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Introduction 

Transmission topic area comprises three projects. The matters concerning digital terrestrial television broadcasting, 
digital satellite broadcasting and these frequency planning are studied or investigated by these projects. This topic 
area also covers research on IBB and OTT, including platforms and standards, etc. 
This document has been submitted for this Technical Committee Annual meeting. 

 
1. Frequency Planning for Digital Broadcasting(T/FPDB) 

Project Manager: Mr. Kazuhiro Kumamaru (NHK, Japan) 
Co-project Manager: Mr. YUEN Man (TVB, Hong Kong, China), Mr. Rajeev Kumar (DDI, India) 
 
Reports from the project managers and the contributor are as follows. 
 
1.1 ITU-R text related to DTTB coverage and frequency planning 
1.2 Latest ASO situations in the region 
1.3 Latest topics over frequency policies in the world 

 
The reports for T/FPDB are attached as Annex 1. 
 

2. Next Generation Terrestrial Broadcasting (T/NGTB) 
Project Manager:  Mr. Masahiro Okano (NHK, Japan) 
Co-project Manager: Mr LEE Jae Kwon (KBS, Korea), Mr Chen Delin (ABS, China), Mr Halil Us (TRT, 

Turkey), Mr  Özgür Cosar (TRT, Turkey), Mr M S Duhan (DDI, India) 
 
Reports from the project managers and the contributor are as follows. 
 
2.1 Investigate efforts toward the realization of next-generation terrestrial broadcasting in Japan 
2.2 ATSC 3.0 based UHDTV terrestrial broadcasting in Republic of Korea 

 
The reports for T/NGTB are attached as Annex 2. 

 
3. Integrated Broadcast-Broadband and OTT (T/IBBOTT) 

Project Manager: Dr. Go OHTAKE (NHK, Japan) 
Co-project Manager: Mr. A. K. Mangalgi (DDI, India), Mr. Kazuhiro KUMAMARU (NHK, Japan), Mr. Satoshi 

FUJITSU (NHK, Japan),  Mr. Masayoshi ONISHI (NHK, Japan) 
Reports from the project managers and the contributor are as follows. 
 
3.1 Standardization of multimedia coding for UHDTV in Japan 
3.2 Standardization of Integrated Broadcast-Broadband System in Japan 
3.3 Studies in ITU-R 
3.4 Studies in ITU-T 
3.5 Cyber Security – The “NOTICE” and “NICTOR” Project to Survey IoT Devices and to Alert Users 
 
The reports for T/IBBOTT are attached as Annex 3.
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Annex 1 
Project: Frequency Planning for Digital Broadcasting(T/FPDB) 

 
1.1 ITU-R text related to DTTB coverage and frequency planning 
1.1.1 Recommendations (http://www.itu.int/rec/R-REC-BT/en) 
BT.1306 “Error correction, data framing, modulation and emission methods for digital terrestrial television 

broadcasting” 
BT.1368 “Planning criteria, including protection ratios, for digital terrestrial television services in the 

VHF/UHF bands” 
BT.1877 “Error-correction, data framing, modulation and emission methods for second generation of digital 

terrestrial television broadcasting systems”  
BT.1895 “Protection criteria for terrestrial broadcasting systems” 
BT.2033 “Planning criteria, including protection ratios, for second generation of digital terrestrial television 

broadcasting systems in the VHF/UHF bands” 
BT.2036 “Characteristics of a reference receiving system for frequency planning of digital terrestrial 

television systems” 
 
1.1.2 Reports (http://www.itu.int/pub/R-REP-BT/en) 
BT.2035 “Guidelines and techniques for the evaluation of digital terrestrial television broadcasting systems, 

including assessment of their coverage areas” 
BT.2140 “Transition from analogue to digital terrestrial broadcasting” 
BT.2209 “Calculation model for SFN reception and reference receiver characteristics of ISDB-T system” 
BT.2265 “Guidelines for the assessment of interference into the broadcasting service” 
BT.2294 “Construction technique of DTTB relay station network for ISDB-T” 
BT.2295 “Digital terrestrial broadcasting systems” 
BT.2302 “Spectrum requirements for terrestrial television broadcasting in the UHF frequency band in 

Region 1 and the Islamic Republic of Iran” 
BT.2343 “Collection of field trials of UHDTV over DTT networks” 

 
1.1.3 Handbook (https://www.itu.int/pub/R-HDB-63) 

“Handbook on Digital Terrestrial Television Broadcasting networks and systems implementation” 
 
1.2. Latest ASO situations in the region  
1.2.1 Malaysia 
A PILOT digital switchover from analogue to Digital Terrestrial Television broadcasting (DTTB) occurred at 
2.30am, Sunday (July 21) in Gunung Raya, Langkawi. Additionally, the Malaysian Communications and 
Multimedia Commission (MCMC), in collaboration with the private broadcasters, will conduct a 
comprehensive test run and study as part of the digital switchover or Analogue Switch Off (ASO) pilot 
project for the next two weeks in Langkawi. 
Subsequently, the Minister of Communications and Multimedia Gobind Singh Deo (pic) will launch the 
nationwide DTTB ASO, at a later date.  

Source: https://www.digitalnewsasia.com/digital-economy/pilot-digital-switchover-analogue-digital-tv-
takes-place-langkawi  

 
1.3 Latest topics over frequency policies in the world 
1.3.1 Hong Kong frequency planning status 
1.3.1.1   26 GHz and 28 GHz band 
The Communications Authority (“CA”) announced that three tele-communication companies, i .e. 
SmarTone Mobile Communication Limited, China Mobile Hong Kong Company Limited and Hong Kong 
Telecommunications Limited became successful applicants. Three companies were allowed to use 
400MHz bandwidth each from 26.55 to 27.75 GHz. Details of bandwidth band plan was as below: 
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1.3.1.2   3.3 GHz and 4.9 GHz band 
For 5G spectrum below 6 GHz CA and SCED also promulgated the arrangement of an extra of 200 MHz 
in 3.3 GHz bands (3.3-3.4 GHz) and 4.9 GHz bands (4.83-4.93 GHz) for in-door and territory wide usage, 
in which further provided extensive coverage due to constraint of 26/28 GHz and 3.5 GHz. CA announced 
that 4 telecommunication companies, i.e. SmarTone Mobile Communication Limited, China Mobile Hong 
Kong Company Limited, Hong Kong Telecommunications Limited and Hutchison Telephone Company 
Limited had submitted their applications in July 2019. The applications are being processed. 
 
1.3.1.3 3.5 GHz band 
For assignment of the spectrum for 3.5 GHz band (3.4 – 3.6 GHz), a total of 200 MHz bandwidth would be 
divided into 20 frequency blocks, each with 10 MHz. CA announced that 4 telecommunication companies, 
i.e. SmarTone Mobile Communication Limited, China Mobile Hong Kong Company Limited, Hong Kong 
Telecommunications Limited and Hutchison Telephone Company Limited had submitted their applications 
in July 2019. The applications are being processed. 
 
1.3.1.4 700 MHz band 
Based on the band plans of the Third Generation Partnership Project, a maximum of 160 MHz of spectrum 
within the 617 – 803 MHz band is planned to be released by 2020, i.e. right after ASO. Assignment of those 
new spectrum is for provision of indoor mobile services from July 2021 tentatively. In addition, 20 MHz of 
spectrum in the 703 to 803 MHz band can be used for outdoor deployment as well. 

Source: Information courtesy of OFCA press release 
 
1.3.2 5G spectrum auction results in Germany 
Germany’s Federal Network Agency announced that the 5G auction, which started in March, ended with 
6.55 billion EUR offered in total by the four bidders. Deutsche Telekom and Vodafone Germany criticized 
high prices of the country’s auction. 
Deutsche Telekom bid 2.17 billion EUR for 2×20 MHz in the 2.1GHz band and 90 MHz in the 3.6 GHz band. 
Vodafone paid 1.88 billion EUR. In the 2.1 GHz frequencies, it bought 2×20 MHz for 806 million EUR and 
in the 3.6 GHz band the company acquired 90 MHz for 1 billion EUR. Telefonica bid 1.4 billion EUR for a 
total spectrum of 90 MHz, including 2×10 MHz in the 2.1 GHz range for 381.1 million EUR and 70MHz in 
the 3.6 GHz band for 1.04 billion EUR. The newcomer 1&1 Drillisch acquired 2×10 MHz in the 2.1 GHz 
band and 50 MHz in the 3.6 GHz band for 1.07 billion EUR. 
The coverage obligations for the licence winners include a requirement to supply speeds of a minimum of 
100Mbps to at least 98% of households in each state by the end of 2022, as well as all federal highways, 
and the major roads and railways. Furthermore, each operator will have to set up 1,000 5G base stations 
by the end of 2022, in addition to 500 base stations in “white spot” unserved rural areas. For newcomers, 
less stringent coverage requirements apply. 
Source: https://5gobservatory.eu/german-5g-auction-ends-with-6-55-billion-eur-in-total-bids/ 
 
1.3.3 5G spectrum auction results in Norway 
Norway’s National Communications Authority announced that the sale of spectrum in the 700MHz and 
2100MHz bands has come to a successful close just days after the process got underway raising a total of 
735.057 million NOK (74.9 million EUR). Licences to use the 700 MHz band are valid for 20 years, while 
the 2.1 GHz assignments cover a term of 13.5 years. 
Telenor and Telia each bid for a 2x10MHz block of spectrum in the 700MHz band, paying 180 million NOK 
(18.4 million EUR) and 217.8 million NOK (22.4 million EUR) respectively. Ice got the most spectrum. It bid 
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337.2 million NOK (34.5 million EUR) for two 10 MHz blocks in the 700 MHz band and for two 15 MHz lots 
in the 2100 MHz band. 
Source:https://5gobservatory.eu/nkom-announces-results-of-700mhz-2100mhz-pectrum-auction-in-
norway/ 
 
1.3.4 5G spectrum auction results in USA 
The US Federal Communication Commission (FCC) announced the successful conclusion of bidding in the 
second auction (Auction 102) of 4illimetre wave spectrum assigned for 5G. In total, the auction for licences 
on the 24GHz band raised USD 2.02 billion. The previous 4illimetre wave auction of 28 GHz licenses 
(Auction 101) concluded back in late January and raised about USD 700 million. 
The agency said it will release a public notice for Auction 102 and also for Auction 101 providing detailed 
results and information for winning bidders on post-auction procedures. 
The FCC is already looking ahead to its upcoming December auction of spectrum in the upper 37 GHz, 39 
GHz, and 47 GHz bands, which it said will be the largest spectrum auction in U.S. history. 

Source: https://5gobservatory.eu/us-5g-auction-in-the-24-ghz-band/ 
 

1.3.5 5G spectrum auction results in Canada 
Canada’s 600 MHz band auction that started on March 12, concluded last week on April 4 with a total 
amount of 3.47 billion CAD (2.30 billion EUR) spent by Canadian wireless operators to build-up their 5G 
networks. 
 
The three national carriers were only allowed to bid on 64 of the available licenses in this year’s auction 
because of restrictions imposed by the Department of Innovation, Science and Economic Development 
(ISED). 
 
Some of the licenses were set aside for smaller carriers in order to stimulate competition and bring down 
consumer prices. 
 
Rogers Communications paid 1.72 billion CAN (1.14 billion EUR) for 52 licenses, followed by TELUS which 
paid 931 million CAD (616 million EUR) for 12 licenses. Shaw’s wireless subsidiary, Freedom Mobile 
invested 492 CAD million (325 million EUR) for 11 licenses, and Videotron, owned by Quebecor, won 10 
licenses at a cost of 256 million CAD (169 million EUR). Absent from the list of winners was Bell, who ended 
up empty-handed. The company said it has sufficient low band spectrum in both urban and rural locations. 
 
Next year’s auction will be for 3.5 GHz licenses, which are more valuable because they are more widely 
used in 5G networks around the world. 
Source:https://5gobservatory.eu/canada-concluded-600-mhz-spectrum-auction-raising-2-30-billion-euros/ 
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Annex 2 
Project: Next Generation Terrestrial Broadcasting (T/NGTB) 

 
2.1 Investigate efforts toward the realization of next-generation terrestrial broadcasting in Japan 
2.1.1. Introduction 
Next-generation digital terrestrial television broadcasting will be dominated by UHDTV applications. 
UHDTV broadcasts consist of a huge amount of data and therefore require large-capacity transmission 
paths. 
 
Japan is conducting research on large-capacity transmission technology for next-generation digital 
terrestrial broadcasting systems that will provide large-volume content services such as 8K. In order to 
transmit the 8K signal, which has a resolution 16 times greater than HDTV, it will be essential to utilize 
new technologies that expand transmission capacity, such as higher order modulation (4096-QAM), 
orthogonal frequency-division multiplexing (OFDM), and dual-polarized multiple-input multiple-output 
(MIMO). 
 
This experiment establishes parameters for maximizing transmission capacity. However, in actual 
implementation, these parameters will have to be decided taking link budget, the transmission network, 
the receiving environment, and other factors into account. 
 
2.1.2. 8K-UHDTV field experiments in Hitoyoshi(2x2 MIMO transmission system) 
Japan has installed an experimental transmitting station in Hitoyoshi city, Kumamoto prefecture that uses 
dual-polarized MIMO and ultra-multilevel OFDM technologies in January 2014. Two 8K field experiments 
were conducted there: a transmission test and field measurements around Hitoyoshi. 
 
Here, Japan reports the results of these experiments, including the required field strength when using 
4096-QAM carrier modulation and a channel response analysis of dual-polarized MIMO transmission. 
 
Figure 2.1.1 is a block diagram of the modulator and demodulator used in the experiments. The input 
signal is coded with BCH code and low density parity check (LDPC) code, bit interleaved and mapped 
onto the constellation. After that, the signal is divided into two signals (one for horizontal polarization and 
the other for vertical) with 3D interleave (time, frequency and inter-polarization). The signals are then 
converted into time domain signals by inverse fast Fourier transform (IFFT) and guard intervals (GI) are 
added. 

 
Figure 2.1.1 Block diagram of 8K experiments 
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2.1.3. 8K-UHDTV SFN field experiments in Hitoyoshi (2x2 MIMO STC-SFN transmission system) 
In February 2015, Japan conducted 8K-UHDTV single frequency network (SFN) field experiments using 
two transmission stations to form a 2x2 MIMO Space Time Coding (STC)-SFN system. In this field 
experiment, the STC method was employed to improve the reliability of high data rate transmission. 
 
Figure 2.1.2 shows the outline of a 2x2 MIMO STC-SFN system formed by two experimental stations, 
namely, the Hitoyoshi and Mizukami stations. The distance between the two stations is 38 km. Both stations 
use dual-polarized space division multiplexing (SDM) MIMO. The Mizukami station became operational in 
2015 and was connected to the Hitoyoshi station by a transmitter to transmitter link (TTL) in the super high 
frequency (SHF) band. 
 

 
Figure 2.1.2 Outline of a 2x2 MIMO STC-SFN system 

 
 
2.1.4. Terrestrial 8K UHDTV public viewing of the Olympic games in Rio de Janeiro 
During the Rio de Janeiro Olympics in August 2016, TV Globo and NHK (Japan Broadcasting Corporation) 
provided 8K UHDTV Public Viewing (PV) of the Olympic Games for the local viewers. This PV at Museum 
of Tomorrow was carried out by transmitting 8K UHDTV signal through terrestrial network in UHF band, 
from Mt. Sumaré station, using multiple-input multiple-output (MIMO) orthogonal frequency division 
multiplexing (OFDM) transmission technologies, utilizing dual polarization technique which was developed 
by NHK. The transmission parameters of the 8K UHDTV PV service are shown in Table 2.1.1 and figure 
2.1.3 shows the transmission station antenna and images of the viewing session. 

 
Table 2.1.1 Transmission parameters of the 8K UHDTV PV service 

Modulation method  COFDM  
Occupied bandwidth  5.57 MHz  
Transmission frequency  569.142857 MHz (UHF channel 30 in Brazil)  
Transmission power  Horizontal polarized waves: 100 W, ERP: 660 W  

Vertical polarized waves: 100 W, ERP: 660 W  
Carrier modulation  4096-QAM  
FFT size (number of radiated carriers)  32k (22,465 carriers)  
Guard interval ratio (guard interval duration)  1/32 (126 μs)  
Error-correcting code  Inner: LDPC, code rate = 3/4  

Outer: BCH  
Transmission capacity  91.8 Mb/s  
Video coding  HEVC  
Audio coding  MPEG-4 AAC  
Transmitting station  Mt. Sumaré  
Height of transmitting antenna  830 m above sea level  
Receiving station  Museum of Tomorrow  

(approx. 8.5 km from the test transmitting station)  
Height of receiving antenna  30 m above sea level  

(30 m above ground level)  
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Figure 2.1.3 transmission station antenna and Public viewing at Museum of Tomorrow 

 
2.1.5. 4K/8K-UHDTV field experiments with advanced system in urban area; Tokyo and Nagoya 
2.1.5.1 Overview of advanced DTTB system 
The objective of the advancement is to provide improved transmission performance compared to ISDB-T 
in terms of the increased transmission capacity and the reduced C/N required. The advanced system has 
been designed to inherit the feature of ISDB-T, i.e. it aims to provide a 4K or 8K UHDTV service for fixed 
reception and an HDTV service for mobile reception simultaneously by frequency division multiplexing 
(FDM) within a single channel. It also uses a frequency-segmented structure that allows partial reception. 
The bandwidth per segment is reduced to increase the number of segments from 13 (for ISDB-T) to 35, 
allowing for flexible bitrate distribution between layers such as the mobile reception layer and fixed reception 
layer. The advanced system allows a higher spectral efficiency and/or a transmission robustness with 
multiple-input multiple-output (MIMO). 
 
A prototype modulator and demodulator for the advanced system were developed and their performances 
were confirmed through laboratory experiments. The feasibility of the system is being verified through large-
scale field trials in urban areas. 
 
2.1.5.2 Transmission parameters 
Field experiments were conducted with the parameters listed in Table 2.1.2. The occupied bandwidth was 
expanded by about 5% compared to that of ISDB-T to increase transmission capacity. The 31 and 4 
segments out of 35 segments were assigned for UHDTV and HDTV services, respectively. As for error-
correcting code and carrier modulation, low density parity check (LDPC) code and NUCs were used for 
both UHDTV and HDTV services to enhance transmission robustness. 
 
Table 2.1.2 Parameters for field experiments of hierarchical transmission in urban area (Tokyo and Nagoya) 
Modulation OFDM 

Occupied bandwidth 5.83 MHz 
Reception scenario Fixed (Rooftop) Mobile (Car-mounted) 
Number of segments 31 4 
Carrier modulation 1024 NUC QAM 64 NUC QAM 
FFT size (number of radiated carriers) 16k (15,121) 
Guard interval ratio (guard interval duration) 800/16384(126�s) 
Error-correcting code Inner: LDPC, code rate = 11/16 

Outer: BCH 
Inner: LDPC, code rate = 7/16 
Outer: BCH 

Transmission capacity 31.4 Mb/s (SISO) 
62.8 Mb/s (MIMO) 

1.5 Mb/s (SISO) 
3.0 Mb/s (MIMO) 

Video coding HEVC 
Video format 3840 ×2160/60/P (4K) 

7680 ×4320/60/P (8K) 
1920×1080/60/P (2K) 

Video bit rate SISO: 25 Mb/s (4K) 
SISO: 28 Mb/s (8K)* 
MIMO: 56 Mb/s (8K)* 

SISO: 1.0 Mb/s (2K) 
MIMO: 1.0 Mb/s (2K) 

Audio coding MPEG-H 3D Audio LC level 4 
Audio bit rate 768 kb/s (22.2ch + 3 objects) 192 kb/s (2ch) 
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*  Pre-processed before encoding by MPEG-H HEVC with a state-of-the-art software encoder offline taking plenty of time. 
 
2.1.5.3 Field measurements 
To evaluate the performance of the advanced system in different propagation environments, large-scale 
experimental environments were constructed. Two locations (in the Tokyo and Nagoya areas) were 
selected to have the same scale as the main stations currently used for terrestrial broadcasting. Figure 
2.1.4 shows the transmitter sites and assumed coverage areas for the experimental parameters in Table 
2.1.2. Table 2.1.3 lists the specifications of the transmission stations. Each transmission station is equipped 
with two transmitters and two antennas for horizontally and vertically polarized waves. The directional 
patterns of transmitting antennas at Nabeta relay station are designed to be selectable. 
  

 
a) Tokyo area b) Nagoya area 

Figure 2.1.4 Experimental environments  
 

Table 2.1.3 Specifications of transmission stations 
 Tokyo area Nagoya area 

Transmitter site Shiba (main station) 
(Minato Ward, Tokyo) 

Higashiyama (main station) 
(Showa Ward, Nagoya, Aichi) 

Nabeta (relay station) 
(Yatomi, Aichi) 

Transmission 
frequency 

563.143 MHz 605.143 MHz 

Polarization Horizontal, Vertical 
Transmission power Horizontal: 1 kW 

Vertical: 1 kW 
Horizontal: 1 kW 
Vertical: 1 kW 

Horizontal: 10 W 
Vertical: 10 W 

Transmitting antenna 
height 

280 m above sea level 203 m above sea level 42.5 m above sea level 

 
Transmission experiments were conducted in the two experimental urban areas. Experiments were 
launched in November and December 2018 in the Nagoya and Tokyo areas, respectively. 
 
2.1.6. Summary 
In the field of broadcasting, 8K-UHDTV has the potential to succeed HDTV. 
Japan has set up an experimental station for 8K-UHDTV transmissions at Hitoyoshi city, Kumamoto 
prefecture, using dual-polarized MIMO and ultra-multilevel OFDM technologies. The field experiments 
performed there in January 2014 were the world's first 8K-UHDTV terrestrial transmissions (91 Mbps) over 
a long distance (27 km) using a single UHF channel (6 MHz). This paper reported the results of those field 
experiments specific reference to the required field strength of the 256-QAM, 1024-QAM, and 4096-QAM 
carrier modulation and the channel response analysis of dual-polarized MIMO transmission. 
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Japan has added another experimental station for 2x2 MIMO STC-SFN in the same city in 2015. The new 
field experiment so performed showed significant improvement over conventional SFN. 
 
It is noted that this experiment shows the feasibility of terrestrial 8K-UHDTV transmission using several key 
technologies, including dual-polarized MIMO, 4096-QAM carrier modulation, and the 2x2 MIMO STC-SFN 
method. The 8K-UHDTV system to be used in Japan will be selected on the basis of further consideration 
and examination of various technical possibilities and future trends. 
 
Japan has also launched an R&D project aiming at developing an advanced DTTB system and evaluating 
its performance through field trials in large-scale experimental environments constructed in urban areas. 
 
These field experiments will show the feasibility of terrestrial 8K-UHDTV transmission using several key 
technologies, including dual-polarized MIMO, 4096-QAM carrier modulation, LDPC code, the 2 × 2 MIMO 
STC-SFN method, and NUC. The 8K-UHDTV system to be used in Japan will be selected on the basis of 
further consideration and examination of various technical possibilities and future trends. 
 
More information such as transmission parameters, experimental results was described in the Rep. ITU-R 
BT.2343-4. (http://www.itu.int/pub/R-REP-BT.2343) 
 
2.2. ATSC 3.0 based UHDTV terrestrial broadcasting in Republic of Korea 
2.2.1. Introduction 
ATSC 3.0 standard has been designed to meet the broadcaster’s requirements for flexible and efficient use 
of spectrum resources. It is first internet protocol (IP)-based terrestrial broadcasting standard and supports 
fixed and mobile simultaneous broadcasting services through a single radio frequency. South Korea 
adopted the ATSC 3.0 standard for terrestrial 4K-ultra-high-resolution television (4K-UHDTV) broadcasting 
system in June 2016, and terrestrial broadcasters began the commercial 4K-UHDTV broadcasting service 
at the Seoul, the capital of South Korea, in May 2017. Full nationwide 4K-UHDTV service coverage is 
expected by the end of December 2021 and provisionally, 2027 has been established as a target date for 
HDTV stations to be switched off.  
 
In this report, we briefly describe current 4K-UHDTV network deployment and show our field experiment 
efforts related to support fixed and mobile services using a single ATSC 3.0 infra-structure. 
 
2.2.2. UHDTV Single Frequency Network Deployment 
Now a day, KBS has installed eighteen 4K-UHDTV transmitting stations in Seoul and Major metropolitan 
cities. Figure 2.2.1 shows the example of the geo-location of 4K-UHDTV transmitting stations in Seoul. 
Here, the blue label means a station that has already been installed, and the red label means a station that 
will be completely installed by the end of 2019. 
 
In a network deployment point of view, ATSC 3.0 standard fully supports single frequency networks (SFN) 
where all transmitters operate on the same frequency. Thus, the efficiency of spectrum utilization can be 
dramatically increased in SFN planning. In this case, the major consideration in SFN planning is how to 
appropriately design the separation distance between transmitters to avoid co-channel interference from 
the long-delayed transmitted signal. Theoretically, this problem can be easily solved by adjusting the 
emission timing delay of each transmitters so that all the signals from multiple transmitters are arrived within 
the ATSC 3.0 system’s guard interval period. Figure 2.2.2 shows the test results with regard to whether the 
all transmitted signal in SFN coverage area exceeds guard interval period. 
 
Currently, the research projects are underway in KBS to find the most efficient method about the emission 
timing delay optimization. In addition, KBS has been allocated only two 6MHz channels (e.g. KBS1, KBS2) 
in the 700 MHz frequency band and thus we are establishing nationwide terrestrial 4K-UHD broadcasting 
network through these channels. 
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Figure 2.2.1 4K-UHDTV transmitting stations in KBS 
 

 
Figure 2.2.2 Test results of the effects of long-delayed signal from distant transmitterss 
 
2.2.3. UHD Broadcast at PyeongChang Olympic Winter Games 
During the PyeongChang Olympic Winter Games in 2018, KBS provided 4K-UHD live broadcasting for 
South Korea’s viewers. It was carried out by transmitting 4K-UHDTV signal over terrestrial networks in 700 
MHz band. Two field experiments were conducted there: a transmission and reception tests. Figure 2.2.3 
shows the transmitter and test facilities. The test ATSC 3.0 transmitter facilities including modulator, high-
power amplifier and channel filter were installed at the Daegwallyeong relay-site and its transmitting power 
was about 900W. Here, the live 4K-UHD sport contents were delivered by dedicated IP network from KBS 
studio to transmitters. During the test period, using the 2-subframe structures of ATSC 3.0 physical layer, 
4K-UHD quality service for fixed reception and HD quality for mobile reception are provided concurrently 
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through a single infra-structure with same radio frequency. In addition, mobile receivers and 4K-UHDTV 
were installed on test vehicles and the field measurement was conducted in near PyeongChang areas. 
 
Figure 2.2.4 shows the example of ATSC 3.0 fixed and mobile reception performance. Here, the blue point 
means that the mobile receiver shows the good reception performance even if the vehicle is moving. Test 
results well verified that the ATSC 3.0 system offers simulcast capabilities about ultra-robust HD and high-
throughput UHD services. 
 

 
Figure 2.2.3 Test facilities of UHDTV transmitters and receivers  
 

 
 
Figure 2.2.4 Test results of ATSC 3.0 simulcasting during PyeongChang Olympic Winter Games 
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2.2.4. Summary 
The ATSC 3.0 standard offers a wide range of transmission parameter combination for broadcasters to 
choose the operating modes that best fits their needs and target service. In order to provide 4K-UHD 
contents in ATSC 3.0-based terrestrial broadcasting systems, KBS was adopted a transmission parameter 
that provides maximum data throughput while presenting almost the same threshold of visibility 
performance as ATSC 1.0 service coverage. 
 
KBS launched commercial terrestrial 4K-UHDTV service in 2017 and is now conducting the installation of 
4K-UHDTV stations in order to expand the UHDTV service coverage. Also, many field experiments are 
underway to find the optimum solutions for mobile and fixed simultaneous broadcasting services using a 
single 4K-UHDTV infra-structure. 
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Annex 3 
Project: Integrated Broadcast-Broadband and OTT (T/IBBOTT) 

 
Project Manager:  Dr. Go OHTAKE (NHK, Japan) 
Co-project Manager:  Mr. A. K. Mangalgi (DDI, India) 

Mr. Kazuhiro KUMAMARU (NHK, Japan) 
Mr. Satoshi FUJITSU (NHK, Japan) 
Mr. Masayoshi ONISHI (NHK, Japan) 

 
3. Status report 

This clause describes recent updates on IBB and OTT standards and related technologies identified 
and studied by this project. And it describes also recent update on standards and technologies of 
information security for broadcasting services and cyber security in broadcasting industry for protecting 
the broadcasting systems. 

 
3.2 Standardization of multimedia coding for UHDTV in Japan 

The ARIB (Association of Radio Industries and Businesses) Standard Assembly approved the revision 
of the standard, ARIB STD-B62 "Multimedia Coding Specification for Digital Broadcasting (Second 
Generation)" for UHDTV satellite broadcasting in October 2018, April 2019, and August 2019.  
The revisions of the standard are made for following purposes: 
• Addition of the function of the coordinated operation of the receiver with companion devices. This 

defines the model of the coordinated operation of the receiver with companion devices and APIs 
between the application on the receiver and those on the companion device for device 
collaboration. 

• Addition of the scheme of compression of closed caption data in transmission. This defines the 
compressing scheme by Efficient XML Interchange (EXI) format (defined by W3C) when 
compressing a TTML document coded as closed caption data. 

• Clarification of initializing a presentation of closed caption. 
• Addition of the new character repertoire as a character encoding format according to the update 

of Unicode Standard (Version 12.1). The added character is the square ligature for the name of 
the new Japanese era “Reiwa” (Fig.3-1). 

 
Figure 3-1 Square Era Name “Reiwa” 

 
 

 
 
3.3 Standardization of Integrated Broadcast-Broadband System in Japan 

IPTV Forum Japan standardizes specifications of Hybridcast in Japan. New APIs for Hybridcast are 
defined in October 2018. These APIs control the TV receiver by applications on a companion device. 
The function and protocols of device collaboration with companion devices in Hybridcast has been 
already defined which is described in Section 3.3. Figure 3-2 shows a use case of smooth guide from 
a mobile service to the broadcast programme on TV receiver applied for these new APIs to select 
channel on a companion device. 
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Figure 3-2 Use case of guide from mobile service to broadcast programme 

 
3.4 Studies in ITU-R 

ITU-R WP6B is working for the study on IBB systems. At the meeting held in October 2018 in Geneva, 
the working party revised Recommendation ITU-R BT.2075 "Integrated broadcast-broadband system" 
to add the function of device collaboration with companion devices in Hybridcast (called “Hybridcast 
connect”), to update the function to support new format such as HDR in HbbTV, and to add new profile 
for HTML5 API in Ginga. The working party also revised the report of IBB system (Report ITU-R 
BT.2267 "Integrated broadcast-broadband systems") to add the use cases of multi-resolution video 
services with MPEG-DASH player using the Hybridcast system. 
 
The working party is now studying on harmonization of IBB systems. The working party has the work 
of comparison of Hybridcast2.0, HbbTV2.0 and TOPSmedia which is standardized by Republic of 
Korea with respect to application behaviours and additional objects. At the October meeting, the work 
progresses the comparison of three systems and Ginga. 
 
The working party is studying on “Technical realization of signing in digital television”. At the October 
meeting, the working party developed a system that signer video is displayed on a TV screen together 
with a TV programme on an IBB receiver without a secondary screen device. 
 
Report ITU-R BT.2342 “Production, Emission and Exchange of Closed Captions for all Worldwide 
Language Characters Sets (latin and non-latin)” describes information on closed-captions of digital 
broadcasting. At the October meeting, the working party developed the character encoding format for 
use of the Variation Selector and Variation Sequence defined in ISO/IEC10646:2014 for the variants 
of the subset of character repertoire which is defined in ARIB STD-B62. The detail of the technology 
was described in the Report of Topic Chairman Transmission Topic Area in 2017 (ABU). 
 
The working party also studies on the global platform. The transmission and reception of various 
broadcast programmes are now archived via not only terrestrial, satellite and cable but also broadband 
networks. And the audiences enjoy broadcast programmes on computers, smartphones and tablets in 
addition to traditional TV receivers and radio receivers. The global platform is a delivery platform to 
facilitate distribution of broadcast content to end-users with various receiving devices in multiple 
reception environments, implemented by using both broadcasting and non-broadcasting (e.g. 
broadband) technologies. The work progresses the use cases of multi-resolution video services with 
MPEG-DASH player on multi devices using the Hybridcast system. 
 
At the meeting held in April 2019 in Geneva, the working party developed the comparison of application 
life-cycle and application transition of the IBB systems, and revised Report ITU-R BT.2267 “Integrated 
broadcast-broadband systems” to add a new part on the harmonization of Integrated Broadcast-
Broadband (IBB) systems’ applications. To allow the exchange of services covered by the IBB systems 
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and to deploy these services in an area where other systems are used, it is important to harmonize 
the IBB systems, to ensure compatibility with the IBB applications and interoperability across systems. 
The added new part describes an analysis on how to achieve harmonization of IBB systems in 
Recommendation ITU-R BT.2075. The working party also revised Question 131/6 “Common core data 
for2at for multimedia broadcasting” to cover explicitly Integrated Broadcast-broadband System (IBB). 
 
At the April meeting, the working party revised Report ITU-R BT.2342 to replace information on TTML 
Text and Image Profiles for Internet Media Subtitles and Captions 1.0 (IMSC1.0) with the updated 
IMSC1.1 and to update a list of current EBU specifications pertinent to the content of the Report. 
 
The working party has made a new report, Report ITU-R BT.2448 “Technical realisation of signing in 
digital television” which described practical solutions for closed signing in regular TV programmes, 
which include the provision of two video signals, one with and one without the signer or alternatively 
the transmission of the signer video as additional stream. The working party also established a new 
Question (Question 145/6) “Systems for enabling access to broadcast and cooperative media for 
persons with disabilities” to study systems for delivering sub-titling/closed captioning, signing/closed 
signing and audio description/described video and systems to deliver these data, appropriate to the 
delivery of broadcast media and related services. 
 
At the meeting held in July 2019 in Geneva, the working party revised Report BT.2267 to add the 
common companion application to execute the application on a receiver (described in Section 3.2 of 
this report). The working party also developed the new use cases of IBB system which provides object-
based sound services via MPEG-DASH streams. 
The working party also developed the global platform. The working party revised Report ITU-R 
BT.2400 “Usage scenarios, requirements and technical elements of a global platform for the 
broadcasting service” to add the specific reference to the ATSC 3.0 standard and some examples to 
show its Internet Protocol-based capabilities to integrate broadcast and broadband services. New 
digital terrestrial transmission standards such as the ATSC 3.0 system can help effectuate a converged 
broadcast and broadband platform, which is an important aspect of a global platform for broadcasting 
services. 
 

3.5 Studies in ITU-T 
ITU-T SG9 is also working for the study on IBB system applied to Cable Digital TV. At the meeting 
held in November 2018 in Bogota, Colombia, the Study Group started the work to revise IBB system 
Recommendation (ITU-T Recommendation J.207 “Specification for integrated broadcast and 
broadband digital television application control framework”) to add the function of device collaboration 
with companion devices in Hybridcast. Recommendation J.207 is a twin of IBB system 
Recommendations in ITU; Recommendation ITU-R BT.2075 is another twin on this topic. So, the Study 
Group continue to work to revise the Recommendation according to revision of Recommendation ITU-
R BT.2075. The Study Group is studying the work of smart TV operating system for hybrid cable Digital 
TV services including IBB DTV service provided by cable television operators and third-party providers. 
At the Bogota meeting, the study group make progress the work of the architecture of smart TV 
operating system. The study group consent the Recommendation of “The functional requirements of 
smart TV operating system” as ITU-T Recommendation J.1201. 
 
At the meeting held in June 2019 in Geneve, the study group consent Recommendation J.207 to add 
the function of device collaboration in Hybridcast. The study group also make progress the work of 
drafting new Recommendation “Harmonization of Integrated Broadcast-Broadband DTV application 
control framework”. As for the smart TV operating system, the study group consent the 
Recommendation of “The architecture of smart TV operating system” as ITU-T Recommendation 
J.1202. In addition, making a new Recommendation for the specification of smart TV operating system 
was started in the study group. 
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3.6 Cyber Security – The “NOTICE” and “NICTOR” Project to Survey IoT Devices and to Alert Users 

The Ministry of Internal Affairs and Communications (MIC) and the National Institute of Information 
and Communications Technology (NICT), in cooperation with telecommunications carriers, started the 
“NOTICE (National Operation Towards IoT Clean Environment” project on February 20, 2019, to 
survey vulnerable IoT devices and to alert users to the problem.  
 
Outline of the “Notice Project” is as follows. 
1) NICT surveys IoT devices on the Internet and identifies vulnerable devices, such as those with weak 
password settings.  
2) NICT provides the information of the devices to the telecommunications carriers. 3) The 
telecommunications carriers identify the users of the devices and alert users to the problem. 
 
Additional “NICTOR” project started from Mid June, 2019, to alert users of IoT devices infected with 
malware. 
 
The implementation status as of June 28, 2019, is as follows. 
・Participating ISP (Internet service providers) : 33 companies 
・Surveyed IP address: about 90 million 
・Results: 
NOTICE： 
Potential security incidents (ID/PASS can be entered): about 31,000～42,000 
All of the above ID/PASS successfully logged-in      : 147 
 NICTOR： 
  Notification to ISP due to infection with malware    : about 112～155 per day 
 
“It is considered that the number of IoT devices that have been set with ID/PASS that can be easily 
guessed or have already been found to be infected with malware is few though, it is important to strive 
for thorough measures to set proper ID/PASS for devices or to update latest firmware to devices”, MIC 
officials said. 
 
http://www.soumu.go.jp/main_sosiki/joho_tsusin/eng/Releases/Telecommunications/19020101.html 
 

 
 


