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Abstract

This article describes a transmission trial conducted at the Beijing Olympics using the 120-GHz-band
wireless link equipment we have developed for use at a broadcast site. The wireless equipment is light
and small and has low power consumption and can be operated as easily as the conventional field pick-up
units that TV stations use for wireless transmission of high-definition television signals for TV program
production.

1. Introduction
Digital terrestrial television broadcasting is currently spreading rapidly in Japan in anticipation of
the end of analog broadcasting in July 2011. As of
March 2006, the adoption rate for digital receivers
was 15%, but this was expected to increase to over
50% by mid-2008 driven by the Beijing Olympics
[1]. One of the features of digital terrestrial broadcasting most appreciated by viewers is high-definition television (HDTV) broadcasting.
One of the difficulties in producing HDTV programming is transmitting the raw broadcast materials. The transmission of uncompressed HDTV signals, which have a data rate of 1.5 Gbit/s, requires a
large bandwidth. Broadcasters normally use a microwave radio device called a field pick-up unit (FPU) to
transmit broadcast materials, but current FPUs can
transfer only 30–60 Mbit/s. To transmit an HD signal
using these devices, one must compress the signal to
a few tens of megabits per second using technology
such as that standardized by the MPEG (Moving Pic† NTT Microsystem Integration Laboratories
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tures Experts Group). However, data compression
introduces delay into the video signal, which causes
problems in live broadcasts by interfering with
smooth conversation and cuts from one camera to
another. For these reasons, TV broadcasters have
been eagerly awaiting the appearance of high-capacity wireless link technology capable of transmitting
uncompressed HD signals.
In response to this need, we have developed ultrabroadband wireless link technology using 120-GHzband millimeter-wave signals. The 120-GHz-band
wireless link can transfer data at up to 10 Gbit/s. We
are advancing the development of high-output, highsensitivity, compact wireless link systems through
our development of a monolithic microwave integrated circuit (MMIC) which uses indium phosphide
high electron mobility transistors (InP HEMTs) [2],
[3]. We are also continuing to study and evaluate the
transmission characteristics of 120-GHz-band signals
through field trials to gain an adequate understanding
of them. As applications for the 120-GHz-band wireless link in broadcasting, we have also developed a
six-channel-multiplexed uncompressed HD signal
transmission system and proposed a new programproduction approach that combines a motion-control
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Fig. 1. Objectives of raw-video transmission trial.

camera system with an ultrahigh-speed remote-control camera head. However, to make this broadcast
material transmission equipment usable in practice, it
was felt necessary to identify particular issues affecting the transmission of TV broadcast materials by
actually using the equipment at a broadcasting site.
The experience of producing TV programs using the
120-GHz-band wireless link system and the publication of the results should also help to promote the use
of over-100-GHz-band radio technology in the industry. Therefore, we conducted a trial of the 120-GHzband system to transmit broadcast materials at one of
the highest-profile events in recent history: the Beijing Olympics. The trial’s objectives are shown in
Fig. 1. In this article, we describe the trial conditions
and the wireless link equipment developed for the
trial.
2. 120-GHz-band wireless link system
For live TV broadcasts, there is a strong demand to
minimize the time required from material arriving on
the site until it is ready to broadcast. This leads to
certain requirements for the specifications of the FPU
used to transmit broadcast materials. It must be (1)
very simple in structure, (2) quick to assemble, and
(3) easy to operate. The equipment must also be very
reliable because if there is any trouble with the radio
link during the transmission of a live program, the
transmission to viewers will be interrupted.
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The 120-GHz wireless link equipment we previously developed was designed to test 10-Gbit/s data
transmission, so it did not meet the requirements for
use in on-site live-broadcast transmission, particularly with regard to usability and set up [3]. Therefore, we developed new 120-GHz-band wireless link
equipment for use in the Beijing Olympics trial,
which featured similar usability, configuration, and
simple setup to the FPU equipment currently in wide
use by broadcasters. The new equipment is shown in
Fig. 2 and its architecture is illustrated in Fig. 3. The
120-GHz-band signal is generated by the same InP
HEMT MMIC millimeter-band module used in earlier wireless equipment. The center frequency of the
wireless link system is 125 GHz, the occupied bandwidth is from 116.5 to 133.5 GHz, and the maximum
output power is 13 dBm. The wireless equipment
uses a Cassegrain antenna with a diameter of 450 mm
and gain of 48.7 dBi. The maximum data-transmission rate is 11.1 Gbit/s.
The transmitter has a simple architecture, consisting of three components: the head, which generates
the radio signal, the controller, which supplies power
and the data and control signals to the head, and the
antenna, which emits the millimeter-wave signals.
The head and controller are connected by a camera
cable that combines power, control lines, and optical
fibers for carrying the data signals, allowing the controller to supply power and remote control as well as
transmission data via a single connector. The power
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Fig. 2. 120-GHz radio equipment: (a) head and (b) controller.
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Fig. 3. Architecture of 120-GHz radio transmitter.

supply uses 150 V DC, which allows the head to be
located up to 1 km away from the controller.
Three types of input-signal interface are provided:
electrical (1–11 Gbit/s), optical (9.95–11.1 Gbit/s),
and uncompressed HDTV signal (1.5 Gbit/s). The
input-signal interface can be selected by changing the
data signal switch in the head. The selected data signals are amplified by a limiting amplifier and input to
the transmitter (Tx) module. The 15.625-GHz continuous-wave (CW) signal is also fed in to the Tx
module. The Tx module multiplies the 15.625-GHz
CW signal and generates a 125-GHz millimeter-wave
signal amplitude-modulated by data signals. The output signal of the Tx module is amplified up to 13 dBm
by a power amplifier module and emitted from the
Cassegrain antenna.
With the early transmitters, it was not possible to
simply fit the antenna to the head as is done with
wireless equipment like a standard FPU. The wave

guide for the 120-GHz-band millimeter-wave signal
is extremely small (2 mm × 1 mm), so high precision
is required when connecting to the head of the wireless equipment. Antenna connection is a three-step
process: (1) attach the antenna to the head, (2) open
the head enclosure and connect the antenna to the
module, and (3) close the head enclosure. In the new
link, we used a bayonet mechanism in the transmitter,
so the antenna can be attached in one motion.
As a result of various measures, including increasing the implementation density and using a field
programmable gate array for the controller and monitor, the head is one sixth the volume and half the size
and weight of earlier units [3] (190 mm (W)× 380
mm (D) × 130 mm (H), 7.3 kg). Moreover, it now
consumes less than 100 W, so that it can be operated
using a 12-V battery.
We obtained experimental radio station licenses
from the Japanese Ministry of Internal Affairs and
NTT Technical Review
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Fig. 4. Uncompressed HD signal transmission trial at the Beijing Olympics.

Communications on May 8, 2008. We applied for
permits to test four sets of wireless link equipment in
order to perform tests for evaluating interference
between wireless links. Furthermore, to allow for
propagation tests in various environments, and for
evaluation in various on-site environments, we specified the testing region of the experimental radio station license to include the whole of Japan except for
regions where it would interfere with radio-astronomy activities. Outdoor experiments over a distance of
about 400 m were conducted using 10.3-Gbit/s pseudorandom bit sequence data. A bit error rate below
10-12 was obtained with received power of over -38
dBm. The maximum transmission distance estimated
from the output power, antenna gain, and minimum
received power for error-free transmission is about
2.0 km.
3. Beijing Olympics live-transmission trial
The Beijing Olympics (29th Summer Olympics)
were held from August 8 to 24, 2008, in Beijing, the
capital of the People’s Republic of China, and was
watched by approximately four billion viewers
around the world. Moreover, all international video of
all events and competitions at this event was produced to HD signal specifications.
The live-video transmission trial procedure is illustrated in Fig. 4. The 120-GHz-band wireless signal
was used to transmit the uncompressed HD video
Vol. 7 No. 3 Mar. 2009

signal shot at the Beijing Media Center (BMC) to the
International Broadcast Center (IBC). The BMC is a
specially built relay studio facing the Olympic park
and has an unobstructed view of several venues
including the National Stadium and the Water Cube.
The Olympic update reports were done at the BMC,
showing the announcer or journalist with the Olympic park in the background. The receiver was installed
on a radio tower on the roof of the IBC, and the
demodulated signal from the receiver was then transmitted via the JC Fuji Television booth (JC: Japan
Consortium) in the IBC to Fuji Television headquarters in Japan.
The schedule for programs using the 120-GHzband wireless link is shown in Fig. 5. It included 24
different news, information, and other programs during the period from August 1 to 19, produced during
times of extreme weather (40°C heat and heavy rain).
The received power fluctuation of the wireless link
(Fig. 6) was below 1 dB for 20 hours. These results
indicate that the output power fluctuation and the
divergence of the antenna axis were small. Not one
error was observed in the 120-GHz-band wireless
link, and HD image transmission was very stable. For
live, interactive correspondence from the BMC and
the IBC booth, we were able to use the special characteristics of the 120-GHz radio link in program
production, with conversation proceeding much more
smoothly than with regular microwave-band FPU
radio links as a result of the absence of delay nor
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Fig. 5. Programs using 120-GHz-band wireless link.

mally inevitable in microwave FPU radio links.
4. Conclusion
We have developed a 120-GHz-band wireless link
designed for use at a broadcast site. This link achieved
error-free transmission of over-10-Gbit/s data signals
and uncompressed HD signals. It was used for a
transmission trial of broadcast materials for live TV
programs of the Beijing Olympics. This trial showcased our transmission system, which featured the
first ever use of 120-GHz-band millimeter-wave signals in the industry, and demonstrated technical standards suitable for practical use. We plan to actively
promote these results at conferences and exhibitions
and stimulate the demand for over-100-GHz, broadband wireless-transmission systems by showing how
effective they are for ultrahigh-speed wireless communications. We also plan to present these results to
an ITU-R (International Telecommunication Union,
Radiocommunication Sector) Working Party as a
technical report to promote future standardization of
over-100-GHz radio systems.
On the technical side, we will accelerate develop-
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ment of automatic antenna-axis alignment technology
to help reduce the time required for equipment positioning, which was one of the problems identified by
broadcast technicians in the trial. We will also continue with testing in various environments using the
four sets of wireless link equipment to gain a deeper
understanding of the propagation characteristics of
120-GHz-band millimeter-waves.
References
[1]
[2]

[3]

[4]

Ministry of Internal Affairs and Communications, “Eighth Agenda for
promotion of digital broadcasting, first-term follow-up,” May 2008
(in Japanese).
T. Kosugi, T. Shibata, T. Enoki, M. Muraguchi, A. Hirata, T. Nagatsuma, and H. Kyuragi, “A 120-GHz millimeter-wave MMIC chipset
for future broadband wireless access applications,” in Tech. Dig. IEEE
Int. Microwave Symposium 2003, Vol. 1, pp. 129–132, 2003.
R. Yamaguchi, A. Hirata, T. Kosugi, H. Takahashi, N. Kukutsu, T.
Nagatsuma, Y. Kado, H. Ikegawa, H. Nishikawa, and T. Nakayama,
“10-Gbit/s MMIC Wireless Link Exceeding 800 Meters,” IEEE Radio
& Wireless Symposium, pp. 695–698, 2008.
A. Hirata, R. Yamaguchi, Y. Sato, T. Mochida, and K. Shimizu, “Multiplexed Transmission of Uncompressed HDTV Signals Using 120GHz-band Millimeter-wave Wireless Communications System,” NTT
Technical Review, Vol. 4, No. 3, pp. 64–70, 2006.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2006
03064.pdf

NTT Technical Review

Special Feature

Akihiko Hirata

Senior Research Engineer, Smart Devices
Laboratory, NTT Microsystem Integration Laboratories.
He received the B.S. and M.S. degrees in
chemistry and the Dr.Eng. degree in electrical
and electronics engineering from the University
of Tokyo, Tokyo, in 1992, 1994, and 2007,
respectively. He joined NTT Atsugi Electrical
Communications Laboratories (now NTT Microsystem Integration Laboratories) in 1994. His
current research involves millimeter-wave
antenna and photonic technology. He received
the 2002 Asia-Pacific Microwave Conference
APMC prize, the 2004 Youth Research Program
Award from the Institute of Bioengineering and
Nanotechnology, the 2007 Achievement Award
from the Institute of Electronics, Information and
Communication Engineers (IEICE) of Japan, and
the 2008 Maejima Award from the Teishin Association. He is a member of IEEE and IEICE.

Hiroyuki Takahashi

Research Engineer, Smart Devices Laboratory,
NTT Microsystem Integration Laboratories.
He received the B.S. and M.S. degrees in
applied physics from Nagoya University, Aichi,
in 2001 and 2003, respectively. He joined NTT
Microsystem Integration Laboratories in 2003.
Since then, he has been engaged in the design and
testing of millimeter-wave MMICs. He is a member of IEEE and IEICE. He received the 2008
Young Engineers Prize from the European
Microwave Integrated Circuits Conference.

Naoya Kukutsu

Senior Research Engineer, Supervisor, Group
Leader, Smart Devices Laboratory, NTT Microsystem Integration Laboratories.
He received the B.E., M.E., and Dr.Eng.
degrees in electrical engineering from Hokkaido
University, Hokkaido, in 1986, 1988, and 1991,
respectively. His Dr.Eng. dissertation described a
time-domain electromagnetic wave numerical
analysis method. He joined NTT Applied Electronics Laboratories in 1991. His current research
involves a millimeter-wave radio transmission
system and a millimeter-wave imaging system.
He is a member of the IEEE MTT and COM
Societies and IEICE.

Yuichi Kado

Director of Smart Devices Laboratory, Executive Manager, NTT Microsystem Integration
Laboratories.
He received the M.S. and Ph.D. degrees in
electronics from Tohoku University, Miyagi, in
1983 and 1998, respectively. He joined Nippon
Telegraph and Telephone Public Corporation
(now NTT) in 1983. He is currently responsible
for ubiquitous communication appliance technologies at NTT Microsystem Integration Laboratories. He is leading R&D projects on ultralowpower network appliances, sub-terahertz-wave
wireless communication, and intrabody communication. He is a member of IEEE.

Vol. 7 No. 3 Mar. 2009

Hidehiko Ikegawa

Technical Department, Fuji Television Network, Inc.
He received the B.E. degree in electronic telecommunication engineering from Waseda University, Tokyo, in 1997. He joined Fuji Television
Network, Inc. in 1997. He is engaged in the
development of digital transmission techniques
for TV program production.

Hiroshi Nishikawa

Assistant Director, Technology Research and
Development Department, Fuji Television Network, Inc.
He received the B.E. degree in mechanical
engineering from Osaka University, Osaka, in
1993. He joined Fuji Television Network, Inc. in
1994. He is engaged in the development of video
engineering and digital transmission techniques
for TV program production.

Toshihiro Nakayama

Senior Engineer, Technology Research and
Development Department, Fuji Television Network, Inc.
He received the B.E. and M.E. degrees in electronic engineering from Kyoto University,
Kyoto, in 1989 and 1991, respectively. He joined
Hitachi, Ltd. in 1991 and moved to Fuji Television Network, Inc. in 2004. He is engaged in
research on satellite telecommunications engineering and digital transmission techniques.

Tomonori Inada

Senior Director, Technology Research and
Development Department, Fuji Television Network, Inc.
He received the B.E. degree in electrical engineering from Tokyo Institute of Technology,
Tokyo, in 1982. He joined Fuji Television Network, Inc. in 1982. He is engaged in research on
video transmission techniques using microwave,
satellite telecommunication, and IP networks.



