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Quality of digital transmission and Threshold B.ER ~ Digital Terrestrial
—_—————————— Broadcasting
Video quality is kept constant when signal strength is more

than threshold level.(not suffered by ghost,noise,etc)

Transmission quality is defined by B.E.R

Threshold B.E.R=2" 10“ (after Viterbi)

| n case of

Concatenated Forward Error Correction| 64QAM=(7/8)
HDTYV available

Before Viterbi(7/8) 1" 102
After Viterbi 2104

]

Encoded in
MPEG-2TS

After Reed-Solomon 1x101
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Equivalent C/N of transmitting equipment
C/N degradation = (C/N)y, 45 - (C/N)g 45

CIN,,

2x10
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Real i zed Perfornmance
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C/N degradation

Digital Terrestrial

Recelver
Carrier Level

Thermal Noise

Broadcasting

VS.

CIN,,
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ldeal OFDM ‘ |deal OFDM
Mod | —» Demod
C/IN=¥ II C/IN=¥
L1 = O
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Threshold C/N of DTTB

Digital Terrestrial

Broadcasting
|deal link model
Degradation 3dB 3dB R?]%eils\éer
Required C/N 28dB 25dB
CIN =¥ C/N=22dB
| deal Environment H;\{;I C_lW;r e l \deql
TV-TX i oo o TV- RX
or Recelver .
/ | ,g theoretical
Threshold For broadcasting | | For RX:2dB 2 10°
50.5dBuV/m | net\;vork:SdB 1
Antoenna height g;]tgrsteétecnce’ For TV network:1dB
: 10m :
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Degradation of TV-broadcasting network Digital Terrestrial
e Brr08diCatiiNg

1. Link C/NI

STL > TV-Tx > Trand ator

AI\Z. Hardware inferiority I\ I\
Phase noisel + Inter-modulationl
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Phase noise of carrier/local oscillator

Contribution of phase noise
Phase noise of carrier oscillator is converted to each OFDM carrier
and spread over in-band of OFDM

Carrier

as
Whi te Phas

Multiplied by
10*Log,oN

Digital Terrestrial
Broadcasting

OFDM RF wave

IN:number of OFDM carriers

A
Random Wal k Frequ¢ncy Phase |Nncrease Of
Flicker Frequen y <—| noise ™ white noise
Vv energy
White Frequen (dB/HZ)
Flicker P \A\ _I'S'QTTTE_[ -
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Digital Terrestrial

|nter-modulation of nonlinear amplifier )
Broadcasting

IM vs. C/N degradation ~ OFDM Spectrum
caused by Inter-modulation

1
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Digital Terrestrial
Broadcasting

Networ king

Effective coexistence with analog channel

SFN can make it easy to allocate digital channel

Effective allocation plan of transmitter station
and relay station

New ideafor installation place of transmitter
which can be realized by featuring OFDM
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Networking Digital Terrestrial
-_— Broadcagding

SFN:Single Freguency Network

_ITransle& Relay transmitter I

SFN allowsto allocate same
frequency in between adjacent
stations and save frequency Interference Ar
resources

Relay transmitter I

Interference from co-channel

M obile reception moving around 'Sfe'nr]n;edd e?ﬁﬁﬂ?@;”bo';?(w'
in 3regional area getsbenefitby SFN ™. Y ted by Rx.
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Networkin Digital Terrestrial

Broadcasting
New idea of transmitting station (1)
Stadium lighting allocation
Distributed TX
Low power TX
to form SFN

Equal ity for area

Micro wave Metropolitan type
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Networking Digital Terrestrial
—_—— Broadcasting

New method of SFN Link
UHF broadcasting wave is used both for broadcasting and relaying link

Transmitter
CH N(To)  d(propagation delay)<guard interval .

< Relay station

OFDM isdivided
In IF band

///J Cross polarizat i\\\

CH N(To+d)

Co-loop chancellor
in relay station

SFN network can be realized without using microwave or fiber optic. I
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CO-channel Relay station Digital Terrestrial

i Broadcastin
( for SFN relay transmitter) [ ing

Realize SFN by broadcasting relay station by
canceling co-channel interference caused by system itself

T “ UHS-VCO
|
v | v
RX — D/IC —{ —) »U/C — TX

Chgy=Chyy T l

Detect & extract
delayed co-channel Tx wave
Feedback for canceling
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Digital Terrestrial
Broadcasting

CLC-2101 Co-channel loop Canceller

C‘l[,' E“H]!

|||||”||||||||||||||l|||||||||||||||||||||| Il ||||||||||||||||||||||||||||||||||||||||
Input C/1>3dB I Output C/1>350B

Available for SFN relay station using same in & output channel
Adaptive feed-back system applied
3 multi-path waves are cancelled

III
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STL&TTL Digital Terrestrial

Broadcasting
Transmission |SDB- Transmission Featuring
signa Modulation Modulation
site
OFDM/IF studio OFDM Concerned
link degradation

Transport transmitter 64-QAM | ndependent

stream link budget
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SHF OFDM Transmitter Digital Terrestrial
Broadcasting

2 pilot signals assist frequency synchronization of microwave link.

Transmission Freq.  3.5GHz to 13GHz (pre-assigned)

RF power +12dBm/+27dBm(with IPA)
Bandwidth within 9OMHz
Input IF 37.15MHz match to OFDM modul ator

Sufficient phase noise for ISDB-T carrier
— ISDB-T DIBEG ——




SHF OFDM Recever Digital Terrestrial
Broadcasting

Recelving Freqg. 3.5GHz to 13GHz (pre-assigned)
| F output 37.15MHz/-10dBm
Bandwidth within OMHz

Sufficient phase noise for ISDB-T carrier
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Digital Terrestrial
Broadcasting

Advanced technology of
DTTB Transmitter
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High performance and power efficiency Digital Terrestrial

_ Broadcasting
Transmitter
ISsues Analog TV-Tx DTTB Tx
Carriers/PA 1 (1300 ~ 5200)
Defined power (r.m.s) 1 1/9
Peak power 1 1
Efficiency (%) 20 - 25 % ?
2tonelM Equivalent To mor e than
33dB 37 dB
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HPA operation with Idle current

A-class HPA I

Idle current High
O.B.O IM Less

0.B.O

2-tone |IM

|M

|.B.O -
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Digital Terrestrial
Broadcasting

B-class HPA I

|dle current

low

M more

/

2-tone |IM
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Digital Terrestrial

: Broadcasti
Typical performance of HPA roadcasting

Efficiency 2 Tones Inter-

_ Modulation
High Low
High
(A) Efficiency LRl

(dB)
(%)
Low :
L ow High
ClasssC Class-B Class-A
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Digital Terrestrial
Broadcasting

OFLC 2101
Prototype of non-linearity compensating unit

ORI

Avallablefor al DTTB standard and analog system.
|mprovement of power efficiency and
Inter-modulation distortion

AL C enables constant HPA output power
DIBEG =




Non-linearity corrector realize both of

Digital Terrestrial

Broadcasting
High performance and efficiency Transmitter T
0.B.O " compensation
? e
Back-off IM
TX v
ouput Linearity with
compensation
ith high _
\ie\f”ftir;i elngcy - pithout |M
="/ compensation _~+~
\ / With
' compensdtion
1.B.O0
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P

Performance guaranteed when HPA gain decreased
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Digital Terrestrial

_ Broadcasting
Block diagram of OFLC
: (to up-converter
(fr[)'r:n'g(%}{gr) followed by HPA)
AGC —»
reference A |Foutput
DG
Error —» (‘)
detect DP

test 5| Power
detect

RF input w D
(sampled from HPA output) f
@ L ocal
Osc.
Signal isused for up-converter followed by HPA
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Digital Terrestrial

_ Broadcasting
Example of compensation
(OFLC 2101)
3
P =16.0 2ie #aT 18 4B
EWL -
I;a NEAS UNCAL
el
COWTER '
| 425 . 150 MMz
'f; wt compensation
With cbmpensation
RN awae o
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Digital Terrestrial

Broadcasting
OFDM modulator with FEC
(OFEX-2001)
1/8
. 28 . X In Size
- ... Ok from
0O A prototype
Light weight  Compact L ow power
Easy to operate and maintain
Remote control available
DIBEG ——




Digital Terrestrial

E——— Broadcasting
| ssues Analog trandlator DTTB transiator
Single CH Multi- CH
Carriers/ PA 3 (1300~ 5200) (1300~ 5200)" n
Power (r.m.s) 1 1/9 1/9 " n
Peak power 1 1 N
2-tone M (dB) morethan 33dB morethan 37dB Morethan 50dB
solution OFL C-2101 M CPA
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Digital Terrestrial
Broadcasting

|nter-modulation of multi-channel Amplification

Gives interference to adjacent channel

CH-N CH-N+1

CH-N+3

\

T

—  “

| nter-modul ation

Should be lower than 50dB
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Digital Terrestrial

MCA/Feed forward PA

Broadcasting

Multi-channel Amplifier with linearity compensation

Single channel Amplifier with linearity compensation

Feed Forward Technology
1] Wi THT
Am

— ISDB-T

Delay Line H@—’m

1t

Delay Line

»Q >

DIBEG ——



Transmittin (for relay transmitter) Digital Terrestrial
Broadcasting

Re-generate studio quality in transmission system

function

Multi-Pass Canceal Unit Cancel ghost wave occurred
IN transmission line such as

microwave,broadcast wave
link.

Spectrum equalizing Unit | Equalize RF amplitude in fre-
guency domain damaged in
propagation pass.

Synthesized Oscillator Ultra high stabilized Oscillator
using LW reference signal

— |SDB-T DIBEG -




Digital Terrestrial

Broadcasting
OFDM multi-path canceling unit
OFLC2101
Input C/1>3dB Output C/I>35dB

Avallable for relay station with canceling multi-path waves
Adaptive feed-back system applied

ghost waves should be within guard interval from main carrier
3 multi-path waves are cancelled
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Digital Terrestrial
Broadcasting

Transmission Equalizer unit

OFEQ-2101

oA s OFEQ-2101

-I-- :
d ¢

Compensate rf amplitude distortion in broadcasting relay link
Tilt, ripple and band edge are independently compensated
Adopt into system(relay station) in | F(intermediate frequency)
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Digital Terrestrial
Broadcasting

Synthesized Up-converter with UHS-VCO

OFUC-2001

L
OFUC-2001 st i .
DRl ddi AN - 5 U
(== A B

Ultra high stabilized Oscillator
using LW reference signal

Light weight  Compact L ow power

SFN available

DIBEG ——




Digital Terrestrial
Broadcasting

Transmittl ng (Test equipment for transmitter)

Also used for test equipment in receiver mass-pro line

function

Non-linear smulator | Generates voluntary nonlinear
signal such as power amp distortion

Generates multi-pass signal
adjustable ratio latency & set
number of delayed carriers

OFDM Generates OFDM spectrum with
spectrum simulator linear distortion in RF amplitude
characteristics

OFDM C/N simulator | Generates OFDM spectrum with
random noise
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Digital Terrestrial
Broadcasting

Conclusion

New system, new technology and new products
for DTTB age has been introduced.

These are under trial operation by using DTTB trial system
at 10 cities in Japan.

Much more improvement are expected.

Most of products introduced in this paper has already
exhibited at Inter-BEE ‘99 held in Tokyo.

Be our partner and go forward with us.
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