&RPSDULVRQRI7HUUHVWULDO'79
6\VWHPV,6'%7%
DQG$76&

9LFWRU0'LRQtVLR
&ULVWLDQR$NDPLQH

&LWHWKLVDUWLFOH
'LRQtVLR9LFWRU0$NDPLQH&ULVWLDQR&RPSDULVRQRI7HUUHVWULDO'796\VWHPV,6'%7%
DQG$76&6(7,17(51$7,21$/-2851$/2)%52$'&$67(1*,1((5,1*,6613ULQW
,6612QOLQHGRLVHWLMEH:HE/LQNKWWSG[GRLRUJVHWLMEH
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Abstract—This review discusses the ISDB-TB and ATSC 3.0
systems, comparing the differences between the Input
Formatting, passing by video compression, data multiplexing
and encapsulation, the Channel coding, Interleavers,
Constellation Mappers, Multiplexing methods, Framing,
Waveform generation and synchronism. Finally, a performance
comparison, using similar parameters, between bitrate and
required Carrier-to-Noise ratio is presented.
Index Terms—Digital Terrestrial Television Broadcasting,
Making Better use of spectrum, Next generation of broadcasting
systems, ISDB-T, ATSC 3.0.

I. INTRODUCTION
The Integrated Services Digital Broadcasting – Terrestrial
version B (ISDB-TB) system was officially launched in 2007,
in Brazil. Throughout this time, the innovative technologies
for Communications systems and new services that were
developed are no longer compatible with the ISDB-TB.
These modern technologies were created due to the new
scenario the Communications systems are in, mainly
provided by the internet, smartphones, image quality – Ultra
High Definition (UHD) (4K and 8K) – and consequently
increase of generated data. Processing this data so it can be
transmitted within the limited bandwidth that broadcasters
have is the goal of these technologies since part of the
spectrum is being reclaimed for broadband wireless services
by spectrum authorities [1].
The ISDB-TB uses Reed Solomon (RS), Convolutional
codes, modulation orders up to 64 constellation points in
Quadrature Amplitude Modulation (QAM) and the video
compression standard H.264. When compared to recent
technologies, the ones used in ISDB-TB does not support the
scenario mentioned earlier [2].
The need to use the remaining spectrum more efficiently
led the Advanced Television Systems Committee (ATSC)
and other Standard Development Organizations (SDO) to
This work was supported in part by the Coordination for the Improvement of
Higher Education Personnel (CAPES), National Research and Educational
Network (RNP), National Counsel of Technological and Scientific
Development (CNPq) and MackPesquisa.

start researches for new systems using the state-of-the-art
technologies. In September 2016, the ATSC released the new
system Physical Layer standard, called ATSC 3.0.
The system was adopted by South Korea, which started the
transmissions in May 2017 [3].
ATSC 3.0 uses the state-of-the-art technologies to achieve
the goal of efficient use of the spectrum such as the LowDensity Parity Check (LDPC) codes along with Bose, RayChaudhuri, and Hocquenghem (BCH) codes, the nonuniform constellations (NUC), and the Layered Division
Multiplexing (LDM) that provide a way to transmit different
signals, separated by layers, at the same time and frequency
[3], [4].
The Physical Layer Pipes (PLP) concept, introduced in the
Digital Video Broadcasting - Terrestrial 2 (DVB-T2), is used
in ATSC 3.0. Each PLP can be configured independently and
it is possible to transmit two PLPs, one in each layer of the
LDM.
The system also incorporates the video compression
standard H.265, the Dynamic Adaptive Stream over Hypertext Transfer Protocol (DASH) and the MPEG Media
Transport (MMT) technologies [3], [4], [5].
This work presents a comparison between ATSC 3.0 and
ISDB-TB. The relevance of this study lies in research ATSC
3.0 so the technologies used in it can serve as a guide to the
development of a new broadcast system for Brazil,
considering the Analog Switch Off (ASO) that is happening
in the country since 2016.
This review is organized in four sections: Section II
presents the comparisons between the systems, Section III
presents the comparisons between bitrate and required
Carrier-to-Noise ratio (CNR), Section IV is the review’s
conclusion.
II. SYSTEM COMPARISONS
A. Input Formatting
ISDB-TB uses the Broadcast Transport Stream (BTS) as
the system input. The BTS is created by the re-multiplexing
of MPEG-2 TS from the source coding scheme, data carousel
etc. so they are in a synchronized order.
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The video is compressed using the H.264 standard, and the
audio utilizes the MPEG-4 HE AAC audio standard [2][6].
The ATSC 3.0 system uses a general packet called ATSC
Link-layer Protocol (ALP). ALP allows the encapsulation of
any packet, such as IP or MPEG-2 TS packets, which means
it only processes one type of container. These packets are
transported by logic channels called PLPs. Each PLP has its
configuration for coding and modulation, and the receiver can
recover a maximum of 4 PLPs per frame.
For the video compression, the standard used is the H.265,
which has a 50% improved performance when compared to
the H.264. For the audio, the AC-4 audio codec and the
MPEG-H audio system are used [3-5], [7-11].

correction as well as error detection capability. It adds 192
parity bits to the message when the LDPC length is 64800
bits and 168 bits when LDPC length is 16200 bits. The
generator polynomial g(x)BCH is given by ݃ሺݔሻு ൌ
݃ͳሺݔሻ݃ʹሺݔሻ ǥ ݃ͳʹሺݔሻ and the polynomials for LDPC length
64800 bits are listed in Table II.
CRC codes are only used to improve the error detection
capacity of the system. These block codes adds 32 parity bits
to the message [4], [13-15].
TABLE I
LDPC CODE RATES FOR ATSC 3.0. ADAPTED FROM [4]

B. Channel Coding
The codes used in the ISDB-TB system are the Reed
Solomon (RS), which is a block code considered a subclass
of the Bose Ray-Chaudhuri e Hocquenghem (BCH) code for
non-binary symbols, and the Convolutional codes, which
make use of memories to code the message.
The RS code used in the system is a shortened version from
the (n = 255, k = 239, t = 8), being (n = 204, k = 188, t = 8)
since the MPEG-2 TS is standardized at 188 bytes. The
generator polynomial g(x)RS is given by (1) [6].

݃ሺݔሻோௌ ൌ   ݔଵ 
ଵଶ
ଵଵ

ଵହ

ଵସ

 ͳͲͶ ݔଵଷ
ଽ
଼

ͷͻ ݔ ͳ͵ݔ

ͳͺͻ ݔͺ ݔ ʹͲͻ ݔଵ   ͵Ͳ ݔͺ ݔ
ͳ͵  ݔ  ͷ  ݔ  Ͷͳ ݔହ   ʹʹͻ ݔସ   ͻͺ ݔଷ 
( 
ͷͲ ݔଶ  ͵ ݔଵ  ͷͻ

For the Convolutional codes, in ISDB-TB they are
implemented as a circuit using flip-flops, module 2 adders
and multiplexers. Also, a puncturing technique is used to
allow a variable code rate. The code rates available are 1/2,
2/3, 3/4, 5/6 and 7/8 [1], [6], [12].
In the ATSC 3.0 system, there are three block codes
available: Cyclic Redundancy Check (CRC), BCH, both for
outer coding, and Low-Density Parity Check (LDPC) for
inner coding. Some studies point out that the LDPC code
performance can achieve 0.43 dB of difference from
Shannon's theoretical limit [4], [13-15].
There are three possible configurations to use the codes in
the system: LDPC only, LDPC concatenated with BCH,
which improves the error correction and detection, and LDPC
concatenated with CRC, which improves the error detection.
The LDPC codes have two lengths: 16200 and 64800 bits.
The 64800 has superior performance but higher latency
compared to the 16200 bits. There are 12 different code rates
for it: 2/15, 3/15, 4/15, 5/15, 6/15, 7/15, 8/15, 9/15, 10/15,
11/15, 12/15 and 13/15. Also, there are two types of
algorithms, A and B, to code the message which is dependent
on the code rates. Table I lists the code rates and its
algorithms [4], [13-15].
The BCH codes are used to reduce the LDPC error floor
correcting up to 12 bits, therefore improving the error
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Rate

Code length
(Ninner = 16200)

Code Length
(Ninner = 64800)

2/15

A

A

3/15

A

A

4/15

A

A

5/15

A

A

6/15

B

B

7/15

B

A

8/15

B

B

9/15

B

B

10/15

B

B

11/15

B

B

12/15

B

B

13/15

B

B

TABLE II
BCH POLYNOMIALS. ADAPTED FROM [4]
g(x)

Code length (Ninner = 64800)

g1(x)

x14 + x5 + x3 + x2 + x

g2(x)

x16 + x8 + x6 + x5 + x4 + x + 1

g3(x)

x16 + x11 + x10 + x9 + x8 + x7 + x5 + x4 + x3 + x2 + 1

g4(x)

x16 + x14 + x12 + x11 + x9 + x6 + x4 + x2 + 1

g5(x)

x16 + x12 + x11 + x10 + x9 + x8 + x5 + x3 + x2 + x1 + 1

g6(x)

x16 + x15 + x14 + x13 + x12 + x10 + x9 + x8 + x7 + x5 + x4 + x2 + 1

g7(x)

x16 + x15 + x13 + x11 + x10 + x9 + x8 + x6 + x5 + x2 + 1

g8(x)

x16 + x14 + x13 + x12 + x9 + x8 + x6 + x5 + x2 + x + 1

g9(x)

x16 + x11 + x10 + x9 + x7 + x5 + 1

g10(x)

x16 + x14 + x13 + x12 + x10 + x8 + x7 + x5 + x2 + x + 1

g11(x)

x16 + x13 + x12 + x11 + x9 + x5 + x3 + x2 + x + 1

g12(x)

x16 + x12 + x11 + x9 + x7 + x6 + x5 + x + 1
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C. Bit Interleavers
After coding the message, in the ISDB-TB system, there is
an energy dispersal block, used to reduce interference
between symbols that were generated by repetitive
transmission. Connected to the output of the energy dispersal
is the byte interleaver.
The byte interleaver is a convolutional interleaver where
each input has a delay element (shift register) to delay the bits
and group them in a different order in the output. This
interleaver has twelve branches and seventeen delay elements
as shown in Fig. 1 [6], [12].

ISDB-TB system, these constellations follow a table with the
values of the points, but the points vary according to the
LDPC code rate [4], [14-15]. The available types are: QPSK,
16NUC, 64NUC, 256NUC, 1024NUC, and 4096NUC.

Fig. 1. ISDB-TB byte interleaver. From [12].

The bit interleaver for ISDB-TB is located after the
convolutional encoder. It has a serial to parallel converter, so
the input bits are divided into branches. The number of
branches and the number of bits per branch depends on the
modulation order, for example, a QPSK modulation requires
two bits per branch. These groups of bits, called “symbols” at
this point of the system, will later be mapped into the
constellation points [6], [12].
ATSC 3.0 has only one-bit interleaver that is divided into
three parts: Parity interleaver, Group-wise interleaver and
Block interleaver.
The parity interleaver role in the system is to convert the
staircase structure of the LDPC parity-check matrix into a
quasi-cyclic structure that is similar to the information-part of
the matrix [4], [14-15].
The Group-wise interleaver divides the code-word into
groups of 360 bits and interleave these groups in an order
defined in Annex B of [4].
Finally, the Block interleaver, which has two types, A and
B, will interleave the groups – the type of block interleaver
depends on the LDPC code rate. All the algorithms of the
ATSC 3.0 bit interleaver are described in sections 6.2 of [4].
D. Constellations Mapper
For the ISDB-TB system, there are four types of
constellations: DQPSK, QPSK, 16QAM, and 64QAM. All
four follow a table with the values of the constellation points,
which are independent of the code rate used for the message.
Fig. 2 illustrates the 64QAM constellation in the ISDB-TB
system [6], [12].
The constellations used in the ATSC 3.0 system are the
NUC, due to the shapes of the constellations. Like in the

Fig. 2. ISDB-TB 64QAM Constellation. Adapted from [6].

Each constellation is optimized for the LDPC code rate,
and the shapes generate a gain at the reception.
[16] shows that the 16NUC has a gain of 0,2 dB over the
16QAM when compared to the same signal-to-noise ratio.
This gain increases along with the modulation order, for
example, the 256NUC that has 1 dB gain over the 256QAM.
Fig. 3 illustrates the shape of a 64NUC for LDPC code rate
of 10/15.

Fig. 3. ATSC 3.0 64NUC for 10/15 LDPC code rate. From [15].
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E. Spectrum Adjustment and LDM
As ISDB-TB works with band segmentation, the spectrum
adjustment stage is required to place de segments in order, as
specified by [12]. Fig. 4 illustrates the order of the segments.
The segments can be arranged in up to three layers: A, B,
and C. Each layer is configured independently from another.
The most common configuration used in Brazil is layer A to
one segment (mobile) and layer B with twelve segments to
HDTV [12], [17].

Fig. 4. ISDB-TB Segment Positions. Adapted from [6].

In ATSC 3.0, the LDM is used to multiplex the PLPs for
transmission. Usually, there is the Core Layer (CL) PLP,
which has a more robust configuration and the Enhanced
Layer has a higher capacity setting.
The method used by the LDM to multiplex the two PLPs
is attenuating the EL relatively to the CL using a factor alpha.
After the attenuation, both layers are summed, and after the
sum, a beta factor is applied to the resulting signal, so the
overall power is normalized to 1W. The combination of both
factors is called Injection Level (IL). That way both signals
occupy the channel at the same time with a difference in
power [4].
Fig. 5 illustrates the combination of the signals with the
difference in power.
The ATSC 3.0 system also has the Frequency Division
Multiplexing (FDM) and Time Frequency Division
Multiplexing (TFDM) methods for multiples PLPs [4].

In ISDB-TB, the time interleaver is a convolutional
interleaver (CI) that operates in all band segments separately,
and they are cyclically combined in the output.
The frequency interleaver can be considered a block
interleaver where the symbols are written in a memory and
read in a certain order. It is divided into three parts: carrier
interleaving between segments, intra-segment carrier rotation
and carrier randomization. The three interleaving elements
are detailed in [12].
The time interleaver in the ATSC 3.0 system has two
types: CI and the hybrid time interleaver (HTI). The CI is
similar to the time interleaver used in ISDB-TB. More details
about the CI and HTI can be found in section 7.1 of [4].
Frequency interleaving in the ATSC 3.0 system is made in
all carriers of the OFDM symbol. Like the ISDB-TB, the
symbols are written in the memory. On the output, for each
IFFT size, there is a circuit that generates the interleaving
order that the carriers are read. The address generating
circuits are shown in section 7.3 of [4].
G. Frame Structure
The signal to be transmitted is organized in frames in both
systems.
The OFDM symbols of the ISDB-TB frames have three
fixed sizes according to the IFFT used: Mode 1 K = 1405
(2k), Mode 2 K = 2809 (4k) and Mode 3 K = 5617 (8k)
carriers in ISDB-TB. One frame consists in 204 OFDM
symbols with 13 segments. The Scattered pilots (SP),
continual pilots (CP), TMCC and Auxiliary Channel (AC) are
inserted in the frame for transmission. Fig. 6 illustrates the
frame structure for a coherent modulation [6], [12].

Fig. 5. Combined Signals with LDM. Adapted from [18]
Fig. 6. ISDB-TB frame structure for a coherent modulation. From [12].

F. Time and Frequency Interleavers
Both time and frequency interleaver stages are used to
increase the error correction efficiency. Time interleaver
increases robustness against impulsive noise and frequency
interleaver against selective frequency fading [6].
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In ATSC 3.0, there are three IFFT sizes: 8k, 16k, and 32k.
For each size, there are several useful carriers, 6913 for 8k,
13825 for 16k and 27649 for 32k. These numbers are variable
according to a carrier reduction factor [4].
The signaling and control information is inserted in the
first symbols of the frame, called preamble symbols. The
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useful data is included in the subframes. The pilots have
inserted all symbols. Fig. 7 illustrates the frame structure for
the ATSC 3.0 system [4], [14-15].

suggest that bit rate requirements associated with various
image qualities are similar to the ones listed in Table VI [20].
TABLE VI
SERVICE BITRATES. ADAPTED FROM [20]

Fig. 7. ATSC 3.0 frame structure. From [4].

The first part of the frame is a signal called Bootstrap. This
signal is added at the beginning of every frame, and it has
different characteristics from the frame, for example, a
smaller bandwidth, 4.5 MHz, and smaller sampling rate,
6.144 Ms/s for a 6 MHz channel and shorter IFFT, 2k.
The bootstrap signal is responsible for the synchronism;
signal recovery; frequency and channel offset estimation and
signaling information necessary to decode the rest of the
frame [19].
H. MISO and Peak-to-Average Power Ratio
Since ATSC 3.0 supports not only SISO applications, it
has a Transmit Diversity Code Filter Set that is a MISO predistortion technique that artificially decorrelates signals from
multiple transmitters in SFN, minimizing the potential
destructive interference.
There are two Peak-to-Average Power Ratio (PAPR)
reduction technologies in the system: the Tone Reservation
(TR) and the Active Constellation Extension (ACE). The TR
reduces the PAPR by inserting specific cells in the OFDM
symbols. The ACE reduces the PAPR by modifying the
transmitted constellation points [4].

Service

Bitrate (Mbps)

Standard Definition (SD)

0.8-1.8

High Definition (HD)

2.0-3.5

Ultra High Definition
(UHD)

15.0-20.0

The UHD service bitrate depends on the use of
complementary techniques such as High Frame Rate (HFR),
High Dynamic Range (HDR) and Wide Colour Gamut
(WCG), therefore requires further specification [20].
Table V lists the system parameters and CNR requirements
of both systems from tests in [21] and [22].
TABLE V
SYSTEM PARAMETERS AND CNR REQUIREMENTS. ADAPTED FROM [21] AND
[22].
ISDB-TB
Configuration

ATSC 3.0

HD

Mobile
HD

Fixed
UHD

Modulation

64-QAM

QPSK

64QNUC

FEC

3/4

4/15

10/15

Segments

13

-

-

IFFT

8k

16k

16k

LDM Injection Level
(dB)

-

0

-4

Required CNR (dB)

20.1

-0.2

18.7

Rb (Mbps)

19.32

2.5

21.4

I. Guard Interval
The ISDB-TB and ATSC 3.0 systems utilize the guard
interval after the IFFT. There are four options in the ISDBTB: 1/4, 1/8, 1/16, and 1/32.
In the ATSC 3.0 systems, the guard interval is expressed
in samples of the OFDM symbol. There are twelve options:
192, 384, 512, 768, 1024, 1536, 2048, 2432, 3072, 3648,
4096, and 4864 samples.
The system also supports extra guard interval samples to
make the total actual frame length equal to the signaled frame
length. This configuration is used if the frame is time-aligned.

The tests show that with similar CNR it is possible to
transmit UHDTV using ATSC 3.0 due to technologies
applied in the system, while in ISDB-TB using all the
segments it is possible to carry an HDTV signal. HDTV can
be broadcasted in the CL of ATSC 3.0 with low CNR and
bitrate.
Another important information is that configuring the
ISDB-TB system layer A with one segment for Low
Definition TV (LDTV) and layer B with twelve segments for
HDTV, the CNR does not change for layer B. In the ATSC
3.0 system, the CNR would decrease without LDM
transmission.

III. BIT RATE AND CNR COMPARISONS

IV. CONCLUSION

The ATSC 3.0 system utilizes video compression standard
H.265. The available literature and commercial disclosures

This review presented a comparison between the physical
layer of the ISDB-TB and ATSC 3.0 systems.
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The technologies implemented in ATSC 3.0, for example,
32k IFFT, LDPC and BCH codes, NUC, LDM and H.265
video compression enable robustness and high transmission
rates, which are proper for the transmission of UHDTV
signals and satisfies the current scenario of Communications
systems.
The ISDB-TB system presents fewer settings options when
compared to the ATSC 3.0. Therefore, the present work serves
as a guide to the development of a new broadcast system for
Brazil.
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'HILQHG5DGLR

9LFWRU 0RUDOHV 'LRQtVLR UHFHLYHG KLV %6F
GHJUHH LQ (OHFWULFDO (QJLQHHULQJ DQG KLV 06F
GHJUHH LQ (OHFWULFDO (QJLQHHULQJ IURP 0DFNHQ]LH
3UHVE\WHULDQ 8QLYHUVLW\ 6mR 3DXOR %UD]LO LQ
 DQG  UHVSHFWLYHO\ +LV UHVHDUFK
LQWHUHVWV DUH LQ EURDGFDVW V\VWHPV DQG 6RIWZDUH

&ULVWLDQR $NDPLQH UHFHLYHG KLV %6F GHJUHH LQ
(OHFWULFDO
(QJLQHHULQJ
IURP
0DFNHQ]LH
3UHVE\WHULDQ 8QLYHUVLW\ 6mR 3DXOR %UD]LO LQ
 +H UHFHLYHG KLV 06F DQG 3K' GHJUHH LQ
(OHFWULFDO (QJLQHHULQJ IURP WKH 6WDWH 8QLYHUVLW\
RI &DPSLQDV 81,&$03  6mR 3DXOR %UD]LO LQ
 DQG  UHVSHFWLYHO\ +H LV D SURIHVVRU RI
(PEHGGHG6\VWHPV6RIWZDUH'HILQHG5DGLRDQG
$GYDQFHG &RPPXQLFDWLRQ 6\VWHPV DW 0DFNHQ]LH 3UHVE\WHULDQ
8QLYHUVLW\ +H LV D UHVHDUFKHU LQ WKH 'LJLWDO 79 5HVHDUFK
/DERUDWRU\ DW 0DFNHQ]LH 3UHVE\WHULDQ 8QLYHUVLW\ VLQFH 
ZKHUH KH KDV KDG WKH RSSRUWXQLW\ WR ZRUN ZLWK PDQ\ GLJLWDO 79
V\VWHPV +LV UHVHDUFK LQWHUHVWV DUH LQ D V\VWHP RQ FKLS IRU
EURDGFDVW79DQG6RIWZDUH'HILQHG5DGLR
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