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DVB-T2 – background
• 1st generation system (DVB-T) used for DTT 

launch in UK (1998) and around the world

• Desire for HDTV on terrestrial platform
– requires significant increase in capacity

• 2nd generation system (DVB-T2) developed
– to increase capacity, ruggedness and flexibility

• Service on-air in UK since December 2009
– Public launch planned for end of March
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Why develop a new broadcast system?
• Low network cost

– One broadcast transmitter can serve millions of receivers
– Cellular base station can serve only a few hundred Rxs

• Can use existing infrastructure
– Deployed base of transmit sites and rooftop antennas
– Cellular solution would need many more base stations
– Fibre-to-home also requires heavy investment

• Spectrally efficient
– Assumption of fixed reception allows lower robustness 

and higher bit-rates
– Same content delivered to many receivers, so bit-rate per 

user � total bit-rate



6Research & Development � BBC MMX

Commercial Requirements for T2
• Key requirements include

– Must be able to use existing domestic receive antenna and existing 
transmitter infrastructure

– Should provide minimum of 30% capacity increase over DVB-T

– Should provide for improved SFN performance

– Should have mechanism for providing service-specific robustness

– Should provide for bandwidth and frequency flexibility

– Should provide means to reduce peak-to-average power ratio

• The T2 specification has been compared to these 
requirements and found to meet or exceed all of them
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Timeline for T2
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T2 physical layer architecture

Input 
processing

Bit-
interleaved 
coding and 
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builder

OFDM 
generation

Input
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T2-system

Very similar 
to DVB-S2
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DVB-T

New Based on 
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• Common elements from DVB-T and DVB-S2 give:
– coherent family of DVB standards
– Re-use of design elements for faster time to market
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Key features: LDPC
• Protected by the Low Density Parity Check (LDPC) 

code
– As in DVB-S2
– Code rates: 1/2, 3/5, 2/3, 3/4, 4/5, 5/6
– Performance is much closer to theoretical limits than 

convolutional code used in DVB-T

Data LDPC check bits

Header BCH FEC bits

BaseBand Frame

FEC frame = 16200 or 64800 bits
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Key Features: Modulation (i)

• Constellations:
– QPSK, 16-QAM, 64-QAM, 

plus 256-QAM

• 256-QAM 
– carries 8 bits/data cell
– cf.6 for 64-QAM
– improved FEC performance of LDPC makes 

robustness similar to 64-QAM in DVB-T
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Key Features: Modulation (ii)
• T2 uses conventional Guard-Interval OFDM 

– as in DVB-T

• 1K, 2K, 4K, 8K, 16K, 32K FFT options are available 
in T2

• Larger FFT sizes:
– Can reduce guard interval overhead for given size of SFN
– Can increase SFN capability for a given fractional GI

32K symbolGI

GI 8K symbol

~6% overhead

25% overhead
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Efficiency improvements
• Lower pilot density where appropriate (1% vs 8%)

• Extended carrier mode (2% extra capacity)

• Fewer Continual Pilots, sync-byte removal, …
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T2-Frame Structure
• Typical frame duration: 100 - 250 ms

– P1 Preamble gives rapid detection and acquisition
– P2 carries L1 signalling including frame structure data 

• Plus other data if space remaining

T2 Frame

P1 P2 Payload

L1 signalling Other data
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Physical Layer Pipes (PLPs)
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Single vs. Multiple PLP
• A PLP carries a single transport stream
• Single PLP

– All services are in a single TS in a single PLP

• Multiple PLP
– Each data PLP carries a transport stream 
– Information common to a group of PLPs (e.g. EPG) is 

carried in a ‘Common PLP’
– Receiver must be able to decode Common PLP & one 

data PLP
– Different PLPs can have different modulation/coding

• Service-specific robustness, e.g. roof-top + portable services

– Time interleaving is per-PLP
• Longer interleaving is possible

Carriers

Symbols
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Rotated Constellations

• Novel technique
• Improves performance in 

highly selective (e.g. 
portable) channels

• Allows higher bit-rates

• Simulated gains up to 7dB

� �

� �
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Peak-to-average power reduction
• Two PAPR methods included

• Could reduce peak power by 20%
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Extension (ACE)

Tone Reservation 
(TR)
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Mobile-friendly features (i)
Frame skipping

• “Slices” of “Type 1” PLPs are at start of frame
– near to P2 preamble, which carries L1 signalling

• Receiver can “power down” in between slices

0 1 2 3 4 5 6

PLP carried only every 
(e.g.) third frame

T2-frame on off
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• Time de-interleaver has defined capacity (not time)
• Lower data-rate services can have longer time interleaving

– Interleaving depth can be over one minute!

• Could improve mobile/portable reception
• Can be combined with frame-skipping

0 1 2 3 4 5 6

PLP time-interleaved over 
(e.g.) four T2-frames

T2-frame

Mobile-friendly features (ii)
Multi-frame interleaving
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• Alamouti 2´ 1 transmit diversity scheme used
• Can mitigate flat fading due to short echoes

• Studies showed 30% increase in coverage possible

RXTX1
TX2

So,S1 -S1
*, S0

*h
1

h
2

Mobile-friendly features (iii)
Transmit diversity
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• Identifies which transmitters are being received
– Including in Single Frequency Networks (SFNs)

• Two methods:
– “auxiliary stream” embedded in T2 frame structure
– “Future Extension Frame”

• Principally designed for professional applications
– But could be used by consumer receivers for location 

awareness

Mobile-friendly features (iv)
Transmitter signature
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BICM Limit DVB-T QPSK DVB-T 16-QAM DVB-T 64-QAM

Modulation and Coding Performance

DVB-T “24 Mbit/s” mode

DVB-T2 “36 Mbit/s” mode

DVB-T2 “40 Mbit/s” mode

DVB-T2 at failure

DVB-T at QEF

• Capacity limits for simple 
Gaussian noise channel

– With LDPC can get close 
to theoretical limit

• Typically 30% gain in 
capacity compared with 
DVB-T codes.
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T2 Capacity – UK modes

40.21Mbit/s24.1 Mbit/sCapacity

ExtendedNormalBandwidth

0.53%1.0%Frame structure overhead

0.53%2.0%Continual Pilots

1.0%8.3%Scattered Pilots

2/3 LDPC + BCH (0.3%)2/3 CC + RS (8%)FEC

1/1281/32Guard Interval

32K2KFFT size

256QAM64QAMModulation

UK T2 modeUK Freeview mode

Capacity = DVB-T + 67%
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Implementation and Validation (i)
• Validation and Verification

– 8 independent 
implementations 
compared in software

– More than 30 different 
modes tested with full 
agreement

– Hardware plug fest  
(March 09)
demonstrated 
interoperation between 
5 modulators and 
6 demodulators in 
several modes

– A multiple PLP plugfest
is planned for June ’10 Photo-montage of PlugFest, thanks to RAI
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Implementation and Validation (ii)
• Performance simulation

– Many BER simulations performed and results included in 
Implementation Guidelines document

– Good agreement between different simulation models
– Common Simulation Platform 

• MATLAB model
• Can act as open reference implementation
• Supports most options of the specification
• May be released under GPL
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T2 Implementations
• Software simulation platforms

– Common Simulation Platform
– Independent implementations from several companies

• FPGA-based implementations
– Six modulators, five demodulators

• Consumer ICs already in mass production

• Consumer set-top boxes already available in the high 
street
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T2 Service Plans in UK
• UK regulator, Ofcom, announced the UK would 

launch HDTV services from December 2009
– Started in North West of UK as part of Switch Over
– Additional stations being added in advance of switch-over 
– initial coverage by Apr 2010 around 50% of UK
– (Anglia region: 2011)

• Single public-service MUX to be used for HD 
services
– Starting with 2 HD services 

• BBC, ITV, 
• Ch4/S4C coming soon
• A fourth service may be added later
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UK Planning for HD services 
• Ofcom coordinated UK-HD Pilot planning project

• Participants included HD broadcasters, Arqiva, 
TV/STB manufacturers

• Lab and field trials conducted, 
– using manufacturers’ prototype equipment

• Technical goals:  
– To verify performance using real hardware (in 

comparison with simulations)
– To verify planning parameters and choice of mode 

• Resulted in choice of “40Mbit/s” mode in November 2009

– To provide test bed with real signals to assist 
manufacturer developments
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Conclusions
• T2 specification process complete

• Commercial requirements easily exceeded
• Validation & Verification activities nearing 

completion

• FPGA-based hardware prototypes already 
demonstrated

• VLSI designs already in mass production

• Consumer receivers available
• T2 “Freeview-HD” services began in December 

2009 in UK
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Thanks for your attention!

Any questions?

Oliver Haffenden
oliver.haffenden@rd.bbc.co.uk


