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Presenterôs Background

ÉChannel coding R&D

ÉCoverage

V from theory to LSI implementation 

ÉContributions to ISDB, DVB 
standardization

ÉLatest experience: DVB - T2

VTechnology Proposals: FEC, MISO 

VValidation & Verification WG chairman
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Worldwide Digital TV Standards

ÉATSC (North America, Mexico, Korea é)

É ISDB - T (Japan, S.America , Philippines é)

ÉDTMB (China)

ÉDVB (E.U., M.E., Australasia, Africa é)

4

4 major worldwide 

digital TV ñgroupsò
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Digital Terrestrial Standards

É About 10 - 20 years from 1 st gen. to 2 nd gen.
É In this presentation examine

V ATSC, ISDB -T, DTMB, DVB -T2
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Key Features of DTT

ÉRefer to 
paper for 
details

ÉExamine 
some 
particular 
features in 
this 
presentation
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Key Features of Recent World-Wide DTT Transmission Standards 

Standard  DVB -T2 [1]  

DTMB  [2]  

     (C1)                 

(C3780) 

ISDB -T [3]  ATSC A/53  [4]  

Country of Origin  Europe China  Japan US 

Year 2008 2006 2003 2005 

Frequency Range 

(MHz)  
470-862 and 174-230 470-862 470 ð 770 54-72,76-88,174-216,470-698 

Channel Spacing,B 

(MHz)  
1.7, 5, 6, 7, 8, 10 8 6, 7, 8 6 

Type 
Multi -Carrier  

CP-OFDM  

Single 

Carrier  

Multi -Carrier  

PN-OFDM  

Multi -Carrier  

CP-OFDM  
Single Carrier  

Number of 

Sub-Carriers  

(K = 1024) 

1K ,2K, 4K, 8K, 16K, 

32K 
1 3780 2K, 4K, 8K  1 

Sub-Carrier 

Modulation  

QPSK, 16QAM, 

64QAM, 256QAM  

4QAM -NR, 4QAM, 16QAM, 

32QAM, 64QAM  

QPSK, 16QAM, 

64QAM, DQPSK  
8VSB 

Useful Symbol  

Length, Tu (us) 

112 to 3,584 (8 MHz 

Channel)  
- 500 252 to 1008 0.092917 

Guard Interval,  

Tg (fraction of Tu)  

1/128, 1/32,/1/16, 

19/256, 1/8, 19/128, 1/4 
- 

1/4, 595/3780, 

1/9 
1/4, 1/8, 1/16, 1/32 - 

Sub-Carrier  

Spacing (Hz)  

279 to 8,929 

(8 MHz Channel)  
- 

2k 

(8MHz)  

992 to 3968 

(6 MHz Channel)  
- 

Net Bit Rate, R  

(Mbit/s)  

40.2 (Typical),  

50.3 (Max .) 
4.81 - 32.49 3.651 - 23.23 19.392658 

Link Spectral 

Efficiency, R/B 

(bit/s/Hz)  

0.87 - 6.65 0.60 - 4.1 0.61 - 3.87 3.23 

Inner FEC  

LDPC  

{1/2, 3/5, 2/3, 3/4, 4/5, 

5/6} 

LDPC  

{0.4, 0.6, 0.8} 

Convolutional Code 

{1/2, 2/3, 3/4, 5/6, 7/8} 
Convolutional Code (2/3)  

Outer FEC  BCH  
BCH  

(762, 752) 

Reed Solomon 

(204, 188) 
Reed Solomon (207,187) 

Time Interleaving 

Depth (ms)  

80 ms 

(U.K. mode ) 
200 - 500 0 to 400 4 

Main Unique Features  

Rotated Constellations, 

FEFs, Multi -Pipes, 

MISO  

TDS-OFDM (PN Sequ ence 

Insertion)  
Segmented OFDM  Low C/N Requirement  
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DTT Requirements

ÉHigh Bit Rates

VHigher Definition television, 3D

VSpectral efficiency

ÉRobustness

VMultipath

VMobility

VInterference

ÉFlexibility

VDifferent levels of robustness

VEnhancements/additions
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High Definition Television

9

Higher bit rates needed

8K4K (60p) 
16x resolution, 2x frame rate, 2x efficiency (@HEVC)

-> 16x increase in bit rate: 160Mbps

3840 x 2160 

(8.3 Megapixels)

7680 x 4320 

(33Megapixels)

4K2K (60p) 
4x resolution, 2x frame rate 

-> 8x increase in bit rate: 80Mbps

HD (60i)
10Mbps per program 

(@H.264)

1920x1080 (2K1K)

3D: Ideally want 2x bit rate for left/right -> 320Mbps
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Spectral Efficiency

ÉSpectrum not increasing

VSimple channel bundling not easily realizable

VIncrease the bit rate in the same spectrum

10

Spectrally efficient technologies needed

DVB - T2 DTMB ISDB - T ATSC NGBT

Channel Spacing

B [MHz]
8 8 6 6 6

Net Bit Rate 

R [Mbps] 

Max(Typ.)

50.3

(40.2)

32.49

(21.66)

23.23

(18.26)

19.39 60?

Link Spectral 

Efficiency, R/B 

[bit/s/Hz] 

Max(Typ.)

6.65

(5.025)

4.1

(2.71)

3.87

(3.04)

3.23 10?

B

R
Efficiency=
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Robustness
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Multipath Fading

Interference

VOther broadcast systems 
(LTE, ATSC)

V Impulse (burst) noise

VMan-made noise (VHF)

V Tuner effects(phase noise)

Mobility

V From pedestrian 
speeds to high 
Doppler environments 
(~350km/h)

Technologies to increase robustness needed

VStrong echos at large delays
(tall buildings,SFN ,...)

VDynamic 
channels 
from 
vehicular 
movement
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Physical Layer (OSI Model)

12



R&D Division Semiconductor Business Group

Physical Layer Model

ÉGeneralized channel coding model

VFEC: error control encoding

VSignaling : transmission parameter notification

VFraming : mix encoded data and signaling into 
symbols and frames

VModulation : create waveform to be radiated

13

FEC Modulation 

Signaling

Input 

Data
Framing


