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1 Introduction

Digital terrestrial broadcasting in Japan
began commercial operation in three major
metropolitan areas of the country in December
2003. Preparations for the termination of analog
broadcasting in July 2011 are well underway.

Against this background, NHK is researching
and developing Super Hi-vision for a next-
generation ultra-high-definition broadcasting
system. We are studying, in particular, large-
capacity transmission technologies for providing
large-volume content services to homes as a
component of next-generation digital terrestrial
broadcasting.

This report gives an outline of ultra-multilevel
OFDM and dual polarized MIMO technologies
designed for high capacity transmission

systems, and presents our most recent
experimental results using a prototype
modulator/demodulator based on these

technologies.

2 Super Hi-Vision system

We are conducting research and
development on Super Hi-Vision as a next-
generation ultra-high-definition broadcasting
system. The Super Hi-Vision system consists of
ultra-high-definition video, with four thousand
scan lines and 16 times the number of pixels as

conventional HDTV, and 22.2-channel 3D audio.

It is expected to be applied in a variety of areas
such as broadcasting, film, and education.

3 High capacity transmission system

We are researching ways of expanding
transmission capacity to enable Super Hi-Vision
and other large-volume content to be carried
over digital terrestrial broadcasts. By using
ultra-multilevel OFDM and dual polarized MIMO
technologies, we can transmit at 60 Mbps on a
single channel.
3.1 Ultra-multilevel OFDM

The ultra-multilevel OFDM  technology
increases transmission capacity by extending

the carrier modulation scheme from 64QAM (6
bit/symbol), which is currently used in digital
terrestrial broadcasting, to 1024QAM (10
bit/symbol).

3.2 Dual polarized MIMO

The dual-polarized MIMO technology utilizes
pilot signals for polarization de-multiplexing,
making it possible to transmit both horizontally
and vertically polarized signals simultaneously.
We show that the two differently-polarized
signals can be accurately separated on the
receiver side by using these pilot signals to
estimate the MIMO channel response, and that
transmitted information can be correctly
demodulated as a result.

By adopting these two technologies, the
experimental  modulator/demodulator  can
transmit broadcast data at about 60 Mbps on a
single, 6-MHz terrestrial television broadcasting
channel.

4  Experimental results

Transmission experiments were conducted
using the modulator, demodulator and dual
polarized YAGI Antennas built for trial purposes.
PN signals were transmitted independently on
horizontal and vertical polarization waves. The
C/N vs. BER (Bit Error Ratio) after Viterbi
decoding characteristic was measured for each
polarization. © We  compare the BER
characteristics of simulation results, laboratory
experiments, and field experiments, showing
good results with little degradation.

5 Summary

This paper introduces the state of
development for the next generation DTTB
system in Japan. We developed an
experimental modulator/ demodulator which can
transmit broadcast data at about 60 Mbps on a
single 6-MHz  physical channel using
ultra-multilevel OFDM and dual polarized MIMO
technologies. Experimental results including
field trials are presented.
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Super Hi-Vision

Future TV System with Greater Sensation of Reality

Effects
*Strong sensation of reality, as if actually there
*More exciting in live TV programs :

Our objectives
*Examine physical and psychological effects
*Enhance sensation for future TV system

ATSC 2010 Symposium on Next Generation Broadcast Technology
October 19,2010

Super Hi-vision
Number of pixels 4320 X 7680 1080 1920
Aspect ratio 169 169

Standard viewing distance

{H:Height of the screen) 0-75H

Standard angle of view

{horizontal plane) 100 dey

Sound system 22.2ch

ATSC 2010 Symposium on Next Generation Broadcast Technology
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Research toward NGTB

77Mbps- - -~ .| Next
i Interference Cancellation Generation
Reducing the required C/N ' '

*Eror Correction
*Channel Fstimation Schemes

Dual Polarized MIMO
*Channel equalizer
“MMO-ODFM Demodulation
=Dl Polarized Antenna

Ultra-multilevel OFDM

2003
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*Ultra-multilevel OFDM Technology

|024QAM
*Dual Polarized MIMO Technology

Dual-Polarized Antenna
MIMO Channel Estimation
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Ultra-multilevel OFDM Technology

Transmission Parameters

Bandwidth 5.57 MHz
Carrier modulation scheme 1024 QAM
FFT size 8k (MODE3)
Guard interval ratio 1/8

FEC (Error Correction) Inner Code: convolutional, r=3/4
Outer Code: R5(204,188)

Pilot signals SPICP-8.3%
AC/TMCC: 0.23%

Transmission Capacity 30.2 Mbps (single polarization}

ATSC 2010 Symposium on Next Generation Broadcast Technology
October 19,2010

Ultra-multilevel OFDM Technology

Signal Point Arrangements

(a) 64QAM
ISDB-T in current use

(b) 1024QAM

010 Symposium on Next Generation Broadcast Technology
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Dual Polarized MIMO Technology

Signal(H)

Horizontal

MIMO

OFDM

Demo-
dulation

Signal(H)

. Vertical
Signal(V)

Signal(V)
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Dual Polarized MIMO Technology
Dual Polarized YAG| Antenna

Type of antenna 8-elenet dual polarized Yagi antenna
Frequency 554~ 602MHz (UHF ch. 27~34)
Gain 9.0dBd

E-plane half-power angle: * 20deg.
H-plane half-power angle: * 24deg.

Front to back ratio Over 13dB

Directivity

Cross Polarization

. Over 20dB
Discrimination

ATSC 2010 Symposium on Next Generation Broadcast Technology
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Dual Polarized MIMO Technology

Horizontal Directivity of Dual Polarized YAGI Antenna

Horizontal polarization elements

Antenna gain [dBd]

Angle [deg ] Angle [deg ]
ATSC 2010 Symposium on Next Generation Broadcast Technology
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Dual Polarized MIMO Technology
MIMO Channel Estimation

Receiver Noise:ny

Tx Ant(H) Rx Ant(H)
Transmission Recewed
Signa[(H) a S:gna[(H)
hyy
huy

Transmission Recerved
..—’.
NEQEN V) a Signal(V) °
Tx Ant(V) Rx Ant(V)
H

Receiver Noise:ny
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Block Diagram of Transmission Experiment

Noise Generator(

Dual Polarized Wave

MIMO MiMO

OFDM : Ay i | OFDM
MOD y DEM
Polarized YAGI Antenna Dual Polarized YAGI Antenna

Field experiment (RX)
Laboratory experiment : RF{UHF34ch) loopback points

Laboratory experiment : IF{37.15MHz) loopback

2010 Symposium on Next Generation Broadcast Technology
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Conditions of Transmission Experiment

Measurementpoint NHKSTRL (Back lot)

Distance 100 m

Height of antennas 5 m (above ground level)

TRX antennas 8-element Dual polarized Yagi antenna

0.1 W:horizontal wave

Transmission power
P 0.1 W:vertical wave

Transmission capacity 60.AMbps (both polarizations)

2010 Symposium on Next Generation Broadcast Technology
er 19,2010
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Results of Bit-Error-Rate Measurements

20 22 24
C/N [dB]
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Block Diagram of
Video Transmission Experiment

H.264
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Conclusion

* Expanding transmission capacity for NHK’s Next
Generation of Terrestrial Broadcasting

* Successful field tests using
— ultra-multilevel OFDM technology
— dual polarized MIMO technology

* Transmitting data at around 60 Mbps on a single,
6-MHz terrestrial television broadcasting channel.

ATSC 2010 Symposium on Next Generation Broadcast Technology
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