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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

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

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.

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.
Disclosure of Invention

Technical Problem

An object of the present invention is to provide an apparatus and method for
transmitting broadcast signals to multiplex data of a broadcast transmission/reception
system providing two or more different broadcast services in a time domain and
transmit the multiplexed data through the same RF signal bandwidth and an apparatus
and method for receiving broadcast signals corresponding thereto.

Another object of the present invention is to provide an apparatus for transmitting
broadcast signals, an apparatus for receiving broadcast signals and methods for
transmitting and receiving broadcast signals to classify data corresponding to services
by components, transmit data corresponding to each component as a data pipe, receive
and process the data

Still another object of the present invention is to provide an apparatus for

transmitting broadcast signals, an apparatus for receiving broadcast signals and
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methods for transmitting and receiving broadcast signals to signal signaling in-
formation necessary to provide broadcast signals.
Solution to Problem

To achieve the object and other advantages and in accordance with the purpose of the
invention, as embodied and broadly described herein, the present invention provides a
method for transmitting broadcast signals. The method of transmitting broadcast
signals includes 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

The present invention can process data according to service characteristics to control
QoS (Quality of Services) for each service or service component, thereby providing
various broadcast 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

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, il-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the 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 block according to one embodiment of the
present invention.

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

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

FIG. 5 illustrates a BICM block according to an embodiment of the present
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invention.

[18] FIG. 6 illustrates a BICM block according to another embodiment of the present
invention.

[19] FIG. 7 illustrates a frame building block according to one embodiment of the present
invention.

[20] FIG. 8 illustrates an OFMD generation block according to an embodiment of the
present invention.

[21] FIG. 9 illustrates a structure of an apparatus for receiving broadcast signals for future
broadcast services according to an embodiment of the present invention.

[22] FIG. 10 illustrates a frame structure according to an embodiment of the present
invention.

[23] FIG. 11 illustrates a signaling hierarchy structure of the frame according to an em-
bodiment of the present invention.

[24] FIG. 12 illustrates preamble signaling data according to an embodiment of the
present invention.

[25] FIG. 13 illustrates PLS1 data according to an embodiment of the present invention.

[26] FIG. 14 illustrates PLS2 data according to an embodiment of the present invention.

[27] FIG. 15 illustrates PLS2 data according to another embodiment of the present
invention.

[28] FIG. 16 illustrates a logical structure of a frame according to an embodiment of the
present invention.

[29] FIG. 17 illustrates PLS mapping according to an embodiment of the present
invention.

[30] FIG. 18 illustrates EAC mapping according to an embodiment of the present
invention.

[31] FIG. 19 illustrates FIC mapping according to an embodiment of the present
invention.

[32] FIG. 20 illustrates a type of DP according to an embodiment of the present invention.

[33] FIG. 21 illustrates DP mapping according to an embodiment of the present invention.

[34] FIG. 22 illustrates an FEC structure according to an embodiment of the present
invention.

[35] FIG. 23 illustrates a bit interleaving according to an embodiment of the present
invention.

[36] FIG. 24 illustrates a cell-word demultiplexing according to an embodiment of the
present invention.

[37] FIG. 25 illustrates a time interleaving according to an embodiment of the present
invention.

[38] FIG. 26 illustrates the basic operation of a twisted row-column block interleaver
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according to an embodiment of the present invention.

FIG. 27 illustrates an operation of a twisted row-column block interleaver according
to another embodiment of the present invention.

FIG. 28 illustrates a diagonal-wise reading pattern of a twisted row-column block in-
terleaver according to an embodiment of the present invention.

FIG. 29 illustrates interlaved XFECBLOCKS from each interleaving array according
to an embodiment of the present invention.

FIG. 30 is a view illustrating an operation of a frequency interleaver 7020 according
to an embodiment of the present invention.

FIG. 31 illustrates a basic switch model for MUX and DEMUX procedures according
to an embodiment of the present invention.

FIG. 32 is a view illustrating a concept of frequency interleaving applied to a single
super-frame according to an embodiment of the present invention.

FIG. 33 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. 34 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. 35 illustrates an operation of a memory bank according to an embodiment of the
present invention.

FIG. 36 illustrates a frequency deinterleaving procedure according to an embodiment
of the present invention.

FIG. 37 is a view illustrates concept of frequency interleaving applied to a single
signal frame according to an embodiment of the present invention.

FIG. 38 is a view illustrating logical operation mechanism of frequency interleaving
applied to a single signal frame according to an embodiment of the present invention.

FIG. 39 illustrates math figures of logical operation mechanism of frequency in-
terleaving applied to a single signal frame according to an embodiment of the present
invention.

FIG. 40 is a view illustrating single-memory deinterleaving for input sequential
OFDM symbols.

FIG. 41 is a view illustrating an output signal of a time interleaver according to an
embodiment of the present invention.

FIG. 42 is a view of a 4K FFT mode random seed generator according to an em-
bodiment of the present invention.

FIG. 43 illustrates math figures representing an operation of a 4K FFT mode random
seed generator according to an embodiment of the present invention.

FIG. 44 is a view illustrating a 4K FFT mode random symbol-offset generator
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according to an embodiment of the present invention.

FIG. 45 illustrates math figures showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 4K FFT mode including a O bits-
spreader and a 12 bits-PN generator according to an embodiment of the present
invention.

FIG. 46 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 4K FFT mode including a 1 bits-
spreader and an 11 bits-PN generator according to an embodiment of the present
invention.

FIG. 47 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 4K FFT mode including a 2 bits-
spreader and a 10 bits-PN generator according to an embodiment of the present
invention.

FIG. 48 is a view illustrating logical composition of a 4K FFT mode random seed
generator according to an embodiment of the present invention.

FIG. 49 is a view illustrating an output signal of a time interleaver according to
another embodiment of the present invention.

FIG. 50 is a view illustrating a 4K FFT mode quasi-random interleaving-seed
generator according to an embodiment of the present invention.

FIG. 51 is math figures representing operations of 4K FFT mode bit shuffling and 4K
FFT mode quasi-random interleaving seed generator according to an embodiment of
the present invention.

FIG. 52 is a view illustrating logical composition of a 4K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

FIG. 53 is a view of an 8K FFT mode random seed generator according to an em-
bodiment of the present invention.

FIG. 54 illustrates math figures representing an operation of an 8K FFT mode
random seed generator according to an embodiment of the present invention.

FIG. 55 is a view illustrating an 8K FFT mode random symbol-offset generator
according to an embodiment of the present invention.

FIG. 56 illustrates math figures showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 8K FFT mode including a O bits-
spreader and a 13 bits-PN generator according to an embodiment of the present
invention.

FIG. 57 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 8K FFT mode including a 1 bits-
spreader and an 12 bits-PN generator according to an embodiment of the present

invention.
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FIG. 58 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 8K FFT mode including a 2 bits-
spreader and an 11 bits-PN generator according to an embodiment of the present
invention.

FIG. 59 is a view illustrating logical composition of an 8K FFT mode random seed
generator according to an embodiment of the present invention.

FIG. 60 is a view illustrating an 8K FFT mode quasi-random interleaving seed
generator according to an embodiment of the present invention.

FIG. 61 is math figures representing operations of 8K FFT mode bit shuffling and 8K
FFT mode quasi-random interleaving seed generator according to an embodiment of
the present invention.

FIG. 62 is a view illustrating logical composition of an 8K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

FIG. 63 is a view of a 16K FFT mode random seed generator according to an em-
bodiment of the present invention.

FIG. 64 illustrates math figures representing an operation of a 16K FFT mode
random seed generator according to an embodiment of the present invention.

FIG. 65 is a view illustrating a 16K FFT mode random symbol-offset generator
according to an embodiment of the present invention.

FIG. 66 illustrates math figures showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 16K FFT mode including a O bits-
spreader and a 14 bits-PN generator according to an embodiment of the present
invention.

FIG. 67 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 16K FFT mode including a 1 bits-
spreader and a 13 bits-PN generator according to an embodiment of the present
invention.

FIG. 68 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 16K FFT mode including a 2 bits-
spreader and a 12 bits-PN generator according to an embodiment of the present
invention.

FIG. 69 is a view illustrating logical composition of a 16K FFT mode random seed
generator according to an embodiment of the present invention.

FIG. 70 is a view illustrating a 16K FFT mode quasi-random interleaving seed
generator according to an embodiment of the present invention.

FIG. 71 is math figures representing operations of 16K FFT mode bit shuffling and
16K FFT mode quasi-random interleaving seed generator according to an embodiment

of the present invention.
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FIG. 72 is a view illustrating logical composition of a 16K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

FIG. 73 is a view of a 32K FFT mode random seed generator according to an em-
bodiment of the present invention.

FIG. 74 illustrates math figures representing an operation of a 32K FFT mode
random seed generator according to an embodiment of the present invention.

FIG. 75 is a view illustrating a 32K FFT mode random symbol-offset generator
according to an embodiment of the present invention.

FIG. 76 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.

FIG. 77 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 a 14 bits-PN generator according to an embodiment of the present
invention.

FIG. 78 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.

FIG. 79 is a view illustrating logical composition of a 32K FFT mode random seed
generator according to an embodiment of the present invention.

FIG. 80 is a view illustrating a 32K FFT mode quasi-random interleaving seed
generator according to an embodiment of the present invention.

FIG. 81 is math figures representing operations of 32K FFT mode bit shuffling and
32K FFT mode quasi-random interleaving seed generator according to an embodiment
of the present invention.

FIG. 82 is a view illustrating logical composition of a 32K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

FIG. 83 is a change procedure for an interleaving seed in each memory bank
according to another embodiment of the present invention.

FIG. 84 is a view of a 4K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 85 illustrates math figures representing an operation of a 4K FFT mode random
interleaving-sequence generator according to an embodiment of the present invention.

FIG. 86 is a view illustrating logical composition of a 4K FFT mode random in-
terleaving-sequence generator according to an embodiment of the present invention.

FIG. 87 is a view illustrating a 4K FFT mode random interleaving-sequence
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generator according to another embodiment of the present invention.

FIG. 88 is math figures representing operations of 4K FFT mode bit shuffling and 4K
FFT mode random interleaving-sequence generator according to another embodiment
of the present invention.

FIG. 89 is a view of an8K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 90 illustrates math figures representing an operation of an8K FFT mode random
interleaving-sequence generator according to an embodiment of the present invention.
FIG. 91 is a view illustrating logical composition of an 8K FFT mode random in-

terleaving-sequence generator according to an embodiment of the present invention.

FIG. 92 is a view illustrating an 8K FFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

FIG. 93 is math figures representing operations of 8K FFT mode bit shuffling and 8K
FFT mode random interleaving-sequence generator according to another embodiment
of the present invention.

FIG. 94 is a view of a 16K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 95 illustrates math figures representing an operation of a 16K FFT mode
random interleaving-sequence generator according to an embodiment of the present
invention.

FIG. 96 is a view illustrating logical composition of a 16K FFT mode random in-
terleaving-sequence generator according to an embodiment of the present invention.

FIG. 97 is a view illustrating a 16K FFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

FIG. 98 is math figures representing operations of 16K FFT mode bit shuffling and
16K FFT mode random interleaving-sequence generator according to another em-
bodiment of the present invention.

FIG. 99 is a view of a 32K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 100 illustrates math figures representing an operation of a 32K FFT mode
random interleaving-sequence generator according to an embodiment of the present
invention.

FIG. 101 is a view illustrating logical composition of a 32K FFT mode random in-
terleaving-sequence generator according to an embodiment of the present invention.

FIG. 102 is a view illustrating a 32KFFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

FIG. 103 is math figures representing operations of 32K FFT mode bit shuffling and

32K FFT mode random interleaving-sequence generator according to another em-



WO 2015/069092 PCT/KR2014/010818

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

bodiment of the present invention.
FIG. 104 is a flowchart illustrating a method for transmitting broadcast signals

according to an embodiment of the present invention.
FIG. 105 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 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-
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scription, the present invention is applicable to systems using two or more antennas.

The present invention may defines three physical layer (PL) profiles (base, handheld
and advanced profiles) each optimized to minimize receiver complexity while attaining
the performance required for a particular use case. The physical layer (PHY) profiles
are subsets of all configurations that a corresponding receiver should implement.

The three PHY profiles share most of the functional blocks but differ slightly in
specific blocks and/or parameters. Additional PHY profiles can be defined in the
future. For the system evolution, future profiles can also be multiplexed with the
existing profiles in a single RF channel through a future extension frame (FEF). The
details of each PHY profile are described below.

1. Base profile

The base profile represents a main use case for fixed receiving devices that are
usually connected to a roof-top antenna. The base profile also includes portable
devices that could be transported to a place but belong to a relatively stationary
reception category. Use of the base profile could be extended to handheld devices or
even vehicular by some improved implementations, but those use cases are not
expected for the base profile receiver operation.

Target SNR range of reception is from approximately 10 to 20dB, which includes the
15dB SNR reception capability of the existing broadcast system (e.g. ATSC A/53).
The receiver complexity and power consumption is not as critical as in the battery-
operated handheld devices, which will use the handheld profile. Key system pa-

rameters for the base profile are listed in below table 1.

Table 1

[Table 1]
{DPC codeword length 16K, 64K bits
Constellation size 4~10 bpcu {bits per channel use)
Time de-interleaving memory size < 2*% data cells
Pilot patterns Pilot pattern for fixed reception
FFT size 16K, 32K points

2. Handheld profile

The handheld profile is designed for use in handheld and vehicular devices that
operate with battery power. The devices can be moving with pedestrian or vehicle
speed. The power consumption as well as the receiver complexity is very important for
the implementation of the devices of the handheld profile. The target SNR range of the
handheld profile is approximately O to 10dB, but can be configured to reach below 0dB
when intended for deeper indoor reception.

In addition to low SNR capability, resilience to the Doppler Effect caused by receiver

mobility is the most important performance attribute of the handheld profile. Key



11

WO 2015/069092 PCT/KR2014/010818

system parameters for the handheld profile are listed in the below table 2.
[133] Table 2

[Table 2]
LDPC codeword length 16K hits
Constellation size 2~8 bpcu
Time de-interleaving memory size < 28 data cells
Pilot patterns Pilot patterns for mobile and indoor reception
FFT size 8K, 16K points

[134] 3. Advanced profile

[135] The advanced profile provides highest channel capacity at the cost of more imple-
mentation complexity. This profile requires using MIMO transmission and reception,
and UHDTYV service is a target use case for which this profile is specifically designed.
The increased capacity can also be used to allow an increased number of services in a
given bandwidth, e.g., multiple SDTV or HDTV services.

[136] The target SNR range of the advanced profile is approximately 20 to 30dB. MIMO
transmission may initially use existing elliptically-polarized transmission equipment,
with extension to full-power cross-polarized transmission in the future. Key system pa-
rameters for the advanced profile are listed in below table 3.

[137] Table 3

[Table 3]
LDPC codeword length 16K, 64K bits
Constellation size 8~12 bpcu
Time de-interleaving memory size < 2'9 data cells
Pilot patterns Pilot pattern for fixed reception
FFT size 16K, 32K points
[138] 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. Also, the advanced profile can
be divided advanced profile for a base profile with MIMO and advanced profile for a
handheld profile with MIMO. Moreover, the three profiles can be changed according
to intention of the designer.

[139] The following terms and definitions may apply to the present invention. The
following terms and definitions can be changed according to design.

[140] auxiliary stream: sequence of cells carrying data of as yet undefined modulation and
coding, which may be used for future extensions or as required by broadcasters or
network operators

[141] base data pipe: data pipe that carries service signaling data

[142] baseband frame (or BBFRAME): set of Kbch bits which form the input to one FEC
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encoding process (BCH and LDPC encoding)

cell: modulation value that is carried by one carrier of the OFDM transmission

coded block: LDPC-encoded block of PLS1 data or one of the LDPC-encoded blocks
of PLS2 data

data pipe: 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 pipe unit: a basic unit for allocating data cells to a DP in a frame.

data symbol: OFDM symbol in a frame which is not a preamble symbol (the frame
signaling symbol and frame edge symbol is included in the data symbol)

DP_ID: this 8bit field identifies uniquely a DP within the system identified by the
SYSTEM_ID

dummy cell: cell carrying a pseudorandom value used to fill the remaining capacity
not used for PLS signaling, DPs or auxiliary streams

emergency alert channel: part of a frame that carries EAS information data

frame: physical layer time slot that starts with a preamble and ends with a frame edge
symbol

frame repetition unit: a set of frames belonging to same or different physical layer
profile including a FEF, which is repeated eight times in a super-frame

fast information channel: a logical channel in a frame that carries the mapping in-
formation between a service and the corresponding base DP

FECBLOCK: set of LDPC-encoded bits of a DP data

FFT size: nominal FFT size used for a particular mode, equal to the active symbol
period Ts expressed in cycles of the elementary period T

frame signaling symbol: OFDM symbol with higher pilot density used at the start of
a frame in certain combinations of FFT size, guard interval and scattered pilot pattern,
which carries a part of the PLS data

frame edge symbol: OFDM symbol with higher pilot density used at the end of a
frame in certain combinations of FFT size, guard interval and scattered pilot pattern

frame-group: the set of all the frames having the same PHY profile type in a super-
frame.

future extension frame: physical layer time slot within the super-frame that could be
used for future extension, which starts with a preamble

Futurecast UTB system: proposed physical layer broadcasting system, of which the
input is one or more MPEG2-TS or IP or general stream(s) and of which the output is
an RF signal

input stream: A stream of data for an ensemble of services delivered to the end users
by the system.

normal data symbol: data symbol excluding the frame signaling symbol and the
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frame edge symbol

PHY profile: subset of all configurations that a corresponding receiver should
implement

PLS: physical layer signaling data consisting of PLS1 and PLS2

PLS1: a first set of PLS data carried in the FSS symbols having a fixed size, coding
and modulation, which carries basic information about the system as well as the pa-
rameters needed to decode the PLS2

NOTE: PLS1 data remains constant for the duration of a frame-group.

PLS2: a second set of PLS data transmitted in the FSS symbol, which carries more
detailed PLS data about the system and the DPs

PLS2 dynamic data: PL.S2 data that may dynamically change frame-by-frame

PLS2 static data: PLS2 data that remains static for the duration of a frame-group

preamble signaling data: signaling data carried by the preamble symbol and used to
identify the basic mode of the system

preamble symbol: fixed-length pilot symbol that carries basic PLS data and is located
in the beginning of a frame

NOTE: The preamble symbol is mainly used for fast initial band scan to detect the
system signal, its timing, frequency offset, and FFTsize.

reserved for future use: not defined by the present document but may be defined in
future

superframe: set of eight frame repetition units

time interleaving block (TI block): set of cells within which time interleaving is
carried out, corresponding to one use of the time interleaver memory

TI group: unit over which dynamic capacity allocation for a particular DP is carried
out, made up of an integer, dynamically varying number of XFECBLOCKS.

NOTE: The TI group may be mapped directly to one frame or may be mapped to
multiple frames. It may contain one or more TI blocks.

Type 1 DP: DP of a frame where all DPs are mapped into the frame in TDM fashion

Type 2 DP: DP of a frame where all DPs are mapped into the frame in FDM fashion

XFECBLOCK: set of Ncells cells carrying all the bits of one LDPC FECBLOCK

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
block 1000, a BICM (Bit interleaved coding & modulation) block 1010, a frame
structure block 1020, an OFDM (Orthogonal Frequency Division Multiplexing)
generation block 1030 and a signaling generation block 1040. A description will be

given of the operation of each module of the apparatus for transmitting broadcast
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[183] IP stream/packets and MPEG2-TS are the main input formats, other stream types are
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[189]
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[191]

handled as General Streams. In addition to these data inputs, Management Information
is input to control the scheduling and allocation of the corresponding bandwidth for
each input stream. One or multiple TS stream(s), IP stream(s) and/or General Stream(s)
inputs are simultaneously allowed.

The input formatting block 1000 can demultiplex each input stream into one or
multiple data pipe(s), to each of which an independent coding and modulation is
applied. The data pipe (DP) is the basic unit for robustness control, thereby affecting
quality-of-service (QoS). One or multiple service(s) or service component(s) can be
carried by a single DP. Details of operations of the input formatting block 1000 will be
described later.

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).

Also, the data pipe unit: a basic unit for allocating data cells to a DP in a frame.

In the BICM block 1010, parity data is added for error correction and the encoded bit
streams are mapped to complex-value constellation symbols. The symbols are in-
terleaved across a specific interleaving depth that is used for the corresponding DP. For
the advanced profile, MIMO encoding is performed in the BICM block 1010 and the
additional data path is added at the output for MIMO transmission. Details of op-
erations of the BICM block 1010 will be described later.

The Frame Building block 1020 can map the data cells of the input DPs into the
OFDM symbols within a frame. After mapping, the frequency interleaving is used for
frequency-domain diversity, especially to combat frequency-selective fading channels.
Details of operations of the Frame Building block 1020 will be described later.

After inserting a preamble at the beginning of each frame, the OFDM Generation
block 1030 can apply conventional OFDM modulation having a cyclic prefix as guard
interval. For antenna space diversity, a distributed MISO scheme is applied across the
transmitters. In addition, a Peak-to-Average Power Reduction (PAPR) scheme is
performed in the time domain. For flexible network planning, this proposal provides a
set of various FFT sizes, guard interval lengths and corresponding pilot patterns.
Details of operations of the OFDM Generation block 1030 will be described later.

The Signaling Generation block 1040 can create physical layer signaling information
used for the operation of each functional block. This signaling information is also
transmitted so that the services of interest are properly recovered at the receiver side.
Details of operations of the Signaling Generation block 1040 will be described later.

FIGS. 2, 3 and 4 illustrate the input formatting block 1000 according to embodiments

of the present invention. A description will be given of each figure.
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FIG. 2 illustrates an input formatting block according to one embodiment of the
present invention. FIG. 2 shows an input formatting module when the input signal is a
single input stream.

The input formatting block illustrated in FIG. 2 corresponds to an embodiment of the
input formatting block 1000 described with reference to FIG. 1.

The input to the physical layer may be composed of one or multiple data streams.
Each data stream is carried by one DP. The mode adaptation modules slice the
incoming data stream into data fields of the baseband frame (BBF). The system
supports three types of input data streams: MPEG2-TS, Internet protocol (IP) and
Generic stream (GS). MPEG2-TS is characterized by fixed length (188 byte) packets
with the first byte being a sync-byte (0x47). An IP stream is composed of variable
length IP datagram packets, as signaled within IP packet headers. The system supports
both IPv4 and IPv6 for the IP stream. GS may be composed of variable length packets
or constant length packets, signaled within encapsulation packet headers.

(a) shows a mode adaptation block 2000 and a stream adaptation 2010 for signal DP
and (b) shows a PLS generation block 2020 and a PLS scrambler 2030 for generating
and processing PLS data. A description will be given of the operation of each block.

The Input Stream Splitter splits the input TS, IP, GS streams into multiple service or
service component (audio, video, etc.) streams. The mode adaptation module 2010 is
comprised of a CRC Encoder, BB (baseband) Frame Slicer, and BB Frame Header
Insertion block.

The CRC Encoder provides three kinds of CRC encoding for error detection at the
user packet (UP) level, i.e., CRC-8, CRC-16, and CRC-32. The computed CRC bytes
are appended after the UP. CRC-8 is used for TS stream and CRC-32 for IP stream. If
the GS stream doesn't provide the CRC encoding, the proposed CRC encoding should
be applied.

BB Frame Slicer maps the input into an internal logical-bit format. The first received
bit is defined to be the MSB. The BB Frame Slicer allocates a number of input bits
equal to the available data field capacity. To allocate a number of input bits equal to
the BBF payload, the UP packet stream is sliced to fit the data field of BBF.

BB Frame Header Insertion block can insert fixed length BBF header of 2 bytes is
inserted in front of the BB Frame. The BBF header is composed of STUFFI (1 bit),
SYNCD (13 bits), and RFU (2 bits). In addition to the fixed 2-Byte BBF header, BBF
can have an extension field (1 or 3 bytes) at the end of the 2-byte BBF header.

The stream adaptation 2010 is comprised of stuffing insertion block and BB
scrambler.

The stuffing insertion block can insert stuffing field into a payload of a BB frame. If
the input data to the stream adaptation is sufficient to fill a BB-Frame, STUFFI is set to
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‘0" and the BBF has no stuffing field. Otherwise STUFFI is set to '1" and the stuffing
field is inserted immediately after the BBF header. The stuffing field comprises two
bytes of the stuffing field header and a variable size of stuffing data.

The BB scrambler scrambles complete BBF for energy dispersal. The scrambling
sequence is synchronous with the BBF. The scrambling sequence is generated by the
feed-back shift register.

The PLS generation block 2020 can generate physical layer signaling (PLS) data.
The PLS provides the receiver with a means to access physical layer DPs. The PLS
data consists of PLS1 data and PLS2 data.

The PLS1 data is a first set of PLS data carried in the FSS symbols in the frame
having a fixed size, coding and modulation, which carries basic information about the
system as well as the parameters needed to decode the PLS2 data. The PLS1 data
provides basic transmission parameters including parameters required to enable the
reception and decoding of the PLS2 data. Also, the PLS1 data remains constant for the
duration of a frame-group.

The PLS2 data is a second set of PLS data transmitted in the FSS symbol, which
carries more detailed PLS data about the system and the DPs. The PL.S2 contains pa-
rameters that provide sufficient information for the receiver to decode the desired DP.
The PLS2 signaling further consists of two types of parameters, PLS2 Static data
(PLS2-STAT data) and PLS2 dynamic data (PLS2-DYN data). The PLS2 Static data is
PLS2 data that remains static for the duration of a frame-group and the PLS2 dynamic
data is PLS2 data that may dynamically change frame-by-frame.

Details of the PLS data will be described later.

The PLS scrambler 2030 can scramble the generated PLS data for energy dispersal.

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

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

The input formatting block illustrated in FIG. 3 corresponds to an embodiment of the
input formatting block 1000 described with reference to FIG. 1.

FIG. 3 shows a mode adaptation block of the input formatting block when the input
signal corresponds to multiple input streams.

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

Referring to FIG. 3, the mode adaptation block for respectively processing the
multiple input streams can include an input stream splitter 3000, an input stream syn-
chronizer 3010, a compensating delay block 3020, a null packet deletion block 3030, a
head compression block 3040, a CRC encoder 3050, a BB frame slicer 3060 and a BB
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header insertion block 3070. Description will be given of each block of the mode
adaptation block.

Operations of the CRC encoder 3050, BB frame slicer 3060 and BB header insertion
block 3070 correspond to those of the CRC encoder, BB frame slicer and BB header
insertion block described with reference to FIG. 2 and thus description thereof is
omitted.

The input stream splitter 3000 can split the input TS, IP, GS streams into multiple
service or service component (audio, video, etc.) streams.

The input stream synchronizer 3010 may be referred as ISSY. The ISSY can provide
suitable means to guarantee Constant Bit Rate (CBR) and constant end-to-end
transmission delay for any input data format. The ISSY is always used for the case of
multiple DPs carrying TS, and optionally used for multiple DPs carrying GS streams.

The compensating delay block 3020 can delay the split TS packet stream following
the insertion of ISSY information to allow a TS packet recombining mechanism
without requiring additional memory in the receiver.

The null packet deletion block 3030, is used only for the TS input stream case. Some
TS input streams or split TS streams may have a large number of null-packets present
in order to accommodate VBR (variable bit-rate) services in a CBR TS stream. In this
case, in order to avoid unnecessary transmission overhead, null-packets can be
identified and not transmitted. In the receiver, removed null-packets can be re-inserted
in the exact place where they were originally by reference to a deleted null-packet
(DNP) counter that is inserted in the transmission, thus guaranteeing constant bit-rate
and avoiding the need for time-stamp (PCR) updating.

The head compression block 3040 can provide packet header compression to
increase transmission efficiency for TS or IP input streams. Because the receiver can
have a priori information on certain parts of the header, this known information can be
deleted in the transmitter.

For Transport Stream, the receiver has a-priori information about the sync-byte con-
figuration (0x47) and the packet length (188 Byte). If the input TS stream carries
content that has only one PID, i.e., for only one service component (video, audio, etc.)
or service sub-component (SVC base layer, SVC enhancement layer, MVC base view
or MVC dependent views), TS packet header compression can be applied (optionally)
to the Transport Stream. IP packet header compression is used optionally if the input
steam is an IP stream.

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

FIG. 4 illustrates an input formatting block according to another embodiment of the

present invention.
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The input formatting block illustrated in FIG. 4 corresponds to an embodiment of the
input formatting block 1000 described with reference to FIG. 1.

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

Referring to FIG. 4, the mode adaptation block for respectively processing the
multiple input streams can include a scheduler 4000, an 1-Frame delay block 4010, a
stuffing insertion block 4020, an in-band signaling 4030, a BB Frame scrambler 4040,
a PLS generation block 4050 and a PLS scrambler 4060. Description will be given of
each block of the stream adaptation block.

Operations of the stuffing insertion block 4020, the BB Frame scrambler 4040, the
PLS generation block 4050 and the PLS scrambler 4060 correspond to those of the
stuffing insertion block, BB scrambler, PL.S generation block and the PLS scrambler
described with reference to FIG. 2 and thus description thereof is omitted.

The scheduler 4000 can determine the overall cell allocation across the entire frame
from the amount of FECBLOCKS of each DP. Including the allocation for PLS, EAC
and FIC, the scheduler generate the values of PLS2-DYN data, which is transmitted as
in-band signaling or PLS cell in FSS of the frame. Details of FECBLOCK, EAC and
FIC will be described later.

The 1-Frame delay block 4010 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 DPs.

The in-band signaling 4030 can insert un-delayed part of the PLS2 data into a DP of
a frame.

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

FIG. 5 illustrates a BICM block according to an embodiment of the present
invention.

The BICM block illustrated in FIG. 5 corresponds to an embodiment of the BICM
block 1010 described with reference to 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 a BICM block
according to an embodiment of the present invention can independently process DPs
input thereto by independently applying SISO, MISO and MIMO schemes to the data
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pipes respectively corresponding to data paths. Consequently, the apparatus for
transmitting broadcast signals for future broadcast services according to an em-
bodiment of the present invention can control QoS for each service or service
component transmitted through each DP.

(a) shows the BICM block shared by the base profile and the handheld profile and (b)
shows the BICM block of the advanced profile.

The BICM block shared by the base profile and the handheld profile and the BICM
block of the advanced profile can include plural processing blocks for processing each
DP.

A description will be given of each processing block of the BICM block for the base
profile and the handheld profile and the BICM block for the advanced profile.

A processing block 5000 of the BICM block for the base profile and the handheld
profile can include a Data FEC encoder 5010, a bit interleaver 5020, a constellation
mapper 5030, an SSD (Signal Space Diversity) encoding block 5040 and a time in-
terleaver 5050.

The Data FEC encoder 5010 can perform the FEC encoding on the input BBF to
generate FECBLOCK procedure using outer coding (BCH), and inner coding (LDPC).
The outer coding (BCH) is optional coding method. Details of operations of the Data
FEC encoder 5010 will be described later.

The bit interleaver 5020 can interleave outputs of the Data FEC encoder 5010 to
achieve optimized performance with combination of the LDPC codes and modulation
scheme while providing an efficiently implementable structure. Details of operations
of the bit interleaver 5020 will be described later.

The constellation mapper 5030 can modulate each cell word from the bit interleaver
5020 in the base and the handheld profiles, or cell word from the Cell-word demul-
tiplexer 5010-1 in the advanced profile using either QPSK, QAM-16, non-uniform
QAM (NUQ-64, NUQ-256, NUQ-1024) or non-uniform constellation (NUC-16, NUC-
64, NUC-256, NUC-1024) to give a power-normalized constellation point, e,. This
constellation mapping is applied only for DPs. Observe that QAM-16 and NUQs are
square shaped, while NUCs have arbitrary shape. When each constellation is rotated by
any multiple of 90 degrees, the rotated constellation exactly overlaps with its original
one. This "rotation-sense" symmetric property makes the capacities and the average
powers of the real and imaginary components equal to each other. Both NUQs and
NUC:s are defined specifically for each code rate and the particular one used is signaled
by the parameter DP_MOD filed in PLS2 data.

The SSD encoding block 5040 can precode cells in two (2D), three (3D), and four
(4D) dimensions to increase the reception robustness under difficult fading conditions.

The time interleaver 5050 can operates at the DP level. The parameters of time in-
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terleaving (TT) may be set differently for each DP. Details of operations of the time in-
terleaver 5050 will be described later.

A processing block 5000-1 of the BICM block for the advanced profile can include
the Data FEC encoder, bit interleaver, constellation mapper, and time interleaver.
However, the processing block 5000-1 is distinguished from the processing block 5000
further includes a cell-word demultiplexer 5010-1 and a MIMO encoding block
5020-1.

Also, the operations of the Data FEC encoder, bit interleaver, constellation mapper,
and time interleaver in the processing block 5000-1 correspond to those of the Data
FEC encoder 5010, bit interleaver 5020, constellation mapper 5030, and time in-
terleaver 5050 described and thus description thereof is omitted.

The cell-word demultiplexer 5010-1 is used for the DP of the advanced profile to
divide the single cell-word stream into dual cell-word streams for MIMO processing.
Details of operations of the cell-word demultiplexer 5010-1 will be described later.

The MIMO encoding block 5020-1 can processing the output of the cell-word demul-
tiplexer 5010-1 using MIMO encoding scheme. The MIMO encoding scheme was
optimized for broadcasting signal transmission. The MIMO technology is a promising
way to get a capacity increase but it depends on channel characteristics. Especially for
broadcasting, the strong LOS component of the channel or a difference in the received
signal power between two antennas caused by different signal propagation charac-
teristics makes it difficult to get capacity gain from MIMO. The proposed MIMO
encoding scheme overcomes this problem using a rotation-based pre-coding and phase
randomization of one of the MIMO output signals.

MIMO encoding is intended for a 2x2 MIMO system requiring at least two antennas
at both the transmitter and the receiver. Two MIMO encoding modes are defined in
this proposal; full-rate spatial multiplexing (FR-SM) and full-rate full-diversity spatial
multiplexing (FRFD-SM). The FR-SM encoding provides capacity increase with
relatively small complexity increase at the receiver side while the FRFD-SM encoding
provides capacity increase and additional diversity gain with a great complexity
increase at the receiver side. The proposed MIMO encoding scheme has no restriction
on the antenna polarity configuration.

MIMO processing is required for the advanced profile frame, which means all DPs in
the advanced profile frame are processed by the MIMO encoder. MIMO processing is
applied at DP level. Pairs of the Constellation Mapper outputs NUQ (e;,and e,) are
fed to the input of the MIMO Encoder. Paired MIMO Encoder output (gl,i and g2,1) is
transmitted by the same carrier k and OFDM symbol 1 of their respective TX antennas.

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

identical functions.
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FIG. 6 illustrates a BICM block according to another embodiment of the present
invention.

The BICM block illustrated in FIG. 6 corresponds to an embodiment of the BICM
block 1010 described with reference to FIG. 1.

FIG. 6 illustrates a BICM block for protection of physical layer signaling (PLS),
emergency alert channel (EAC) and fast information channel (FIC). EAC is a part of a
frame that carries EAS information data and FIC is a logical channel in a frame that
carries the mapping information between a service and the corresponding base DP.
Details of the EAC and FIC will be described later.

Referring to FIG. 6, the BICM block for protection of PLS, EAC and FIC can
include a PLS FEC encoder 6000, a bit interleaver 6010, a constellation mapper 6020
and time interleaver 6030.

Also, the PLS FEC encoder 6000 can include a scrambler, BCH encoding/zero
insertion block, LDPC encoding block and LDPC parity punturing block. Description
will be given of each block of the BICM block.

The PLS FEC encoder 6000 can encode the scrambled PLS 1/2 data, EAC and FIC
section.

The scrambler can scramble PLS1 data and PLS2 data before BCH encoding and
shortened and punctured LDPC encoding.

The BCH encoding/zero insertion block can perform outer encoding on the
scrambled PLS 1/2 data using the shortened BCH code for PLS protection and insert
zero bits after the BCH encoding. For PLS1 data only, the output bits of the zero
insertion may be permutted before LDPC encoding.

The LDPC encoding block can encode the output of the BCH encoding/zero insertion
block using LDPC code. To generate a complete coded block, Cy,, parity bits, Py, are
encoded systematically from each zero-inserted PLS information block, L4, and
appended after it.

MathFigure 1
[Math.1]

Cidpc =[ Ildpc Pldp 1=l44 ool 1o PosPrisoPry, k- ]

The LDPC code parameters for PLS1 and PLS2 are as following table 4.
Table 4

[Table 4]
Signaling Kidoe code
Koz Koeh Noch_parity Nape | Niape pariey Qrape
Type (= Noer) rate
PLS1 342
1020 1080 4320 3240 1/4 36
<1021 60
PLS2
>1020 2100 2160 7200 5040 3/10 56
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The LDPC parity punturing block can perform puncturing on the PLS1 data and PLS
2 data.

When shortening is applied to the PLS1 data protection, some LDPC parity bits are
punctured after LDPC encoding. Also, for the PLS2 data protection, the LDPC parity
bits of PLS2 are punctured after LDPC encoding. These punctured bits are not
transmitted.

The bit interleaver 6010 can interleave the each shortened and punctured PLS1 data
and PLS2 data.

The constellation mapper 6020 can map the bit ineterlacved PLS1 data and PL.S2
data onto constellations.

The time interleaver 6030 can interleave the mapped PLS1 data and PLS2 data.

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

FIG. 7 illustrates a frame building block according to one embodiment of the present
invention.

The frame building block illustrated in FIG. 7 corresponds to an embodiment of the
frame building block 1020 described with reference to FIG. 1.

Referring to FIG. 7, the frame building block can include a delay compensation
block 7000, a cell mapper 7010 and a frequency interleaver 7020. Description will be
given of each block of the frame building block.

The delay compensation block 7000 can adjust the timing between the data pipes and
the corresponding PLS data to ensure that they are co-timed at the transmitter end. The
PLS data is delayed by the same amount as data pipes are by addressing the delays of
data pipes caused by the Input Formatting block and BICM block. The delay of the
BICM block is mainly due to the time interleaver. In-band signaling data carries in-
formation of the next TI group so that they are carried one frame ahead of the DPs to
be signaled. The Delay Compensating block delays in-band signaling data accordingly.

The cell mapper 7010 can map PLS, EAC, FIC, DPs, auxiliary streams and dummy
cells into the active carriers of the OFDM symbols in the frame. The basic function of
the cell mapper 7010 is to map data cells produced by the TIs for each of the DPs, PLS
cells, and EAC/FIC cells, if any, into arrays of active OFDM cells corresponding to
each of the OFDM symbols within a frame. Service signaling data (such as
PSI(program specific information)/SI) can be separately gathered and sent by a data
pipe. The Cell Mapper operates according to the dynamic information produced by the
scheduler and the configuration of the frame structure. Details of the frame will be
described later.

The frequency interleaver 7020 can randomly interleave data cells received from the

cell mapper 7010 to provide frequency diversity. Also, the frequency interleaver 7020
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can operate on very OFDM symbol pair comprised of two sequential OFDM symbols
using a different interleaving-seed order to get maximum interleaving gain in a single
frame.

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

FIG. 8 illustrates an OFMD generation block according to an embodiment of the
present invention.

The OFMD generation block illustrated in FIG. 8 corresponds to an embodiment of
the OFMD generation block 1030 described with reference to FIG. 1.

The OFDM generation block modulates the OFDM carriers by the cells produced by
the Frame Building block, inserts the pilots, and produces the time domain signal for
transmission. Also, this block subsequently inserts guard intervals, and applies PAPR
(Peak-to-Average Power Radio) reduction processing to produce the final RF signal.

Referring to FIG. 8, the frame building block can include a pilot and reserved tone
insertion block 8000, a 2D-eSFN encoding block 8010, an IFFT (Inverse Fast Fourier
Transform) block 8020, a PAPR reduction block 8030, a guard interval insertion block
8040, a preamble insertion block 8050, other system insertion block 8060 and a DAC
block 8070. Description will be given of each block of the frame building block.

The pilot and reserved tone insertion block 8000 can insert pilots and the reserved
tone.

Various cells within the OFDM symbol are modulated with reference information,
known as pilots, which have transmitted values known a priori in the receiver. The in-
formation of pilot cells is made up of scattered pilots, continual pilots, edge pilots, FSS
(frame signaling symbol) pilots and FES (frame edge symbol) pilots. Each pilot is
transmitted at a particular boosted power level according to pilot type and pilot pattern.
The value of the pilot information is derived from a reference sequence, which is a
series of values, one for each transmitted carrier on any given symbol. The pilots can
be used for frame synchronization, frequency synchronization, time synchronization,
channel estimation, and transmission mode identification, and also can be used to
follow the phase noise.

Reference information, taken from the reference sequence, is transmitted in scattered
pilot cells in every symbol except the preamble, FSS and FES of the frame. Continual
pilots are inserted in every symbol of the frame. The number and location of continual
pilots depends on both the FFT size and the scattered pilot pattern. The edge carriers
are edge pilots in every symbol except for the preamble symbol. They are inserted in
order to allow frequency interpolation up to the edge of the spectrum. FSS pilots are
inserted in FSS(s) and FES pilots are inserted in FES. They are inserted in order to

allow time interpolation up to the edge of the frame.
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[283]

[284]

[285]

[286]

[287]

[288]

[289]

[290]

[291]

The system according to an embodiment of the present invention supports the SFN
network, where distributed MISO scheme is optionally used to support very robust
transmission mode. The 2D-eSFN is a distributed MISO scheme that uses multiple TX
antennas, each of which is located in the different transmitter site in the SFN network.

The 2D-eSFN encoding block 8010 can process a 2D-eSFN processing to distorts the
phase of the signals transmitted from multiple transmitters, in order to create both time
and frequency diversity in the SFN configuration. Hence, burst errors due to low flat
fading or deep-fading for a long time can be mitigated.

The IFFT block 8020 can modulate the output from the 2D-eSFN encoding block
8010 using OFDM modulation scheme. Any cell in the data symbols which has not
been designated as a pilot (or as a reserved tone) carries one of the data cells from the
frequency interleaver. The cells are mapped to OFDM carriers.

The PAPR reduction block 8030 can perform a PAPR reduction on input signal using
various PAPR reduction algorithm in the time domain.

The guard interval insertion block 8040 can insert guard intervals and the preamble
insertion block 8050 can insert preamble in front of the signal. Details of a structure of
the preamble will be described later. The other system insertion block 8060 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 8070 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 multiple output antennas according to the physical layer profiles.
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. 9 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
transmitting broadcast signals for future broadcast services, described with reference to
FIG. 1.
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[292]

[293]

[294]

[295]

[296]

[297]

[298]

The apparatus for receiving broadcast signals for future broadcast services according
to an embodiment of the present invention can include a synchronization & de-
modulation module 9000, a frame parsing module 9010, a demapping & decoding
module 9020, an output processor 9030 and a signaling decoding module 9040. A de-
scription will be given of operation of each module of the apparatus for receiving
broadcast signals.

The synchronization & demodulation module 9000 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 9100 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 9100
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 9400 to restore scheduling
information generated by the apparatus for transmitting broadcast signals.

The demapping & decoding module 9200 can convert the input signals into bit
domain data and then deinterleave the same as necessary. The demapping & decoding
module 9200 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 9200 can obtain transmission parameters
necessary for demapping and decoding by decoding the data output from the signaling
decoding module 9400.

The output processor 9300 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
9300 can acquire necessary control information from data output from the signaling
decoding module 9400. 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 9400 can obtain PLS information from the signal de-
modulated by the synchronization & demodulation module 9000. As described above,
the frame parsing module 9100, demapping & decoding module 9200 and output
processor 9300 can execute functions thereof using the data output from the signaling
decoding module 9400.

FIG. 10 illustrates a frame structure according to an embodiment of the present
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[299] FIG. 10 shows an example configuration of the frame types and FRUs in a super-

[300]

[301]

[302]

[303]

[304]

[305]

[306]

[307]

frame. (a) shows a super frame according to an embodiment of the present invention,
(b) shows FRU (Frame Repetition Unit) according to an embodiment of the present
invention, (c) shows frames of variable PHY profiles in the FRU and (d) shows a
structure of a frame.

A super-frame may be composed of eight FRUs. The FRU is a basic multiplexing
unit for TDM of the frames, and is repeated eight times in a super-frame.

Each frame in the FRU belongs to one of the PHY profiles, (base, handheld,
advanced) or FEF. The maximum allowed number of the frames in the FRU is four and
a given PHY profile can appear any number of times from zero times to four times in
the FRU (e.g., base, base, handheld, advanced). PHY profile definitions can be
extended using reserved values of the PHY_ PROFILE in the preamble, if required.

The FEF part is inserted at the end of the FRU, if included. When the FEF is
included in the FRU, the minimum number of FEFs is 8 in a super-frame. It is not rec-
ommended that FEF parts be adjacent to each other.

One frame is further divided into a number of OFDM symbols and a preamble. As
shown in (d), the frame comprises a preamble, one or more frame signaling symbols
(FSS), normal data symbols and a frame edge symbol (FES).

The preamble is a special symbol that enables fast Futurecast UTB system signal
detection and provides a set of basic transmission parameters for efficient transmission
and reception of the signal. The detailed description of the preamble will be will be
described later.

The main purpose of the FSS(s) is to carry the PLS data. For fast synchronization and
channel estimation, and hence fast decoding of PLS data, the FSS has more dense pilot
pattern than the normal data symbol. The FES has exactly the same pilots as the FSS,
which enables frequency-only interpolation within the FES and temporal interpolation,
without extrapolation, for symbols immediately preceding the FES.

FIG. 11 illustrates a signaling hierarchy structure of the frame according to an em-
bodiment of the present invention.

FIG. 11 illustrates the signaling hierarchy structure, which is split into three main
parts: the preamble signaling data 11000, the PLS1 data 11010 and the PLS2 data
11020. The purpose of the preamble, which is carried by the preamble symbol in every
frame, is to indicate the transmission type and basic transmission parameters of that
frame. The PLS1 enables the receiver to access and decode the PLS2 data, which
contains the parameters to access the DP of interest. The PLS2 is carried in every
frame and split into two main parts: PLS2-STAT data and PLS2-DYN data. The static
and dynamic portion of PLS2 data is followed by padding, if necessary.
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[308] FIG. 12 illustrates preamble signaling data according to an embodiment of the
present invention.

[309] Preamble signaling data carries 21 bits of information that are needed to enable the
receiver to access PLS data and trace DPs within the frame structure. Details of the
preamble signaling data are as follows:

[310] PHY_PROFILE: This 3-bit field indicates the PHY profile type of the current frame.
The mapping of different PHY profile types is given in below table 5.

[311] Table 5

[Table 5]
Value PHY profile
000 Base profile
001 Handheld profile
010 Advanced profiled
011~110 Reserved
111 FEF

[312] FFT_SIZE: This 2 bit field indicates the FFT size of the current frame within a
frame-group, as described in below table 6.
[313] Table 6

[Table 6]
Value FFT size
00 8K FFT
01 16K FFT
10 32K FFT
11 Reserved

[314] GI_FRACTION: This 3 bit field indicates the guard interval fraction value in the
current super-frame, as described in below table 7.
[315] Table 7

[Table 7]
Value GI_FRACTION

000 1/5

001 1/10
010 1/20
011 1/40
100 1/80
101 1/160

110~111 Reserved
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[316] EAC_FLAG: This 1 bit field indicates whether the EAC is provided in the current
frame. If this field is set to '1', emergency alert service (EAS) is provided in the current
frame. If this field set to '0', EAS is not carried in the current frame. This field can be
switched dynamically within a super-frame.

PILOT_MODE: This 1-bit field indicates whether the pilot mode is mobile mode or

fixed mode for the current frame in the current frame-group. If this field is set to '0’,

[317]

mobile pilot mode is used. If the field is set to '1', the fixed pilot mode is used.
PAPR_FLAG: This 1-bit field indicates whether PAPR reduction is used for the

current frame in the current frame-group. If this field is set to value 'l', tone reservation

is used for PAPR reduction. If this field is set to '0', PAPR reduction is not used.
FRU_CONFIGURE: This 3-bit field indicates the PHY profile type configurations of

the frame repetition units (FRU) that are present in the current super-frame. All profile

[318]

[319]

types conveyed in the current super-frame are identified in this field in all preambles in

the current super-frame. The 3-bit field has a different definition for each profile, as

[320]

[321]
[322]
[323]

[324]

show in below table 8.

Table 8
[Table 8]

Current
PHY_PROFILE
= '000 (base)

Current
PHY_PROFILE
= '00Y
{(handheld)

Current
PHY_PROFILE
=010

(advanced)

Current
PHY PROFILE
= "111' {FEF)

FRU_CONFIGURE
= 000

Only base
profile

present

Only handheld

profile present

Only advanced

profile present

Only FEF

present

FRU_CONFIGURE
= IXX

Handheld profile

present

Base profile

present

Base profile

present

Base profile

present

FRU_CONFIGURE
= XiX

Advanced
profile

present

Advanced
profile

present

Handheld profile

present

Handheld profile

present

FRU_CONFIGURE
= XX1

FEF

present

FEF

present

FEF

present

Advanced
profile

present

RESERVED: This 7-bit field is reserved for future use.

FIG. 13 illustrates PLS1 data according to an embodiment of the present invention.

PLS1 data provides basic transmission parameters including parameters required to
enable the reception and decoding of the PLS2. As above mentioned, the PLS1 data
remain unchanged for the entire duration of one frame-group. The detailed definition
of the signaling fields of the PL.S1 data are as follows:

PREAMBLE DATA: This 20-bit field is a copy of the preamble signaling data
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[325]
[326]

[327]

[328]

[329]

[330]

[331]

[332]

[333]

[334]

excluding the EAC_FLAG.
NUM_FRAME_FRU: This 2-bit field indicates the number of the frames per FRU.
PAYLOAD_TYPE: This 3-bit field indicates the format of the payload data carried
in the frame-group. PAYLOAD_TYPE is signaled as shown in table 9.
Table 9

[Table 9]
value Payload type
1XX TS stream is transmitted
X1X IP stream is transmitted
XX1 GS stream is transmitted

NUM_FSS: This 2-bit field indicates the number of FSS symbols in the current
frame.

SYSTEM_VERSION: This 8-bit field indicates the version of the transmitted signal
format. The SYSTEM_VERSION is divided into two 4-bit fields, which are a major
version and a minor version.

Major version: The MSB four bits of SYSTEM_VERSION field indicate major
version information. A change in the major version field indicates a non-
backward-compatible change. The default value is '0000". For the version described in
this standard, the value is set to '0000'.

Minor version: The LSB four bits of SYSTEM_VERSION field indicate minor
version information. A change in the minor version field is backward-compatible.

CELL_ID: This is a 16-bit field which uniquely identifies a geographic cell in an
ATSC network. An ATSC cell coverage area may consist of one or more frequencies,
depending on the number of frequencies used per Futurecast UTB system. If the value
of the CELL_ID is not known or unspecified, this field is set to '0'.

NETWORK_ID: This is a 16-bit field which uniquely identifies the current ATSC
network.

SYSTEM_ID: This 16-bit field uniquely identifies the Futurecast UTB system within
the ATSC network. The Futurecast UTB system is the terrestrial broadcast system
whose input is one or more input streams (TS, IP, GS) and whose output is an RF
signal. The Futurecast UTB system carries one or more PHY profiles and FEF, if any.
The same Futurecast UTB system may carry different input streams and use different
RF frequencies in different geographical areas, allowing local service insertion. The
frame structure and scheduling is controlled in one place and is identical for all trans-
missions within a Futurecast UTB system. One or more Futurecast UTB systems may
have the same SYSTEM_ID meaning that they all have the same physical layer

structure and configuration.
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[335]

[336]

[337]

[338]

[339]
[340]
[341]

[342]

[343]

[344]

[345]

The following loop consists of FRU_PHY_PROFILE, FRU_FRAME_LENGTH,
FRU_GI FRACTION, and RESERVED which are used to indicate the FRU con-
figuration and the length of each frame type. The loop size is fixed so that four PHY
profiles (including a FEF) are signaled within the FRU. If NUM_FRAME_FRU is less
than 4, the unused fields are filled with zeros.

FRU_PHY_PROFILE: This 3-bit field indicates the PHY profile type of the (i+1)™ (i
is the loop index) frame of the associated FRU. This field uses the same signaling
format as shown in the table 8.

FRU_FRAME_LENGTH: This 2-bit field indicates the length of the (i+1)® frame of
the associated FRU. Using FRU_FRAME_LENGTH together with
FRU_ GI FRACTION, the exact value of the frame duration can be obtained.

FRU_GI_FRACTION: This 3-bit field indicates the guard interval fraction value of
the (i+1)™ frame of the associated FRU. FRU_GI_FRACTION is signaled according to
the table 7.

RESERVED: This 4-bit field is reserved for future use.

The following fields provide parameters for decoding the PLS2 data.

PLS2_FEC_TYPE: This 2-bit field indicates the FEC type used by the PLS2
protection. The FEC type is signaled according to table 10. The details of the LDPC

codes will be described later.

Table 10
[Table 10]
Content PLS2 FEC type
00 4K-1/4 and 7K-3/10 LDPC codes
01 ~ 11 Reserved

PLS2_MOD: This 3-bit field indicates the modulation type used by the PLS2. The

modulation type is signaled according to table 11.

Table 11
[Table 11]
Value PLS2_MODE
000 BPSK
001 QPSK
010 QAM-16
011 NUQ-64
100~111 Reserved

PLS2 _SIZE CELL: This 15-bit field indicates Cioar_parriar_pioct- the size (specified as
the number of QAM cells) of the collection of full coded blocks for PLS2 that is
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[346]

[347]

[348]

[349]

[350]

[351]

[352]

[353]

[354]

[355]

carried in the current frame-group. This value is constant during the entire duration of
the current frame-group.

PLS2 STAT SIZE BIT: This 14-bit field indicates the size, in bits, of the
PLS2-STAT for the current frame-group. This value is constant during the entire
duration of the current frame-group.

PLS2 DYN SIZE BIT: This 14-bit field indicates the size, in bits, of the
PLS2-DYN for the current frame-group. This value is constant during the entire
duration of the current frame-group.

PLS2_REP_FLAG: This 1-bit flag indicates whether the PLS2 repetition mode is
used in the current frame-group. When this field is set to value 'l', the PLS2 repetition
mode is activated. When this field is set to value '0', the PLS2 repetition mode is de-
activated.

PLS2_REP_SIZE CELL: This 15-bit field indicates Cs pariar_siock> the size (specified
as the number of QAM cells) of the collection of partial coded blocks for PLS2 carried
in every frame of the current frame-group, when PLS2 repetition is used. If repetition
is not used, the value of this field is equal to 0. This value is constant during the entire
duration of the current frame-group.

PLS2_NEXT_FEC_TYPE: This 2-bit field indicates the FEC type used for PLS2
that is carried in every frame of the next frame-group. The FEC type is signaled
according to the table 10.

PLS2_NEXT_MOD: This 3-bit field indicates the modulation type used for PLS2
that is carried in every frame of the next frame-group. The modulation type is signaled
according to the table 11.

PLS2_NEXT_REP_FLAG: This 1-bit flag indicates whether the PLS2 repetition
mode is used in the next frame-group. When this field is set to value '1', the PLS2
repetition mode is activated. When this field is set to value '0', the PLS2 repetition
mode is deactivated.

PLS2_NEXT_REP_SIZE CELL: This 15-bit field indicates Ciy ur pioct» The size
(specified as the number of QAM cells) of the collection of full coded blocks for PLS2
that is carried in every frame of the next frame-group, when PLS2 repetition is used. If
repetition is not used in the next frame-group, the value of this field is equal to 0. This
value is constant during the entire duration of the current frame-group.

PLS2 NEXT REP STAT SIZE BIT: This 14-bit field indicates the size, in bits, of
the PLS2-STAT for the next frame-group. This value is constant in the current frame-
group.

PLS2 NEXT REP DYN SIZE BIT: This 14-bit field indicates the size, in bits, of

the PLS2-DYN for the next frame-group. This value is constant in the current frame-

group.
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[356]

[357]

[358]

[359]

[360]

[361]
[362]

[363]

[364]

[365]

[366]

[367]

[368]

PLS2_AP_MODE: This 2-bit field indicates whether additional parity is provided for
PLS2 in the current frame-group. This value is constant during the entire duration of
the current frame-group. The below table 12 gives the values of this field. When this

field is set to ‘00", additional parity is not used for the PL.S2 in the current frame-group.
Table 12

[Table 12]
Value PLS2-AP mode
00 AP is not provided
01 AP1 mode
10~11 Reserved

PLS2_AP_SIZE_CELL: This 15-bit field indicates the size (specified as the number
of QAM cells) of the additional parity bits of the PLS2. This value is constant during
the entire duration of the current frame-group.

PLS2_NEXT_AP_MODE: This 2-bit field indicates whether additional parity is
provided for PLS2 signaling in every frame of next frame-group. This value is constant
during the entire duration of the current frame-group. The table 12 defines the values
of this field

PLS2_NEXT_AP_SIZE_CELL: This 15-bit field indicates the size (specified as the
number of QAM cells) of the additional parity bits of the PLS2 in every frame of the
next frame-group. This value is constant during the entire duration of the current
frame-group.

RESERVED: This 32-bit field is reserved for future use.

CRC_32: A 32-bit error detection code, which is applied to the entire PLS1
signaling.

FIG. 14 illustrates PLS2 data according to an embodiment of the present invention.

FIG. 14 illustrates PLS2-STAT data of the PL.S2 data. The PLS2-STAT data are the
same within a frame-group, while the PLS2-DYN data provide information that is
specific for the current frame.

The details of fields of the PLS2-STAT data are as follows:

FIC FLAG: This 1-bit field indicates whether the FIC is used in the current frame-
group. If this field is set to '1', the FIC is provided in the current frame. If this field set
to '0', the FIC is not carried in the current frame. This value is constant during the
entire duration of the current frame-group.

AUX_FLAG: This 1-bit field indicates whether the auxiliary stream(s) is used in the
current frame-group. If this field is set to '1’, the auxiliary stream is provided in the
current frame. If this field set to '0', the auxiliary stream is not carried in the current
frame. This value is constant during the entire duration of current frame-group.

NUM_DP: This 6-bit field indicates the number of DPs carried within the current
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[369]
[370]

[371]

[372]

[373]

[374]

[375]

[376]

[377]

frame. The value of this field ranges from 1 to 64, and the number of DPs is
NUM_DP+1.

DP_ID: This 6-bit field identifies uniquely a DP within a PHY profile.

DP_TYPE: This 3-bit field indicates the type of the DP. This is signaled according to
the below table 13.

Table 13
[Table 13]
Value DP Type
000 DP Type 1
001 DP Type 2
010~111 reserved

DP_GROUP_ID: This 8-bit field identifies the DP group with which the current DP
is associated. This can be used by a receiver to access the DPs of the service
components associated with a particular service, which will have the same
DP_GROUP_ID.

BASE_DP_ID: This 6-bit field indicates the DP carrying service signaling data (such
as PSI/SI) used in the Management layer. The DP indicated by BASE_DP_ID may be
either a normal DP carrying the service signaling data along with the service data or a
dedicated DP carrying only the service signaling data

DP_FEC _TYPE: This 2-bit field indicates the FEC type used by the associated DP.
The FEC type is signaled according to the below table 14.

Table 14
[Table 14]
Value FEC_TYPE
00 16K LDPC
01 64K LDPC
10 ~ 11 Reserved

DP_COD: This 4-bit field indicates the code rate used by the associated DP. The
code rate is signaled according to the below table 15.
Table 15
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[Table 15]
Value Code rate
0000 5/15
0001 6/15
0010 7/15
0011 8/15
0100 9/15
0101 10/15
0110 11/15
0111 12/15
1000 13/15
1001 ~ 1111 Reserved
[378] DP_MOD: This 4-bit field indicates the modulation used by the associated DP. The
modulation is signaled according to the below table 16.
[379] Table 16
[Table 16]
Value Modulation
0000 QPsK
0001 CQAM-16
0010 NUQ-64
0011 NUQ-256
0100 NUGQ-1024
0101 NUC-16
0110 NUC-64
0111 NUC-256
1600 NUC-1024
1001~1111 reserved
[380] DP_SSD_FLAG: This 1-bit field indicates whether the SSD mode is used in the as-
sociated DP. If this field is set to value '1', SSD is used. If this field is set to value '0’,
SSD is not used.
[381] The following field appears only if PHY_ PROFILE is equal to '010', which indicates
the advanced profile:
[382] DP_MIMO: This 3-bit field indicates which type of MIMO encoding process is

[383]

applied to the associated DP. The type of MIMO encoding process is signaled
according to the table 17.
Table 17
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[Table 17]
Value MIMO encoding
000 FR-SM
001 FRFD-5M
010~111 reserved
[384] DP_TI_TYPE: This 1-bit field indicates the type of time-interleaving. A value of '0’

[385]

[386]

[387]

[388]

[389]

[390]

[391]

[392]

indicates that one TI group corresponds to one frame and contains one or more TI-
blocks. A value of 'l" indicates that one TI group is carried in more than one frame and
contains only one TI-block.

DP_TI_LENGTH: The use of this 2-bit field (the allowed values are only 1, 2, 4, §)
is determined by the values set within the DP_TI_TYPE field as follows:

If the DP_TI TYPE is set to the value '1’, this field indicates P;, the number of the
frames to which each TI group is mapped, and there is one TI-block per TI group (Ny
=1). The allowed P;values with 2-bit field are defined in the below table 18.

If the DP_TI TYPE is set to the value '0', this field indicates the number of TI-blocks
Ny per T1I group, and there is one TI group per frame (P=1). The allowed P, values
with 2-bit field are defined in the below table 18.

Table 18
[Table 18]

2-bit field P Nr
00 1
01 2
10 4
11 8

| | N

DP_FRAME_INTERVAL: This 2-bit field indicates the frame interval ({;;») within
the frame-group for the associated DP and the allowed values are 1, 2, 4, 8 (the corre-
sponding 2-bit field is '00', '01', '10', or '11', respectively). For DPs that do not appear
every frame of the frame-group, the value of this field is equal to the interval between
successive frames. For example, if a DP appears on the frames 1, 5, 9, 13, etc., this
field is set to '4". For DPs that appear in every frame, this field is set to '1".

DP_TI_BYPASS: This 1-bit field determines the availability of time interleaver. If
time interleaving is not used for a DP, it is set to '1'. Whereas if time interleaving is
used it is set to '0'.

DP _FIRST FRAME IDX: This 5-bit field indicates the index of the first frame of
the super-frame in which the current DP occurs. The value of
DP_FIRST_FRAME_IDX ranges from O to 31

DP NUM_BLOCK MAX: This 10-bit field indicates the maximum value of
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DP_NUM_BLOCKS for this DP. The value of this field has the same range as
DP_NUM_BLOCKS.
[393] DP_PAYLOAD_TYPE: This 2-bit field indicates the type of the payload data carried
by the given DP. DP_ PAYLOAD_TYPE is signaled according to the below table 19.
[394] Table 19

[Table 19]
Value Payload Type
00 TS,
01 Ip
10 GS
11 raserved

[395] DP_INBAND_MODE: This 2-bit field indicates whether the current DP carries in-

band signaling information. The in-band signaling type is signaled according to the

below table 20.
[396] Table 20
[Table 20]
Value In-band mode
00 In-band signaling is not carried.
01 INBAND-PLS is carried only
10 INBAND-ISSY is carried only
11 INBAND-PLS and INBAND-ISSY are carried

[397] DP_PROTOCOL_TYPE: This 2-bit field indicates the protocol type of the payload
carried by the given DP. It is signaled according to the below table 21 when input
payload types are selected.

[398] Table 21

[Table 21]
If DP_PAYLOAD TYPE If DP_PAYLOAD TYPE If DP_PAYLOAD_TYPE
value Is TS IsIP Is GS
00 MPEG2-TS IPy4 (Note)
01 Reserved IPv6 Reserved
10 Reserved Reserved Reserved
11 Reserved Reserved Reserved

[399] DP_CRC_MODE: This 2-bit field indicates whether CRC encoding is used in the
Input Formatting block. The CRC mode is signaled according to the below table 22.
[400] Table 22



37

WO 2015/069092 PCT/KR2014/010818
[Table 22]

Value CRC mode
00 Not used
01 CRC-8
10 CRC-16
11 CRC-32

[401] DNP_MODE: This 2-bit field indicates the null-packet deletion mode used by the as-

[402]

[403]

[404]

[405]

[406]

sociated DP when DP_PAYLOAD_TYPE is set to TS ('00"). DNP_MODE is signaled
according to the below table 23. If DP_PAYLOAD_TYPE is not TS ('00"),
DNP_ MODE is set to the value '00'.

Table 23
[Table 23]
Value Null-packet deletion mode
a0 Not used
01 DNP-NORMAL
10 DNP-QOFFSET
11 reserved

ISSY_MODE: This 2-bit field indicates the ISSY mode used by the associated DP
when DP_PAYLOAD_TYPE is set to TS ('00"). The ISSY_MODE is signaled
according to the below table 24 If DP_PAYLOAD_TYPE is not TS ('00"),

ISSY MODE is set to the value '00'.

Table 24
[Table 24]
Value ISSY mode
Q0 Not used
01 ISSY-UP
10 ISSY-BBF
11 reserved

HC_MODE_TS: This 2-bit field indicates the TS header compression mode used by
the associated DP when DP_PAYLOAD_TYPE is set to TS ('00). The
HC_MODE_TS is signaled according to the below table 25.

Table 25
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[Table 25]
Value Header compression mode
00 HC_MODETS 1
01 HC_MODE_TS 2
10 HC_MODE_TS 3
11 HC_MODE_TS 4
[407] HC_MODE_IP: This 2-bit field indicates the IP header compression mode when

[408]

[409]

[410
[411
[412
[413
[414
[415
[416

e e e d e e

[417]
[418]

[419]

[420]

[421]

[422]

DP_PAYLOAD_TYPE is set to IP ('01'). The HC_MODE_IP is signaled according to
the below table 26.

Table 26
[Table 26]
Value Header compression mode
00 No compression
01 HC_MCDEIP 1
10~11 reserved

PID : This 13-bit field indicates the PID number for TS header compression when
DP_PAYLOAD_TYPE is set to TS ('00") and HC_MODE_TS is set to '01' or '10".

RESERVED: This 8-bit field is reserved for future use.

The following field appears only if FIC_FLAG is equal to '1":

FIC _VERSION: This 8-bit field indicates the version number of the FIC.

FIC_LENGTH_BYTE: This 13-bit field indicates the length, in bytes, of the FIC.

RESERVED: This 8-bit field is reserved for future use.

The following field appears only if AUX_FLAG is equal to '1":

NUM_AUX: This 4-bit field indicates the number of auxiliary streams. Zero means
no auxiliary streams are used.

AUX_ CONFIG_RFU: This 8-bit field is reserved for future use.

AUX_STREAM_TYPE: This 4-bit is reserved for future use for indicating the type
of the current auxiliary stream.

AUX_PRIVATE_CONFIG: This 28-bit field is reserved for future use for signaling
auxiliary streams.

FIG. 15 illustrates PLS2 data according to another embodiment of the present
invention.

FIG. 15 illustrates PLS2-DYN data of the PLS2 data. The values of the PLS2-DYN
data may change during the duration of one frame-group, while the size of fields
remains constant.

The details of fields of the PLS2-DYN data are as follows:
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[423] FRAME_INDEX: This 5-bit field indicates the frame index of the current frame
within the super-frame. The index of the first frame of the super-frame is set to '0'.

[424] PLS_CHANGE_COUNTER: This 4-bit field indicates the number of super-frames
ahead where the configuration will change. The next super-frame with changes in the
configuration is indicated by the value signaled within this field. If this field is set to
the value '0000', it means that no scheduled change is foreseen: e.g., value 'l' indicates
that there is a change in the next super-frame.

[425] FIC_CHANGE_COUNTER: This 4-bit field indicates the number of super-frames
ahead where the configuration (i.e., the contents of the FIC) will change. The next
super-frame with changes in the configuration is indicated by the value signaled within
this field. If this field is set to the value ‘0000, it means that no scheduled change is
foreseen: e.g. value '0001" indicates that there is a change in the next super-frame..

[426] RESERVED: This 16-bit field is reserved for future use.

[427] The following fields appear in the loop over NUM_DP, which describe the pa-
rameters associated with the DP carried in the current frame.

[428] DP_ID: This 6-bit field indicates uniquely the DP within a PHY profile.

[429] DP_START: This 15-bit (or 13-bit) field indicates the start position of the first of the
DPs using the DPU addressing scheme. The DP_START field has differing length
according to the PHY profile and FFT size as shown in the below table 27.

[430] Table 27
[Table 27]

DP_START field size
PHY profile
64K 16K
Base 13 bit 15 bit
Handheld - 13 bit
Advanced 13 hit 15 bit

[431] DP NUM_BLOCK: This 10-bit field indicates the number of FEC blocks in the
current TT group for the current DP. The value of DP_NUM_BLOCK ranges from O to
1023

[432] RESERVED: This 8-bit field is reserved for future use.

[433] The following fields indicate the FIC parameters associated with the EAC.

[434] EAC_FLAG: This 1-bit field indicates the existence of the EAC in the current frame.
This bit is the same value as the EAC_FLAG in the preamble.

[435] EAS_WAKE_UP_VERSION_NUM: This 8-bit field indicates the version number of
a wake-up indication.

[436] If the EAC_FLAG field is equal to '1", the following 12 bits are allocated for

EAC_LENGTH_BYTE field. If the EAC_FLAG field is equal to '0’, the following 12
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[437]
[438]

[439]
[440]
[441]

[442]

[443]

[444]

[445]

[446]

[447]

bits are allocated for EAC_COUNTER.

EAC_LENGTH_BYTE: This 12-bit field indicates the length, in byte, of the EAC. .

EAC _COUNTER: This 12-bit field indicates the number of the frames before the
frame where the EAC arrives.

The following field appears only if the AUX_FLAG field is equal to '1":

AUX_PRIVATE_DYN: This 48-bit field is reserved for future use for signaling
auxiliary streams. The meaning of this field depends on the value of
AUX_STREAM_TYPE in the configurable PLS2-STAT.

CRC_32: A 32-bit error detection code, which is applied to the entire PLS2.

FIG. 16 illustrates a logical structure of a frame according to an embodiment of the
present invention.

As above mentioned, the PLS, EAC, FIC, DPs, auxiliary streams and dummy cells
are mapped into the active carriers of the OFDM symbols in the frame. The PLS1 and
PLS2 are first mapped into one or more FSS(s). After that, EAC cells, if any, are
mapped immediately following the PLS field, followed next by FIC cells, if any. The
DPs are mapped next after the PLS or EAC, FIC, if any. Type 1 DPs follows first, and
Type 2 DPs next. The details of a type of the DP will be described later. In some case,
DPs may carry some special data for EAS or service signaling data. The auxiliary
stream or streams, if any, follow the DPs, which in turn are followed by dummy cells.
Mapping them all together in the above mentioned order, i.e. PLS, EAC, FIC, DPs,
auxiliary streams and dummy data cells exactly fill the cell capacity in the frame.

FIG. 17 illustrates PLS mapping according to an embodiment of the present
invention.

PLS cells are mapped to the active carriers of FSS(s). Depending on the number of
cells occupied by PLS, one or more symbols are designated as FSS(s), and the number
of FSS(s) Npss is signaled by NUM_FSS in PLS1. The FSS is a special symbol for
carrying PLS cells. Since robustness and latency are critical issues in the PLS, the
FSS(s) has higher density of pilots allowing fast synchronization and frequency-only
interpolation within the FSS.

PLS cells are mapped to active carriers of the Npss FSS(s) in a top-down manner as
shown in an example in FIG. 17. The PLS1 cells are mapped first from the first cell of
the first FSS in an increasing order of the cell index. The PLS2 cells follow im-
mediately after the last cell of the PLS1 and mapping continues downward until the
last cell index of the first FSS. If the total number of required PLS cells exceeds the
number of active carriers of one FSS, mapping proceeds to the next FSS and continues
in exactly the same manner as the first FSS.

After PLS mapping is completed, DPs are carried next. If EAC, FIC or both are

present in the current frame, they are placed between PLS and "normal” DPs.
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[448]

[449]

[450]

[451]

[452]

[453]

[454]

[455]

[456]

FIG. 18 illustrates EAC mapping according to an embodiment of the present
invention.

EAC is a dedicated channel for carrying EAS messages and links to the DPs for
EAS. EAS support is provided but EAC itself may or may not be present in every
frame. EAC, if any, is mapped immediately after the PLS2 cells. EAC is not preceded
by any of the FIC, DPs, auxiliary streams or dummy cells other than the PLS cells. The
procedure of mapping the EAC cells is exactly the same as that of the PLS.

The EAC cells are mapped from the next cell of the PLS2 in increasing order of the
cell index as shown in the example in FIG. 18. Depending on the EAS message size,
EAC cells may occupy a few symbols, as shown in FIG. 18.

EAC cells follow immediately after the last cell of the PLS2, and mapping continues
downward until the last cell index of the last FSS. If the total number of required EAC
cells exceeds the number of remaining active carriers of the last FSS mapping proceeds
to the next symbol and continues in exactly the same manner as FSS(s). The next
symbol for mapping in this case is the normal data symbol, which has more active
carriers than a FSS.

After EAC mapping is completed, the FIC is carried next, if any exists. If FIC is not
transmitted (as signaled in the PLS2 field), DPs follow immediately after the last cell
of the EAC.

FIG. 19 illustrates FIC mapping according to an embodiment of the present
invention.

(a) shows an example mapping of FIC cell without EAC and (b) shows an example
mapping of FIC cell with EAC.

FIC is a dedicated channel for carrying cross-layer information to enable fast service
acquisition and channel scanning. This information primarily includes channel binding
information between DPs and the services of each broadcaster. For fast scan, a receiver
can decode FIC and obtain information such as broadcaster ID, number of services,
and BASE_DP_ID. For fast service acquisition, in addition to FIC, base DP can be
decoded using BASE_DP_ID. Other than the content it carries, a base DP is encoded
and mapped to a frame in exactly the same way as a normal DP. Therefore, no ad-
ditional description is required for a base DP. The FIC data is generated and consumed
in the Management Layer. The content of FIC data is as described in the Management
Layer specification.

The FIC data is optional and the use of FIC is signaled by the FIC_FLAG parameter
in the static part of the PLS2. If FIC is used, FIC_FLAG is set to '1' and the signaling
field for FIC is defined in the static part of PLS2. Signaled in this field are
FIC_VERSION, and FIC_LENGTH_BYTE. FIC uses the same modulation, coding

and time interleaving parameters as PLS2. FIC shares the same signaling parameters
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[457]

[458]

[459]

[460]
[461]
[462]
[463]
[464]

[465]
[466]

[467]

[468]

such as PLS2_MOD and PLS2 FEC. FIC data, if any, is mapped immediately after
PLS2 or EAC if any. FIC is not preceded by any normal DPs, auxiliary streams or
dummy cells. The method of mapping FIC cells is exactly the same as that of EAC
which is again the same as PLS.

Without EAC after PLS, FIC cells are mapped from the next cell of the PLS2 in an
increasing order of the cell index as shown in an example in (a). Depending on the FIC
data size, FIC cells may be mapped over a few symbols, as shown in (b).

FIC cells follow immediately after the last cell of the PLS2, and mapping continues
downward until the last cell index of the last FSS. If the total number of required FIC
cells exceeds the number of remaining active carriers of the last FSS, mapping
proceeds to the next symbol and continues in exactly the same manner as FSS(s). The
next symbol for mapping in this case is the normal data symbol which has more active
carriers than a FSS.

If EAS messages are transmitted in the current frame, EAC precedes FIC, and FIC
cells are mapped from the next cell of the EAC in an increasing order of the cell index
as shown in (b).

After FIC mapping is completed, one or more DPs are mapped, followed by auxiliary
streams, if any, and dummy cells.

FIG. 20 illustrates a type of DP according to an embodiment of the present invention.

(a) shows type 1 DP and (b) shows type 2 DP.

After the preceding channels, i.e., PLS, EAC and FIC, are mapped, cells of the DPs
are mapped. A DP is categorized into one of two types according to mapping method:

Type 1 DP: DP is mapped by TDM

Type 2 DP: DP is mapped by FDM

The type of DP is indicated by DP_TYPE field in the static part of PLS2. FIG. 20 il-
lustrates the mapping orders of Type 1 DPs and Type 2 DPs. Type 1 DPs are first
mapped in the increasing order of cell index, and then after reaching the last cell index,
the symbol index is increased by one. Within the next symbol, the DP continues to be
mapped in the increasing order of cell index starting from p = 0. With a number of DPs
mapped together in one frame, each of the Type 1 DPs are grouped in time, similar to
TDM multiplexing of DPs.

Type 2 DPs are first mapped in the increasing order of symbol index, and then after
reaching the last OFDM symbol of the frame, the cell index increases by one and the
symbol index rolls back to the first available symbol and then increases from that
symbol index. After mapping a number of DPs together in one frame, each of the Type
2 DPs are grouped in frequency together, similar to FDM multiplexing of DPs.

Type 1 DPs and Type 2 DPs can coexist in a frame if needed with one restriction;

Type 1 DPs always precede Type 2 DPs. The total number of OFDM cells carrying
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[469]

[470]

[471]
[472]

[473]

[474]

[475]

[476]

[477]

Type 1 and Type 2 DPs cannot exceed the total number of OFDM cells available for
transmission of DPs:

MathFigure 2
[Math.2]

DDP‘: +DDP2 Sl)DP

where DDP] is the number of OFDM cells occupied by Type 1 DPs, DDP2 is the
number of cells occupied by Type 2 DPs. Since PLS, EAC, FIC are all mapped in the
same way as Type 1 DP, they all follow "Type 1 mapping rule". Hence, overall, Type
1 mapping always precedes Type 2 mapping.

FIG. 21 illustrates DP mapping according to an embodiment of the present invention.

(a) shows an addressing of OFDM cells for mapping type 1 DPs and (b) shows an an
addressing of OFDM cells for mapping for type 2 DPs.

Addressing of OFDM cells for mapping Type 1 DPs (0, ..., DDPI1) is defined for
the active data cells of Type 1 DPs. The addressing scheme defines the order in which
the cells from the TIs for each of the Type 1 DPs are allocated to the active data cells.
It is also used to signal the locations of the DPs in the dynamic part of the PLS2.

Without EAC and FIC, address O refers to the cell immediately following the last cell
carrying PLS in the last FSS. If EAC is transmitted and FIC is not in the corresponding
frame, address O refers to the cell immediately following the last cell carrying EAC. If
FIC is transmitted in the corresponding frame, address O refers to the cell immediately
following the last cell carrying FIC. Address O for Type 1 DPs can be calculated con-
sidering two different cases as shown in (a). In the example in (a), PLS, EAC and FIC
are assumed to be all transmitted. Extension to the cases where either or both of EAC
and FIC are omitted is straightforward. If there are remaining cells in the FSS after
mapping all the cells up to FIC as shown on the left side of (a).

Addressing of OFDM cells for mapping Type 2 DPs (0, ..., DDP21) is defined for
the active data cells of Type 2 DPs. The addressing scheme defines the order in which
the cells from the TIs for each of the Type 2 DPs are allocated to the active data cells.
It is also used to signal the locations of the DPs in the dynamic part of the PLS2.

Three slightly different cases are possible as shown in (b). For the first case shown
on the left side of (b), cells in the last FSS are available for Type 2 DP mapping. For
the second case shown in the middle, FIC occupies cells of a normal symbol, but the
number of FIC cells on that symbol is not larger than Cgss. The third case, shown on
the right side in (b), is the same as the second case except that the number of FIC cells
mapped on that symbol exceeds Cggs.

The extension to the case where Type 1 DP(s) precede Type 2 DP(s) is
straightforward since PLS, EAC and FIC follow the same "Type 1 mapping rule" as
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[478]
[479]

[480]

[481]

[482]

[483]

[484]

[485]

the Type 1 DP(s).

A data pipe unit (DPU) is a basic unit for allocating data cells to a DP in a frame.

A DPU is defined as a signaling unit for locating DPs in a frame. A Cell Mapper
7010 may map the cells produced by the TIs for each of the DPs. A Time interleaver
5050 outputs a series of TI-blocks and each TI-block comprises a variable number of
XFECBLOCKSs which is in turn composed of a set of cells. The number of cells in an
XFECBLOCK, N, is dependent on the FECBLOCK size, N,4,., and the number of
transmitted bits per constellation symbol. A DPU is defined as the greatest common
divisor of all possible values of the number of cells in a XFECBLOCK, N,
supported in a given PHY profile. The length of a DPU in cells is defined as Lppy.
Since each PHY profile supports different combinations of FECBLOCK size and a
different number of bits per constellation symbol, L;p, is defined on a PHY profile
basis.

FIG. 22 illustrates an FEC structure according to an embodiment of the present
invention.

FIG. 22 illustrates an FEC structure according to an embodiment of the present
invention before bit interleaving. As above mentioned, Data FEC encoder may perform
the FEC encoding on the input BBF to generate FECBLOCK procedure using outer
coding (BCH), and inner coding (LDPC). The illustrated FEC structure corresponds to
the FECBLOCK. Also, the FECBLOCK and the FEC structure have same value corre-
sponding to a length of LDPC codeword.

The BCH encoding is applied to each BBF (X, bits), and then LDPC encoding is
applied to BCH-encoded BBF (K,,,. bits = N, bits) as illustrated in FIG. 22.

The value of Ny, is either 64800 bits (long FECBLOCK) or 16200 bits (short
FECBLOCK).

The below table 28 and table 29 show FEC encoding parameters for a long
FECBLOCK and a short FECBLOCK, respectively.

Table 28
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[Table 28]

BCH error

LDPC

Rate Nigoe Kigoc Koct correction | NecrKoen
capability

5/15 21600 21403

6/15 25920 25728

7715 30240 30048

8/15 34560 34368

9/15 64800 38880 38688 17 192

10/15 43200 43008

11/15 47520 47328

12/15 51840 51648

13/15 56160 55968

[486] Table 29

[Table 29]

Lope BCH error

fte Niope Kios Kecn | correction | Noor Ko
capability

5/15 5400 5232

6/15 6480 6312

7/15 7560 7392

8/15 8640 8472

9/15 16200 9720 9552 12 168

10/15 10800 | 10632

11/15 11880 | 11712

12/15 12960 | 12792

13/15 14040 | 13872

[487] The details of operations of the BCH encoding and LDPC encoding are as follows:

[488] A 12-error correcting BCH code is used for outer encoding of the BBF. The BCH
generator polynomial for short FECBLOCK and long FECBLOCK are obtained by
multiplying together all polynomials.

[489] LDPC code is used to encode the output of the outer BCH encoding. To generate a
completed By, (FECBLOCK), Py, (parity bits) is encoded systematically from each I
1ipe (BCH-encoded BBF), and appended to Iy,.. The completed B4, (FECBLOCK) are
expressed as follow Math figure.

[490] MathFigure 3
[Math.3]

Bpe =[Vipe Prppe 1=115 lsewoslig 15 Pos Prse-sPry, k1 ]
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[491] The parameters for long FECBLOCK and short FECBLOCK are given in the above
table 28 and 29, respectively.

[492] The detailed procedure to calculate Ny, - Kigye parity bits for long FECBLOCK, is as
follows:

[493] 1) Initialize the parity bits,

[494] MathFigure 4
[Math.4]

Po=P1=P2== PN Kyt = 0

[495] 2) Accumulate the first information bit - iy, at parity bit addresses specified in the
first row of an addresses of parity check matrix. The details of addresses of parity
check matrix will be described later. For example, for rate 13/15:

[496] MathFigure 5

[Math.5]

Poss = Dosz @l Pagis = Pasis Dy
Pursr = Pugz @1, Paogo = Paose @l
Perss = Pois Dl Pesss = Poass Dl
Pesn = Peom Dl Peors = Poors Pl
Prsp = Prsn @y Psaso = Paaso Py

Psass = Prass Dy

[497] 3) For the next 359 information bits, i, s=1, 2, ..., 359 accumulate i;at parity bit
addresses using following Math figure.

[498] MathFigure 6
[Math.6]

{x+ (s mod 360)x Qldpc}mod (depc - K,dpc)

[499] where x denotes the address of the parity bit accumulator corresponding to the first
bit iy, and Q4 1s a code rate dependent constant specified in the addresses of parity
check matrix. Continuing with the example, Q,q,c = 24 for rate 13/15, so for in-
formation bit 1;, the following operations are performed:

[500] MathFigure 7
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[Math.7]
Pioor = Proor D Passo = Pagso @1y
Pussi = Pager D iy Psors = Psors P iy
Psior = Pe1ea Dy Possr = Poasr @ 1
Posss = Peoss @4, Pesos = Peoss D iy
Press = Prsse @) Psrgs = Pares Dy

[501]

[502]

[503]

[504]
[505]

[506]
[507]

Pasao = Psszo Dby

4) For the 361st information bit i5¢, the addresses of the parity bit accumulators are
given in the second row of the addresses of parity check matrix. In a similar manner
the addresses of the parity bit accumulators for the following 359 information bits i, s=
361, 362, ..., 719 are obtained using the Math figure 6, where x denotes the address of
the parity bit accumulator corresponding to the information bit is4, i.€., the entries in
the second row of the addresses of parity check matrix.

5) In a similar manner, for every group of 360 new information bits, a new row from
addresses of parity check matrixes used to find the addresses of the parity bit accu-
mulators.

After all of the information bits are exhausted, the final parity bits are obtained as
follows:

6) Sequentially perform the following operations starting with i=1

MathFigure 8
[Math.8]

Pi :pi@pi—l? i:1>27"'9N _Kldpc -1

ldpe
where final content of p;, i=0,1,.. Nygy - Kigpe - 1 1s equal to the parity bit p;.
Table 30
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[Table 30]

Code Rate Crojoc
5715 120
6/15 108
7/15 96
8/15 84
9/15 72
16715 60
11/15 48
12/15 36
15/15 24

[508]

[509]

[510]

[511]

[512]

[513]

This LDPC encoding procedure for a short FECBLOCK is in accordance with t
LDPC encoding procedure for the long FECBLOCK, except replacing the table 30
with table 31, and replacing the addresses of parity check matrix for the long
FECBLOCK with the addresses of parity check matrix for the short FECBLOCK.

Table 31

[Table 31]

Code Rate Orepe
5/15 30
6/15 27
7115 24
8/15 21
9/15 18
10/15 15
11/15 17
12/15 9
13/15 6

FIG. 23 illustrates a bit interleaving according to an embodiment of the present
invention.

The outputs of the LDPC encoder are bit-interleaved, which consists of parity in-
terleaving followed by Quasi-Cyclic Block (QCB) interleaving and inner-group in-
terleaving.

(a) shows Quasi-Cyclic Block (QCB) interleaving and (b) shows inner-group in-
terleaving.

The FECBLOCK may be parity interleaved. At the output of the parity interleaving,
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[514]

[515]

[516]

[517]

[518]

[519]

[520]

the LDPC codeword consists of 180 adjacent QC blocks in a long FECBLOCK and 45
adjacent QC blocks in a short FECBLOCK. Each QC block in either a long or short
FECBLOCK consists of 360 bits. The parity interleaved LDPC codeword is in-
terleaved by QCB interleaving. The unit of QCB interleaving is a QC block. The QC
blocks at the output of parity interleaving are permutated by QCB interleaving as il-
lustrated in FIG. 23, where N, =64800/77°" or 16200/77°" according to the
FECBLOCK length. The QCB interleaving pattern is unique to each combination of
modulation type and LDPC code rate.

After QCB interleaving, inner-group interleaving is performed according to
modulation type and order (7*”) which is defined in the below table 32. The number

of QC blocks for one inner-group, Nocz s, 15 also defined.

Table 32
[Table 32]

Madulation type Hmod Noca s
QAM-16 4 2
NUC-16 4 4
NUQ-64 6 3
NUC-64 6 6
NUGQ-256 8 4
NUC-256 8 8

NUQ-1024 10 5
NUC-1024 10 10

The inner-group interleaving process is performed with Nycs i, QC blocks of the
QCB interleaving output. Inner-group interleaving has a process of writing and reading
the bits of the inner-group using 360 columns and Nycg ;c rows. In the write operation,
the bits from the QCB interleaving output are written row-wise. The read operation is
performed column-wise to read out m bits from each row, where m is equal to 1 for
NUC and 2 for NUQ.

FIG. 24 illustrates a cell-word demultiplexing according to an embodiment of the
present invention.

(a) shows a cell-word demultiplexing for 8 and 12 bpcu MIMO and (b) shows a cell-
word demultiplexing for 10 bpcu MIMO.

Each cell word (cy, €14 ..., Cumoa11) Of the bit interleaving output is demultiplexed
nto (d; o, di1me o Aiymmod.1.m) A0 (A0 Aoy 1m0+ Aoymoa.1.m) @S shown in (a), which
describes the cell-word demultiplexing process for one XFECBLOCK.

For the 10 bpcu MIMO case using different types of NUQ for MIMO encoding, the
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Bit Interleaver for NUQ-1024 is re-used. Each cell word (¢, ¢;4 ..., cg,) of the Bit In-
terleaver output is demultiplexed into (d; o, dps1me--s diyzm) A0NA (Ao 0 Aoy 1025 doy5.m), AS
shown in (b).

FIG. 25 illustrates a time interleaving according to an embodiment of the present
invention.

(a) to (c) show examples of TI mode.

The time interleaver operates at the DP level. The parameters of time interleaving
(TI) may be set differently for each DP.

The following parameters, which appear in part of the PLS2-STAT data, configure
the TI:

DP_TI_TYPE (allowed values: 0 or 1): Represents the TI mode; '0' indicates the
mode with multiple TI blocks (more than one TI block) per TI group. In this case, one
TI group is directly mapped to one frame (no inter-frame interleaving). '1' indicates the
mode with only one TI block per TI group. In this case, the TI block may be spread
over more than one frame (inter-frame interleaving).

DP_TI_LENGTH: If DP_TI_TYPE ='0', this parameter is the number of TI blocks
Nq per T1 group. For DP_TI_TYPE ="1', this parameter is the number of frames P,
spread from one TI group.

DP_NUM_BLOCK_MAX (allowed values: O to 1023): Represents the maximum
number of XFECBLOCKSs per TI group.

DP_FRAME_INTERVAL (allowed values: 1, 2, 4, 8): Represents the number of the
frames I;vp between two successive frames carrying the same DP of a given PHY
profile.

DP_TI_BYPASS (allowed values: 0 or 1): If time interleaving is not used for a DP,
this parameter is set to '1". It is set to ‘0" if time interleaving is used.

Additionally, the parameter DP_NUM_BLOCK from the PLS2-DYN data is used to
represent the number of XFECBLOCKS carried by one TI group of the DP.

When time interleaving is not used for a DP, the following TI group, time in-
terleaving operation, and TI mode are not considered. However, the Delay Com-
pensation block for the dynamic configuration information from the scheduler will still
be required. In each DP, the XFECBLOCKS received from the SSD/MIMO encoding
are grouped into TI groups. That is, each TI group is a set of an integer number of
XFECBLOCKS and will contain a dynamically variable number of XFECBLOCKS.
The number of XFECBLOCKS in the TI group of index n is denoted by Nygiock_croup(D)
and is signaled as DP_ NUM_BLOCK in the PLS2-DYN data. Note that N1 0ck_Growp(1)
may vary from the minimum value of 0 to the maximum value Nygi0ck_Group_Max
(corresponding to DP_NUM_BLOCK_MAX) of which the largest value is 1023.

Each TI group is either mapped directly onto one frame or spread over P, frames.
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Each TI group is also divided into more than one TI blocks(Ny,), where each TI block
corresponds to one usage of time interleaver memory. The TI blocks within the TI
group may contain slightly different numbers of XFECBLOCKSs. If the TI group is
divided into multiple TI blocks, it is directly mapped to only one frame. There are
three options for time interleaving (except the extra option of skipping the time in-
terleaving) as shown in the below table 33.

Table 33
[Table 33]

Modes Descriptions

Each TI group contains one TI block and is mapped directly to one
Option-1 | frame as shown in {a). This optionis signaled in the PLS2-STAT by
DP_TLTYPE="0"and DP_TLLENGTH ="1"(Nn=1).

Each Tl group contains one TI block and is mapped to more than

ane frame. (b) shows an example, where one Tl group is mapped to
Option-2 | two frames, i.e, DP_TLLENGTH =2" {(P;=2) and DP_FRAME_INTERVAL
iume = 2). This provides greater time diversity for low data-rate
services. This option is signaled in the PLS2-STAT by DP_TLTYPE ="L".
Each TI group is divided into multiple Tl blocks and is mapped

directly to one frame as shown in (¢). Each TI block may use full TI
Option-3 memary, so as to provide the maximum bit-rate for a DP. This option
is signaled in the PLS2-STAT signaling by DP_TIL_TYPE=0" and
DP_TI_LENGTH = Np, while P;=1.

In each DP, the TI memory stores the input XFECBLOCKSs (output XFECBLOCKSs
from the SSD/MIMO encoding block). Assume that input XFECBLOCKS are defined

as

d .o.d d o od o..d

7,5,0,0°n,5,012 2 as 0N 15 s L0200 2 as LN 100 T s ,A\;LBLOC}_: r(ns)y-Lo2t " fz,S,NtB]_OCK: Sy LN L )7

where “.... is the qth cell of the rth XFECBLOCK in the sth TI block of the nth TI
group and represents the outputs of SSD and MIMO encodings as follows.

Jrsrqg -theoutputof SSD--encoding
nere g . theoutputof MIMQencoding

In addition, assume that output XFECBLOCKSs from the time interleaver are defined

as
(h o

7,5,0°> ms It

h

st ’7~'5~1\"73L0CK7 71l n,s)&\'wds—l) ?
where /... is the ith output cell (for i=0,....N 4,50 7 (1,5)x N, —1) in the sth TI
block of the nth TI group.

Typically, the time interleaver will also act as a buffer for DP data prior to the

process of frame building. This is achieved by means of two memory banks for each
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DP. The first TI-block is written to the first bank. The second TI-block is written to the
second bank while the first bank is being read from and so on.

[542] The TI is a twisted row-column block interleaver. For the sth TI block of the nth TI
group, the number of rows #, of a TI memory is equal to the number of cells V., i.€.,
N, =N 4 while the number of columns - is equal to the number N srocx 7 (1.5,

[543] FIG. 26 illustrates the basic operation of a twisted row-column block interleaver
according to an embodiment of the present invention.

[544] shows a writing operation in the time interleaver and (b) shows a reading operation in
the time interleaver The first XFECBLOCK is written column-wise into the first
column of the TT memory, and the second XFECBLOCK is written into the next
column, and so on as shown in (a). Then, in the interleaving array, cells are read out
diagonal-wise. During diagonal-wise reading from the first row (rightwards along the
row beginning with the left-most column) to the last row, ¥, cells are read out as
shown in (b). In detail, assuming z,..(:=0.....N.N,) as the TI memory cell position to
be read sequentially, the reading process in such an interleaving array is performed by
calculating the row index %..., the column index C..., and the associated twisting
parameter 7.... as follows expression.

[545] MathFigure 9

[Math.9]
GENERATE(R, ,,.C, )=
{

Rms,j = mOd(i’ ‘7vr )7
T, =modS,, xR, . N,),

n,s,i

C,.. =mod(T,,, +| - |V
1.8,i mo Q:u,; +[]\CJ c)
}
[546] where
S

2 slusfe

is a common shift value for the diagonal-wise reading process regardless of
~

sprocgx _gr (71 s)
, and it is determined by
]vaBL OCK _TI_AMAX

given in the PLS2-STAT as follows expression.
[547] MathFigure 10
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[Math.10]

7 _ . r _
fO}" {1\ xBLOCK TI MAX — 1VXBLOCK7T17A’[A‘X + 13 Zf N *BLOCK TI M4X m0d2 =0

. . PR T
N, xBLOCK TI MA4X — N xBLOCK TI MAX> if N xBLOCK TI MAX mod2 =]

S _ N;BLOCKJLMM -1
shift 2
[548] As aresult, the cell positions to be read are calculated by a coordinate as
z,,.,=N,C,  +R,_,
[549] FIG. 27 illustrates an operation of a twisted row-column block interleaver according

to another embodiment of the present invention.

[550] More specifically, FIG. 27 illustrates the interleaving array in the TI memory for
each TI group, including virtual XFECBLOCKSs when
Nogocx _1n(0.0)=3

2

N.UB’LOLK _1f (Lo=6

2

NxBL()CK _17 (2>O) =5

[551] The variable number
Nosrocx_m(5) =N,
will be less than or equal to
Norocr ax
. Thus, in order to achieve a single-memory deinterleaving at the receiver side, re-
gardless of
N srocx m(1,8)
, the interleaving array for use in a twisted row-column block interleaver is set to the
size of
NN, =Ny Noyock 11
by inserting the virtual XFECBLOCKSs into the TI memory and the reading process
is accomplished as follow expression.
[552] MathFigure 11
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[554]

[555]

[556]

[557]

[558]

[559]

[Math.11]
p=0;
Jori=05i <N N gock 11 uacri=i+1
(GENERATE(R,,,,C,..);
V.=N rCm, j +Rn,sg‘
iV, <NewNgrock 1(1.5)

{
Z,.,=Vip=p+l

h
}

The number of TI groups is set to 3. The option of time interleaver is signaled in the
PLS2-STAT data by DP_TI_TYPE='0', DP_FRAME_INTERVAL='1", and
DP_TI_LENGTH='1', i.e.,Ny=1, Lump=1, and P,=1. The number of XFECBLOCKs,
each of which has N, = 30 cells, per TI group is signaled in the PLS2-DYN data by
Nigrock 11(0,0)=3, Nisrock_11(1,0)=6, and Nyg, ock_11(2,0)=5, respectively. The maximum
number of XFECBLOCK is signaled in the PLS2-STAT data by Ng10ck_6roup Max

which leads to

;
t_*/\/ XLOCK _ Group _ MAX 7 Ny _i— NxBLOCK7117¢11A¥ =6

FIG. 28 illustrates a diagonal-wise reading pattern of a twisted row-column block in-
terleaver according to an embodiment of the present invention.

More specifically FIG. 28 shows a diagonal-wise reading pattern from each in-
terleaving array with parameters of
Nesrock 11 s =7

and S,,;=(7-1)/2=3. Note that in the reading process shown as pseudocode above, if
Vo 2 NoousN cniocw 10 (#5)

, the value of V; is skipped and the next calculated value of V; is used.

FIG. 29 illustrates interlaved XFECBLOCKS from each interleaving array according
to an embodiment of the present invention.

FIG. 29 illustrates the interleaved XFECBLOCKSs from each interleaving array with
parameters of
N;-BLOCK oaax =7

and Sgir=3.

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

The purpose of the frequency interleaver 7020 in the present invention, which
operates on a single OFDM symbol, is to provide frequency diversity by randomly in-

terleaving data cells received from the cell mapper 7010. In order to get maximum in-



55

WO 2015/069092 PCT/KR2014/010818

[560]

[561]

[562]

[563]

[564]

[565]

[566]

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 frequency interleaver 7020 may interleave cells in a transport block as a unit of a
signal frame to acquire additional diversity gain. According to an embodiment of the
present invention, the frequency interleaver 7020 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 7020 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 (or each OFDM
symbol pair) and perform the random FI, thereby acquiring frequency diversity. In
addition, the frequency interleaver 7020 according to an embodiment of the present
invention may apply different interleaving 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 7020
according to an embodiment of the present invention may have a ping-pong frequency
interleaver 7020 structure that perform frequency interleaving in units of one pair of
consecutive OFDM symbols (pair-wise OFDM symbol) using two memory banks.
Hereinafter, an interleaving operation of the frequency interleaver 7020 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 in-
terleaving operation corresponds 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 7020 according to an embodiment of the present invention may simul-
taneously 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
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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. That is different interleaving seed to be used every OFDM symbol pair
can be generated by cyclic-shifting one interleaving seed (main interleaving seed). In
this case, a cyclic-shifting rule may be hierarchically defined in consideration of
OFDM symbol and signal frame units. Therefore, the symbol offset according to the
present invention may be referred as a cyclic shifting value. 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. 30 is a view illustrating an operation of a frequency interleaver 7020 according
to an embodiment of the present invention.

FIG. 30 illustrates the basic operation of the frequency interleaver 7020 using two
memory banks at the transmitter, which enables a single-memory deinterleaving at the
receiver.

As described above, the frequency interleaver 7020 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
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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. 30 illustrates an operation of the aforementioned frequency interleaver 7020. As
illustrated in FIG. 30, the frequency interleaver 7020 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 7020 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 7020
according to an embodiment 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. 30, 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,
alternating between A and B.

Then the frequency interleaver 7020 according to an embodiment of the present
invention may perform a multiplexing processing to ping-pong FI outputs for se-
quential OFDM symbol transmission.

FIG. 31 illustrates a basic switch model for MUX and DEMUX procedures according
to an embodiment of the present invention.

FIG. 31 illustrates simple operations the DEMUX and MUX applied input and output
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 7020 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 7020 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
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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 7020 according to an em-
bodiment of the present invention may perform random writing into memory
(according to an interleaving seed) and perform then linear reading. For the second
OFDM symbol, the frequency interleaver 7020 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 in-
terleaver 7020 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. 32 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 7020 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 7020
according to an embodiment of the present invention may change interleaving seed in a
super-frame (super-frame index reset).

Accordingly, the frequency interleaver 7020 according to an embodiment of the
present may logically and effectively interleave all OFDM symbols in a super-frame.

FIG. 33 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. 33 illustrates logical operation mechanism of a frequency interleaver 7020 and
related parameter thereof, for effectively changing interleaving seeds to be used the
one super-frame described with reference to FIG. 32.

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. 33, 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,
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the logical operation mechanism will be described.

As illustrated in a lower block of FIG. 33, a frequency interleaver 7020 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 7020. 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. 33, a frequency interleaver 7020 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 7020. 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 7020 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. 33, a frequency interleaver 7020
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 7020.

FIG. 34 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.

In detail, FIG. 34 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. 34, 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 an arbitrary random
generator.

FIG. 35 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
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change interleaving seed every pair-wise OFDM symbol.

FIG. 36 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. 36 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. 36 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. 36. 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 mathematical formulae show the aforementioned reading-writing
operation.

MathFigure 12
[Math.12]

Jor j=0,1.. N, andk=0,1..., N,
F(C, (k) = X, (k)
where C (k) is a random seed generated by a random generator,
in the ith pair —wise OFDM symbol
Fy =FA0), Fi{1)so Fy(N s — 2), Fi(N gy = 1)1,
where N 4, . is the number of data cells

X, =[X,00), X, (1), o0, X, (N, =2), X, (N — D]

ata data

MathFigure 13
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for j=0,1L..., N and k=0,1..., N,

F,(k) = X (C (k)

where C (k) is the same random seed used forthe first symbol

F, =[F](0)3 Fj(;);-éu F}(Ndafa_z)a P}(Ndaga_])}9

J

where N, is the number of data cells
X, =[X,(0), X, (D, .oy X, (N, ~2). X, (N, ~ D]

data

[607] The above math figure 12 is for the first OFDM symbol, i.e., (j mod 2) = 0 of the ith
pair-wise OFDM symbol. The above math figure 13 is for the second OFDM symbol,
i.e., (j mod 2) = 1 of the ith pair-wise OFDM symbol. Fj denotes an interleaved vector
of the jth OFDM symbol (vector) and Xj denotes an input vector of the jth OFDM
symbol (vector). As shown in the math figures, the reading-writing operation
according to an embodiment of the present invention may be performed by applying
one random seed generated by an arbitrary random generator to a pair-wise OFDM
symbol.

[608] FIG. 37 is a view illustrates concept of frequency interleaving applied to a single
signal frame according to an embodiment of the present invention.

[609] As described above, a frequency interleaver 7020 according to an embodiment of the
present invention may change interleaving seed every pair-wise OFDM symbol in a
single frame. Details thereof will be described below.

[610] FIG. 38 is a view illustrating logical operation mechanism of frequency interleaving
applied to a single signal frame according to an embodiment of the present invention.

[611] FIG. 38 illustrates logical operation mechanism of a frequency interleaver 7020 and
related parameter thereof, for effectively changing interleaving seeds to be used the
one single signal frame described with reference to FIG. 37.

[612] As described above, in the present invention, various interleaving seed can be ef-
fectively generated by cyclic-shifting one main interleaving seed by as much as an
arbitrary symbol offset. As illustrated in FIG. 38, according to an embodiment of the
present invention, the aforementioned symbol offset may be differently generated for
each pair-wise OFDM symbol to generate different interleaving seeds. In this case, the
symbol offset may be differently generated for each pair-wise OFDM symbol using an
arbitrary random symbol offset generator.

[613] Hereinafter, the logical operation mechanism will be described.

[614] As illustrated in a lower block of FIG. 38, a frequency interleaver 7020 according to
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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 (or a random symbol offset) according to an embodiment of
the present invention may be generated by an arbitrary random generator (or a symbol
offset generator) included in a frequency interleaver 7020. In this case, when a frame
index is reset, the symbol offset for each symbol is generated for symbols in each
signal frame identified according to a frame index. In addition, the frequency in-
terleaver 7020 according to an embodiment of the present invention may generate
various interleaving seeds by cyclic-shifting a main interleaving seed for each OFDM
symbol by as much as the generated symbol offset.

Then, as illustrated in an upper block of FIG. 38, a frequency interleaver 7020
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 a frequency interleaver 7020.

FIG. 39 illustrates math figures of logical operation mechanism of frequency in-
terleaving applied to a single signal frame according to an embodiment of the present
invention.

FIG. 39 illustrates a correlation of the aforementioned symbol offset parameter and a
parameter of random FI applied to a cell included in each OFDM. As illustrated in
FIG. 39, an offset to be used in each OFDM symbol may be generated through a hier-
archical structure of the aforementioned symbol offset generator. In this ca se, the
symbol offset generator may be designed using an arbitrary random generator.

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

MathFigure 14
[Math.14]

Jor j=0.1,.... Ny, and for k=0,7,...; Ny,
FC,0) = X, (6)
where C (k) = (T(k) + 5], . Jmod N 4,
T(k) is a main interleaving seed generated by a random generator,
used in the main FI
S ;) 2] is a random symbol offset generated by a random generator,
used in the jth pair — wise OFDM symbol
MathFigure 15
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[Math.15]
Jor j=0,1,.... Ny, and k=0, 1,..., N,
Fi(k) = X ,(C,(k))

[621]

[622]

[623]
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[627]

J Jr

where C j'(k) is the same random seed

used forthe first symbol

The above math figure 14 is for the first OFDM symbol, i.e., (j mod 2) = 0 of the ith
pair-wise OFDM symbol and the above math figure 15 is for the second OFDM
symbol, i.e., (j mod 2) = 1 of the ith pair-wise OFDM symbol.

FIG. 40 is a view illustrating single-memory deinterleaving for input sequential
OFDM symbols.

FIG. 40 is a view illustrating concept of a broadcast signal receiving apparatus or a
frequency deinterleaver thereof, for applying interleaving seed used in a broadcast
signal transmitting apparatus (or a frequency interleaver 7020) 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. 40 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 7020. Thus, deinterleaving seeds correspond to the afore-
mentioned interleaving seed.

As described above, an OFDM generation block 1030 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.

A frequency interleaver 7020 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
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generator or a quasi-random interleaving seed generator. The quasi-random in-
terleaving seed generator may be an embodiment of the random seed generator. The
random seed generator and the quasi-random interleaving seed generator may be
referred as an interleaving address generator and it may be changed by the designer’s
intention. Also, both of the random seed generator and the quasi-random interleaving
seed generator may include a first generator and a second generator. The first generator
is for generating a main interleaving seed generator and the second generator is for
generating a symbol offset. The name of the first generator and the second generator
can be changed according to the designer’s indention. 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 will be described.

Hereinafter, the random seed generator for a 4K 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 (or a random main interleaving-seed generator)
(Cj(K)) for interleaving cells in a single OFDM symbol and a random symbol-offset

generator (

Sy )

) 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 4K FFT mode, the random main-seed generator may include a
1 bit spreader and an 11 bit-randomizer. The random main-seed generator or the
randomizer according to an embodiment of the present invention may be referred as a
main-PRBS(Pseudo Random Bit Stream) generator which is defined based on the
11-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
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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 4K FFT
mode, a (12-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an
embodiment of the present invention may be referred as a sub-PRBS generator which
is defined based on (12-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. 41 is a view illustrating an output signal of a time interleaver according to an
embodiment of the present invention.

As above described, 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. 41. A right block of
FIG. 41 indicates an output signal of the time interleaver and the output signal is input
to a frequency interleaver 7020 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. 42 is a view of a 4K FFT mode random seed generator according to an em-
bodiment of the present invention.

The 4K FFT mode random 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 12-bit
and may function as a multiplexer based on a look-up table. In the case of 4K 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 4K FFT mode, the
randomizer may be a PN generator that considers 11-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.
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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. 43 illustrates math figures representing an operation of a 4K FFT mode random
seed generator according to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 43 show initial value setting
and primitive polynomial of a randomizer. In this case, the primitive polynomial may
be 11th primitive polynomial and the initial value may be changed by arbitrary values.

The math figures illustrated in a lower portion of FIG. 43 show procedures of cal-
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. 44 is a view illustrating a 4K 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 4K FFT mode random symbol-offset generator may include a 0/1/2 bits-spreader
and a 12/11/10 bits-random generator (or a PN generator). Details will be described
below.

FIG. 45 illustrates math figures showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 4K FFT mode including a O bits-
spreader and a 12 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 12
bits-PN generator. (b) illustrates an operation of a 4K FFT mode random Symbol-

offset generator.
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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. 46 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 4K FFT mode including a 1 bits-
spreader and an 11 bits-PN generator according to an embodiment of the present
invention.

(a) shows the random symbol-offset generator including a 1 bits-spreader and an 11
bits-PN generator. (b) shows a math figure representing an operation of a 4K 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
11th 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. 47 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 4K FFT mode including a 2 bits-
spreader and a 10 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 10
bits-PN generator. (b) shows a math figure representing an operation of a 4K 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
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10th 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. 48 is a view illustrating logical composition of a 4K FFT mode random seed
generator according to an embodiment of the present invention.

As described above, the 4K FFT mode random seed generator according to an em-
bodiment 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. 48 illustrates the logical composition of a 4K FFT mode random seed generator
formed by combining a random main interleaving-seed generator and a random
symbol-offset generator. FIG. 48 illustrates an embodiment of the random main in-
terleaving-seed generator including a 1 bit-spreader and an 11 bits-randomizer, and an
embodiment of the random symbol-offset generator including a 2 bits-spreader and a
10 bits-randomizer. Details thereof have been described above and thus will be omitted
here.

Hereinafter, a quasi-random interleaving seed generator for 4K 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 ((or quasi-random main interleaving-seed generator) (Cj(K)) for interleaving

cells in a single OFDM symbol and a random symbol-offset generator (

S|

) 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 4K FFT mode, the main quasi-random seed generator may

include a 3 bit spreader and a 9 bit-randomizer. The main quasi-random seed generator
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or the randomizer according to an embodiment of the present invention may be
referred as a main-PRBS generator which is defined based on the 11-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 4K FFT
mode, a (12-k) bits-randomizer may be used. The (X-k) bits-randomizer according to
an embodiment of the present invention may be referred as a sub-PRBS generator
which is defined based on (12-k) bit binary word sequence (or binary sequence).

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. 49 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. 49. A right block of
FIG. 49 indicates an output signal of the time interleaver and the output signal is input
to a frequency interleaver 7020 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. 50 is a view illustrating a 4K FFT mode quasi-random interleaving-seed
generator according to an embodiment of the present invention.

The 4K FFT mode quasi-random interleaving-seed generator according to an em-
bodiment 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 quasi-random main interleaving-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 4K FFT mode, the
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spreader may use a look-up table that considers 3-bit.

The randomizer may be operated as a (12-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 4K 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
4K 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. 51 is math figures representing operations of 4K FFT mode bit shuffling and 4K
FFT mode quasi-random interleaving seed generator according to an embodiment of
the present invention.

(a) illustrates a math figure representing an operation of the 4K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 4K FFT
mode quasi-random interleaving seed generator.

As illustrated in (a), the 4K 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
9th 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. 52 is a view illustrating logical composition of a 4K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

As described above, the 4K FFT mode quasi-random main interleaving-seed
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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. 52 illustrates the logical composition of a 4K FFT mode quasi-random in-
terleaving seed generator formed by combining a quasi-random main interleaving-seed
generator and a random symbol-offset generator. FIG. 52 illustrates an embodiment of
the quasi-random main interleaving-seed generator including a 3 bit-spreader and a 9
bits-randomizer and an embodiment of the random symbol-offset generator including a
2 bits-spreader and a 10 bits-randomizer. Details thereof have been described above
and thus will be omitted here.

Hereinafter, the random seed generator for an 8K 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 (or a random main interleaving-seed generator)
(Cj(K)) for interleaving cells in a single OFDM symbol and a random symbol-offset

generator (

Sl

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 8K FFT mode, the random main-seed generator may include a
1 bit spreader and an 12 bit-randomizer. The random main-seed generator or the
randomizer according to an embodiment of the present invention may be referred as 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 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 8K FFT
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mode, a (13-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an
embodiment of the present invention may be referred as a sub-PRBS generator which
is defined based on (13-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.

Details of the output signal of a time interleaver according to an embodiment of the
present invention have been described above.

FIG. 53 is a view of an 8K FFT mode random seed generator according to an em-
bodiment of the present invention.

The 8K FFT mode random 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 13-bit
and may function as a multiplexer based on a look-up table. In the case of 8K 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 8K FFT mode, the
randomizer may be a PN generator that considers 12-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. 54 illustrates math figures representing an operation of an 8K FFT mode
random seed generatoraccording to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 54 show initial value setting
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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.

The math figures illustrated in a lower portion of FIG. 54 show procedures of cal-
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. 55 is a view illustrating an 8K 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 8K FFT mode random symbol-offset generator may include a 0/1/2 bits-spreader
and a 13/12/11 bits-random generator (or a PN generator). Details will be described
below.

FIG. 56 illustrates math figures showing operations of a random symbol-offset
generator and a random Symbol-offset generator for 8K FFT mode including a O bits-
spreader and a 13 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 13
bits-PN generator. (b) illustrates an operation of an 8K 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
13th 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. 57 illustrates math figures illustrating operations of a random symbol-offset
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generator and a random Symbol-offset generator for 8K FFT mode including a 1 bits-
spreader and an 12 bits-PN generator according to an embodiment of the present
invention.

(a) shows the random symbol-offset generator including a 1 bits-spreader and a 12
bits-PN generator. (b) shows a math figure representing an operation of an 8K 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
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 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. 58 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 8K FFT mode including a 2 bits-
spreader and an 11 bits-PN generator according to an embodiment of the present
invention.

(a) shows the random Symbol-offset generator including a 2 bits-spreader and an 11
bits-PN generator. (b) shows a math figure representing an operation of an 8K 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
11th 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. 59 is a view illustrating logical composition of an 8K FFT mode random seed
generator according to an embodiment of the present invention.

As described above, the 8K FFT random 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.
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FIG. 59 illustrates the logical composition of an 8K FFT mode random seed
generator formed by combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 59 illustrates an embodiment of the random
main interleaving-seed generator including a 1 bit-spreader and a 12 bits-randomizer,
and an embodiment of the random symbol-offset generator including a 2 bits-spreader
and an 11 bits-randomizer. Details thereof have been described above and thus will be
omitted here.

Hereinafter, a quasi-random interleaving seed generator for 8K 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 (or quasi-random main interleaving-seed generator) (Cj(K)) for interleaving

cells in a single OFDM symbol and a random symbol-offset generator (

Sz

) 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 8K FFT mode, the main quasi-random seed generator may
include a 3 bit spreader and a 10 bit-randomizer. The quasi-random seed generator or
the randomizer according to an embodiment of the present invention may be referred
as a main-PRBS generator which is defined based on the 10-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 8K FFT
mode, a (13-k) bits-randomizer may be used. The (X-k) bits-randomizer according to

an embodiment of the present invention may be referred as a sub-PRBS generator
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which is defined based on (13-k) bit binary word sequence (or binary sequence).

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

Details of the output signal of a time interleaver according to an embodiment of the
present invention have been described above.

FIG. 60 is a view illustrating an 8K FFT mode quasi-random interleaving seed
generator according to an embodiment of the present invention.

The 8K FFT mode quasi-random interleaving seed generator according to an em-
bodiment 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 quasi-random main interleaving-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 8K FFT mode, the
spreader may use a look-up table that considers 3-bit.

The randomizer may be operated as a (13-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 8K FFT mode, the bit shuffling may use a 10-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
8K 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. 61 is math figures representing operations of 8K FFT mode bit shuffling and 8K

FFT mode quasi-random interleaving seed generator according to an embodiment of
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the present invention.

(a) illustrates a math figure representing an operation of the 8K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 8K FFT
mode quasi-random interleaving seed generator.

As illustrated in (a), the 8K 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
10th 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. 62 is a view illustrating logical composition of an 8K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

As described above, the 8K FFT mode quasi-random 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. 62 illustrates the logical composition of an 8K FFT mode quasi-random in-
terleaving seed generator formed by combining a quasi-random main interleaving-seed
generator and a random symbol-offset generator. FIG. 62 illustrates an embodiment of
the quasi-random main interleaving-seed generator including a 3 bit-spreader and a 10
bits-randomizer and an embodiment of the random symbol-offset generator including a
2 bits-spreader and an 11 bits-randomizer. Details thereof have been described above
and thus will be omitted here.

Hereinafter, the random seed generator for a 16K 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 (or a random main interleaving-seed generator)
(Cj(K)) for interleaving cells in a single OFDM symbol and a random symbol-offset

generator (

S}
) for changing a symbol offset.

The random main-seed generator may generate the aforementioned random FI
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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 16K FFT mode, the random main-seed generator may include
a 1 bit spreader and an 13 bit-randomizer. The random main-seed generator or the
randomizer according to an embodiment of the present invention may be referred as a
main-PRBS generator which is defined based on the 13-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 16K FFT
mode, a (14-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an
embodiment of the present invention may be referred as a sub-PRBS generator which
is defined based on (14-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.

Details of the output signal of a time interleaver according to an embodiment of the
present invention have been described above.

FIG. 63 is a view of a 16K FFT mode random seed generator according to an em-
bodiment of the present invention.

The 16K FFT mode random 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 14-bit
and may function as a multiplexer based on a look-up table. In the case of 16K 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 16K FFT mode, the
randomizer may be a PN generator that considers 13-bit. This can be changed

according to a designer’s intention. Also the spreader and the randomizer are operated
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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. 64 illustrates math figures representing an operation of a 16K FFT mode
random seed generator according to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 64 show 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 be changed by arbitrary values.

The math figures illustrated in a lower portion of FIG. 64 show procedures of cal-
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. 65 is a view illustrating a 16K 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 16K FFT mode random symbol-offset generator may include a 0/1/2 bits-
spreader and a 14/13/12 bits-random generator (or a PN generator). Details will be
described below.

FIG. 66 illustrates math figures showing operations of a random symbol-offset
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generator and a random Symbol-offset generator for 16K FFT mode including a O bits-
spreader and a 14 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 14
bits-PN generator. (b) illustrates an operation of a 16K 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
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 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. 67 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 16K FFT mode including a 1 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 1 bits-spreader and a 13
bits-PN generator. (b) shows a math figure representing an operation of a 16K 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 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. 68 illustrates math figures illustrating operations of a random symbol-offset
generator and a random Symbol-offset generator for 16K FFT mode including a 2 bits-
spreader and a 12 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 12
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bits-PN generator. (b) shows a math figure representing an operation of a 16K 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
12th 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. 69 is a view illustrating logical composition of a 16K FFT mode random seed
generator according to an embodiment of the present invention.

As described above, the 16K FFT mode random seed generator according to an em-
bodiment 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. 69 illustrates the logical composition of a 16K FFT mode random seed
generator formed by combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 69 illustrates an embodiment of the random
main interleaving-seed generator including a 1 bit-spreader and an 13 bits-randomizer,
and an embodiment of the random symbol-offset generator including a 2 bits-spreader
and a 12 bits-randomizer. Details thereof have been described above and thus will be
omitted here.

Hereinafter, a quasi-random interleaving seed generator for 16K 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 (or quasi-random main interleaving-seed generator) (Cj(K)) for interleaving

cells in a single OFDM symbol and a random symbol-offset generator (

Sz
) 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-
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terleaving cells in a single OFDM symbol.

[806] 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 16K FFT mode, the main quasi-random seed generator may
include a 3 bit spreader and an 11 bit-randomizer. The main quasi-random seed
generator or randomizer according to an embodiment of the present invention may be
referred as a main-PRBS generator which is defined based on the 11-bit binary word
sequence (or binary sequence).

[807] 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 16K FFT
mode, a (14-k) bits-randomizer may be used. The (X-k) bits-randomizer according to
an embodiment of the present invention may be referred as a sub-PRBS generator

which is defined based on (14-k) bit binary word sequence (or binary sequence).

[808] The main roles of the spreader and the randomizer are as follows.

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

[810] Randomizer: rendering a random effect to FI

[811] Details of the output signal of a time interleaver according to an embodiment of the

present invention have been described above.

[812] FIG. 70 is a view illustrating a 16K FFT mode quasi-random interleaving seed
generator according to an embodiment of the present invention.

[813] The 16K FFT mode quasi-random interleaving seed generator according to an em-
bodiment 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.

[814] 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 16K FFT mode, the
spreader may use a look-up table that considers 3-bit.

[815] The randomizer may be operated as a (14-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



83

WO 2015/069092 PCT/KR2014/010818

[816]

[817]

[818]

[819]

[820]

[821]

[822]

[823]

[824]

[825]

[826]

of 16K FFT mode, the bit shuffling may use an 11-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
16K 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. 71 is math figures representing operations of 16K FFT mode bit shuffling and
16K FFT mode quasi-random interleaving seed generator according to an embodiment
of the present invention.

(a) illustrates a math figure representing an operation of the 16K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 16K FFT
mode quasi-random interleaving seed generator.

As illustrated in (a), the 16K 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
11th 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. 72 is a view illustrating logical composition of a 16K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

As described above, the 16K FFT mode quasi-random 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. 72 illustrates the logical composition of a 16K FFT mode quasi-random in-

terleaving seed generator formed by combining a quasi-random main interleaving-seed
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generator and a random symbol-offset generator. FIG. 72 illustrates an embodiment of
the quasi-random main interleaving-seed generator including a 3 bit-spreader and an
11 bits-randomizer and an embodiment of the random symbol-offset generator
including a 2 bits-spreader and a 12 bits-randomizer. Details thereof have been
described above and thus will be omitted here.

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 (or a random main interleaving-seed generator)
(Cj(K)) for interleaving cells in a single OFDM symbol and a random symbol-offset

generator (

S

) 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 random main-seed generator or the
randomizer according to an embodiment of the present invention may be referred as 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 be referred as 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.
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Details of the output signal of a time interleaver according to an embodiment of the
present invention have been described above.

FIG. 73 is a view of a 32K FFT mode random seed generator according to an em-
bodiment of the present invention.

The 32K FFT mode random 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. 74 illustrates math figures representing an operation of a 32K FFT mode
random seed generator according to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 74 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. 74 show procedures of cal-
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
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applied to each pair-wise OFDM in the same way.

FIG. 75 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. 76 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. 77 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.

(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
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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. 78 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. 79 is a view illustrating logical composition of a 32K FFT mode random seed
generator according to an embodiment of the present invention.

As described above, the 32K FFT mode random seed generator according to an em-
bodiment 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. 79 illustrates the logical composition of a 32K FFT mode random seed
generator formed by combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 79 illustrates an embodiment of the random

main interleaving-seed generator including a 1 bit-spreader and an 14 bits-randomizer,



88

WO 2015/069092 PCT/KR2014/010818

[868

[869

[870

[871

[872

[873
[874
[875
[876

|

|

|

|

|

—t e e

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 (or quasi-random main interleaving-seed generator) (Cj(K)) for interleaving
cells in a single OFDM symbol and a random symbol-offset generator ( ) 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 an 12 bit-randomizer. The main quasi-random seed
generator or the randomizer according to an embodiment of the present invention may
be referred as 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 16K FFT
mode, a (15-k) bits-randomizer may be used. The (X-k) bits-randomizer according to
an embodiment of the present invention may be referred as a sub-PRBS generator
which is defined based on (15-k) bit binary word sequence (or binary sequence).

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

Details of the output signal of a time interleaver according to an embodiment of the

present invention have been described above.
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FIG. 80 is a view illustrating a 32K FFT mode quasi-random interleaving seed
generator according to an embodiment of the present invention.

The 32K FFT mode quasi-random interleaving seed generator according to an em-
bodiment 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 quasi-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
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. 81 is math figures representing operations of 32K FFT mode bit shuffling and
32K FFT mode quasi-random interleaving seed generator according to an embodiment
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 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
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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. 82 is a view illustrating logical composition of a 32K FFT mode quasi-random
interleaving seed generator according to an embodiment of the present invention.

As described above, the 32K FFT mode quasi-random 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. 82 illustrates the logical composition of a 32K FFT mode quasi-random in-
terleaving seed generator formed by combining a quasi-random main interleaving-seed
generator and a random symbol-offset generator. FIG. 82 illustrates an embodiment of
the quasi-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. 83 is a change procedure for an interleaving seed in each memory bank
according to another embodiment of the present invention.

The block illustrated in an upper portion of FIG. 83 shows math figures for the first
OFDM symbol, i.e., (j mod 2) = 0 of the ith OFDM symbol pair. The block illustrated
in a lower portion of FIG. 83 shows math figures for the second OFDM symbol, i.e., (j
mod 2) = 1 of the ith OFDM symbol pair.

The word “a random generator” illustrated each portion of FIG. 83 may be a random
interleaving-sequence generator described as follows. The random interleaving-
sequence generator according to an embodiment of the present invention may be
included in the frequency interleaver 7020.

T(k) illustrated in an upper portion of FIG. 83 is a random sequence, it can be used as
a same concept of a main random interleaving sequence or a single interleaving seed
(or an interleaving seed). The Random sequence may be generated in a random in-
terleaving-sequence generator or a random main-sequence generator which will be

described later.

SLJ/ZJ

is a symbol offset and be referred as a cyclic shifting value. The cyclic shifting value
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can be generated based on sub PRBS sequence. The details will be described later.

The interleaving process for the OFDM symbol pair in each memory bank-A/B is
described as above, exploiting a single interleaving-seed. The available data cells (the
output cells from the cell mapper 7010) to be interleaved in one OFDM symbol. The
Ndata according to the embodiment of the present invention is equal to the number of
the data cells. The maximum value of the Ndata can be referred as Nmax and Nmax is
differently defined according to each FFT mode. For the OFDM symbol pair in each
memory bank, the interleaved OFDM symbol pair is shown in FIG. 83.

Hj(k) is the interleaving address for the interleaving seed generated by a random in-
terleaving-sequence generator for each FFT mode. The composition of the random in-
terleaving-sequence generator will be described later. As described above, the purpose
of the frequency interleaver 7020, which operates on a single OFDM symbol, is to
provide frequency diversity by randomly interleaving data cells. In order to get
maximum interleaving gain in a single frame, a different interleaving-seed is used for
every OFDM symbol pair comprised of two sequential OFDM symbols. As shown in
FIG. 83, different interleaving seed can be generated based on the interleaving address
generated by a random interleaving-sequence generator. Also, the different in-
terleaving seed can be generated based on the cyclic shifting value as above
mentioned. That means, the different interleaving address to be used every symbol pair
may be generated by using the cyclic shifting value for every OFDM symbol pair.

As described above, an OFDM generation block 1030 may perform FFT trans-
formation on input data. Hereinafter, an operation of the frequency interleaver 7020
having the random interleaving-sequence generator according to another embodiment
will be described. The random interleaving-sequence generator may be another em-
bodiment of the interleaving seed generator which is described above. Therefore, the
random interleaving-sequence generator may be referred as the random seed generator
or the quasi-random interleaving seed generator or the interleaving address generator
and it may be changed by the designer’s intention. The random interleaving-sequence
generator may include a first generator and a second generator. The first generator is
for generating a main interleaving seed generator and the second generator is for
generating a symbol offset. The name of the first generator and the second generator
can be changed according to the designer’s indention.

As described above, an FFT size according to an embodiment of the present
invention may be 4K, 8K, 16K, 32K, or the like, and it can be changed according to the
designer’s intention.

Hereinafter, the random interleaving-sequence generator for a 4K FFT mode will be
described. The random interleaving-sequence generator according to an embodiment of

the present invention may be included in the frequency interleaver 7020 and is similar
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to the random seed generator mentioned (mentioned above), the random interleaving-
sequence generator has a different structure from the random seed generator.

The random interleaving-sequence 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 interleaving-
sequence generator may include a random main-sequence generator (or a random main
interleaving-sequence generator or a random main-interleaving seed generator) (Cj(K))

for interleaving cells in a single OFDM symbol and a random symbol-offset generator

(
SLj/zj

) for changing a symbol offset(This parameter can be referred as a cyclic shifting
value). The random main-sequence generator according to an embodiment of the
present invention is similar to the random seed generator (mentioned above), the
random main-sequence generator has a different structure from the random main-seed
generator. Also, the random main-sequence generator or a randomizer in the random
main-sequence generator may be referred as a main-PRBS generator and it may be
changed according to the designer’s attention.

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

The random main-sequence 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 4K FFT mode, the random main-sequence generator may
include a 1 bit spreader and an 11 bit-randomizer. The random main-sequence
generator or the randomizer according to an embodiment of the present invention may
be referred as a main-PRBS generator which is defined based on the 11-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 4K FFT
mode, a (12-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an

embodiment of the present invention may be referred as a sub-PRBS generator which
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is defined based on (12-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.

In this embodiment, in generating of interleaving-value, PRBS operation order is
modified to cope with the case of that the number of active carriers vary at start and
last OFDM symbols within a single frame.

FIG. 84 is a view of a 4K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The 4K FFT mode random interleaving-sequence generator according to an em-
bodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main-sequence generator may include a
spreader and a randomizer.

As shown in FIG. 84, the locations of the modulo operator and the memory-index
check is changed as compared with the 4K FFT mode random main-seed generator as
described above.

The changed locations of the modulo operator and the memory-index check as shown
in FIG. 84 is to increase a frequency deinterleaving performance of the frequency dein-
terleaver having single memory. As above described, a signal frame (or frame)
according to the present invention may have normal data symbol (normal data
symbol), frame edge symbol and frame signaling symbol and a length of the frame
edge symbol and the frame signaling symbol may be shorter than the normal data
symbol. For this reason, a frequency deinterleaving performance of the frequency dein-
terleaver having single memory can be decreased. In order to increase the frequency
deinterleaving performance of the frequency deinterleaver with a single memory, the
present invention may provide the changed locations of the modulo operator and the
memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion of n-bit of total 12-bit
and may function as a multiplexer based on a look-up table. In the case of 4K 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 4K FFT mode, the
randomizer may be a PN generator that considers 11-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 random symbol-offset generator may generate a symbol-offset for cyclic-shifting

main interleaving-sequence generated by the main-interleaving sequence generator for
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each pair-wise OFDM symbol. A detailed operation is the same as those describe
above and thus are not described here.

The modulo operator may be operated when input value exceeds Ndata or Nmax.
The maximum value of the Ndata (Nmax) for 4K FFT mode may be 4096.

The memory-index check may not use output from the modulo operator when a
memory-index generated by the spreader and the randomizer is greater than Ndata or
the maximum value of the Ndata (Nmax) 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 or the maximum value of the Ndata (Nmax).

Locations of the illustrated memory-index check and modulo operator can be
changed according to a designer’s intention.

FIG. 85 illustrates math figures representing an operation of a 4K FFT mode random
interleaving-sequence generator according to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 85 show initial value setting
and primitive polynomial of a randomizer. In this case, the primitive polynomial may
be 11th primitive polynomial and the initial value may be changed by arbitrary values.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

The math figures illustrated in a lower portion of FIG. 85 show procedures of cal-
culating and outputting the interleaving address for different interleaving sequence for
an output signal of the spreader and the randomizer. As illustrated in the math figure,
one random symbol-offset (or a symbol offset or cyclic shifting value) is used to
calculate the different interleaving sequence and the cyclic shifting value may be
applied to each OFDM symbol pair in the same way.

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.

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 an N bits-PN generator (or N bits-
sub-PRBS generator) and designed to provide randomness.

The 4K FFT mode random symbol-offset generator may include a 0/1/2 bits-spreader
and a 12/11/10 bits-random generator (or a PN generator). It can be changed according
to the designer’s intention.

FIG. 86 is a view illustrating logical composition of a 4K FFT mode random in-

terleaving-sequence generator according to an embodiment of the present invention.
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As described above, the 4K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention may include a random main in-
terleaving-seed generator, a random symbol-offset generator, a memory index check,
and a modulo operator.

FIG. 86 illustrates the logical composition of a 4K FFT mode random interleaving-
sequence generator formed by combining a random main interleaving-seed generator
and a random symbol-offset generator. FIG. 86 illustrates an embodiment of the
random main interleaving-seed generator including a 1 bit-spreader and an 11 bits-
randomizer, and an embodiment of the random symbol-offset generator including a 2
bits-spreader and a 10 bits-randomizer. Details thereof have been described above and
thus will be omitted here.

Hereinafter, a random interleaving-sequence generator for 4K FFT mode according
to another embodiment of the present invention will be described.

the random interleaving-sequence generator for 4K FFT mode according to another
embodiment of the present invention includes random main interleaving-sequence
generator which have a randomizer including bit shuffling.

FIG. 87 is a view illustrating a 4K FFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

The 4K FFT mode random interleaving-sequence generator according to another em-
bodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main interleaving-sequence generator may
include a spreader and a randomizer.

Details thereof except bit shuffling have been described above and thus will be
omitted here.

The randomizer may be operated via a PN generator and may provide full
randomness during interleaving. As described above, 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 4K FFT mode, the bit shuffling may use a 11-bit PN generator,
which can be changed.

FIG. 88 is math figures representing operations of 4K FFT mode bit shuffling and 4K
FFT mode random interleaving-sequence generator according to another embodiment
of the present invention.

(a) illustrates a math figure representing an operation of the 4K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 4K FFT
random interleaving-sequence generator.

The upper portion of (a) shows an operation of the 4K FFT mode bit shuffling and
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the lower portion of (a) shows an embodiment of the 4K FFT mode bit shuffling for
11bits.

As illustrated in (a), the 4K 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.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

A math figure illustrated in a lower portion of (b) shows procedures of calculating
and outputting the interleaving address for different interleaving sequence for an
output signal of the spreader and the randomizer. As illustrated in the math figure, one
random symbol-offset (or a symbol offset or cyclic shifting value) is used to calculate
the different interleaving sequence and the cyclic shifting value may be applied to each
OFDM symbol pair in the same way.

Hereinafter, the random interleaving-sequence generator for an 8K FFT mode will be
described. The random interleaving-sequence generator according to an embodiment of
the present invention may be included in the frequency interleaver 7020 and is similar
to the random seed generator mentioned (mentioned above), the random interleaving-
sequence generator has a different structure from the random seed generator.

The random main-sequence 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 8K FFT mode, the random main-sequence generator may
include a 1 bit spreader and an 12 bit-randomizer. The random main-sequence
generator or the randomizer according to an embodiment of the present invention may
be referred as 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 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 8K FFT
mode, a (13-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an

embodiment of the present invention may be referred as a sub-PRBS generator which
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is defined based on (13-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.

In this embodiment, in generating of interleaving-value, PRBS operation order is
modified to cope with the case of that the number of active carriers vary at start and
last OFDM symbols within a single frame.

FIG. 89 is a view of an8K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The 8K FFT mode random interleaving-sequence generator according to an em-
bodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main-sequence generator may include a
spreader and a randomizer.

As shown in FIG. 89, the locations of the modulo operator and the memory-index
check is changed as compared with the 8K FFT mode random main-seed generator as
described above.

The changed locations of the modulo operator and the memory-index check as shown
in FIG. 89 is to increase a frequency deinterleaving performance of the frequency dein-
terleaver having single memory. As above described, a signal frame (or frame)
according to the present invention may have normal data symbol (normal data
symbol), frame edge symbol and frame signaling symbol and a length of the frame
edge symbol and the frame signaling symbol may be shorter than the normal data
symbol. For this reason, a frequency deinterleaving performance of the frequency dein-
terleaver having single memory can be decreased. In order to increase the frequency
deinterleaving performance of the frequency deinterleaver with a single memory, the
present invention may provide the changed locations of the modulo operator and the
memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion of n-bit of total 13-bit
and may function as a multiplexer based on a look-up table. In the case of 8K 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 8K FFT mode, the
randomizer may be a PN generator that considers 12-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 random symbol-offset generator may generate a symbol-offset for cyclic-shifting

main interleaving-sequence generated by the main-interleaving sequence generator for
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each pair-wise OFDM symbol. A detailed operation is the same as those describe
above and thus are not described here.

The modulo operator may be operated when input value exceeds Ndata or Nmax.
The maximum value of the Ndata (Nmax) for 8K FFT mode may be §192.

The memory-index check may not use output from the modulo operator when a
memory-index generated by the spreader and the randomizer is greater than Ndata or
the maximum value of the Ndata (Nmax) 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 or the maximum value of the Ndata (Nmax).

Locations of the illustrated memory-index check and modulo operator can be
changed according to a designer’s intention.

FIG. 90 illustrates math figures representing an operation of an8K FFT mode random
interleaving-sequence generator according to an embodiment of the present invention.

The math figures illustrated in an upper portion of FIG. 90 show 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.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

The math figures illustrated in a lower portion of FIG. 90 show procedures of cal-
culating and outputting the interleaving address for different interleaving sequence for
an output signal of the spreader and the randomizer. As illustrated in the math figure,
one random symbol-offset (or a symbol offset or cyclic shifting value) is used to
calculate the different interleaving sequence and the cyclic shifting value may be
applied to each OFDM symbol pair in the same way.

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.

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 or N bits-sub-PRBS
generator) and designed to provide randomness.

The 8K FFT mode random symbol-offset generator may include a 0/1/2 bits-spreader
and a 13/12/11 bits-random generator (or a PN generator). It can be changed according
to the designer’s intention.

FIG. 91 is a view illustrating logical composition of an 8K FFT mode random in-

terleaving-sequence generator according to an embodiment of the present invention.
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As described above, the 8K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention may include a random main in-
terleaving-seed generator, a random symbol-offset generator, a memory index check,
and a modulo operator.

FIG. 91 illustrates the logical composition of an 8K FFT mode random interleaving-
sequence generator formed by combining a random main interleaving-seed generator
and a random symbol-offset generator. FIG. 91 illustrates an embodiment of the
random main interleaving-seed generator including a 1 bit-spreader and a 12 bits-
randomizer, and an embodiment of the random symbol-offset generator including a 2
bits-spreader and an 11 bits-randomizer. Details thereof have been described above and
thus will be omitted here.

Hereinafter, a random interleaving-sequence generator for 8K FFT mode according
to another embodiment of the present invention will be described.

The random interleaving-sequence generator for 8K FFT mode according to another
embodiment of the present invention includes random main interleaving-sequence
generator which have a randomizer including bit shuffling.

FIG. 92 is a view illustrating an 8K FFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

The 8K FFT mode random interleaving-sequence generator according to another em-
bodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main interleaving-sequence generator may
include a spreader and a randomizer.

Details thereof except bit shuffling have been described above and thus will be
omitted here.

The randomizer may be operated via a PN generator and may provide full
randomness during interleaving. As described above, 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 8K FFT mode, the bit shuffling may use a 12-bit PN generator,
which can be changed.

FIG. 93 is math figures representing operations of 8K FFT mode bit shuffling and 8K
FFT mode random interleaving-sequence generator according to another embodiment
of the present invention.

(a) illustrates a math figure representing an operation of the 8K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 8K FFT
random interleaving-sequence generator.

The upper portion of (a) shows an operation of the 8K FFT mode bit shuffling and
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the lower portion of (a) shows an embodiment of the 8K FFT mode bit shuffling for
12bits.

As illustrated in (a), the 8K 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.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

A math figure illustrated in a lower portion of (b) shows procedures of calculating
and outputting the interleaving address for different interleaving sequence for an
output signal of the spreader and the randomizer. As illustrated in the math figure, one
random symbol-offset (or a symbol offset or cyclic shifting value) is used to calculate
the different interleaving sequence and the cyclic shifting value may be applied to each
OFDM symbol pair in the same way.

Hereinafter, the random interleaving-sequence generator for a 16K FFT mode will be
described. The random interleaving-sequence generator according to an embodiment of
the present invention may be included in the frequency interleaver 7020 and is similar
to the random seed generator mentioned (mentioned above), the random interleaving-
sequence generator has a different structure from the random seed generator.

The random main-sequence 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 16K FFT mode, the random main-sequence generator may
include a 1 bit spreader and an 13 bit-randomizer. The random main-sequence
generator or the randomizer according to an embodiment of the present invention may
be referred as a main-PRBS generator which is defined based on the 13-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 16K FFT
mode, a (14-k) bit-randomizer may be used. The (X-k) bits-randomizer according to an

embodiment of the present invention may be referred as a sub-PRBS generator which
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is defined based on (14-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.

In this embodiment, in generating of interleaving-value, PRBS operation order is
modified to cope with the case of that the number of active carriers vary at start and
last OFDM symbols within a single frame.

FIG. 94 is a view of a 16K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The 16K FFT mode random interleaving-sequence generator according to an em-
bodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main-sequence generator may include a
spreader and a randomizer.

As shown in FIG. 94, the locations of the modulo operator and the memory-index
check is changed as compared with the 16K FFT mode random main-seed generator as
described above.

The changed locations of the modulo operator and the memory-index check as shown
in FIG. 94 is to increase a frequency deinterleaving performance of the frequency dein-
terleaver having single memory. As above described, a signal frame (or frame)
according to the present invention may have normal data symbol (normal data
symbol), frame edge symbol and frame signaling symbol and a length of the frame
edge symbol and the frame signaling symbol may be shorter than the normal data
symbol. For this reason, a frequency deinterleaving performance of the frequency dein-
terleaver having single memory can be decreased. In order to increase the frequency
deinterleaving performance of the frequency deinterleaver with a single memory, the
present invention may provide the changed locations of the modulo operator and the
memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion of n-bit of total 14-bit
and may function as a multiplexer based on a look-up table. In the case of 16K 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 16K FFT mode, the
randomizer may be a PN generator that considers 13-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 random symbol-offset generator may generate a symbol-offset for cyclic-shifting

main interleaving-sequence generated by the main-interleaving sequence generator for
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each pair-wise OFDM symbol. A detailed operation is the same as those describe
above and thus are not described here.

The modulo operator may be operated when input value exceeds Ndata or Nmax.
The maximum value of the Ndata (Nmax) for 16K FFT mode may be 16384.

The memory-index check may not use output from the modulo operator when a
memory-index generated by the spreader and the randomizer is greater than Ndata or
the maximum value of the Ndata (Nmax) 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 or the maximum value of the Ndata (Nmax).

Locations of the illustrated memory-index check and modulo operator can be
changed according to a designer’s intention.

FIG. 95 illustrates math figures representing an operation of a 16K FFT mode
random interleaving-sequence generator according to an embodiment of the present
invention.

The math figures illustrated in an upper portion of FIG. 95 show 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 be changed by arbitrary values.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

The math figures illustrated in a lower portion of FIG. 95 show procedures of cal-
culating and outputting the interleaving address for different interleaving sequence for
an output signal of the spreader and the randomizer. As illustrated in the math figure,
one random symbol-offset (or a symbol offset or cyclic shifting value) is used to
calculate the different interleaving sequence and the cyclic shifting value may be
applied to each OFDM symbol pair in the same way.

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.

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 an N bits-PN generator (or N bits-
sub-PRBS generator) and designed to provide randomness.

The 16K FFT mode random symbol-offset generator may include a 0/1/2 bits-
spreader and a 14/13/12 bits-random generator (or a PN generator). It can be changed
according to the designer’s intention.

FIG. 96 is a view illustrating logical composition of a 16K FFT mode random in-



103

WO 2015/069092 PCT/KR2014/010818

[1002]

[1003]

[1004]

[1005]

[1006]

[1007]

[1008]

[1009]

[1010]

[1011]

terleaving-sequence generator according to an embodiment of the present invention.

As described above, the 16K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention may include a random main in-
terleaving-seed generator, a random symbol-offset generator, a memory index check,
and a modulo operator.

FIG. 96 illustrates the logical composition of a 16K FFT mode random interleaving-
sequence generator formed by combining a random main interleaving-seed generator
and a random symbol-offset generator. FIG. 96 illustrates an embodiment of the
random main interleaving-seed generator including a 1 bit-spreader and a 13 bits-
randomizer, and an embodiment of the random symbol-offset generator including a 2
bits-spreader and a 12 bits-randomizer. Details thereof have been described above and
thus will be omitted here.

Hereinafter, a random interleaving-sequence generator for 16K FFT mode according
to another embodiment of the present invention will be described.

the random interleaving-sequence generator for 16K FFT mode according to another
embodiment of the present invention includes random main interleaving-sequence
generator which have a randomizer including bit shuffling.

FIG. 97 is a view illustrating a 16K FFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

The 16K FFT mode random interleaving-sequence generator according to another
embodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main interleaving-sequence generator may
include a spreader and a randomizer.

Details thereof except bit shuffling have been described above and thus will be
omitted here.

The randomizer may be operated via a PN generator and may provide full
randomness during interleaving. As described above, 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 16K FFT mode, the bit shuffling may use a 13-bit PN
generator, which can be changed.

FIG. 98 is math figures representing operations of 16K FFT mode bit shuffling and
16K FFT mode random interleaving-sequence generator according to another em-
bodiment of the present invention.

(a) illustrates a math figure representing an operation of the 16K FFT mode bit
shuffling and (b) illustrates a math figure representing an operation of the 16K FFT

random interleaving-sequence generator.
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The upper portion of (a) shows an operation of the 16K FFT mode bit shuffling and
the lower portion of (a) shows an embodiment of the 16K FFT mode bit shuffling for
13bits.

As illustrated in (a), the 16K 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
13th primitive polynomial and the initial value may be changed by arbitrary values.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

A math figure illustrated in a lower portion of (b) shows procedures of calculating
and outputting the interleaving address for different interleaving sequence for an
output signal of the spreader and the randomizer. As illustrated in the math figure, one
random symbol-offset (or a symbol offset or cyclic shifting value) is used to calculate
the different interleaving sequence and the cyclic shifting value may be applied to each
OFDM symbol pair in the same way.

Hereinafter, the random interleaving-sequence generator for a 32K FFT mode will be
described. The random interleaving-sequence generator according to an embodiment of
the present invention may be included in the frequency interleaver 7020 and is similar
to the random seed generator mentioned (mentioned above), the random interleaving-
sequence generator has a different structure from the random seed generator.

The random main-sequence 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-sequence generator may
include a 1 bit spreader and a 14 bit-randomizer. The random main-sequence generator
or the randomizer according to an embodiment of the present invention may be
referred as 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
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embodiment of the present invention may be referred as 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.

In this embodiment, in generating of interleaving-value, PRBS operation order is
modified to cope with the case of that the number of active carriers vary at start and
last OFDM symbols within a single frame.

FIG. 99 is a view of a 32K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The 32K FFT mode random interleaving-sequence generator according to an em-
bodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main-sequence generator may include a
spreader and a randomizer.

As shown in FIG. 99, the locations of the modulo operator and the memory-index
check is changed as compared with the 32K FFT mode random main-seed generator as
described above.

The changed locations of the modulo operator and the memory-index check as shown
in FIG. 99 is to increase a frequency deinterleaving performance of the frequency dein-
terleaver having single memory. As above described, a signal frame (or frame)
according to the present invention may have normal data symbol (normal data
symbol), frame edge symbol and frame signaling symbol and a length of the frame
edge symbol and the frame signaling symbol may be shorter than the normal data
symbol. For this reason, a frequency deinterleaving performance of the frequency dein-
terleaver having single memory can be decreased. In order to increase the frequency
deinterleaving performance of the frequency deinterleaver with a single memory, the
present invention may provide the changed locations of the modulo operator and the
memory-index check.

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 random symbol-offset generator may generate a symbol-offset for cyclic-shifting
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main interleaving-sequence generated by the main-interleaving sequence generator for
each pair-wise OFDM symbol. A detailed operation is the same as those describe
above and thus are not described here.

The modulo operator may be operated when input value exceeds Ndata or Nmax.
The maximum value of the Ndata (Nmax) for 32K FFT mode may be 32768.

The memory-index check may not use output from the modulo operator when a
memory-index generated by the spreader and the randomizer is greater than Ndata or
the maximum value of the Ndata (Nmax) 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 or the maximum value of the Ndata (Nmax).

Locations of the illustrated memory-index check and modulo operator can be
changed according to a designer’s intention.

FIG. 100 illustrates math figures representing an operation of a 32K FFT mode
random interleaving-sequence generator according to an embodiment of the present
invention.

The math figures illustrated in an upper portion of FIG. 100 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.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

The math figures illustrated in a lower portion of FIG. 100 show procedures of cal-
culating and outputting the interleaving address for different interleaving sequence for
an output signal of the spreader and the randomizer. As illustrated in the math figure,
one random symbol-offset (or a symbol offset or cyclic shifting value) is used to
calculate the different interleaving sequence and the cyclic shifting value may be
applied to each OFDM symbol pair in the same way.

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.

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 (or N bits-sub-PRBS
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). It can be changed

according to the designer’s intention.
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FIG. 101 is a view illustrating logical composition of a 32K FFT mode random in-
terleaving-sequence generator according to an embodiment of the present invention.

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

FIG. 101 illustrates the logical composition of a 32KFFT mode random interleaving-
sequence generator formed by combining a random main interleaving-seed generator
and a random symbol-offset generator. FIG. 101 illustrates an embodiment of the
random main interleaving-seed generator including a 1 bit-spreader and a 14 bits-
randomizer, and an embodiment of the random symbol-offset generator including a 2
bits-spreader and an 13 bits-randomizer. Details thereof have been described above and
thus will be omitted here.

Hereinafter, a random interleaving-sequence generator for 32K FFT mode according
to another embodiment of the present invention will be described.

the random interleaving-sequence generator for 32K FFT mode according to another
embodiment of the present invention includes random main interleaving-sequence
generator which have a randomizer including bit shuffling.

FIG. 102 is a view illustrating a 32KFFT mode random interleaving-sequence
generator according to another embodiment of the present invention.

The 32K FFT mode random interleaving-sequence generator according to another
embodiment of the present invention may include a spreader (1-bit toggling), a
randomizer, a random symbol-offset generator, a modulo operator and a memory-index
check. As described above, the random main interleaving-sequence generator may
include a spreader and a randomizer.

Details thereof except bit shuffling have been described above and thus will be
omitted here.

The randomizer may be operated via a PN generator and may provide full
randomness during interleaving. As described above, 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 8K FFT mode, the bit shuffling may use a 14-bit PN generator,
which can be changed.

FIG. 103 is math figures representing operations of 32K FFT mode bit shuffling and
32K FFT mode random interleaving-sequence generator according to another 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
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random interleaving-sequence generator.

The upper portion of (a) shows an operation of the 32K FFT mode bit shuffling and
the lower portion of (a) shows an embodiment of the 32K FFT mode bit shuffling for
14bits.

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
14th primitive polynomial and the initial value may be changed by arbitrary values.
That is, the math figures illustrated in an upper portion shows binary word sequences
or binary bits used to define the main-PRBS generator which can generate main-PRBS
sequence.

A math figure illustrated in a lower portion of (b) shows procedures of calculating
and outputting the interleaving address for different interleaving sequence for an
output signal of the spreader and the randomizer. As illustrated in the math figure, one
random symbol-offset (or a symbol offset or cyclic shifting value) is used to calculate
the different interleaving sequence and the cyclic shifting value may be applied to each
OFDM symbol pair in the same way.

FIG. 104 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 (S104000). 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 S104000 is as described in FIG. 1, FIG.
5-6 and FIG. 22.

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
(S104010). The detailed process of this step is as described in FIG. 7 and FIG. 10-21.

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 7010 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 frequency interleaver 7020 may operate on a
single OFDM symbol basis, provide frequency diversity by randomly interleaving the

cells received from the cell mapper 7010. The purpose of the frequency interleaver
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[1059]

[1060]
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[1062]

[1063]

[1064]

[1065]

[1066]

7020 in the present invention, which operates on a single OFDM symbol, is to provide
frequency diversity by randomly interleaving data cells received from the cell mapper
7010. 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 se-
quential OFDM symbols. The detailed process of the frequency interleaving is as
described in FIG. 30 to 103.

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
frame by an OFDM (Orthogonal Frequency Division Multiplexing) scheme (S104020).
The detailed process of this step is as described in FIG. 1 or 8.

The apparatus for transmitting broadcast signals according to an embodiment of the
present invention can transmit the broadcast signals including the modulated data
(5104030). The detailed process of this step is as described in FIG. 1 or 8.

FIG. 105 is a flowchart illustrating a method for receiving broadcast signals
according to an embodiment of the present invention.

The flowchart shown in FIG. 105 corresponds to a reverse process of the broadcast
signal transmission method according to an embodiment of the present invention,
described with reference to FIG. 104.

The apparatus for receiving broadcast signals according to an embodiment of the
present invention can receive broadcast signals (S105000).

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 Multiplexing) scheme (S105010). Details are as
described in FIG. 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 (S105020). Details are as described in FIG. 9. 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 interleaving
is as described in FIG. 30 to 103.

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 (S105030). Details are as described in FIG. 9.

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.
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It will be appreciated by 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 modi-
fications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
Both apparatus and method inventions are mentioned in this specification and de-

scriptions of both of the apparatus and method inventions may be complementarily ap-

plicable to each other.

Mode for the Invention
Various embodiments have been described in the best mode for carrying out the

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, wherein the different in-
terleaving-seed is generated based on a cyclic shifting value, wherein
an interleaving seed is variable based on an FFT size of the modulating.
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, wherein the interleaving-seed is
generated based on a cyclic shifting value and an FFT size of the
modulating.

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
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data.

The method of claim 5, wherein the method includes:

frequency de-interleaving the demodulated broadcast signals, wherein
the broadcast signals are frequency interleaved by using a different in-
terleaving-seed which is used for every OFDM symbol pair comprised
of two sequential OFDM symbols, wherein the different interleaving-
seed is generated a cyclic shifting value and, wherein an interleaving
seed is variable based on an FFT size of the demodulating.

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 wherein the broadcast signals are
frequency interleaved by using a different interleaving-seed which is
used for every OFDM symbol pair comprised of two sequential OFDM
symbols, wherein the different interleaving-seed is based on a cyclic
shifting value and, wherein an interleaving seed is variable based on an

FFT size of the demodulating.
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- Operation of the PN generator for 0</<N_, (4096)
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[Fig. 54]

The associated 12th primitive polynomial, f(x):l+x6 +x8—x114x 12
Operation of the PN generator for  0<1 < N ;04 (8192)
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2<I<N,_,.
Rl _Rl—l
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1
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if H()<N,

I3
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C (k) =(T(k)+S), .,y mod¥,
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The associated 13t primitive polynomial, fxy=1+x2+x ++x8+x 9+x 124x 13
Operation of the PN generator for 0 <1 < N4 (16384)
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—————Random main interleaving-seed generator ——— —— -
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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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- The associated 111 primitive polynomial, f{x)=1+x 9+x!!
- QOperation of the PN generator for 0</ <N, (4096)

0</<2

Rloosresinaie =00000.0,00000
1=2

Ryosresasare =0.0.0.00,0001L0,1
2<d <N,

! _plH
}2[9,8,7,6,5,4,3,2,1,01 —R[]10,9,8,7,6,5,4,3,2,1]

Ry =R @R

k=0;
Jor (I=0I<N,

nax

1=1+1)
10
T =PrudD+ Y. ("X R):
=0
Cj(l) = (T(l) +SLJ’/2J) mOdeax'
lf Cj (l) < Na’am

d

Hj(k) =Cj(l)§
k=k+1;
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[Fig. 88]
The associated 12" primitive polynomial,
f(0)=1x0 =B x 4y
Operation of the PN generator for 0<7 < n__ (8192)
R (P& [R[® [R [R R R [R[R]R] 0s/<2
h . / / }?{71(1987»6,5‘;,3,21,‘” =0’090)0!0305090505030
NS Y =2
. . R[%qg_s_v_e,sg,iz_m] =0,0,0,0,0,0.0,0,0,0,1
Bit shuffling Q<IN
/’( / K\J& Rosrgsaiann =Ritosrss i
s Ry=r1 R
i £ /\\W S

RO | —
k=0, R: R, (bit shuffling
Jor =0 <N I=I+])
{
10 _
T(h=Fud)+ 1 (2" Ru);
=)
R [RolR [Rs[R[R R [Re[ Rs[R[ Re Ra C=TUD+S, 2 pmodV,, g
i G < Ny,
S {
R [R[Ro[Rs[Rs|R R|Re[Ro[Re[R:|Rs H 0=,y
or

k=k+l;
R [R[R[R[Ro[R: R[R[Ri[Ri[R[ R

(a) (b)
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[Fig. 90]

The associated 12th primitive polynomial, f{ x)=l+x6 +x84x1l4+x 12
Operation of the PN generator for  0=1 < N0y (8192)

0<!<2
/
R[1 110.9.8,7,6,5.4.3,2,1,0] =0,0,0,0,0,0,0,0,0,0,0,0
[ =2
2
R[l 1,10,9,8,7,6,5.4,3,2,1,0] =0,0,0,0,0,1,0,1,0,0,1,1
2< <N,
[ i+
13[10,9,8,7,6,5,4,3,2,1,0] =1 1109,8,7,6,5,4.3,2,1]

RIZI — l)—l® R1[_|®Ri_l®R(l,_l

k =0
Jor (I =0;l <N .:/=[+])
{

11
I =F. +r§0(2” XR);
Cj O=T) +SLJ'/2J YmodN, a5
lf C](l) < Ndata
{
H;(k) =G (0);
k =k—+I;
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The associated 13th primitive polynomial, fix)=1+x2+x 4+x8+x9+x 12413
Operation of the PN generator for 0 <1 < Nya« (16384)

0</<2
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The associated (411 polynomial, f(x):1+x2+x12+x13+x14

Operation of the PN generator for 0 <1< N . (32768)
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! —
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2 —
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2<I<N_,.
! _ pi-l
R[11,10,9,8,7,6,5,4,3,2,1,0] —N1312,11109.8,7,6,5,4,3.2,1]
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OFDM (Orthogonal Frequency Division Multiplexing) scheme |~
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end
[Fig. 105]
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