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1 Introduction 

The SBTVD Forum was created by the Brazilian Presidential Decree # 5 820 / 2006, to advise the Brazilian Government regarding policies and technical 

issues related to the approval of technical innovations, specifications, development, and implementation of the Brazi lian Digital Terrestrial Television 

System (SBTVD). The SBTVD Forum is composed of representatives of the broadcasting, academia, transmission, reception, and software industry 

sectors, and has the participation of Brazilian Government representatives as non-voting members. 

Free-to-air terrestrial television is the main audiovisual distribution platform in Brazil, covering almost all Brazilian households and used in more than 70% 

of them. It secures to most of the Brazilian population a free-of-charge, universal and democratic access to information and entertainment, made by 

Brazilians for Brazilians. It is, therefore, an important social cohesion, national, and cultural identity factor. 

For its first generation Digital Terrestrial Television system, after thorough testing and careful studies, the Brazilian Government adopted in June 2006 the 

ISDB-T standard, incorporating technological innovations that were deemed relevant, such as MPEG-4 AVC (H.264) video coding, MPEG-4 AAC audio 

coding, an appropriate closed caption character set for the Brazilian Portuguese, and a new middleware for interactive applications (Ginga). 

The SBTVD Forum developed the first SBTVD standards, that were published in 2007, allowing the official opening of transmissions in that same year. 

Since then, the standards have been continuously revised and updated by the Forum. The technological innovations proposed by Brazil were incorporated 

into the International ISDB-T standard, which is currently adopted by 20 countries. 

In 2016, Brazil started a safe and gradual analog TV switch-off process, that was designed to assure that no one would be deprived of the terrestrial free-

to-air TV. The process was divided into two stages: in the first stage (2016 to 2019) the analog television switch-off was performed in all the state capitals, 

metropolitan areas, and other areas where it was required to release the 700 MHz band; on the second stage (up to 2023) the analog television switch-

off would be performed in the remaining of the country. During the first stage, 1 362 cities in 47 different clusters were impacted, accounting for nearly 

128 million people (62% of the population). More than 12 million Digital TV reception kits were distributed for low-income families. The analog switch-off 

had no significant impact on the free-to-air terrestrial TV audience. Regarding the second stage, the remaining 38% of the population (more than 79 million 

people) is distributed in 4 208 cities. After the implementation of Digital Terrestrial Television Brazil adopted an industrial policy that determined that all 

flat-panel TVs manufactured from 2012 must have an integrated Digital TV receiver and from 2013 no more CRT TVs were manufactured.  Therefore, it 

is anticipated, based on the expected product lifetimes, that by 2023 Brazil would have nearly all its TV sets already equipped with an integrated Digital 

TV receiver, thus facilitating the analog television switch-off without additional Digital TV reception kits distribution. 
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As the Brazilian digital television switch-over began, the SBTVD Forum started considering the next steps for the evolution of the Brazilian Television. 

The analog TV (that we conventionally call "TV 1.0"), which started in Brazil in 1950, was black and white with monophonic sound. Then, some backward-

compatible improvements (that we conventionally call "TV 1.5"), such as color (in the 1970s), stereo sound and closed caption (in the 1980s) were added 

to it. From 2007, the first generation of Digital Terrestrial Television (that we conventionally call "TV 2.0") was introduced in Brazil, bringing high-definition 

video, surround sound, mobile reception, and interactivity. Since then, the technological landscape has changed a lot. The rhythm of development and 

introduction of innovations is increasingly accelerated. These innovations create new consumption habits and increase the expectations of technological 

services users regarding the quality and convenience of these services. Since the introduction of SBTVD, new immersive audio and video formats have 

emerged, and are already present in the new TV sets available in the market. The TV sets currently available have resolution and contrast greater than 

those supported in the first generation SBTVD standard. That is the opposite of the market situation when Digital TV was launched in Brazil, as the HDTV 

sets offer was very low. The availability and the speed of Internet access in Brazil, especially in metropolitan areas, increased significantly, enabling the 

consumption of on-demand audiovisual content. This connectivity is already in use by TV sets (Smart TVs) and by broadcasters’ Over-The-Top (OTT) 

offers. However, in the first generation SBTVD standard, there was not an integration between the broadcasting service and the Internet content offer. 

Furthermore, new techniques for signal coding, transport, and modulation were also developed, allowing greater efficiency in audiovisual transmission. 

Many Digital Terrestrial Television systems have also been evolving, including in this evolution not only enhancements in quality and efficiency but also 

new convergent services between the broadcasting and the Internet. Based on this technological landscape, the SBTVD Forum recognized the necessity 

to evolve the SBTVD. It also acknowledged that changing the physical layer, the transport layer, and/or audiovisual coding would not be backward-

compatible. Nevertheless, the transition to a new generation of Digital Terrestrial Television is a long process, based on the investments required for both 

broadcasters and consumers and the expected life span of TV transmitters and receivers. It was, therefore, deemed necessary to increase the life span 

of the existing Digital Terrestrial Television system as much as possible through a backward-compatible evolution (a project we called "TV 2.5") and to 

start the development of the next generation Digital Terrestrial Television system (the project we called "TV 3.0"). 

The "TV 2.5" project comprised two aspects: broadcast-broadband integration and audiovisual quality. The first aspect involved the development of a new 

receiver profile for the middleware Ginga (receiver profile D, a.k.a. "DTV Play"), addressing use cases such as on-demand video, synchronized companion 

device, audiovisual enhancement over the Internet, and targeted content. The second aspect was addressed through the introduction of three new optional 

immersive audio codecs (MPEG-H Audio, E-AC-3 JOC, and AC-4) while retaining MPEG-4 AAC main audio for backward-compatibility, and through the 

introduction of two new optional HDR (High Dynamic Range) video formats (SL-HDR1 dynamic metadata and HLG "preferred transfer characteristics" 

signaling) while keeping MPEG-4 AVC (H.264) / 8-bit / BT.709 / 1080i for backward-compatibility. The revision of the SBTVD standards containing both 

"TV 2.5" aspects has already been published (available at https://forumsbtvd.org.br/legislacao-e-normas-tecnicas/normas-tecnicas-da-tv-digital/english/). 

For the "TV 3.0" project, the SBTVD Forum, after agreeing on its requirements (use cases and corresponding technical specifications), decided to release 

a Call for Proposals (available at https://forumsbtvd.org.br/wp-content/uploads/2020/07/SBTVDTV-3-0-CfP.pdf) for any interested organization to submit 

its proposed candidate technologies for any of the system components or sub-components. The new system is expected to start operating in the next few 

years, but based on the Brazilian experience on the transition from analog to digital television, the complete transition from the current SBTVD to the 

TV 3.0 is expected to last at least 15+ years. 

As described in the aforementioned Call for Proposals document, the response to the Call for Proposals was divided into two phases. 

https://forumsbtvd.org.br/legislacao-e-normas-tecnicas/normas-tecnicas-da-tv-digital/english/
https://forumsbtvd.org.br/wp-content/uploads/2020/07/SBTVDTV-3-0-CfP.pdf
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Phase 1 responses comprised the identification of each proposed candidate technology and appropriate contact persons and fill ing the compliance form 

of the components or sub-components corresponding to the proposed candidate technology. 

Phase 2 responses comprised providing the full specification of the proposed candidate technology, adhering to the SBTVD Forum Intellectual Property 

Rights Policy, and the additional requirements considering general information and resources needed for evaluating and comparing the proposed 

candidate technologies. The “TV 3.0 CfP Phase 2 / Testing and Evaluation” document (available at https://forumsbtvd.org.br/wp-

content/uploads/2021/03/SBTVD-TV_3_0-P2_TE_2021-03-15.pdf) provides further information on Phase 2, along with the test procedures for evaluating 

and comparing the proposals of candidate technologies. 

The Call for Proposals was open from 17 July 2020 to 30 November 2020. It received in total, considering its 6 system components (Over-the-air Physical 

Layer, Transport Layer, Video Coding, Audio Coding, Captions, and Application Coding), 36 responses from 21 different organizations worldwide. Some 

similar proposals were merged for the sake of Phase 2 testing and evaluation, resulting in 30 candidate technologies. 

The tests were funded by the Brazilian Ministry of Communications through the Brazilian National Council for Scientific and Technological Development 

(CNPq, Conselho Nacional de Desenvolvimento Científico e Tecnológico). The Transport Layer candidate technologies have been tested by the 

Mackenzie Presbyterian University from 05 July 2021 to 03 December 2021. This document contains the results of the tests to support, alongside the 

market and intellectual property evaluations, the SBTVD Forum in recommending the appropriate technologies for the next generation of digital terrestrial 

television in Brazil.  

It is important to highlight that, in this process, the SBTVD Forum has a propositional role, with the Brazilian Government a lone being responsible for 

making any decisions about the standards applicable to broadcasting service in Brazil. 

2 Research Team 

This report was developed by Mackenzie Presbyterian University Digital TV Laboratory: 

Allan Seiti Sassaqui Chaubet, Mackenzie - http://lattes.cnpq.br/1147380996860398 

César Augusto Diez Alves, Mackenzie - http://lattes.cnpq.br/2262312807632974 

Fadi Jerji, Mackenzie - http://lattes.cnpq.br/8465196319661656 

Frank Luiz Prado Smit, Mackenzie - http://lattes.cnpq.br/4106820063539467 

George Henrique Maranhão Garcia de Oliveira, Mackenzie - http://lattes.cnpq.br/2971956405084745 

Gustavo de Melo Valeira, Mackenzie - http://lattes.cnpq.br/6580643275468941 

https://forumsbtvd.org.br/wp-content/uploads/2021/03/SBTVD-TV_3_0-P2_TE_2021-03-15.pdf
https://forumsbtvd.org.br/wp-content/uploads/2021/03/SBTVD-TV_3_0-P2_TE_2021-03-15.pdf
http://lattes.cnpq.br/1147380996860398
http://lattes.cnpq.br/2262312807632974
http://lattes.cnpq.br/8465196319661656
http://lattes.cnpq.br/4106820063539467
http://lattes.cnpq.br/2971956405084745
http://lattes.cnpq.br/6580643275468941
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Rely Freitas de Araújo Moura, Mackenzie - http://lattes.cnpq.br/8000890957913012 

We also had the collaboration of the SBTVD Forum members, in particular: 

Luiz Fausto – Chair, Technical Module, SBTVD Forum 

Cristiano Akamine, Mackenzie – Coordinator of Physical Layer – Laboratory Tests 

3 Glossary 

A/V  Audio / Video 

DTH  Direct-To-Home 

fps  frames per second 

HDR  High Dynamic Range 

IP Internet Protocol 

OASIS  Organization for the Advancement of Structured Information Standards 

OTA Over-the-air (broadcast delivery) 

OTT Over-the-top (internet delivery) 

PCap  Packet Capture 

SBTVD  Sistema Brasileiro de Televisão Digital (Brazilian Digital Television System) 

SDI  Serial Digital Interface 

4 TV 3.0 Architecture 

The TV 3.0 system components described in this document reflect the reference TV 3.0 architecture, as depicted in Figure 1. 

http://lattes.cnpq.br/8000890957913012
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Figure 1: TV 3.0 Architecture 

For further information about TV 3.0 architecture, please refer to the TV 3.0 Call for Proposals document. 

5 Testing and Evaluation Results 

The Digital TV Laboratory of the School of Engineering of Mackenzie Presbyterian University conducted and evaluated the tests presented here. 

Mackenzie Presbyterian University is located in São Paulo, Brazil. 

5.1 Identification of the candidate technologies 

Throughout this report the candidate technologies are referred to by letters from "A" to "D". 

The following table contains the correspondence with their real names. 

Candidate Technology A ROUTE/DASH 

Candidate Technology B SMT 

Candidate Technology C ARIB MMT 

Candidate Technology D ATSC MMT 
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5.2 Candidate Technology A 

The Candidate Technology A is ATSC ROUTE/DASH. 

5.2.1 Documentation Analysis 

The documentation sent by the proponent (ATSC) were: Doc. A/360:2019 (ATSC 3.0 Security and Service Protection, with Amendment No. 1 and 

Amendment No. 2), Doc. A/331:2021 (Signaling, Delivery, Synchronization, and Error Protection, with Amendments No. 1, 2, and 3) and Doc. A/321:2016 

(System Discovery and Signaling). 

5.2.2 Summary of Documentation Analysis 

general requirements fulfillment 

GT3 All technical proposals shall be fully specified, preferably in technical standards of internationally recognized SDOs. Fulfilled 

GT4 The full specification of the technical proposal shall be made available for the SBTVD Forum free of charge. 
Fulfilled 

 

GI3 
All technical proposals licensing or any other form of commercialization shall adhere to fair, reasonable, and non-discriminatory terms, as 

specified in the SBTVD Forum Intellectual Property Rights Policy (see the TV 3.0 Call for Proposals document, Annex A). 

Fulfilled 
NOTE: see 

Note 1 

Note 1: the proponent answered with the document “ATSC-IPR-Statement-and-Letter-of-Commitment-to-SBTVD-Forum.pdf”: 

“(…) As part of the submission process, SBTVD Forum has stated that proponents shall provide ‘...Commitment to fair, reasonab le, and non-discriminatory 

licensing (or any other form of commercialization) of the technical proposal, as specified in the SBTVD Forum Intellectual Property Rights Policy.’ 

ATSC is a due-process, standards-development organization, with a specified Intellectual Property Rights (IPR) policy that includes a commitment by the 

organization and its participants to the “FRAND” licensing regime that the SBTVD Forum requires. All of ATSC’s proposals to the SBTVD Forum’s TV 3.0 

Call for Proposals (CfP) are based on published ATSC Standards, which intrinsically conform to the ATSC IPR policy. We can therefore state unequivocally 

that all ATSC’s proposals to the TV 3.0 CfP satisfy this requirement. 

A full statement of ATSC’s IPR policy is included in the ATSC Patent Policy (ATSC Document B/04). A complete list of patents declared by IPR holders 

in ATSC 3.0, including the specific Standards to which they apply, is also available at https://www.atsc.org/documents/atsc-3-0-standards/patent-

statements/”. 

https://www.atsc.org/documents/atsc-3-0-standards/patent-statements/
https://www.atsc.org/documents/atsc-3-0-standards/patent-statements/
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use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and 
data, either carried on the same platform (e.g. over-the-air) or 

mixed on different distribution platforms (e.g. DTT, cable, 
IPTV, DTH satellite, fixed broadband, 4G/5G mobile 

broadband) for seamless dynamic content replacement or for 
using audio/video/data enhancement layers. 

TL1.1 
single platform audio/video/data 

sync 
frame-accurate 

Fulfilled 
NOTE: see Doc. A/331:2021, 

8.1.1.3 

TL1.2 
multi-platform audio/video/data 

sync 
frame-accurate 

Fulfilled 
NOTE: see Doc. A/331:2021, 

8.2.1.1 

TL2 

Facilitate content rebroadcasting over different distribution 
platforms (e.g. DTT, cable, IPTV, DTH satellite, fixed 

broadband, 4G/5G mobile broadband) and for the home 
network. Support non-real-time media (download/push). 

TL2.1 IPv4-based transport 
Fulfilled 

NOTE: see Doc. A/331:2021, 
4.1 

TL2.2 IPv6-based transport 

Partially fulfilled 
NOTE: see Doc. A/331:2021, 

4.1; OTA is IPv4, and internet is 
IPv6 

TL3 
Enable reliable and efficient multiplexing (low latency, error 

detection with low-overhead, avoiding unnecessary metadata 
duplication). 

TL3.1 latency ms 

Not specified 
PROPONENT NOTE: actual 

values are dependent on 
various configuration options 

TL3.2 error detection 
Fulfilled 

NOTE: see Doc. A/331:2021, 
8.1.1.6 

TL3.3 overhead % 

Not specified 
PROPONENT NOTE: actual 

values are dependent on 
configuration options 

TL3.4 avoid unnecessary metadata duplication 
Fulfilled 

NOTE: see Doc. A/331, 5.1 and 
Proponent Note 1 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 

Fulfilled 
NOTE: see Doc. A/360:2019, 

5.7 (MPEG Common Encryption 
supported for both OTT/OTA) 

TL5 
Enable the identification of the TV network, the originating 

station, and the transmission station. 
TL5.1 

identification of the TV network, the originating 
station, and the transmission station 

Fulfilled 
NOTE: see Doc. A/331, 6.3 and 

Proponent Note 2 

TL6 
Provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by 

the Internet) or not 

Partially fulfilled 
NOTE: OTA, see Doc. 

A/331:2021, sections 6.2, 6.5, 
6.6 and Doc. A/321 (bootstrap) 
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use case minimum technical specification fulfillment 

TL7 
Provide Internet-based "wake-up" capability for compatible 

receivers in case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Not fulfilled 
PROPONENT NOTE: supported 
in OTA (Doc. A/321:2016, 6.1; 
Doc. A/331:2021 Annex G.2), 
wake-up over Internet can be 

added to the standards 

TL8 
Support as much as possible the same Alerting Protocol used 

by the Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 
required elements 

Fulfilled 
NOTE: see Proponent Note 3 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 

Fulfilled 
NOTE: see Doc. A/331, 6.5 and 

Annex G; Note 1; and 
Proponent Note 4 

TL9.2 

list of up to 14 federative units within a country to be 
alerted (with country identification) (at least 27 
federative unit codes) (federative unit codes list 

should be updatable over-the-air and by Internet) 

TL9.3 

list of up to 14 federative units within a country not to 
be alerted (with country identification) (at least 27 
federative unit codes) (federative unit codes list 

should be updatable over-the-air and by Internet) 

TL9.4 

list of up to 427 municipalities within a federative unit 
to be alerted (with country and federative unit 

identification) (at least 5 570 municipality codes) 
(municipality codes list should be updatable over-the-

air and by Internet) 

TL9.5 

list of up to 427 municipalities within a federative unit 
not to be alerted (with country and federative unit 
identification) (at least 5 570 municipality codes) 

(municipality codes list should be updatable over-the-
air and by Internet) 

TL9.6 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual 

entries and ranges) (supporting wildcard characters) 
(Brazilian postal code format: 8 numeric digits) 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual 

entries and ranges) (supporting wildcard characters) 
(other postal code formats, up to 10 alphanumeric 

digits) 
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use case minimum technical specification fulfillment 

TL10 
Enable future extensions to the transport layer (e.g. to 

support transporting new audio, video, and data formats). 
TL10.1 extensibility 

Fulfilled 
NOTE: see Doc. A/331:2021, 

3.5 

Proponent Note 1: Layered design assigning metadata to each layer has avoided specifying duplicated information in multiple layers. 

Proponent Note 2: Signaling of BSID, Service ID and major/minor channel number, etc. are supported. 

Proponent Note 3: The XML-based AEA message format was designed to be interoperable with the Common Alerting Protocol (CAP). Further, onscreen 

captions display (EAS) are fully compatible with CAP1.2. See Doc. A/331, 6.5.1, 6.5.2 and Annex G.2. 

Note 1: the proponent sent us the document “ATSC SBTVD 3.0 Proposal: Advanced Emergency Messaging” Doc. PT6-101r3 (November 30, 2020), 

where it also shows the compatibility with OASIS. The field “Location@type” can be used in different criteria, including polygons, circles, nationwide and 

geocode schemas (postal code, for example). According to this document, it can be done via amendment to the Doc. A/331 specification. 

Proponent Note 4: AEA is extensible and provides a flexible schema for adding national and postal codes. 

additional requirements fulfillment 

TL-
AR2 

Provide information about available implementations of the multiplexer and demultiplexer, the latter both for professional (broadcast) and 
consumer electronic applications. 

Fulfilled 
NOTE: see Note 

1 

TL-
AR3 

Provide some reference information about the demultiplexer for TV sets manufacturing. 
Fulfilled 

NOTE: see Note 
2 

Note 1: the proponent answered in the document “ATSC Response to TV 3.0 Additional Requirements Transport Layer” (July, 2nd, 2021): “ATSC 3.0 

Transport Layer equipment products for professional and consumer use are widely available in the USA and Republic of Korea, for both ROUTE/DASH 

and MMT formats. Please contact the equipment manufacturer for details on multiplexer and demultiplexer implementations.”. 

Note 2: the proponent answered in the document “ATSC Response to TV 3.0 Additional Requirements Transport Layer” (July, 2nd, 2021): “For information 

on demultiplexers used in ATSC 3.0 TV receivers, contact the TV manufacturer. Detailed information about currently available receivers in the US market 

is available at https://www.watchnextgentv.com/”. 

https://www.watchnextgentv.com/
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5.2.3 Test Results 

5.2.3.1 System Tests 

5.2.3.1.1 Enable frame-accurate synchronization of video, audio, and data for single or multi-platform (TL1.1 and TL1.2) 

Not verified since the PCAP files were not sent. 

5.2.3.1.2 Multiplexing latency (TL3.1) 

Not verified since the PCAP files were not sent. 

5.2.3.1.3 Measure % of Overhead (TL3.3) 

Not verified since the PCAP files were not sent. 

5.2.3.2 System Verification 

5.2.3.2.1 Check ease to rebroadcast content over different distribution platforms (TL2.1 and TL2.2) 

Not verified since the PCAP files were not sent. 

5.2.3.2.2 Check error detection mechanism in over the air delivery as well as in the internet delivery (TL3.2) 

Not verified since the PCAP files were not sent. 

5.2.3.2.3 Check if it avoids unnecessary metadata duplication (TL3.4) 

Not verified since the PCAP files were not sent. 
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5.2.3.2.4 Check internet content delivery with encryption (TL4.1) 

Not verified since the PCAP files were not sent. 

5.2.3.2.5 Check the possibility of TV network, originating station, and transmission station identification (TL5.1) 

Not verified since the PCAP files were not sent. 

5.2.3.2.6 Check the emergency warning message transmission signaling (TL6.1) 

Not verified since the PCAP files were not sent. 

5.2.3.2.7 Check internet-based wake-up capability (TL7.1) 

Not verified since the PCAP files were not sent. 

5.2.3.2.8 Check Support as much as possible the same Alerting Protocol used by the Brazilian Government, or a similar 

one (TL8.1) 

Not verified since the PCAP files were not sent. 

5.2.3.2.9 Check flexible geographic targeting for emergency warnings (TL9.1 – TL9.7) 

Not verified since the PCAP files were not sent. 

5.2.3.2.10 Check future extensions to the transport layer (TL10.1) 

There is no testing procedure, so it has not been tested. 
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5.2.4 Summary of Test Results 

use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and data, 
either carried on the same platform (e.g. over-the-air) or mixed on 

different distribution platforms (e.g. DTT, cable, IPTV, DTH satellite, 
fixed broadband, 4G/5G mobile broadband) for seamless dynamic 
content replacement or for using audio/video/data enhancement 

layers. 

TL1.1 single platform audio/video/data sync frame-accurate 
Not verified 

NOTE: see 5.2.3.1.1 

TL1.2 multi-platform audio/video/data sync frame-accurate 
Not verified 

NOTE: see 5.2.3.1.1 

TL2 

Facilitate content rebroadcasting over different distribution platforms 
(e.g. DTT, cable, IPTV, DTH satellite, fixed broadband, 4G/5G 

mobile broadband) and for the home network. Support non-real-time 
media (download/push). 

TL2.1 IPv4-based transport 
Not verified 

NOTE: see 5.2.3.1.1 

TL2.2 IPv6-based transport 
Not verified 

NOTE: see 5.2.3.1.1 

TL3 
Enable reliable and efficient multiplexing (low latency, error 

detection with low-overhead, avoiding unnecessary metadata 
duplication). 

TL3.1 latency ms 
Not verified 

NOTE: see 5.2.3.1.2 

TL3.2 error detection 
Not verified 

NOTE: see 5.2.3.2.2 

TL3.3 overhead % 
Not verified 

NOTE: see 5.2.3.1.3 

TL3.4 avoid unnecessary metadata duplication 
Not verified 

NOTE: see 5.2.3.2.3 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 
Not verified 

NOTE: see 5.2.3.2.4 

TL5 
Enable the identification of the TV network, the originating station, 

and the transmission station. 
TL5.1 

identification of the TV network, the originating station, 
and the transmission station 

Not verified 
NOTE: see 5.2.3.2.5 

TL6 
Provide appropriate signaling of whether the channel transports 

emergency warnings (over-the-air or by the Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not 

Not verified 
NOTE: see 5.2.3.2.6 

TL7 
Provide Internet-based "wake-up" capability for compatible receivers 

in case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Not verified 
NOTE: see 5.2.3.2.7 

TL8 
Support as much as possible the same Alerting Protocol used by 

the Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 required 
elements 

Not verified 
NOTE: see 5.2.3.2.8 
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use case minimum technical specification fulfillment 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 
Not verified 

NOTE: see 5.2.3.2.9 

TL9.2 

list of up to 14 federative units within a country to be 
alerted (with country identification) (at least 27 federative 
unit codes) (federative unit codes list should be updatable 

over-the-air and by Internet) 

Not verified 
NOTE: see 5.2.3.2.9 

TL9.3 

list of up to 14 federative units within a country not to be 
alerted (with country identification) (at least 27 federative 
unit codes) (federative unit codes list should be updatable 

over-the-air and by Internet) 

TL9.4 

list of up to 427 municipalities within a federative unit to 
be alerted (with country and federative unit identification) 
(at least 5 570 municipality codes) (municipality codes list 

should be updatable over-the-air and by Internet) 

TL9.5 

list of up to 427 municipalities within a federative unit not 
to be alerted (with country and federative unit 

identification) (at least 5 570 municipality codes) 
(municipality codes list should be updatable over-the-air 

and by Internet) 

TL9.6 

list of up to 1 000 postal codes entries to be alerted (with 
country identification) (including individual entries and 

ranges) (supporting wildcard characters) (Brazilian postal 
code format: 8 numeric digits) 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries 

and ranges) (supporting wildcard characters) (other 
postal code formats, up to 10 alphanumeric digits) 

TL10 
Enable future extensions to the transport layer (e.g. to support 

transporting new audio, video, and data formats). 
TL10.1 extensibility 

Not applicable 
NOTE: see 5.2.3.2.10 

 

additional requirements fulfillment 

TL-
AR1 

Provide free of charge reference multiplexer and demultiplexer (software or hardware) with its corresponding documentation, strictly for 
temporary technical evaluation of the SBTVD Forum (non-commercial usage). 

Not fulfilled 
NOTE: see 

Note 1 

Note 1: it was not possible to complete to setup (equipment and files) since the laboratory didn’t receive any PCAP file. 
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5.3 Candidate Technology B 

The Candidate Technology B is SMT. 

5.3.1 Documentation Analysis 

It was provided by the proponent its own standard (GB/T 33475.6 (Draft)). Most of the sections which have relation to the use cases (TL1 to TL10) were 

supplied by the proponent. As proponent note, the SMT has been adopted as China group standard T/AI 114-2021 and has already been sent to IEEE 

(P1857.12). 

5.3.2 Summary of Documentation Analysis 

general requirements fulfillment 

GT3 All technical proposals shall be fully specified, preferably in technical standards of internationally recognized SDOs. 
Fulfilled 

NOTE: see Note 1 

GT4 The full specification of the technical proposal shall be made available for the SBTVD Forum free of charge. Fulfilled 

GI3 
All technical proposals licensing or any other form of commercialization shall adhere to fair, reasonable, and non-discriminatory terms, as 

specified in the SBTVD Forum Intellectual Property Rights Policy (see the TV 3.0 Call for Proposals document, Annex A). 

Fulfilled 
NOTE: see 

Proponent Note 1 

Note 1: The provided standard GB/T 33475.6 is currently in draft phase. The SMT has been adopted as China group standard T/AI 114-2021 and has 

already been sent to IEEE (P1857.12). 

Proponent Note 1: (2021/12/01) “Regarding GI3, I think you will find the response in the SMT's statement which has been uploaded to the SFTP server 

at several months ago. "we commit to the CFP Annex A Intellectual Property Treatment and Policy".”. 

use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and 
data, either carried on the same platform (e.g. over-the-air) or 

mixed on different distribution platforms (e.g. DTT, cable, IPTV, 
DTH satellite, fixed broadband, 4G/5G mobile broadband) for 

seamless dynamic content replacement or for using 
audio/video/data enhancement layers. 

TL1.1 single platform audio/video/data sync frame-accurate 

Fulfilled 
NOTE: see 7.3.2.2 and 
8.11.1 of GB/T 33475.6 

(Draft) 

TL1.2 multi-platform audio/video/data sync frame-accurate 

Fulfilled 
NOTE: see 7.3.2.2 and 
8.11.1 of GB/T 33475.6 

(Draft) 
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use case minimum technical specification fulfillment 

TL2 

Facilitate content rebroadcasting over different distribution 
platforms (e.g. DTT, cable, IPTV, DTH satellite, fixed broadband, 

4G/5G mobile broadband) and for the home network. Support 
non-real-time media (download/push). 

TL2.1 IPv4-based transport 

Fulfilled 
NOTE: see 5, 6.4.1 (real-
time and non-real-time) 

and 8.5.2.2 of GB/T 
33475.6 (Draft) 

TL2.2 IPv6-based transport 

Fulfilled 
NOTE: see 5, 6.4.1 (real-
time and non-real-time) 

and 8.5.2.2 of GB/T 
33475.6 (Draft) 

TL3 
Enable reliable and efficient multiplexing (low latency, error 

detection with low-overhead, avoiding unnecessary metadata 
duplication). 

TL3.1 latency ms 

<200 ms 
NOTE: Not specified in the 
GB/T 33475.6 (Draft), but 
supplied by the proponent 

as a practical measure 

TL3.2 error detection 
Fulfilled 

NOTE: see 11 of GB/T 
33475.6 (Draft) 

TL3.3 overhead % 

10%/5% (OTA/OTT) 
NOTE: values supplied by 
the proponent based on 
7.3.2.2 of GB/T 33475.6 

(Draft), see Note 1 

TL3.4 avoid unnecessary metadata duplication 
Fulfilled 

NOTE: see 7.3.2.2 of GB/T 
33475.6 (Draft) 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 
Not fulfilled 

NOTE: not specified in the 
GB/T 33475.6 (Draft) 

TL5 
Enable the identification of the TV network, the originating 

station, and the transmission station. 
TL5.1 

identification of the TV network, the originating station, 
and the transmission station 

Not fulfilled 
NOTE: see Note 2 

TL6 
Provide appropriate signaling of whether the channel transports 

emergency warnings (over-the-air or by the Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not 

Not fulfilled 
NOTE: see Note 3 and 

Note 4 

TL7 
Provide Internet-based "wake-up" capability for compatible 

receivers in case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Fulfilled 
NOTE: see 8.7 of GB/T 

33475.6 (Draft) 
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use case minimum technical specification fulfillment 

TL8 
Support as much as possible the same Alerting Protocol used by 

the Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 required 
elements 

Not fulfilled 
PROPONENT NOTE: can 
be extended depending on 

the details of OASIS 
Common Alerting Protocol 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 

Not fulfilled 
NOTE: see Note 5 

TL9.2 

list of up to 14 federative units within a country to be 
alerted (with country identification) (at least 27 

federative unit codes) (federative unit codes list should 
be updatable over-the-air and by Internet) 

TL9.3 

list of up to 14 federative units within a country not to be 
alerted (with country identification) (at least 27 

federative unit codes) (federative unit codes list should 
be updatable over-the-air and by Internet) 

TL9.4 

list of up to 427 municipalities within a federative unit to 
be alerted (with country and federative unit 

identification) (at least 5 570 municipality codes) 
(municipality codes list should be updatable over-the-air 

and by Internet) 

TL9.5 

list of up to 427 municipalities within a federative unit 
not to be alerted (with country and federative unit 
identification) (at least 5 570 municipality codes) 

(municipality codes list should be updatable over-the-air 
and by Internet) 

TL9.6 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries 
and ranges) (supporting wildcard characters) (Brazilian 

postal code format: 8 numeric digits) 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries 

and ranges) (supporting wildcard characters) (other 
postal code formats, up to 10 alphanumeric digits) 

TL10 
Enable future extensions to the transport layer (e.g. to support 

transporting new audio, video, and data formats). 
TL10.1 extensibility Not specified 
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Note 1: (from proponent) In Section 7 [GB/T 33475.6 (Draft)], SMT defines SMT package structure and transport payload structure. For every SMT 

package, some information is included in package header to describe SMTP package structure. The max size for the package header is less than 200 

bits. For every SMT package, one or more payload is transported. SMTP payload can be one or more complete CEUs or CEU fragments, or signaling 

messages, etc. For CEU mode, the max size of payload header is around 200 bits. For signaling messages, the max size of payload header is 48 bits. 

Above all, the max header size is around 400 bits, which is 50 bytes. In our practical test, all media data size is over 1 KB. Thus, the overhead is less than 

5%. 

Note 2: As presented in the section 5.3.3.2.5, the system verification showed the fields related to this TL, but it was not found in GB/T 33475.6 (Draft). 

(from lab) There are some descriptors that we only found in the given scripts, but they are not cited in the SMT standard, for example: 

network_identification_message: network_identification, original_network_identification and transmission_station_identification, 

emergency_warning_message: alerting_protocol, descriptor_length and descriptor_byte. Could you comment on these missing descr iptors? (from 

proponent) Yes, we updated our implements basing on SMT standard 5.3.3.2.5/5.3.3.2.6 to match the TL requirement. They are not cited in the current 

standard yet. Normally, the protocol standard always lag behind. The new requirements would be accumulated to a certain extent, and then submitted to 

the Committee for consideration. (from lab) This TL regards the station identification and the transmitter site. Section 8.5.2 [GB/T 33475.6 (Draft)] describes 

IP network definitions, but this TL expects the transmitter information, for example, GPS coordinates, station name, station number. Is there any other 

section for this TL? (from proponent) TL expects some information out of the current SMT standard, as we said before. So SMT standard has not describes 

these information as you mentioned yet now. But they can be easily added to the standard.  

Note 3: (from proponent) In section 8.4.2 of SMT [GB/T 33475.6 (Draft)], the MUR descriptor is defined to meet the demand of personalized consumption 

(if emergency warning is provided or not by over-the-air or internet). Assets can be classified according to the media characteristics such as media 

importance and content type. For the demand to transport emergency warnings, the highest Asset level of these CEUs can be def ined, to achieve the 

timeliness of emergency warnings’ transportation. In section 9.3.3 [GB/T 33475.6 (Draft)], the media presentation layer update table is defined, which is 

used to describe the layer display information that needs to be updated in the presentation. This table is used when there are minor adjustments to the 

layout, and is suitable for presenting emergency warning information. In addition, the display order of the media presentation layer is defined in this table. 

For emergency warnings, the highest-level display order can be defined so that emergency warning could display on the upper layer of other media 

content. 

Note 4: As shown in the 5.3.3.2.6, the system verification showed the fields related to this TL, but it was not found in GB/T 33475.6 (Draft). (from lab) 

There are some descriptors that we only found in the given scripts, but they are not cited in the SMT standard, for example: 

network_identification_message: network_identification, original_network_identification and transmission_station_identification, 

emergency_warning_message: alerting_protocol, descriptor_length and descriptor_byte. Could you comment on these missing descriptors? (from 

proponent) Yes, we updated our implements basing on SMT standard 5.3.3.2.5/5.3.3.2.6 to match the TL requirement. They are not cited in the current 

standard yet. Normally, the protocol standard always lag behind. The new requirements would be accumulated to a certain extent, and then submitted to 

the Committee for consideration. 
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Note 5: (from proponent) Different federative or postal unit corresponds different CEU id, one or some of all CEUs forms different versions of Edit_list. In 

addition, in section 8.4.2 [GB/T 33475.6 (Draft)], SMT defines MUR descriptors, which designed to grade Asset according to the media content type, 

importance and other characteristics. The descriptor combined with Edit_list support the whole TL9. (from lab): we asked “We think this TL should be 

present in a general descriptor since geographic targeting for emergency warnings would be transmitted by the station, not re lated to audio and video 

content. Instead of the method described in Section 6.3 [GB/T 33475.6 (Draft)], is it another possibility to transmit TL9 information? Is there any other 

section for this TL?”. (from proponent) The core requirement of TL9 is that transmits different content to different geograph ic targeting. In SMT, media 

contents are carried by Asset. In section 8.5.1 [GB/T 33475.6 (Draft)], asset ID is defined to provide the Asset identifier. The asset ID is unique in whole 

session and different asset ID can be used to distinguish different content. In current SMT definition, more than 1000 different asset ID values can be 

defined, which is enough to satisfy TL9. In addition, section 8.4.4.1 [GB/T 33475.6 (Draft)] defines the asset group, which can be also used to indicate the 

relationship between different assets flexibly. 

additional requirements fulfillment 

TL-
AR2 

Provide information about available implementations of the multiplexer and demultiplexer, the latter both for professional (broadcast) and 
consumer electronic applications. 

Not fulfilled 
NOTE: See Note 

1 

TL-
AR3 

Provide some reference information about the demultiplexer for TV sets manufacturing. 
Not fulfilled 

NOTE: See Note 
1 

Note 1: (from proponent) “Currently, the SMT develop devices are still in the lab environments. There are no products in the market yet.” 

5.3.3 Test Results 

Some issues were found during the tests. 

Case A (OTA): 

• The SMT decoder didn’t have any audio output. 

Case B (Target Advertising): 

• Target advertising had a wrong resolution; 

• After ending the target advertising, it should return to the TV Show, but instead the video freezes; 

• The SMT decoder didn’t have any audio output during the TV Show. 

Case C (Live Streaming): 
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• After switching (manually) from OTA to OTT, few frames of the OTT is show, but the OTA program returns. 

Case D (OTT Audio): 

• There is no A/V Lip-sync pattern; 

• No timecode; 

• As described in Section 4.3.1.5 [TV 3.0 CfP Phase 2 TE], item “d”, the OTT stream should have only ‘Audio 2’, but the OTT had also video. 

Case E (Multiview): 

• The SMT decoder did not have any audio output. 

5.3.3.1 System Tests 

The Figure B1 and Figure B2 show the setup used to perform the tests. The Test Lab received the following equipment from the proponent: 

1) SMT Analyzer; 

2) SMT Muxer; 

3) SMT Decoder; 

4) MPEGTS Decoder. 
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Figure B1: SMT Test Setup 
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Figure B2: SMT equipment 

5.3.3.1.1 Enable frame-accurate synchronization of video, audio, and data for single or multi-platform (TL1.1 and TL1.2) 

Not verified since the SMT Decoder output contains video content only. 

5.3.3.1.2 Multiplexing latency (TL3.1) 

The Figure B3 shows a measure example. The MPEGTS Decoder and SMT Decoder outputs are displayed in the A/V Recorder. The results are presented 
in the Table B1. 



SBTVD Forum - Testing and Evaluation Report: TV 3.0 Project - Transport Layer 03 December 2021 

Page 24 of 57 

 

Figure B3: SMT Multiplexing Latency measurement 
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Table B1: SMT Multiplexing Latency Results 

Testing case Delivery method Latency (ms) 

a) OTA OTA 2150 

b) Targeted OTA 1983.33 

Advertising OTT 2033.33 

c) Live streaming 
OTA 1666.67 

OTT 1683.33 

d) OTT Audio 
OTA - 

OTT - 

e) Multi-view 

OTA - 

OTT - 

OTA vs OTT1 450 

OTA vs OTT2 283.33 

Note 1: Case D not verified since the stream has no timecode. 

Note 2: Case E stream uses all inputs of A/V Recorder. The Latency measured is the delay between OTA and OTT views. 

5.3.3.1.3 Measure % of Overhead (TL3.3) 

The overhead measurement is performed in the SMT Analyzer. The Figure B4 shows a measure example and the Table B2 shows the results. 
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Figure B4: SMT overhead measurement 
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Table B2: SMT overhead results 

Testing case Delivery method Overhead (%) – First Test Overhead (%) – Second Test 

a) OTA OTA 4.55 4.33 

b) Targeted OTA 4.66 4.05 

Advertising OTT - - 

c) Live streaming 
OTA 4.59 2.96 

OTT - - 

d) OTT Audio 
OTA 4.53 2.96 

OTT 4.54 2.96 

e) Multi-view 
OTA 2.96 2.96 

OTT 2.96 2.96 

Note 1: In the Case B, the video is loaded directly from the video server, which has a mp4 file. The overhead information is not forwarded to SMT Analyzer. 

Note 2: In the Case C and D, the analyzer receives only one overhead information. 

Note 3: In the Case E, the overhead information comes from SMT Decoder to SMT Analyzer by different ports. However, it is not possible to identify which 

information belongs to OTA and OTT. 

Note 4: The overhead value is not stable. 

5.3.3.2 System Verification 

5.3.3.2.1 Check ease to rebroadcast content over different distribution platforms (TL2.1 and TL2.2) 

Not verified since this feature is not implemented. 

5.3.3.2.2 Check error detection mechanism in over the air delivery as well as in the internet delivery (TL3.2) 

The error detection mechanism is presented in the Figure B5. However, the error detection mechanism does not differ the OTA and OTT packets. It only 

presents the range of packets lost. 
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Figure B5: SMT Error detection mechanism 

5.3.3.2.3 Check if it avoids unnecessary metadata duplication (TL3.4) 

Not verified. 

5.3.3.2.4 Check internet content delivery with encryption (TL4.1) 

Not verified since this feature is not implemented. 
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5.3.3.2.5 Check the possibility of TV network, originating station, and transmission station identification (TL5.1) 

The SMT proponent provided the following script, in order to transmit TL5.1 signaling: 

pkill ffmpeg  
sleep 2 
Downloads/smt_signalling/smt_signalling/smtsig Downloads/smt_signalling/json_example/network_identification_message.json smt://192.168.10.70:22345 & 
smtplayer-android-ffmpeg/ffmpeg -i udp://192.168.10.60:10211 -c copy -f mpu smt://192.168.10.50:10211 & 
smtplayer-android-ffmpeg/ffmpeg -i udp://192.168.10.60:10111 -c copy -f mpu smt://192.168.10.50:10111 & 
smtplayer-android-ffmpeg/ffmpeg -i udp://192.168.10.60:10112 -c copy -f mpu smt://192.168.10.50:10112 

The json file content, invoked in the script, is presented below: 

{ 
 "network_identification_message":{ 
  "message_id":47617, 
  "version": 122, 
  "message_payload":{ 
   "network_identification":12, 
   "original_network_identification":100, 
   "transmission_station_identification":1235 
  } 
 } 
} 

Filtering the signaling data, transmitted in the 22345 port, it was possible to check the received signaling in the SMT Analyzer, presented in the Figure B6. 
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Figure B6: SMT Network and station identification 
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5.3.3.2.6 Check the emergency warning message transmission signaling (TL6.1) 

The SMT proponent provided the following script, in order to transmit TL6.1 signaling: 

pkill ffmpeg 
sleep 2 
Downloads/smt_signalling/smt_signalling/smtsig Downloads/smt_signalling/json_example/emergency_warning_message.json smt://192.168.10.70:22345 & 
smtplayer-android-ffmpeg/ffmpeg -i udp://192.168.10.60:10211 -c copy -f mpu smt://192.168.10.50:10211 & 
smtplayer-android-ffmpeg/ffmpeg -i udp://192.168.10.60:10111 -c copy -f mpu smt://192.168.10.50:10111 & 
smtplayer-android-ffmpeg/ffmpeg -i udp://192.168.10.60:10112 -c copy -f mpu smt://192.168.10.50:10112 

The json file content, invoked in the script, is presented below: 

{ 
 "emergency_warning_message":{ 
  "message_id":47618, 
  "version": 32, 
  "message_payload":{ 
   "wake_up":1, 
   "alerting_protocol":100, 
   "descriptor_byte":"<?xml version = \"1.0\" encoding = \"UTF-8\"?><alert xmlns = 
\"urn:oasis:names:tc:emergency:cap:1.2\"><identifier>TRI13970876.2</identifier> <sender>trinet@caltech.edu</sender> <sent>2003-06-11T20:56:00-
07:00</sent><status>Actual</status> <msgType>Update</msgType><scope>Public</scope><references>trinet@caltech.edu,TRI13970876.1,2003-06-
11T20:30:00-07:00</references><info><category>Geo</category><event>Earthquake</event> <urgency>Past</urgency> <severity>Minor</severity> 
<certainty>Observed</certainty> <senderName>Southern California Seismic Network (TriNet) operated by Caltech and USGS</senderName><headline>EQ 
3.4 Imperial County CA</headline><description>A minor earthquake measuring 3.4 on the Richter scale occurred near Brawley, California at 8:30 PM 
Pacific Daylight Time on Wednesday, June 11, 2003. (This event has now been reviewed by a 
seismologist)</description><web>http://www.trinet.org/scsn/scsn.html</web><parameter><valueName>EventID</valueName><value>13970876</value></param
eter><parameter><valueName>Magnitude</valueName><value>3.4 Ml</value></parameter><parameter><valueName>Depth</valueName><value>11.8 
mi.</value></parameter><area> <areaDesc>1 mi. WSW of Brawley, CA; 11 mi. N of El Centro, CA; 30 mi. E of OCOTILLO (quarry); 1 mi. N of the 
Imperial Fault</areaDesc><circle>32.9525,-115.5527 0</circle> </area> </info></alert>" 
  } 
 } 
} 

Filtering the signaling data, transmitted in the 22345 port, it was possible to check the received signaling in the SMT Analyzer, presented in the Figure B7. 
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Figure B7: SMT Emergency warning message 

5.3.3.2.7 Check internet-based wake-up capability (TL7.1) 

Not verified since this feature is not implemented. 
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5.3.3.2.8 Check Support as much as possible the same Alerting Protocol used by the Brazilian Government, or a similar 

one (TL8.1) 

Not verified since this feature is not implemented. 

5.3.3.2.9 Check flexible geographic targeting for emergency warnings (TL9.1 – TL9.7) 

Not verified since this feature is not implemented. 

5.3.3.2.10 Check future extensions to the transport layer (TL10.1) 

There is no testing procedure, so it has not been tested. 

5.3.4 Summary of Test Results 

use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and data, 
either carried on the same platform (e.g. over-the-air) or mixed on 

different distribution platforms (e.g. DTT, cable, IPTV, DTH satellite, 
fixed broadband, 4G/5G mobile broadband) for seamless dynamic 

content replacement or for using audio/video/data enhancement layers. 

TL1.1 single platform audio/video/data sync frame-accurate 
Not verified 
NOTE: see 
5.3.3.1.1 

TL1.2 multi-platform audio/video/data sync frame-accurate 
Not verified 
NOTE: see 
5.3.3.1.1 

TL2 

Facilitate content rebroadcasting over different distribution platforms 
(e.g. DTT, cable, IPTV, DTH satellite, fixed broadband, 4G/5G mobile 
broadband) and for the home network. Support non-real-time media 

(download/push). 

TL2.1 IPv4-based transport 
Not verified 
NOTE: see 
5.3.3.1.1 

TL2.2 IPv6-based transport 
Not verified 
NOTE: see 
5.3.3.2.1 
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use case minimum technical specification fulfillment 

TL3 
Enable reliable and efficient multiplexing (low latency, error detection 

with low-overhead, avoiding unnecessary metadata duplication). 

TL3.1 latency ms 

Measured 
minimum: 

1683.33 ms 
(player to OTA) 

Measured 
maximum: 2150 

ms 
NOTE: see 
5.3.3.1.2 

TL3.2 error detection 
Fulfilled 

NOTE: see 
5.3.3.2.2 

TL3.3 overhead % 
2.96% to 4.66% 

NOTE: see 
5.3.3.1.3 

TL3.4 avoid unnecessary metadata duplication 
Not verified 
NOTE: see 
5.3.3.2.3 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 
Not verified 
NOTE: see 
5.3.3.2.4 

TL5 
Enable the identification of the TV network, the originating station, and 

the transmission station. 
TL5.1 

identification of the TV network, the originating station, and 
the transmission station 

Fulfilled 
NOTE: see 
5.3.3.2.5 

TL6 
Provide appropriate signaling of whether the channel transports 

emergency warnings (over-the-air or by the Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not 

Fulfilled 
NOTE: see 
5.3.3.2.6 

TL7 
Provide Internet-based "wake-up" capability for compatible receivers in 

case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Not verified 
NOTE: see 
5.3.3.2.7 

TL8 
Support as much as possible the same Alerting Protocol used by the 

Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 required 
elements 

Not verified 
NOTE: see 
5.3.3.2.8 
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use case minimum technical specification fulfillment 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 
Not verified 
NOTE: see 
5.3.3.2.9 

TL9.2 

list of up to 14 federative units within a country to be alerted 
(with country identification) (at least 27 federative unit 

codes) (federative unit codes list should be updatable over-
the-air and by Internet) 

Not verified 
NOTE: see 
5.3.3.2.9 

TL9.3 

list of up to 14 federative units within a country not to be 
alerted (with country identification) (at least 27 federative 
unit codes) (federative unit codes list should be updatable 

over-the-air and by Internet) 

Not verified 
NOTE: see 
5.3.3.2.9 

TL9.4 

list of up to 427 municipalities within a federative unit to be 
alerted (with country and federative unit identification) (at 

least 5 570 municipality codes) (municipality codes list 
should be updatable over-the-air and by Internet) 

Not verified 
NOTE: see 
5.3.3.2.9 

TL9.5 

list of up to 427 municipalities within a federative unit not to 
be alerted (with country and federative unit identification) 
(at least 5 570 municipality codes) (municipality codes list 

should be updatable over-the-air and by Internet) 

Not verified 
NOTE: see 
5.3.3.2.9 

TL9.6 

list of up to 1 000 postal codes entries to be alerted (with 
country identification) (including individual entries and 

ranges) (supporting wildcard characters) (Brazilian postal 
code format: 8 numeric digits) 

Not verified 
NOTE: see 
5.3.3.2.9 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries and 
ranges) (supporting wildcard characters) (other postal code 

formats, up to 10 alphanumeric digits) 

Not verified 
NOTE: see 
5.3.3.2.9 

TL10 
Enable future extensions to the transport layer (e.g. to support 

transporting new audio, video, and data formats). 
TL10.1 extensibility 

Not applicable 
NOTE: see 
5.3.3.2.10 

 

additional requirements fulfillment 

TL-
AR1 

Provide free of charge reference multiplexer and demultiplexer (software or hardware) with its corresponding documentation, strictly for temporary 
technical evaluation of the SBTVD Forum (non-commercial usage). 

Fulfilled 
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5.4 Candidate Technology C 

The Candidate Technology C is ARIB MMT. 

5.4.1 Documentation Analysis 

It was provided by the proponent its own standard (ARIB STD-B60), except for the standard of the ISO/IEC 23008-10 (paid). Some of the sections which 

have relation to the use cases (TL1 to TL10) were supplied by the proponent. 

5.4.2 Summary of Documentation Analysis 

general requirements fulfillment 

GT3 All technical proposals shall be fully specified, preferably in technical standards of internationally recognized SDOs. Fulfilled 

GT4 The full specification of the technical proposal shall be made available for the SBTVD Forum free of charge. 
Fulfilled 

NOTE: see 5.4.1 

GI3 
All technical proposals licensing or any other form of commercialization shall adhere to fair, reasonable, and non-discriminatory terms, as 

specified in the SBTVD Forum Intellectual Property Rights Policy (see the TV 3.0 Call for Proposals document, Annex A). 

Fulfilled 
NOTE: see 

Proponent Note 1 

Proponent Note 1: According to the response document “Response to TV3.0 project CfP Phase – Transport Layer” (2nd July, 2021), item “Commitment”: 

“In case that the proposed technologies are fully or partially adopted in the TV3.0 normative specifications, DiBEG agrees with the following terms: 

- Fair, reasonable, and non-discriminatory licensing of the proposed technologies by DiBEG upon commercialization of the TV3.0 normative specifications. 

– Contribution to SBTVD Forum on drafting the TV3.0 normative specifications and implementing its conformity assessment tests (reference 

implementations, reference streams, test suites, etc.) as much as possible.” 
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use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and data, 
either carried on the same platform (e.g. over-the-air) or mixed on 

different distribution platforms (e.g. DTT, cable, IPTV, DTH satellite, 
fixed broadband, 4G/5G mobile broadband) for seamless dynamic 
content replacement or for using audio/video/data enhancement 

layers. 

TL1.1 single platform audio/video/data sync frame-accurate 
Fulfilled 

NOTE: see 2.2 of 
ARIB STD-B60 

TL1.2 multi-platform audio/video/data sync frame-accurate 

Fulfilled 
NOTE: see 2.2 

and Description 1 
item 2 of ARIB 

STD-B60 

TL2 

Facilitate content rebroadcasting over different distribution platforms 
(e.g. DTT, cable, IPTV, DTH satellite, fixed broadband, 4G/5G mobile 
broadband) and for the home network. Support non-real-time media 

(download/push). 

TL2.1 IPv4-based transport 

Fulfilled 
NOTE: see 2.1 

and 7.3.3.1 table 
7-9 of ARIB STD-

B60 

TL2.2 IPv6-based transport 

Fulfilled 
NOTE: see 2.1 

and 7.3.3.1 table 
7-9 of ARIB STD-

B60 

TL3 
Enable reliable and efficient multiplexing (low latency, error detection 

with low-overhead, avoiding unnecessary metadata duplication). 

TL3.1 latency ms Not specified 

TL3.2 error detection 

Fulfilled 
NOTE: see 

Sections 5 and 6 
of ISO/IEC 23008-

10 

TL3.3 overhead % Not specified 

TL3.4 avoid unnecessary metadata duplication 
Fulfilled 

NOTE: see 6.2 of 
ARIB STD-B60 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 

Fulfilled 
NOTE: see 

7.3.3.4, 7.3.3.5 
and 7.3.3.8 of 

ARIB STD-B60 

TL5 
Enable the identification of the TV network, the originating station, and 

the transmission station. 
TL5.1 

identification of the TV network, the originating station, and 
the transmission station 

Not fulfilled 
NOTE: see 

Proponent Note 1 
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use case minimum technical specification fulfillment 

TL6 
Provide appropriate signaling of whether the channel transports 

emergency warnings (over-the-air or by the Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not 

Fulfilled 
NOTE: see 

7.4.3.10 and 
7.4.3.43 of ARIB 

STD-B60 

TL7 
Provide Internet-based "wake-up" capability for compatible receivers 

in case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability Not fulfilled 

TL8 
Support as much as possible the same Alerting Protocol used by the 

Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 required 
elements 

Not fulfilled 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 
Not fulfilled 
NOTE: see 

Proponent Note 2 

TL9.2 

list of up to 14 federative units within a country to be 
alerted (with country identification) (at least 27 federative 
unit codes) (federative unit codes list should be updatable 

over-the-air and by Internet) 

Part fulfilled 
NOTE: see Note 1 

TL9.3 

list of up to 14 federative units within a country not to be 
alerted (with country identification) (at least 27 federative 
unit codes) (federative unit codes list should be updatable 

over-the-air and by Internet) 

Part fulfilled 
NOTE: see Note 1 

TL9.4 

list of up to 427 municipalities within a federative unit to be 
alerted (with country and federative unit identification) (at 

least 5 570 municipality codes) (municipality codes list 
should be updatable over-the-air and by Internet) 

Not fulfilled 
NOTE: see Note 1 

TL9.5 

list of up to 427 municipalities within a federative unit not to 
be alerted (with country and federative unit identification) 
(at least 5 570 municipality codes) (municipality codes list 

should be updatable over-the-air and by Internet) 

Not fulfilled 
NOTE: see Note 1 

TL9.6 

list of up to 1 000 postal codes entries to be alerted (with 
country identification) (including individual entries and 

ranges) (supporting wildcard characters) (Brazilian postal 
code format: 8 numeric digits) 

Not fulfilled 
NOTE: see Note 1 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries and 

ranges) (supporting wildcard characters) (other postal 
code formats, up to 10 alphanumeric digits) 

Not fulfilled 
NOTE: see Note 1 
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use case minimum technical specification fulfillment 

TL10 
Enable future extensions to the transport layer (e.g. to support 

transporting new audio, video, and data formats). 
TL10.1 extensibility 

Fulfilled 
NOTE: see 7.3.3.1 
of ARIB STD-B60 

Proponent Note 1: There is a possibility to fulfill the requirement with using the scheme of current ISDB-T system (ARIB STD-B31). By using 

synchronization_id and equipment_id that are described at Table 5-13 in ARIB STD-B31, this requirement may be fulfilled. 

Proponent Note 2: (28/10/2021) “Yes, you are right that country code is not directly included in the Emergency Information Descriptor. However, Section 

7.4.3.32 "MH-Local Time Offset Descriptor" of ARIB STD-B60 will be a solution for identifying countries. Table 7-75 shows the descriptor including country 

code. You can identify the country by referring 24 bit country code there. Country code is field of 24 bits represents the name of country by using 

alphabetical three-letters code provided in ISO 3166-1. Each letter is coded by 8 bits according to ISO 8859-1, and is inserted to the field of 24 bits by the 

order.” (05/11/2021) “Indeed it is a descriptor for identifying Local time Offset and is not directly related to Emergency Information . However, it is able to 

include country code in it, and the receiver can identify the country. So by using both Emergency Information Descriptor and MH-Local Time Offset 

Descriptor, it is able to satisfy the requirement of TL9.1.”. 

Note 1: In ARIB STD-B60 section 7.4.3.10 Table 7-36, there is a field called area_code, but it has 12 bits (supporting up to 4096 codes), but without 

country identification in the same descriptor. 

additional requirements fulfillment 

TL-
AR2 

Provide information about available implementations of the multiplexer and demultiplexer, the latter both for professional 
(broadcast) and consumer electronic applications. 

Fulfilled 
NOTE: see Proponent 

Note 1 

TL-
AR3 

Provide some reference information about the demultiplexer for TV sets manufacturing. 
Fulfilled 

NOTE: see Proponent 
Note 1 

Proponent Note 1: “ARIB-MMT is the standard actually used in Japanese satellite broadcasting service launched in 2018. Therefore, the manufactures 

have enough experiences and knowledges for implementing ARIB-MMT to professional (broadcast) and consumer electronic applications.” 

5.4.3 Test Results 

5.4.3.1 System Tests 

The Test Lab received the following equipment from the proponent: 
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1) 4K Encoder YE-9300; 

2) Remux 0416A-003; 

3) Modulator 0428A; 

4) Up Converter 4401A DA; 

5) Demodulator SC1502A-B03; 

6) 4K Decoder Xjive MMT Player. 

5.4.3.1.1 Enable frame-accurate synchronization of video, audio, and data for single or multi-platform (TL1.1 and TL1.2) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. Also, the supplied decoder outputs only 4K.  

5.4.3.1.2 Multiplexing latency (TL3.1) 

Not verified. 

We contacted the proponent, but it was not possible to measure the latency without using the full RF transmission/reception setup. See Appendix I. 

5.4.3.1.3 Measure % of Overhead (TL3.3) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2 System Verification 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.1 Check ease to rebroadcast content over different distribution platforms (TL2.1 and TL2.2) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.2 Check error detection mechanism in over the air delivery as well as in the internet delivery (TL3.2) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 
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5.4.3.2.3 Check if it avoids unnecessary metadata duplication (TL3.4) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.4 Check internet content delivery with encryption (TL4.1) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.5 Check the possibility of TV network, originating station, and transmission station identification (TL5.1) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.6 Check the emergency warning message transmission signaling (TL6.1) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.7 Check internet-based wake-up capability (TL7.1) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.8 Check Support as much as possible the same Alerting Protocol used by the Brazilian Government, or a similar 

one (TL8.1) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.9 Check flexible geographic targeting for emergency warnings (TL9.1 – TL9.7) 

Not verified since the setup couldn’t work without the RF transmission/reception setup. 

5.4.3.2.10 Check future extensions to the transport layer (TL10.1) 

There is no testing procedure, so it has not been tested. 
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5.4.4 Summary of Test Results 

use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and data, either 
carried on the same platform (e.g. over-the-air) or mixed on different 

distribution platforms (e.g. DTT, cable, IPTV, DTH satellite, fixed 
broadband, 4G/5G mobile broadband) for seamless dynamic content 

replacement or for using audio/video/data enhancement layers. 

TL1.1 single platform audio/video/data sync frame-accurate 
Not verified 
NOTE: see 
5.4.3.1.1 

TL1.2 multi-platform audio/video/data sync frame-accurate 
Not verified 
NOTE: see 
5.4.3.1.1 

TL2 

Facilitate content rebroadcasting over different distribution platforms (e.g. 
DTT, cable, IPTV, DTH satellite, fixed broadband, 4G/5G mobile 

broadband) and for the home network. Support non-real-time media 
(download/push). 

TL2.1 IPv4-based transport 
Not verified 
NOTE: see 
5.4.3.1.1 

TL2.2 IPv6-based transport 
Not verified 
NOTE: see 
5.4.3.1.1 

TL3 
Enable reliable and efficient multiplexing (low latency, error detection with 

low-overhead, avoiding unnecessary metadata duplication). 

TL3.1 latency ms 
Not verified 
NOTE: see 
5.4.3.1.2 

TL3.2 error detection 
Not verified 
NOTE: see 
5.4.3.2.2 

TL3.3 overhead % 
Not verified 
NOTE: see 
5.4.3.1.3 

TL3.4 avoid unnecessary metadata duplication 
Not verified 
NOTE: see 
5.4.3.2.3 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 
Not verified 
NOTE: see 
5.4.3.2.4 

TL5 
Enable the identification of the TV network, the originating station, and the 

transmission station. 
TL5.1 

identification of the TV network, the originating station, and 
the transmission station 

Not verified 
NOTE: see 
5.4.3.2.5 

TL6 
Provide appropriate signaling of whether the channel transports 

emergency warnings (over-the-air or by the Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not 

Not verified 
NOTE: see 
5.4.3.2.6 
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use case minimum technical specification fulfillment 

TL7 
Provide Internet-based "wake-up" capability for compatible receivers in 

case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Not verified 
NOTE: see 
5.4.3.2.7 

TL8 
Support as much as possible the same Alerting Protocol used by the 

Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 required 
elements 

Not verified 
NOTE: see 
5.4.3.2.8 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 

Not verified 
NOTE: see 
5.4.3.2.9 

TL9.2 

list of up to 14 federative units within a country to be alerted 
(with country identification) (at least 27 federative unit codes) 

(federative unit codes list should be updatable over-the-air 
and by Internet) 

TL9.3 

list of up to 14 federative units within a country not to be 
alerted (with country identification) (at least 27 federative unit 
codes) (federative unit codes list should be updatable over-

the-air and by Internet) 

TL9.4 

list of up to 427 municipalities within a federative unit to be 
alerted (with country and federative unit identification) (at 

least 5 570 municipality codes) (municipality codes list should 
be updatable over-the-air and by Internet) 

TL9.5 

list of up to 427 municipalities within a federative unit not to 
be alerted (with country and federative unit identification) (at 

least 5 570 municipality codes) (municipality codes list should 
be updatable over-the-air and by Internet) 

TL9.6 

list of up to 1 000 postal codes entries to be alerted (with 
country identification) (including individual entries and 

ranges) (supporting wildcard characters) (Brazilian postal 
code format: 8 numeric digits) 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries and 
ranges) (supporting wildcard characters) (other postal code 

formats, up to 10 alphanumeric digits) 

TL10 
Enable future extensions to the transport layer (e.g. to support 

transporting new audio, video, and data formats). 
TL10.1 extensibility 

Not 
applicable 
NOTE: see 
5.4.3.2.10 
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additional requirements fulfillment 

TL-AR1 
Provide free of charge reference multiplexer and demultiplexer (software or hardware) with its corresponding 

documentation, strictly for temporary technical evaluation of the SBTVD Forum (non-commercial usage). 
Partially fulfilled 

NOTE: see Note 1 

Note 1: As described in 5.4.3.1, it was provided a remultiplexer, but the demultiplexer was built-in in the demodulator, so due to this we couldn’t verify the 

system tests. Also, according to the response document “Response to TV3.0 project CfP Phase – Transport Layer” (2nd July, 2021), item “Additional 

Requirements for TL”: 

“(…) As explained at the March 9 meeting, this response does not include the independent equipment for testing requested by Section 4.3.1.1 [TV 3.0 

CfP Phase 2 TE]. This is because MMT in Japan is already in the actual operation phase for 4K/8K satellite broadcasting and the independent MMT 

equipment that existed in the development phase was no longer available. For the same reason, this response does not include the Files requested by 

Section 4.3.1.2 [TV 3.0 CfP Phase 2 TE]. 

It is regrettable that we cannot provide the equipment for the detailed test evaluation described in Section 4.3 [TV 3.0 CfP Phase 2 TE]. However, the 

equipment provided for the Physical Layer test includes the MMT Transport Layer section. This makes it possible to confirm that MMT is operating properly 

as a Transport Layer end to end.”. 

5.5 Candidate Technology D 

The Candidate Technology D is ATSC MMT. 

5.5.1 Documentation Analysis 

The documentation sent by the proponent (ATSC) were: Doc. A/360:2019 (ATSC 3.0 Security and Service Protection, with Amendment No. 1 and 

Amendment No. 2), Doc. A/331:2021 (Signaling, Delivery, Synchronization, and Error Protection, with Amendments No. 1, 2, and 3) and Doc. A/321:2016 

(System Discovery and Signaling). 

5.5.2 Summary of Documentation Analysis 

general requirements fulfillment 

GT3 All technical proposals shall be fully specified, preferably in technical standards of internationally recognized SDOs. Fulfilled 

GT4 The full specification of the technical proposal shall be made available for the SBTVD Forum free of charge. Fulfilled 

GI3 
All technical proposals licensing or any other form of commercialization shall adhere to fair, reasonable, and non-discriminatory terms, as 

specified in the SBTVD Forum Intellectual Property Rights Policy (see the TV 3.0 Call for Proposals document, Annex A). 

Fulfilled 
NOTE: see 

Note 1 
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Note 1: the proponent answered with the document “ATSC-IPR-Statement-and-Letter-of-Commitment-to-SBTVD-Forum.pdf”: 

“(…) As part of the submission process, SBTVD Forum has stated that proponents shall provide ‘...Commitment to fair, reasonable, and non-discriminatory 

licensing (or any other form of commercialization) of the technical proposal, as specified in the SBTVD Forum Intellectual Property Rights Policy.’ 

ATSC is a due-process, standards-development organization, with a specified Intellectual Property Rights (IPR) policy that includes a commitment by the 

organization and its participants to the “FRAND” licensing regime that the SBTVD Forum requires. All of ATSC’s proposals to the SBTVD Forum’s TV 3.0 

Call for Proposals (CfP) are based on published ATSC Standards, which intrinsically conform to the ATSC IPR policy. We can therefore state unequivocally 

that all ATSC’s proposals to the TV 3.0 CfP satisfy this requirement. 

A full statement of ATSC’s IPR policy is included in the ATSC Patent Policy (ATSC Document B/04). A complete list of patents declared by IPR holders 

in ATSC 3.0, including the specific Standards to which they apply, is also available at https://www.atsc.org/documents/atsc-3-0-standards/patent-

statements/”. 

use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and 
data, either carried on the same platform (e.g. over-the-air) or 

mixed on different distribution platforms (e.g. DTT, cable, 
IPTV, DTH satellite, fixed broadband, 4G/5G mobile 

broadband) for seamless dynamic content replacement or for 
using audio/video/data enhancement layers. 

TL1.1 
single platform audio/video/data 

sync 
frame-accurate 

Fulfilled 
NOTE: see Doc. A/331:2021, 

8.1.2.3 

TL1.2 
multi-platform audio/video/data 

sync 
frame-accurate 

Fulfilled 
NOTE: see Doc. A/331:2021, 

8.2.2.3 

TL2 

Facilitate content rebroadcasting over different distribution 
platforms (e.g. DTT, cable, IPTV, DTH satellite, fixed 

broadband, 4G/5G mobile broadband) and for the home 
network. Support non-real-time media (download/push). 

TL2.1 IPv4-based transport 
Fulfilled 

NOTE: see Doc. A/331:2021, 
4.1 

TL2.2 IPv6-based transport 

Partially fulfilled 
NOTE: see Doc. A/331:2021, 

4.1; OTA is IPv4, and internet is 
IPv6 

https://www.atsc.org/documents/atsc-3-0-standards/patent-statements/
https://www.atsc.org/documents/atsc-3-0-standards/patent-statements/
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use case minimum technical specification fulfillment 

TL3 
Enable reliable and efficient multiplexing (low latency, error 

detection with low-overhead, avoiding unnecessary metadata 
duplication). 

TL3.1 latency ms 

Not specified 
PROPONENT NOTE: actual 

values are dependent on 
various configuration options 

TL3.2 error detection 
Fulfilled 

NOTE: see Doc. A/331:2021, 
8.1.2.5 

TL3.3 overhead % 

Not specified 
PROPONENT NOTE: actual 

values are dependent on 
configuration options 

TL3.4 avoid unnecessary metadata duplication 
Fulfilled 

NOTE: see Doc. A/331, 5.1 and 
Proponent Note 1 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 

Fulfilled 
NOTE: see Doc. A/331:2021, 

7.2.4.1 (signaling by a 
descriptor, for both OTT/OTA) 

TL5 
Enable the identification of the TV network, the originating 

station, and the transmission station. 
TL5.1 

identification of the TV network, the originating 
station, and the transmission station 

Fulfilled 
NOTE: see Doc. A/331, 6.3 and 

Proponent Note 2 

TL6 
Provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by 

the Internet) or not 

Partially fulfilled 
NOTE: OTA, see Doc. 

A/331:2021, sections 6.2, 6.5, 
6.6 and Doc. A/321 (bootstrap) 

TL7 
Provide Internet-based "wake-up" capability for compatible 

receivers in case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Not fulfilled 
PROPONENT NOTE: supported 
in OTA (Doc. A/321:2016, 6.1; 
Doc. A/331:2021 Annex G.2), 
wake-up over Internet can be 

added to the standards 

TL8 
Support as much as possible the same Alerting Protocol used 

by the Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 
required elements 

Fulfilled 
See Proponent Note 3 
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use case minimum technical specification fulfillment 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 

Fulfilled 
NOTE: see Doc. A/331, 6.5 and 

Annex G; Note 1; and 
Proponent Note 4 

TL9.2 

list of up to 14 federative units within a country to be 
alerted (with country identification) (at least 27 
federative unit codes) (federative unit codes list 

should be updatable over-the-air and by Internet) 

TL9.3 

list of up to 14 federative units within a country not to 
be alerted (with country identification) (at least 27 
federative unit codes) (federative unit codes list 

should be updatable over-the-air and by Internet) 

TL9.4 

list of up to 427 municipalities within a federative unit 
to be alerted (with country and federative unit 

identification) (at least 5 570 municipality codes) 
(municipality codes list should be updatable over-the-

air and by Internet) 

TL9.5 

list of up to 427 municipalities within a federative unit 
not to be alerted (with country and federative unit 
identification) (at least 5 570 municipality codes) 

(municipality codes list should be updatable over-the-
air and by Internet) 

TL9.6 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual 

entries and ranges) (supporting wildcard characters) 
(Brazilian postal code format: 8 numeric digits) 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual 

entries and ranges) (supporting wildcard characters) 
(other postal code formats, up to 10 alphanumeric 

digits) 

TL10 
Enable future extensions to the transport layer (e.g. to 

support transporting new audio, video, and data formats). 
TL10.1 extensibility 

Fulfilled 
NOTE: see Doc. A/331:2021, 

3.5 

Proponent Note 1: Layered design assigning metadata to each layer has avoided specifying duplicated information in multiple layers. 

Proponent Note 2: Signaling of BSID, Service ID and major/minor channel number, etc. are supported. 

Proponent Note 3: The XML-based AEA message format was designed to be interoperable with the Common Alerting Protocol (CAP). Further, onscreen 

captions displays (EAS) are fully compatible with CAP1.2. See Doc. A/331, 6.5.1, 6.5.2 and Annex G.2. 
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Note 1: the proponent sent us the document “ATSC SBTVD 3.0 Proposal: Advanced Emergency Messaging” Doc. PT6-101r3 (November 30, 2020), 

where it also shows the compatibility with OASIS. The field “Location@type” can be used in different criteria, including polygons, circles, nationwide and 

geocode schemas (postal code, for example). According to this document, it can be done via amendment to the Doc. A/331 specification. 

Proponent Note 4: AEA is extensible and provides a flexible schema for adding national and postal codes. 

additional requirements fulfillment 

TL-
AR2 

Provide information about available implementations of the multiplexer and demultiplexer, the latter both for professional (broadcast) and 
consumer electronic applications. 

Fulfilled 
NOTE: see Note 

1 

TL-
AR3 

Provide some reference information about the demultiplexer for TV sets manufacturing. 
Fulfilled 

NOTE: see Note 
2 

Note 1: the proponent answered in the document “ATSC Response to TV 3.0 Additional Requirements Transport Layer” (July, 2nd, 2021): “ATSC 3.0 

Transport Layer equipment products for professional and consumer use are widely available in the USA and Republic of Korea, for both ROUTE/DASH 

and MMT formats. Please contact the equipment manufacturer for details on multiplexer and demultiplexer implementations.” 

Note 2: the proponent answered in the document “ATSC Response to TV 3.0 Additional Requirements Transport Layer” (July, 2nd, 2021): “For information 

on demultiplexers used in ATSC 3.0 TV receivers, contact the TV manufacturer. Detailed information about currently available receivers in the US marker 

is available at https://www.watchnextgentv.com/”. 

5.5.3 Test Results 

5.5.3.1 System Tests 

5.5.3.1.1 Enable frame-accurate synchronization of video, audio, and data for single or multi-platform (TL1.1 and TL1.2) 

Not verified since the PCAP files were not sent. 

5.5.3.1.2 Multiplexing latency (TL3.1) 

Not verified since the PCAP files were not sent. 

https://www.watchnextgentv.com/
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5.5.3.1.3 Measure % of Overhead (TL3.3) 

Not verified since the PCAP files were not sent. 

5.5.3.2 System Verification 

5.5.3.2.1 Check ease to rebroadcast content over different distribution platforms (TL2.1 and TL2.2) 

Not verified since the PCAP files were not sent. 

5.5.3.2.2 Check error detection mechanism in over the air delivery as well as in the internet delivery (TL3.2) 

Not verified since the PCAP files were not sent. 

5.5.3.2.3 Check if it avoids unnecessary metadata duplication (TL3.4) 

Not verified since the PCAP files were not sent. 

5.5.3.2.4 Check internet content delivery with encryption (TL4.1) 

Not verified since the PCAP files were not sent. 

5.5.3.2.5 Check the possibility of TV network, originating station, and transmission station identification (TL5.1) 

Not verified since the PCAP files were not sent. 

5.5.3.2.6 Check the emergency warning message transmission signaling (TL6.1) 

Not verified since the PCAP files were not sent. 

5.5.3.2.7 Check internet-based wake-up capability (TL7.1) 

Not verified since the PCAP files were not sent. 
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5.5.3.2.8 Check Support as much as possible the same Alerting Protocol used by the Brazilian Government, or a similar 

one (TL8.1) 

Not verified since the PCAP files were not sent. 

5.5.3.2.9 Check flexible geographic targeting for emergency warnings (TL9.1 – TL9.7) 

Not verified since the PCAP files were not sent. 

5.5.3.2.10 Check future extensions to the transport layer (TL10.1) 

There is no testing procedure, so it has not been tested. 

5.5.4 Summary of Test Results 

use case minimum technical specification fulfillment 

TL1 

Enable frame-accurate synchronization of video, audio, and data, either 
carried on the same platform (e.g. over-the-air) or mixed on different 

distribution platforms (e.g. DTT, cable, IPTV, DTH satellite, fixed 
broadband, 4G/5G mobile broadband) for seamless dynamic content 

replacement or for using audio/video/data enhancement layers. 

TL1.1 single platform audio/video/data sync frame-accurate 
Not verified 
NOTE: see 
5.5.3.1.1 

TL1.2 multi-platform audio/video/data sync frame-accurate 
Not verified 
NOTE: see 
5.5.3.1.1 

TL2 

Facilitate content rebroadcasting over different distribution platforms (e.g. 
DTT, cable, IPTV, DTH satellite, fixed broadband, 4G/5G mobile 

broadband) and for the home network. Support non-real-time media 
(download/push). 

TL2.1 IPv4-based transport 
Not verified 
NOTE: see 
5.5.3.1.1 

TL2.2 IPv6-based transport 
Not verified 
NOTE: see 
5.5.3.2.1 
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use case minimum technical specification fulfillment 

TL3 
Enable reliable and efficient multiplexing (low latency, error detection with 

low-overhead, avoiding unnecessary metadata duplication). 

TL3.1 latency ms 
Not verified 
NOTE: see 
5.5.3.1.2 

TL3.2 error detection 
Not verified 
NOTE: see 
5.5.3.2.2 

TL3.3 overhead % 
Not verified 
NOTE: see 
5.5.3.1.3 

TL3.4 avoid unnecessary metadata duplication 
Not verified 
NOTE: see 
5.5.3.2.3 

TL4 Enable Internet content delivery with encryption. TL4.1 encryption support 
Not verified 
NOTE: see 
5.5.3.2.4 

TL5 
Enable the identification of the TV network, the originating station, and the 

transmission station. 
TL5.1 

identification of the TV network, the originating station, and 
the transmission station 

Not verified 
NOTE: see 
5.5.3.2.5 

TL6 
Provide appropriate signaling of whether the channel transports 

emergency warnings (over-the-air or by the Internet) or not. 
TL6.1 

provide appropriate signaling of whether the channel 
transports emergency warnings (over-the-air or by the 

Internet) or not 

Not verified 
NOTE: see 
5.5.3.2.6 

TL7 
Provide Internet-based "wake-up" capability for compatible receivers in 

case of an emergency warning. 
TL7.1 Internet-based "wake-up" capability 

Not verified 
NOTE: see 
5.5.3.2.7 

TL8 
Support as much as possible the same Alerting Protocol used by the 

Brazilian Government, or a similar one. 
TL8.1 

support OASIS Common Alerting Protocol 1.2 required 
elements 

Not verified 
NOTE: see 
5.5.3.2.8 
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use case minimum technical specification fulfillment 

TL9 Enable flexible geographic targeting for emergency warnings. 

TL9.1 countrywide alert (with country identification) 
Not verified 
NOTE: see 
5.5.3.2.9 

TL9.2 

list of up to 14 federative units within a country to be alerted 
(with country identification) (at least 27 federative unit codes) 

(federative unit codes list should be updatable over-the-air 
and by Internet) 

Not verified 
NOTE: see 
5.5.3.2.9 

TL9.3 

list of up to 14 federative units within a country not to be 
alerted (with country identification) (at least 27 federative unit 
codes) (federative unit codes list should be updatable over-

the-air and by Internet) 

Not verified 
NOTE: see 
5.5.3.2.9 

TL9.4 

list of up to 427 municipalities within a federative unit to be 
alerted (with country and federative unit identification) (at 

least 5 570 municipality codes) (municipality codes list should 
be updatable over-the-air and by Internet) 

Not verified 
NOTE: see 
5.5.3.2.9 

TL9.5 

list of up to 427 municipalities within a federative unit not to 
be alerted (with country and federative unit identification) (at 

least 5 570 municipality codes) (municipality codes list should 
be updatable over-the-air and by Internet) 

Not verified 
NOTE: see 
5.5.3.2.9 

TL9.6 

list of up to 1 000 postal codes entries to be alerted (with 
country identification) (including individual entries and 

ranges) (supporting wildcard characters) (Brazilian postal 
code format: 8 numeric digits) 

Not verified 
NOTE: see 
5.5.3.2.9 

TL9.7 

list of up to 1 000 postal codes entries to be alerted 
(with country identification) (including individual entries and 
ranges) (supporting wildcard characters) (other postal code 

formats, up to 10 alphanumeric digits) 

Not verified 
NOTE: see 
5.5.3.2.9 

TL10 
Enable future extensions to the transport layer (e.g. to support 

transporting new audio, video, and data formats). 
TL10.1 extensibility 

Not 
applicable 
NOTE: see 
5.5.3.2.10 

 

additional requirements fulfillment 

TL-AR1 
Provide free of charge reference multiplexer and demultiplexer (software or hardware) with its corresponding 

documentation, strictly for temporary technical evaluation of the SBTVD Forum (non-commercial usage). 
Not fulfilled 

NOTE: see Note 1 
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Note 1: it was not possible to complete to setup (equipment and files) since the laboratory didn’t receive any PCAP file. 
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Appendix I: Additional Tests for Candidate Technology C 

I.1 Multiplexing latency (TL3.1) 

The delay was measured but with the full RF transmission/reception setup as shown in the Figure C1. 

 

Figure C1: DiBEG-MMT Test Setup 

The 4K Decoder XJive MMT Player’s output delivers the signal with 4K resolution, through four 3G-SDI interfaces. When receiving the output from the 

MMT decoder on the A/V Recorder equipment, only a quarter of the screen of the original content could be viewed on the recorder interface. Thus, in 

order to measure the latency between the source and the signal at the output of the chain, an adapted video signal consisting of the replication of the 

timecode in the four quadrants of the original video was created, as shown in Figure C2. 
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Figure C2: DiBEG-MMT Adapted video source 

As mentioned, in the case of DiBEG-MMT, it is not possible to measure the latency of the transport layer in intermediate points. The only measure available 

is the latency generated by the complete chain of equipment that were sent. Thus, the results presented represent the latency generated in the physical 

and transport layers. The Figure C3 shows the measured latency comparison result between the source and the DiBEG-MMT equipment in the A/V 

recorder. 
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Figure C3: DiBEG-MMT Latency measure in the A/V Recorder 
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The generated video has a frame rate of 59.94 fps, while the converter only supports 29.97 fps for the case of an HD signal, resulting in an error of +/- 

one frame in the latency measurement. The Table C1 shows the result of the test, considering latency in seconds. 

Table C1: DiBEG-MMT Latency measurement results 

Timecode (source) Timecode (4K MMT Decoder) Latency (seconds) 

05:15:41 05:11:03 4.6833 
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