frequency
interleaving. In this case, the broadcast signal receiving apparatus or a frequency dein-
terleaver thereof according to an embodiment of the present invention may not use a
ping-pong structure using a double-memory and may perform deinterleaving on con-
secutive input OFDM symbols via a single-memory. Accordingly, memory use ef-
ficiency can be enhanced. In addition, reading and writing operations are still required,
which is called as a single-memory deinterleaving operation. Such a deinterleaving
scheme is very efficient in a memory-use aspect.

FIG. 16 is a view illustrating an operation of a frequency interleaver according to an
embodiment of the present invention.

FIG. 16 illustrates the basic operation of the frequency interleaver using two memory

banks at the transmitter, which enables a single-memory deinterleaving at the receiver.
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As described above, the frequency interleaver according to an embodiment of the
present invention may perform a ping-pong interleaving operation.

Typically, ping-pong interleaving operation is accomplished by means of two
memory banks. In the proposed FI operation, two memory banks are for each pair-wise
OFDM symbol.

The maximum memory ROM (Read Only Memory) size for interleaving is ap-
proximately two times to a maximum FFT size. At a transmit side, the ROM size
increase is rather less critical, compared to a receiver side.

As described above, odd pair-wise OFDM symbols and odd pair-wise OFDM
symbols may be intermittently interleaved via different FI memory-banks. That is, the
second (odd-indexed) pair-wise OFDM symbol is interleaved in the second bank,
while the first (even-indexed) pair-wise OFDM symbol is interleaved in the first bank
and so on. For each pair-wise OFDM symbol, a single interleaving seed is used. Based
on the interleaving seed and reading-writing (or writing-reading) operation, two
OFDM symbols are sequentially interleaved.

Reading-writing operations according to an embodiment of the present invention are
simultaneously accomplished without a collision. Writing-reading operations
according to an embodiment of the present invention are simultaneously accomplished
without a collision.

FIG. 16 illustrates an operation of the aforementioned frequency interleaver. As il-
lustrated in FIG. 16, the frequency interleaver may include a demux 16000, two
memory banks, a memory bank-A 16100 and a memory bank-B 16200, and a demux
16300.

First, the frequency interleaver according to an embodiment of the present invention
may perform a demultiplexing processing to the input sequential OFDM symbols for
the pair-wise OFDM symbol FI. Then the frequency interleaver according to an em-
bodiment of the present invention performs a reading-writing FI operation in each
memory bank A and B with a single interleaving seed. As shown in FIG. 16, two
memory banks are used for each OFDM symbol pair. Operationally, the first
(even-indexed) OFDM symbol pair is interleaved in memory bank-A, while the second
(odd-indexed) OFDM symbol pair is interleaved in memory bank-B and so on, al-
ternating between A and B.

Then the frequency interleaver according to an embodiment of the present invention
may perform a multiplexing processing to ping-pong FI outputs for sequential OFDM
symbol transmission.

FIG. 17 illustrates a basic switch model for MUX and DEMUX procedures according
to an embodiment of the present invention.

FIG. 17 illustrates simple operations the DEMUX and MUX applied input and output
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of memory-bank-A/-B in the aforementioned ping-pong FI structure.

The DEMUX and MUX may control the input sequential OFDM symbols to be in-
terleaved, and the output OFDM symbol pair to be transmitted, respectively. Different
interleaving seeds are used for every OFDM symbol pair.

Hereinafter, reading-writing operations of frequency interleaving according to an em-
bodiment of the present invention will be described.

A frequency interleaver according to an embodiment of the present invention may
select or use a single interleaving see and use the interleaving seed in writing and
reading operations for the first and second OFDM symbols, respectively. That is, the
frequency interleaver according to an embodiment of the present invention may use the
one selected arbitrary interleaving seed in an operation of writing a first OFDM
symbol of a pair-wise OFDM symbol, and use a second OFDM symbol in a reading
operation, thereby achieving effective interleaving. Virtually, it seems like that two
different interleaving seeds are applied to two OFDM symbols, respectively.

Details of the reading-writing operation according to an embodiment of the present
invention are as follows:

For the first OFDM symbol, the frequency interleaver according to an embodiment
of the present invention may perform random writing into memory (according to an in-
terleaving seed) and perform then linear reading. For the second OFDM symbol, the
frequency interleaver according to an embodiment of the present invention may
perform linear writing into memory, (affected by the linear reading operation for the
first OFDM symbol), simultaneously. Also, the frequency interleaver according to an
embodiment of the present invention may perform then random reading (according to
an interleaving seed).

As described above, the broadcast signal receiving apparatus according to an em-
bodiment of the present invention may continuously transmit a plurality of frames on
the time axis. In the present invention, a set of signal frames transmitted for a prede-
termined period of time may be referred to as a super-frame. Accordingly, one super-
frame may include N signal frames and each signal frame may include a plurality of
OFDM symbols.

FIG. 18 is a view illustrating a concept of frequency interleaving applied to a single
super-frame according to an embodiment of the present invention.

A frequency interleaver according to an embodiment of the present invention may
change interleaving seed every pair-wise OFDM symbol in a single signal frame
(symbol index reset) and change interleaving seed to be used in a single signal frame
by every frame (frame index reset). Consequently, the frequency interleaver according
to an embodiment of the present invention may change interleaving seed in a super-

frame (super-frame index reset).
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Accordingly, the frequency interleaver according to an embodiment of the present
may logically and effectively interleave all OFDM symbols in a super-frame.

FIG. 19 is a view illustrating logical operation mechanism of frequency interleaving
applied to a single super-frame according to an embodiment of the present invention.

FIG. 19 illustrates logical operation mechanism of a frequency interleaver and related
parameter thereof, for effectively changing interleaving seeds to be used the one super-
frame described with reference to FIG. 18.

As described above, in the present invention, various interleaving seeds may be ef-
fectively generated by cyclic-shifting one main interleaving seed by as much as an
arbitrary offset. As illustrated in FIG. 19, according to an embodiment of the present
invention, the aforementioned offset may be differently generated for each frame and
each of pair-wise OFDM symbol to generate different interleaving seeds. Hereinafter,
the logical operation mechanism will be described.

As illustrated in a lower block of FIG. 19, a frequency interleaver according to an
embodiment of the present invention may randomly generate a frame offset for each
signal frame using an input frame index. The frame offset according to an embodiment
of the present invention may be generated by a frame offset generator included in a
frequency interleaver. In this case, when super-frame index is reset, a frame offset
applied to each frame is generated for each signal frame in each super-frame identified
according to a super-frame index.

As illustrated in a middle block of FIG. 19, a frequency interleaver according to an
embodiment of the present invention may randomly generate a symbol offset to be
applied to each OFDM symbol included in each signal frame using an input symbol
index. The symbol offset according to an embodiment of the present invention may be
generated by a symbol offset generator included in a frequency interleaver. In this
case, when a frame index is reset, a symbol offset for each symbol is generated for
symbols in each signal frame identified according to a frame index. In addition, the
frequency interleaver according to an embodiment of the present invention may
generate various interleaving seeds by cyclic-shifting a main interleaving seed on each
OFDM symbol by as much as a symbol offset.

Then, as illustrated in an upper block of FIG. 19, a frequency interleaver according to
an embodiment of the present invention may perform random FI on cells included in
each OFDM symbol using an input cell index. A random FI parameter according to an
embodiment of the present invention may be generated by a random FI generator
included in the frequency interleaver.

FIG. 20 illustrates math figures of logical operation mechanism of frequency in-
terleaving applied to a single super-frame according to an embodiment of the present

invention.
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In detail, FIG. 20 illustrates a correlation of the aforementioned frame offset
parameter, symbol offset, parameter, and random FI applied to a cell included in each
OFDM. As illustrated in FIG. 20, an offset to be used in an OFDM symbol may be
generated through a hierarchical structure of the aforementioned frame offset generator
and the aforementioned symbol offset generator. In this case, the frame offset
generator and the symbol offset generator may be designed using a arbitrary random
generator.

FIG. 21 illustrates an operation of a memory bank according to an embodiment of the
present invention.

As described above, two memory banks according to an embodiment of the present
invention may apply an arbitrary interleaving seed generated via the aforementioned
procedure to each pair-wise OFDM symbol. In addition, each memory bank may
change interleaving seed every pair-wise OFDM symbol.

FIG. 22 illustrates a frequency deinterleaving procedure according to an embodiment
of the present invention.

A broadcast signal receiving apparatus according to an embodiment of the present
invention may perform an inverse procedure of the aforementioned frequency in-
terleaving procedure. FIG. 22 illustrates single-memory deinterleaving (FDI) for input
sequential OFDM symbols.

Basically, frequency deinterleaving operation follows to the inverse processing of
frequency interleaving operation. For a single-memory use, no further processing is
required.

When pair-wise OFDM symbols illustrated in a left portion of FIG. 22 are input, the
broadcast signal receiving apparatus according to an embodiment of the present
invention may perform the aforementioned reading and writing operation using a
single memory, as illustrated in a right portion of FIG. 22. In this case, the broadcast
signal receiving apparatus according to an embodiment of the present invention may
generate a memory-index and perform frequency deinterleaving (reading and writing)
corresponding to an inverse procedure of frequency interleaving (writing and reading)
performed by a broadcast signal transmitting apparatus. The benefit is inherently
caused by the proposed pair-wise ping-pong interleaving architecture.

The following math figures show a change procedure of interleaving seed in each of
the aforementioned memory banks.

MathFigure 1
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[Math.1]
Jor j=0.1,.... N, and for k=0,1,..., Ny,
FAC,(K) = X (k)

AN
where C (k)= (T(k) + S|,/ -)mod N,

T(k) is a main interleaving seed generated by a random generator,
used in themain FI
S| ;2] 18 a random symbol offset generated by a random generator,
used in the jth pair — wise OFDM symbol

[283] MathFigure 2
[Math.2]

Jor j=0,7,.... Ny, and k =0, 1,..., Ny,
F.(k) = x (C.(k))

J JrJ

where C j(k) is the same random seed

used forthe first symbol

[284] The above expression 1 is for the first OFDM symbol, i.e., (j mod 2) = 0 of the ith
pair-wise OFDM symbol and the above expression 2 is for the second OFDM symbol,
i.e., (jmod 2) = 1 of the ith pair-wise OFDM symbol.emory banks.

[285] As described above, a waveform transform block 9500 may perform FFT trans-
formation on input data. According to an embodiment of the present invention, an FFT
size may be 4K, 8K, 16K, 32K, or the like, and an FFT mode indicating the FFT size
may be defined. The aforementioned FFT mode may be signaled via a preamble (or a
preamble signal, a preamble symbol) in a signal frame or signal via PLS-pre or PLS-
prost. The FFT size may be changed according to a designer’s intention.

[286] A frequency interleaver or an interleaving seed generator included therein according
to an embodiment of the present invention may perform an operation according to the
aforementioned FFT mode. In addition, an interleaving seed generator according to an
embodiment of the present invention may include a random seed generator and a
quasi-random interleaving seed generator. Hereinafter, an operation of the interleaving
seed generator according to each FFT mode is divided into an operation of the random

seed generator and an operation of the quasi-random interleaving seed generator and
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will be described.

Hereinafter, the random seed generator for a 32K FFT mode will be described.

As described above, the random seed generator according to an embodiment of the
present invention may apply different interleaving seeds to respective OFDM symbols
to acquire frequency diversity. Logical composition of the random seed generator may
include a random main-seed generator (Cj(K)) for interleaving cells in a single OFDM

symbol and a random symbol-offset generator (

S|z

) for changing a symbol offset.

The random main-seed generator may generate the aforementioned random FI
parameter. That is, the random main-seed generator may generate seed for interleaving
cells in a single OFDM symbol.

The random main-seed generator according to an embodiment of the present
invention may include a spreader and a randomizer and perform rendering a full
randomness in frequency-domain. According to an embodiment of the present
invention, in the case of 32K FFT mode, the random main-seed generator may include
a 1 bit spreader and an 14 bit-randomizer. The randomizer according to an embodiment
of the present invention may a main-PRBS generator which is defined based on the
14-bit binary word sequence (or binary sequence).

The random symbol-offset generator according to an embodiment of the present
invention may change a symbol offset of each OFDM symbol. That is, the random
symbol-offset generator may generate the aforementioned symbol offset. The random
symbol-offset generator according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer and perform rendering a spreading
as much as 2k cases, in time-domain. X may be differently set for the respective FFT
modes. According to an embodiment of the present invention, in the case of 32K FFT
mode, a (15-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an
embodiment of the present invention may a sub-PRBS generator which is defined
based on (15-k) bit binary word sequence (or binary sequence).

The aforementioned spreader and randomizer may be used to achieve spreading and
random effects during generation of the interleaving seed.

FIG. 23 is a view illustrating an output signal of a time interleaver according to an
embodiment of the present invention.

The time interleaver according to an embodiment of the present invention may
perform a column-wise writing operation and a row-wise reading operation on one
FEC block, as illustrated in a left portion of FIG. 23. A right block of FIG. 23 indicates

an output signal of the time interleaver and the output signal is input to a frequency in-
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terleaver according to an embodiment of the present invention.

Thus, one FEC block is periodically spread in each FI block. Accordingly, in order to
increase the robustness of a channel with strong periodic properties, the afore-
mentioned random interleaving seed generator may be used.

FIG. 24 is a view of a 32K FFT mode random main-seed generator according to an
embodiment of the present invention.

The 32K FFT mode random main-seed generator according to an embodiment of the
present invention may include a spreader (1-bit toggling), a randomizer, a memory-
index check, a random symbol-offset generator, and a modulo operator. As described
above, the random main-seed generator may include a spreader and a randomizer.
Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion of n-bit of total 15-bit
and may function as a multiplexer based on a look-up table. In the case of 32K FFT
mode, the (cell) spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and may provide full
randomness during interleaving. As described above, in the case of 32K FFT mode, the
randomizer may be a PN generator that considers 14-bit. This can be changed
according to a designer’s intention. Also the spreader and the randomizer are operated
through multiplexer and PN generator, respectively.

The memory-index check may not use seed when a memory-index generated by the
spreader and the randomizer is greater than Ndata and may repeatedly operate the
spreader and the randomizer to adjust the output memory-index such that the output
memory-index does not exceed Ndata. The Ndata according to the embodiment of the
present invention is equal to the number of the data cells.

The random symbol-offset generator may generate a symbol-offset for cyclic-shifting
main interleaving-seed generated by the main-interleaving seed generator for each
pair-wise OFDM symbol. A detailed operation will be described below.

The modulo operator may be operated when a result value, obtained by adding a
symbol-offset output by the random symbol-offset generator for each pair-wise OFDM
symbol to the memory-index output by the memory-index check, exceeds Ndata.
Locations of the illustrated memory-index check and modulo operator can be changed
according to a designer’s intention.

FIG. 25 illustrates math figures representing an operation of a 32K FFT mode
random main-seed generator according to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 25 show initial value setting
and primitive polynomial of a randomizer. In this case, the primitive polynomial may
be 14th primitive polynomial and the initial value may be changed by arbitrary values.

The math figures illustrated in a lower portion of FIG. 25 show procedures of cal-
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culating and outputting main-interleaving seed for an output signal of the spreader and
the randomizer. As illustrated in the math figure, one random symbol-offset may be
applied to each pair-wise OFDM in the same way.

FIG. 26 is a view illustrating a 32K FFT mode random symbol-offset generator
according to an embodiment of the present invention.

As above described, the random symbol-offset generator according to an em-
bodiment of the present invention may include k bits-spreader and (X-k) bits-
randomizer.

Hereinafter, each block will be described.

The k bits-spreader may be operated through a 2k multiplexer and may be optimally
designed to maximize inter-symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through a N bits-PN generator and designed to
provide randomness.

The 32K FFT mode random symbol-offset generator may include a 0/1/2 bits-
spreader and a 15/14/13 bits-random generator (or a PN generator). Details will be
described below.

FIG. 27 illustrates math figures showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 32K FFT mode including a O bits-
spreader and a 15 bits-PN generator according to an embodiment of the present
invention.

(a) illustrates a random symbol-offset generator including a O bits-spreader and a 15
bits-PN generator. (b) illustrates an operation of a 32K FFT mode random Symbol-
offset generator.

The random symbol-offset generator illustrated in (a) may be operated for each pair-
wise OFDM symbol.

A math figure illustrated in an upper portion of (b) shows initial value setting and
primitive polynomial of the randomizer. In this case, the primitive polynomial may be
12th primitive polynomial and the initial value may be changed by arbitrary values.

A math figure illustrated in a lower portion of (b) shows a procedure for calculating
and outputting a symbol-offset for output signals of a spreader and a randomizer. As il-
lustrated in the math figure, the random symbol-offset generator may be operated for
each pair-wise OFDM symbol. Accordingly, the length of an entire output offset may
correspond to half of the length of an entire OFDM symbol.

FIG. 28 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 32K FFT mode including a 1 bits-
spreader and an 14 bits-PN generator according to an embodiment of the present

invention.
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(a) shows the random symbol-offset generator including a 1 bits-spreader and an 14
bits-PN generator. (b) shows a math figure representing an operation of a 32K FFT
mode random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may be operated for each pair-
wise OFDM symbol.

A math figure illustrated in an upper portion of (b) shows initial value setting and
primitive polynomial of a randomizer. In this case, the primitive polynomial may be
14th primitive polynomial and the initial value may be changed by arbitrary values.

A math figure illustrated in a lower portion of (b) shows a procedure of calculating
and outputting a symbol-offset for an output signal of the spreader and the randomizer.
As illustrated in the math figure, the random symbol-offset generator may be operated
for each pair-wise OFDM symbol. Accordingly, the length of an entire output offset
may correspond to half of the length of an entire OFDM symbol.

FIG. 29 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 32K FFT mode including a 2 bits-
spreader and a 13 bits-PN generator according to an embodiment of the present
invention.

(a) shows the random Symbol-offset generator including a 2 bits-spreader and a 13
bits-PN generator. (b) shows a math figure representing an operation of a 32K FFT
mode random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may be operated for each pair-
wise OFDM symbol.

A math figure illustrated in an upper portion of (b) shows initial value setting and
primitive polynomial of a randomizer. In this case, the primitive polynomial may be
13th primitive polynomial and the initial value may include arbitrary values.

A math figure illustrated in a lower portion of (b) shows a procedure of calculating
and outputting a symbol-offset for an output signal of the spreader and the randomizer.
As illustrated in the math figure, the random symbol-offset generator may be operated
for each pair-wise OFDM symbol. Accordingly, the length of an entire output offset
may correspond to half of the length of an entire OFDM symbol.

FIG. 30 is a view illustrating logical composition of a 32K FFT mode random main-
seed generator according to an embodiment of the present invention.

As described above, the 32K FFT mode random main-seed generator according to an
embodiment of the present invention may include a random main interleaving-seed
generator, a random symbol-offset generator, a memory index check, and a modulo
operator.

FIG. 30 illustrates the logical composition of a 32K FFT mode random main-seed
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generator formed by combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 34 illustrates an embodiment of the random
main interleaving-seed generator including a 1 bit-spreader and an 14 bits-randomizer,
and an embodiment of the random symbol-offset generator including a 2 bits-spreader
and a 13 bits-randomizer. Details thereof have been described above and thus will be
omitted here.

Hereinafter, a quasi-random interleaving seed generator for 32K FFT mode will be
described.

As described above, the quasi-random interleaving seed generator according to an
embodiment of the present invention may apply different interleaving seeds to re-
spective OFDM symbols to acquire frequency diversity. The logical composition of the
quasi-random interleaving seed generator may include a main quasi-random seed
generator (Cj(K)) for interleaving cells in a single OFDM symbol and a random

symbol-offset generator (

Sr2)

) for changing a symbol offset.

The main quasi-random seed generator may generate the aforementioned random FI
parameter. That is, the main quasi-random seed generator may generate seed for in-
terleaving cells in a single OFDM symbol.

The main quasi-random seed generator according to an embodiment of the present
invention may include a spreader and a randomizer and perform rendering a full
randomness in frequency-domain. According to an embodiment of the present
invention, in the case of 32K FFT mode, the main quasi-random seed generator may
include a 3 bit spreader and a 9 bit-randomizer. The randomizer according to an em-
bodiment of the present invention may a main-PRBS generator which is defined based
on the 12-bit binary word sequence (or binary sequence).

The random symbol-offset generator according to an embodiment of the present
invention may change a symbol offset for each OFDM symbol. That is, the random
symbol-offset generator may generate the aforementioned symbol offset. The random
symbol-offset generator according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer and perform rendering a spreading
as much as 2k cases, in time-domain. X may be differently set for respective FFT
modes. According to an embodiment of the present invention, in the case of 32K FFT
mode, a (15-k) bits-randomizer may be used. The (X-k) bits-randomizer according to
an embodiment of the present invention may a sub-PRBS generator which is defined

based on (15-k) bit binary word sequence (or binary sequence).
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The main roles of the spreader and the randomizer are as follows.

Spreader: rendering a spreading effect to frequency interleaving (FI)

Randomizer: rendering a random effect to FI

FIG. 31 is a view illustrating an output signal of a time interleaver according to
another embodiment of the present invention.

The time interleaver according to an embodiment of the present invention may
perform a column-wise writing operation and a row-wise reading operation on each
FEC block with a size of 5, as illustrated in a left portion of FIG. 31. A right block of
FIG. 31 indicates an output signal of the time interleaver and the output signal is input
to a frequency interleaver according to an embodiment of the present invention.

Thus, one FEC block has a length of 5 in each FI block and agglomerate in a burst
form. Thus, in order to increase the robustness of a channel with strong burst error
properties, interleaving seed having high spreading properties as well as high
randomness is required. Accordingly, the aforementioned quasi-random interleaving
seed generator may be used.

FIG. 32 is a view illustrating a 32K FFT mode quasi-random main interleaving-seed
generator according to an embodiment of the present invention.

The 32K FFT mode quasi-random main interleaving-seed generator according to an
embodiment of the present invention may include a spreader (3-bit toggling), a
randomizer, a memory-index check, a random symbol-offset generator, and a modulo
operator. As described above, the random main-seed generator may include a spreader
and a randomizer. Hereinafter, an operation of each block will be described.

The spreader may be operated through an n-bit multiplexer and may maximize (or
minimize inter-cell correlation) inter-cell spreading. In the case of 32K FFT mode, the
spreader may use a look-up table that considers 3-bit.

The randomizer may be operated as a (15-n) bits-PN generator and may provide
randomness (or correlation properties). The randomizer according to an embodiment of
the present invention may include bit shuffling. The bit shuffling optimizes spreading
properties or random properties and is designed in consideration of Ndata. In the case
of 32K FFT mode, the bit shuffling may use a 9-bit PN generator, which can be
changed.

The memory-index check may not use seed when a memory-index generated by the
spreader and the randomizer is greater than Ndata and may repeatedly operate the
spreader and the randomizer to adjust the output memory-index such that the output
memory-index does not exceed Ndata.

The random symbol-offset generator may generate a symbol-offset for cyclic-shifting
main interleaving-seed generated by the main-interleaving seed generator for each

pair-wise OFDM symbol. A detailed operation has been described with regard to the
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32K FFT mode random main-seed generator and is not described again here.

The modulo operator may be operated when a result value, obtained by adding a
symbol-offset output by the random symbol-offset generator for each pair-wise OFDM
symbol to the memory-index output by the memory-index check, exceeds Ndata.
Locations of the illustrated memory-index check and modulo operator can be changed
according to a designer’s intention.

FIG. 33 is math figures representing operations of 32K FFT mode bit shuffling and
32K FFT mode quasi-random main interleaving-seed generator according to an em-
bodiment of the present invention.

(a) illustrates a math figure representing an operation of the 32K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 32K FFT
mode quasi-random main interleaving-seed generator.

As illustrated in (a), the 32K FFT mode bit shuffling may mix bits of registers of a
PN generator during calculation of a memory-index.

A math figure illustrated in an upper portion of (b) shows initial value setting and
primitive polynomial of a randomizer. In this case, the primitive polynomial may be
12th primitive polynomial and the initial value may be changed by arbitrary values.

A math figure illustrated in a lower portion of (b) shows a procedure of calculating
and outputting main-interleaving seed for an output signal of the spreader and the
randomizer. As illustrated in the math figure, one random symbol-offset may be
applied to each pair-wise OFDM symbol in the same way.

FIG. 34 is a view illustrating logical composition of a 32K FFT mode quasi-random
main interleaving-seed generator according to an embodiment of the present invention.

As described above, the 32K FFT mode quasi-random main interleaving-seed
generator according to an embodiment of the present invention may include a quasi-
random main interleaving-seed generator, a random symbol-offset generator, a
memory index check, and a modulo operator.

FIG. 34 illustrates the logical composition of a 32K FFT mode quasi-random main
interleaving-seed generator formed by combining a quasi-random main interleaving-
seed generator and a random symbol-offset generator. FIG. 34 illustrates an em-
bodiment of the random main interleaving-seed generator including a 3 bit-spreader
and a 12 bits-randomizer and an embodiment of the random symbol-offset generator
including a 2 bits-spreader and a 13 bits-randomizer. Details thereof have been
described above and thus will be omitted here.

FIG. 35 is a view illustrating single-memory deinterleaving for input sequential
OFDM symbols.

FIG. 35 is a view illustrating concept of a broadcast signal receiving apparatus or a

frequency deinterleaver thereof, for applying interleaving seed used in a broadcast
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signal transmitting apparatus (or a frequency interleaver) to each pair-wise OFDM
symbol to perform deinterleaving.

As described above, the broadcast signal receiving apparatus according to an em-
bodiment of the present invention may perform an inverse procedure of the afore-
mentioned frequency interleaving procedure using a single memory. FIG. 35 illustrates
an operation of the broadcast signal receiving apparatus for processing single-memory
deinterleaving (FDI) for input sequential OFDM symbols.

The broadcast signal receiving apparatus according to an embodiment of the present
invention may perform an inverse procedure of the aforementioned operation of a
frequency interleaver. Thus, deinterleaving seeds correspond to the aforementioned in-
terleaving seed.

FIG. 36 is a flowchart illustrating a method for transmitting broadcast signals
according to an embodiment of the present invention.

The apparatus for transmitting broadcast signals according to an embodiment of the
present invention can encode service data (S36000). As described above, service data
is transmitted through a data pipe which is a logical channel in the physical layer that
carries service data or related metadata, which may carry one or multiple service(s) or
service component(s). Data carried on a data pipe can be referred to as the DP data or
the service data. The detailed process of step S36000 is as described in FIG. 1 or 5.

The apparatus for transmitting broadcast signals according to an embodiment of the
present invention can build at least one signal frame including the encoded service data
(S36010). The detailed process of this step is as described in FIG. 6.

Then, the apparatus for transmitting broadcast signals according to an embodiment of
the present invention can map the encoded service data into OFDM symbols of the
signal frame and frequency interleave the mapped service data. As above described,
the basic function of the cell mapper 3700 is to map data cells for each of the DPs, PLS
data, if any, into arrays of active OFDM cells corresponding to each of the OFDM
symbols within a signal frame. Then, the block interleaver 6200 may operate on a
single OFDM symbol basis, provide frequency diversity by randomly interleaving the
cells received from the cell mapper 3700. The purpose of the block interleaver 6200 in
the present invention, which operates on a single OFDM symbol, is to provide
frequency diversity by randomly interleaving data cells received from the frame
structure module 1200. In order to get maximum interleaving gain in a single signal
frame (or frame), a different interleaving-seed is used for every OFDM symbol pair
comprised of two sequential OFDM symbols. The detailed process of the frequency in-
terleaving is as described in FIG. 16 to 35.

Subsequently, the apparatus for transmitting broadcast signals according to an em-

bodiment of the present invention can modulate data in the built at least one signal
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frame by an OFDM (Orthogonal Frequency Division Multiplexing) scheme (S36020).

The detailed process of this step is as described in FIG. 1 or 7.
The apparatus for transmitting broadcast signals according to an embodiment of the

present invention can transmit the broadcast signals including the modulated data
(S36030). The detailed process of this step is as described in FIG. 1 or 7.

FIG. 37 is a flowchart illustrating a method for receiving broadcast signals according
to an embodiment of the present invention.

The flowchart shown in FIG. 37 corresponds to a reverse process of the broadcast
signal transmission method according to an embodiment of the present invention,
described with reference to FIG. 36.

The apparatus for receiving broadcast signals according to an embodiment of the
present invention can receive broadcast signals (S37000). The apparatus for receiving
broadcast signals according to an embodiment of the present invention can demodulate
the received broadcast signals using an OFDM (Othogonal Frequency Division Mul-
tiplexing) scheme (S37010). Details are as described in FIG. 8 or 9.

The apparatus for receiving broadcast signals according to an embodiment of the
present invention can parse at least one signal frame from the demodulated broadcast
signals (S37020). Details are as described in FIG. 8 or 10. In this case, the apparatus
for receiving broadcast signals according to an embodiment of the present invention
can perform frequency de-interleaving corresponds to a reverse process of the
frequency interleaving as shown in the above. The detailed process of the frequency in-
terleaving is as described in FIG. 16 to 35.

Subsequently, the apparatus for receiving broadcast signals according to an em-
bodiment of the present invention can decode data in the parsed at least one signal
frame to output service data (S37030). Details are as described in FIG. § or 11 and
FIG. 15.

As described above, service data is transmitted through a data pipe which is a logical
channel in the physical layer that carries service data or related metadata, which may
carry one or multiple service(s) or service component(s). Data carried on a data pipe
can be referred to as the DP data or the service data.

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 the spirit or 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

Various embodiments have been described in the best mode for carrying out the
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invention.
Industrial Applicability

The present invention is available in a series of broadcast signal provision fields.

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 the spirit or scope of the
inventions. 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.
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Claims

A method for transmitting broadcast signals, the method comprising:
encoding service data;

building at least one signal frame including the encoded service data,
wherein the at least one signal frame includes a plurality of OFDM
symbols;

modulating data in the built at least one signal frame by an OFDM
(Orthogonal Frequency Division Multiplex) scheme; and

transmitting the broadcast signals having the modulated data.

The method of claim 1, wherein the method further includes:

frequency interleaving data in the at least one signal frame by using a
different interleaving-seed which is used for every OFDM symbol pair
comprised of two sequential OFDM symbols.

An apparatus for transmitting broadcast signals, the apparatus
comprising:

an encoder for encoding service data;

a mapper for mapping the encoded service data into a plurality of
OFDM symbols to build at least one signal frame;

a modulator for modulating data in the built at least one signal frame by
an OFDM (Orthogonal Frequency Division Multiplex) scheme; and

a transmitter for transmitting the broadcast signals having the
modulated data.

The apparatus of claim 7, wherein a frequency interleaver for frequency
interleaving data in the at least one signal frame by using a different in-
terleaving-seed which is used for every OFDM symbol pair comprised
of two sequential OFDM symbols.

A method for receiving broadcast signals, the method comprising:
receiving the broadcast signals;

demodulating the received broadcast signals by an OFDM (Orthogonal
Frequency Division Multiplex) scheme;

parsing at least one signal frame from the demodulated broadcast
signals; and

decoding data in the parsed at least one signal frame to output service
data.

The method of claim 5, wherein the method includes:

frequency de-interleaving the demodulated broadcast signals by using a

different de-interleaving-seed which is used for every OFDM symbol
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pair comprised of two sequential OFDM symbols.

An apparatus for receiving broadcast signals, the apparatus comprising:
a receiver for receiving the broadcast signals;

a demodulator for demodulating the received broadcast signals by an
OFDM (Orthogonal Frequency Division Multiplex) scheme;

a demapper for demapping service data from at least one signal frame
in the demodulated broadcast signals; and

a decoder for decoding the service data in the at least one signal frame.
The apparatus of claim 7, the apparatus further include;

a frequency de-interleaver for frequency de-interleaving the de-
modulated broadcast signals by using a different de-interleaving-seed
which is used for every OFDM symbol pair comprised of two se-
quential OFDM symbols.



PCT/KR2014/007592

WO 2015/023150

1/36

($71d) Fureudis ade] earsig

IS
awel]

[RudIg
W e X[
/
- e ———
mding . UOTRIdNAG
pufigxy - WIOJ3AB M
!
[ oocl
- \
~— a.
. [PusIg
.20 e’
= [ Wex]

TONeIaTen) UOIBLLIOJU|
Jmeudg mowagere)y
yed uadig
wxj ueq ) [}
00¢1
=~ ao_%%oz . Sy | . s
: ¥ Supo) : “ndu : ndug
Induy :
- (poaopa) 1) | e—— 104[7SL
| ,v
0011 0001
ged 0 2dig
XL ee(



PCT/KR2014/007592

WO 2015/023150

2/36

[Fig. 2]

UOTIE[PORY
¥ Suipo))

uoneidepe weang uonepdepe apojy

6 oS- ]

| [ | o

_ Jo[quIBIdS UoTasul H HonLost Joposua SAIAREI)| _ reas;s
- - N 1apeay ’ - a— 10du]

| adq Suppeq K as 808D ndu | apug

T ! 1 ! ! m

L0TIT 0117 I 00T 0102 !

T T
001C 0002



PCT/KR2014/007592

WO 2015/023150

3/36

[Fig. 3]

uoneidepe
weang

—~—

071050 spons ToTA[ap Kerap JTINOIYOUAS 2aepaN
RPESH  lee N 1y0ed Sunpsuy | WEas  |wa ndi -
44 NN -dwo) ndu) 1
BOILASUL J— [(IETE Aegap JOTTUOIIUAS 2oy suIeans
ey e N 1yded Suesua | weans e nd ra— Jdu
ad N -dwoy) indu) 1 Adnmy
e - :
[ uomesm [REEEY Kerap JOTTNOIYIUAS , i
” PO e M@%%u@ joxoud Surpesuo WS | GUM%E .Auml
! ad QI -dwo) ndug | !
| m m m _
| 005€ 002¢ 001¢ m
e 4
000g



PCT/KR2014/007592

WO 2015/023150

4/36

[Fig. 4]

UOTR[NpojA
3 3upo)

A J1qurzos UOIRLHOSU[
1500-G T ] ~— o - UONEIAL) - womaTeue
Sulfeudss
12[quIZIs ey (w)*ukp-g14
-5 7d ~-— ad - [BNISA] e
%
00ty (w)"“ukp-g7d
TOTHASTT
J2]quresos Surpped Sejap
a4 B 10 fuends [ oweg-y [
pueq-u
(o) “udp-§ 1
OTRSTT
Iquiems Burpped Sejop
E| B 10 ureusis [ sweyp [
pueq-u[
I3npayd
(w)*“Cukp-g74 T
0TS
I2[qUIRIOS Surpped Aeap
44 [ 10 Sureudis [ aweg-1 [
pueq-u[
| T\ ! !
00bF 0% jwowey 00T 000%

uady
Beq

 adig
TR(

0~dyg
e

noneidepe
PO



PCT/KR2014/007592

WO 2015/023150

5/36

[Fig. 5]

CS—_— e —  —  — — —
- m\m | Sissasorg || eeepemp | Jeneapaup| | (&epop-Q) 3 vonjEI0N) o z_ﬁwc | ey | .%cwmmmuom,m Am| )07
A|_|_ 1 OSIA ML s oddg vopepu0) oL " polmautd /poUaloys m
| m
-l T19307) 01¢s
_rn Bissoooig | |Janeapany [ soneapamn || (dejop-() 3 uoyeios) | | x_ﬂmwo [ ermopamn | .Hw%mg ,Mm%mm T g
_ > oSk ] 11E8) Tadduyy vonera1su0)) o1 g pempaung pauapors | |
P - — — > -— — i~ 00g¢
0zzs 0128
aimanns “||MHHHHHHM||MHHHHHH||||MHHHHHHH||_HHHHHHHWHMH||||HJ|||||AN||| ||||||||||||||||||||||||||||||| a Jujeniog
UL | | npggapieluy | | JAGIRNU] | I (Aeep-0) 3 woneion) | ! nd
TV oawy T T q ™ addepy vonepsuon ™ | xnmag ! . [
P S S g L 2w I
L | avopan e e B W {&ejap-0) % votjeion) 0ud ARSI | (HOg/2daT) . o)
" awp ™ ALW ”f saddepy monepisuo) [~ | =1 m an\ﬂ M o
. o et e T T T ~ 00z
- ,“ru\ 1 Sisso001g || orwow | sorsapdiu | | (dep-() % uogeioy) | | xﬂwwa ||| (mogodaD ! (OSTHD
= | OSIK owy 110D Taddepy vonefpaisuo)) g g PP Al [T1 1dd
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| __—001¢
NI \ : W )
JOATIIA] 12AZaIAJU] (&ejop-Q) 3 uoneio) dagafru] (HDE/2daT) ! (0sI8)
oy {EB] Toddepy vonepaIsuo) o g g 1opoduy 4 ! 0dd
.................... ] IIIII--+-----III+II-I-+----I-II-TII-LJ 0008
011s 090¢ 0<0s 0108 0g0s 0708 0108



PCT/KR2014/007592

WO 2015/023150

6/36

[Fig. 6]

O EAENET)
mojaAL Ay

,T \\\\\\\\\\\\\\\\\\\\\\\\ 1
m | il
| |
” i SRS
| | JoAjquossy |
| JOABI|IOW] | R —— e
- % LS b seoady 1L SO |
[ P e e(] L1uowwo) !
L (seg) N g W
m | JoRquassy |y o fquassy |
|
0029 ”
” nddep 19
| (osth-rreq)
)
0009

nonestaduro)
Aepq

UOHEPOI
tda 3 8upo)
a
0da




PCT/KR2014/007592

WO 2015/023150

7/36

[Fig. 7]
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[Fig. 8]
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[Fig. 10]

JABS[IOIIA(]
01g

r———— - - - T T T TT T T T T T T —— 1

|

R
PP T ]
M =~— AIC I
| o Smoenxy |
| | |
| e 4
Bupooa | T sedg 0 wpodd |
Jaddewaqy udd 4A|4“| m :ﬁS. m m TOWWO) m
: m _r Funoenxy Lﬁ _r sunoenxy L_

1dd 4A|_||||l_

: m bm%aom :wu
- OSIM-TIE ]
0dd A|“M
00101

(as1a-11e])

!

00001

TONE[Apowa ¥
UOIBZIVOJYIUAS



PCT/KR2014/007592

WO 2015/023150

11/36

e
| (17 1
| mwwuommm&%%nw | [oweper| | xuwng || %mﬁ__wﬁwmu | reeoieny || aseapeny| | Sugposag sodgg
! ~ N = -x I~
" Jpomougponogg| | 20 01 oy ) ame) [ qewy OSIN
01 ——{  (HygdqD) AT X g Jaddewa soavopopy | |savopanl | | Zwiposo
| ORI AT = e = .e oy [ BOmEESI) e " amen | qomy = %mzza a1
W parmaung/pauajIon§ ' [IEA %BSE ¥ ?1%.@ 1. '
et} ik -—rn —n—+ t— -+ L—-—F—
T e
| | o %wﬁ_w:%m | Iagajia] | :
108500044 | T Hel HA ) Taqowy T 62:&
mdmng | supug | L PO Ap) I 1 ad
| 012 "
| ogndan Ieapia] " %Em%mq mavapa | | soavapayu
1 3 . [t—] IM [est—T] [t—] ' N |D D [t—] |D M -
T en arg pomary D) | =] Ao [T 2qem
Wel— e o o o oot T
 — — — — — — C— .
| 1addewng —~OITIT 2
! (HD9)4a) 24BN g 20 e || eavape Surpooag]
T o3l [T Raud [T 9 [F| oo bR =l aqrey | aqemr [T osmy [ (O8I0
01T — {pawo1 3 Aefap-7) V4a
T . . . I I _—_———__________
e e i e LR LR
m (g4I TAROJIAN XA g " %Mawamwm wAvAN | | JAvaptay :
— ! npodqDdd | eavg | o [T HUIIRISEO) = ey ™ -agg ouny, [ (0sI8)
— 0001 — (paresor 29 Kepop-|) 1dd
P s e e e
<) 09011 05011 0v011 0011 02011 07011

Juisteg
auwrery



PCT/KR2014/007592
12/36

WO 2015/023150

nding 10883001
d 13p03d(] [pAOIAY I3[quueasa(| Suposaq
—, SUWPATS OIIVAD) ~a—| - - - e 9U
a SHA: S 0 el dd LN suippeq a4 Surddewaq
&b N N ! !
=, 00€<l 00zel 00121 00021



PCT/KR2014/007592

WO 2015/023150

13/36

[Fig. 13]
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[Fig. 14]
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[Fig. 15]
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[Fig. 16]
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[Fig. 17]
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[Fig. 18]
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[Fig. 19]
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[Fig. 20]
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[Fig. 21]
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[Fig. 22]
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[Fig. 23]

FEC block-0 FEC block-(Nc -1)

FEC block-1 time

128
129
130

{[—
I3
T

Interleaving

bl N — D

| —
e
(| Deslll Rngl (il Bt I

G Bl P U e El
FE[R R R

TI output (FI mput)



PCT/KR2014/007592

WO 2015/023150

24/36

[Fig. 24]
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[Fig. 25]

The associated 14 polynomial, f{x)=1+x Zix 1245 34y 14

Operation of the PN generator for 0 <1< N (32768)
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max
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[Fig. 26]
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[Fig. 27]
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[Fig. 28]
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[Fig. 29]
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[Fig. 30]
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[Fig. 31]
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