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While this issue of the Review was
being prepared, the DVB Steering
Board agreed on the specification for
mmm 1. Introduction terrestrial broadcasting of digital
television signals (DVB-T). Itis

Digital terrestrial television has always been ar  pased on COFDM with two variants
important part of the DVB Project — but preparing one is known as the “8k system”

a technical specification for such a system was nc “ ”
the first job that the Project tackled. This was due 7 1 GHIET 5 U1E 28 GBI -

to a number of reasons: In this article, the author outlines the
developments which led up to the
DVB-T specification being agreed,
and describes how an 8k system
works.

— there was no commercial pressure to start tel
restrial services in 1993 when the Project was
set up;

— congestion ofhe terrestrial frequency spectrum
in most of Europe makes it very difficult to start

new terrestrial services; o o ) o
draft specification for digital terrestrial television

— the terrestrial environment is probably the mostyas approved by the Steering Board of the DVB

complex delivery medium for which to design. project in March 1995 [2] — but it was subject to
verifications and complexity evaluations, sched-
uled to take place during the summer and autumn
of 1995.

The DVB User Requirements for digital terrestrial
television were approved in late 1994 [1]. By this
stage, the work towards a DVB specification for
digital terrestrial television had been in progressThe original draft proposal has been debated ex-
for some time. Much of the work was carried outtensively. Known as the “Slsystem”, this proposal

by a collaborative group called the TFSCTheir  was based on 6785-carrier OFBMhere each
carrier is QAM? modulated. Because of its com-
plexity, it was feared by some organizations that
receivers wuld not be ready for sale in time for the

1. Task Force on System Comparison.
(While writing the specification, the TFSC comprised
the following companies: BBC, CCETT, CNS, DLR, . .
IRT, ITC, Philips, RAI, Tele Danmark, Teracom and 2- ©Orthogonal frequency division multiplex.
Thomson.) 3. Quadrature amplitude modulation.
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introduction ofservices in 1997. Consequently, anOFDM system and a single-carrier system for digi-
alternative proposal was presented to the DVBal terrestrial television, and to make comparisons
Project by NTL and Deutsche Telekom AG in betweerthese two systems for a contribution to the
Autumn 1995 [3]. Often called the “2k system”, DVB-TM. This task wasompleted by September
this proposal uses 1696-carrier OFDM, wherel994.

each carrier is DAPSKmodulated. o
In parallel with this task, the TFSC was requested

This article describes the originally-proposed? the DVB-TM group, DTTV-SA, to write a

6785-carrier OFDM system (i.e. the 8k system) in Strawman Specification” for terrestrial digital

relation to the User RequiremehtsOpinions ex- television. Fig. 1 shows the' Qrganization of the
pressed in the article are those of the author alon¥/0rk towards the draft specification.

they do not necessarily comply with the positionstpe “Strawman Specification” was approved by
ado_pted by su_pporters of other digital televisionyhe pvB-TM in January 1995 and subsequently by
projects examined by the TFSC (e.9. dTTb, HD+he pvB Terrestrial Commercial Module (TCM)
Divine andDTVr). and the DVB Steering Board in March 1995. The
) ) “Strawman Specification” was later refined with
In December 1995, after this article had been pregq aqddition of a few missing details, and has been

pared, the DVB Steering Board finally agreed a;onamedheDraft specificatiorfor Digital Terres-
dual-modesystem which allows for either a 2k or tyia| Television

an 8k OFDM system to be used. The 8k system —

based now on 6817 carriers — is compatible withThis draft specificaton is the outcome of coopera-

the 2k system (which now uses 1705 carriers); botkive work, based on contributions from different

systemaise QAM modulation of each carrier. The project groups; each group has developed digital

8k OFDM system agreed by the Board is basedelevision hardware with a number of important

mainly on the 8k system described here. common features, but also with large differences
as each project had different priorities.

mmm 2. Developments towards a None of the presently-available hardware imple-
terrestrial specification mentations follow the draft specification entirely,
Figure 1
Digital terrestrial television has been the subject of Organization of work
a number of national and European cooperative towards the draft
research projects including: specification for digital
terrestrial television.
— the RACE project, dTTb; DVB
Steering
— the Nordic project, HD-Divine; Board

— the German projectDTVT.

These three projects [4], [5] and [6], together with —
a number of other projects, have contributed to the ™ Commercial
group called DTTV-SA, which was established modules
by the DVB Technical Module (DVB-TM) in
January 1994.
Before the elaboration of the terrestrial specifica- Sub-groups
tion started, the TFSC had been set up by the dTTb | DTTV-SA AD-hoc
project, with members drawn from the dTTb, groups
HDTVT and HD-Divine projects. (This acknowl-
edged the fact that, to a large extent, these three
projects had common objectives.) The task of the ﬁ'\
TFSC was to outline the specifications for both an S T \
Differential amplitude phase shift keying.
5. It is planned that a future article BBU Technical
Review will describe the “2k system”.

6. R&D in Advanced Communications Technologies in
Europe. dTTh HD-DIVINE
7. Digital Terrestrial Television — Service Aspects.
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although almost all aspects of the specification- the system should be designed to allow opera-
form part of the individual implementations. tion of single frequency networks (SFNs);
Hardware which accords with the draft specifica-
tion is being built under the auspices of the dTTh
project and will be ready in March 1996.

the system should be designed so that single
frequencyrelays (gap-fillers) can be used in the
introduction phase;

In order to verify the draft specification by means— the system should provide for local and national
of the available hardware, a joint test group — Ccoverage under acceptable economicalfeed

comprising members from the three projects — 9Uency management conditions;

was established. This group is an extension of the the system should be designed for adequate
module in Charge of measurements in the dTTh ruggedness against interference and it must
project, and also includes members oftBa V1 minimizeits own interference to existing terres-
and HD-Divine projects. trial analogue services;

— the system should be reconfigurable in such a
way that the broadcaster may trade capacity
against coverage. the first phase, a non-hier-
archical system would be acceptable. In the se-

) . cond phase, a two-layer hierarchical system is
The User Requirements for DVB-T, written by the judged to be sufficient.

TCM and published in December 1994, form the

basis for the terrestrial specification. As the base-

line specifications for satellite and cable had al™® 4.  Draft specification
readybeen approved [7] [8], a number of elements

of the User Requirements for the terrestrial specifi™ 4.1. Considerations

cation were already settled. Likewise, a part of the he draf il ification is based
User Requirements for the terrestrial specificationT e draft terrestrial specification Is based on en-
uring that maximum commonality is achieved

related to receiver features which are not depen'é_ . .
dent on the modulation scheme in use with the cable and satellite baseline systems.

However, it has been necessary to consider sepa-
) ) rately those aspects that are directly influenced
The main elements of the User Requirements fopy e transmission media. In the case of terres-
DVB-T are as follows (not prioritized): trial reception, multipath propagation must be
. taken into account in mountainous, hilly and
— the services should start no later than the end uilt-up areas. Also, new terrestrial services

1997; have to be accommodated within the existing

— the additional cost to the viewer at the time ofJHF bands and, consequently, interference to

introduction should be less that 450 ECUs:  and from existing television and other services
has to be minimized.

mmm 3. The User Requirements for
DVB-T

— withintwo years of introduction, the retail price
difference beteen a digital TV set and the cor- Comparisons between single-carrier and multi-
respondinganalogue set should be less than 20Qarrier(OFDM) systems have shown that there are
ECUs; considerable advantages when using an OFDM

— the system should provide maximum Com_sys’[em in the terrestrial environment.

monality with the satellite and cable baseline

systems; OFDM is already well known from its use in

Digital Audio Broadcasting (DAB) [9]. It copes
— the transmission carrier should be considered agry well with multipath propagation conditions,
a “data container” which may contain different it is robust when faced with interference and im-

kinds of services, transmitted simultaneously; pulsive noise, and it offers a high degree of

) ] frequency economy by allowing the use of single
— the system should be designed for fixed recepfrequency networks.

tion as well as static portable reception;

The various European projects working on sys-

tems for digital terrestrial television have mainly

beenfocused on OFDM, for the reasons mentioned

— in terms of spectrum planning, the systemabove. Frequency economy is a crucial point,
should permit maximum use of the flexibility because of the congested frequency spectrum
provided by digital broadcasting; throughout Europe.

— the service should be optimized for use with ex
isting transmitter sites;
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By using OFDM, it is possible to design a systemtrum will be left out in order to allow for separation

which:

— allows for flexibility in frequency planning;

(a guard band) between channels. The 8k system
previously referred to in this article uses an FFT
size of 8192.

— can provide both fixed and portable reception int js estimated that an 8k OFDM system will be

the presence of strong reflections;

— is rugged against interference.

The main parameters of the OFDM system are de
termined from the requirements needed for SFM
operation.

The carrier separation in an OFDM system (the
difference in frequency between adjacent carriers
is inversely proportional to the symbol length to
achieve carrier orthogonality. For this reason, thi
number of carriers in an 8-MHz channel is deter-
mined from the symbol length. In order to obtain
a reasonably useful bit-rate, the maximum guar
interval which can be used is taken to be approxi
mately1/4 of the active symbol length. In an SFN,
signals which arrive from different transmitters,
with relative time delays that are greater than thi
guard interval, cause interference to one anothe
Therefore the length of the guard interval deter:
mines the maximum transmitter distance in ar
SFN.

If an SFN is to be based (mainly) on existing trans
mitter sites (that is, with an inter-transmitter spac-
ing of about 60 km), it is necessary to use a guar
interval of approximately 25@s. This will allow

for large-area SFNs, for example for regional cov:
erage, while national SFNs in some countries
ideally would require a guard interval of approxi-
mately 50Qus. The requirement for a long guard
interval determines the number of carriers in ar
OFDM system. A guard interval of around 259

can be achieved in an OFDM system if the carrie
separation is about 1 kHz; in an 8-MHz channel
this results in approximately 8000 carriers. If a
guardinterval of 50Qus had been chosen, the num-
ber of carriers would have been 16 000. Howeve
this large number of carriers is unrealistic for the
moment, as iivould not be easy to produce the re-
ceivers economically for the consumer market
with the technology that is currently available.

An OFDM signal is implemented using an inverse
Fast Fourier Transform (FFT), and the receivel
uses afrFT in the demodulation process. The FFT
size is 2, whereN in current hardware imple-

mentations has values of 9, 10, 11, 12, 13 or 1«
The FFT size will then be 512, 1024, 2048, 4096
8192 or 16 384, which determines the maximurr
number of carriers. In practice, a number of carri:
ers at the bottom and top end of the OFDM spec

EBU Technical Review Winter 1995
Maller

feasible in the near future and will just meet the

Main parameters of the draft DVB-T specification
(as at December 1995)

Input signal
MPEG-2 transport stream(s) multiplex.

Energy dispersal, outer coding and interleaving

Identical to the specification for the cable and satellite baseline
systems.

Inner coding

Punctured convolutional codes, based on a mother convolutional
code of rate 1/2 with 64 states, identical to the specification for the
satellite baseline system.

Inner interleaving

Block-based bit-wise combined with symbol-wise interleaving. The
result of this interleaving on the OFDM signal is frequency interleav-
ing. The interleaving scheme is optimized for performance versus
memory requirement.

Signal constellation and mapping

All data carriers in one OFDM frame are either QPSK, 16-QAM,
64-QAM, non-uniform-16-QAM or non-uniform-64-QAM, using
Gray mapping.

OFDM frame structure

The OFDM frame consists of 68 symbols. Each symbol is consti-
tuted by a set of 1705 carriers in the “2k mode” and 6817 carriers
in the “8k” mode. Each symbol is transmitted with a duration Ts,
composed of two parts: a part with the duration Ty, and a guard inter-
val of duration A.

“2k mode™: Ty =224 us, A=7, 14, 28 or 56 us

“8k mode”: Ty =896 us, A =28, 56, 112 or 224 us
All symbols contain reference carriers. These are continual pilots
which are carried by the same carriers on all symbols, and scattered
pilots which are spread in time and frequency. These pilots are
used by the receiver for synchronization and channel-estimation
purposes.

Transmission Parameter Signalling (TPS)

Transmission Parameter Signalling is carried by TPS pilot carriers
and is used to convey information on guard interval length, code
rate(s) and modulation.

The TPS is transmitted using differential binary phase shift keying
(DBPSK) of the TPS pilots over 68 consecutive symbols, which cor-
responds to one OFDM frame. 37 of the 68 bits available for TPS
are used for information, while the remaining 31 bits are used for
synchronization and error-protection purposes.

Decoding the TPS is optional, as all parameters could be found by
trial-and-error. Use of the TPS will, however, reduce the acquisition
time.
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Figure 2

Constellation diagrams.
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requirements of large-area SFNs. This feasibilityadditionalcomplexity in the receivers, as only one

is based on work carried out on receiver complexef the two layers needs to be decoded.

ity within the dTTb project, and the development

of an 8k FFT chip which can be used for consumeil he two MPEG-2 transport streams could contain

products. the same programmes or entirely different pro-
grammes. As an example, one transport stream

The OFDM signal is transmitted in frames, each off@uld contain four programmes, each coded at
which consists of reference symbols and datal-® Mbit/s, while the other transport stream con-

carrying symbols. Each symbol is frequency-{@ins the same four programmes each coded at
interleaved; no time-interleaving is used. This#> Mbit/s. By using a more rugged transmission
choice was made after due consideration of th&cheme for the four 1.5-Mbit/s programmes, these

User Requirements (only static portable receptiorf®uld be received on portable receivers while the
is included in these). While time-interleaving 10U 4.5-Mbit/s programmes might only be re-

could improve the performance for mobile recep-C€ived on stationary receivers.

tion, it would impose a considerable increase irl the case of hierarchical transmission, the more-
memory requirements and thereby add to the co p . . o
of the receiver. rugged layer will be carried py a QPSK signal,
while the less-rugged layer will be carried by 16-
) o or 64-QAM. The two layers can have different
The requirements for flexibility in frequency plan- code rates, and it is possible to use non-uniform
ning, and the possibility to trade bit-rate againsignstellations (multi-resolution QAM) to achieve
coverage, have been fulfilled by using differentihe desired coverage for each of the two layers.
levels of QAM and different levels of error correc-
tion. Fig. 2 shows the possible constellations: A signalling channel — Transmission Parameter
QPSK, 16-QAM, 64-QAM, non-uniform Sjgnalling (TPS) — has been introduced. It carries
16-QAM and non-uniform 64-QAM. information on modulation, code rate(s) and the
guard interval length. However, it is not intended
The penalty of having a long guard interval is athat TPS should carry other general-purpose data
lower data capacity. To enable a higher data capa@s this is carried by the MPEG stream; it is trans-
ity to be available in situations where large SFNgnitted inone symbol of each OFDM frame. As the
are not required, a flexible guard interval has beegapacity of a symbol is much larger than that nec-
specified. The guard interval can have three differ- essary to carry the TPS, the remaining part of this
ent values: 1/4, 1/8 and 1/32 of the active symbosymbol is reserved for future use.

duration.
Fig. 3 shows the DVB terrestrial transmitting

The data container concept had already beej‘\ha'tn’ f&or? ttr;]e sourcef codehr_s to tﬁ.e tlr?nsmltyer
adopted for the cable and satellite baseline sy rontend. Inthe case ot non-hierarchical transmis-

tems. The same data container can be conveyeg- n,only the white-fille_d boxes iﬁig. _3are used; .
via terrestrial transmissions, although the usefu h the case of hierarchical transmissions, the split-

data rate may be lower. The input signal is a er and the other five boxes that are in-filled with

MPEG-2transport stream and the same energy disd" ey shad!ng are also used. The splitter .separates
persal and outer error protection schemes used Ei‘li]e incoming MPEG-2 transport stream into two

the cable and satellite systems are employed in t éar;]spo_rt f{tre?mS: thew-priority stream and the
terrestrial system: Reed-Solomon (204, 188, t = 8). Igh-priority stream.
The terrestrial system also uses the inner erroI'Eig. 4 shows the DVB terrestrial receiving chain,

protection scheme which has been adapted for thﬁ

. . : om the tuner input to the source decoder. All
Ei;eeillltceogasgel[llng] system, i.e. punctured ConVOIU[caarts of the system from the inner decoder block

onwardsare identical to the corresponding parts in

. ) _ a satellite receiver.
However, unlike the satellite and cable baseline

systems, the transmission containers of the terreggy 4 » System performance and

trial system should allow for a two-layer hierarchi- available bit-rates for the

cal system (although no hierarchical source coding various modes

is included in the requirements). The transmitter

in this case will emit two MPEG-2 transport There is aequirement for various implementation
streams, both of which include programme datacenarios, implying that the number of different
and DVB Service Information (SlI). The possibil- transmission modes will be large. These modes
ity of hierarchical transmission does not imply anycater for all the foreseeable implementations:
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Figure 3
DVB terrestrial

transmitting chain.

— SFN operation; reception with a directional antenna. Finally, the

¢ h | £l ingle t i least demanding receiving condition involves

— Uuse ot on-channel gap-tillers or single transmit, ), 5 jine-of-sight signal, disturbed by Gaussian
ter operation; noise

— operation in free channels or in inten‘erence—_l_h th o diti K R
limited channels; ese three receiving conditions — known as Ray-

leigh, Ricean and Gaussian — have been simulated
— desired coverage for portable and fixed receivby a propagation model. The number of reflec-
ers; tions was set at 20, each having a different ampli-
tude, delay time and phase. The model of the
Ricean channel had a Rice factor of 10 dB, i.e. the
girect signal was 10 d&ronger than the sum of the
eflected signals.

hierarchical or non-hierarchical transmission.

Some of the possible modes are less likely to b
used in practice. For example, implementatior{
of modes which use code rate 7/8 will be very unThe gimylations were performed using perfect
likely, as the performance of this high code rate;nanne| estimation, and the bit error rates (BERS)
is rather poor in the case of channels that suffeffiar convolutional decoding, but before Reed-
interference and reflections. Code rate 7/8 isgoi0mon (RS) decoding, were derived. A BER of

mainly included in the DVB-T specification to 5 104 is considered to give quasi-erfoee QEF)
provide commonality with the satellite base"“ereceptioﬁ after RS decoding.

system.

Simulations of a Gaussian, Ricean and Rayleigh
The terrestrial DVB environment has to take ac-channel have been carried out by members of the
count of various receiving conditions. The mostTFSC and the results are shownTable 1and
demanding condition is portable reception in aTable 2 These tables also give the useful bit-rates
situation where the line-of-sight signal is weak, orfor the various combinations of guard interval,
may even be nonexistent, compared to the reflegnodulation and code rate.
tions arriving at different times and different lev-
els. Less demanding is the situation where arelag Qgr reception means that less than one uncorrected
tively-strong direct signal is present together with  error-event-per-hour should be presented to the MPEG
reflections; this situation is typical in the case of ~ decoder.

Note: Only the white-filled boxes are used for non-hierarchical transmission. Both
the white- and the grey-filled boxes are used for hierarchical transmission.
Video MUX
> coder || . |adaptation| | Outer | | Outer | | Inner | | Inner | |
energy coder | |interleaver| | coder interleaver
dispersal Mapper
. Prog- &
'g‘ggg - ramme | Splitter MUX modulator A
MUX . |adaptation| | Outer | | Outer | | Inner | | Inner | |
energy coder | |interleaver| | coder | |interleaver
dispersal
Data Trans-
coder || port
MUX <
Guard
Ad';ratrgteion_OFDM_ interval 1= DIA [ Ferr(:gt B azoﬁﬁgr
p insertion p
MPEG-2 source coding
and multiplexing |
Pilots
reference
& TPS
symbols Terrestrial channel adapter
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mmm 5 System verification HD-Divine project. This modem, however, is not
in accordance with a number of other aspects of the
As mentioned earlier, no hardware implementadraft specification and, therefore, cannot be used
tion available at present is fully in line with the for the full verification. Other modems can “simu-
draftspecification. Almost all aspects, on the otherate” the 8k system by changing the sampling fre-
hand, have been deployed by different OFDMquency.
modems.The tests required to verify the specifica- ] o
tion are being organized by a collaborative grougn Order to verify other parts of the specification
of experts from the various projects. This group(e-g- hlerarch|pal transmission, synchronization),
has listed the different features which could bdardware which has been developed by the
verified onindividual modems and is now collect- ' PTVT . ITC SPECTRE II, dTTb and CCETT

ing data prior to issuing a report on the tests. On& | ERNE projects is necessary.

of the main features of the DVB-T specification is z| results of these tests have been reported to the
the use of 8k OFDM. It has been argued that thgyTT\..SA and the DVB-TM. So far. none of the
carrier spacing of this system would impose t0Qaporatory or field tests reported have called the

severe requirements on the phase noise of tunerggpjity of the draft specification into question.
and the FFT size would not be feasible for consum-

er receivers. Of course the full verification cannot be achieved
before a mdem which accords with the specifica-
The phase noise problem has been ana|yzet<i_pn is available, and both the laboratory and the
theoretically by the BBC [11]. Hardware tests —field tests has been completed. Ideally the field
using the CCETT STERNE modem and the HD-tests should include the setting up of an SFN net-
Divine modem, both with a consumer-type tuner\NOI’k, with field measurements under various
developed by Thomson Consumer Electronics irPropagation conditions.
the dTTb project [12] — have confirmed the
theoretical results: the phase noise problems al
solvable.

rDiscussions on the cost and complexity of con-
§umeneceivers which accord with the draft speci-

fication are still in progress. )
Figure 4

The only hardware implemented so far that feaThe dTTh module in charge of complexity evalua- DVB terrestrial
tures “8k OFDM” is the modem developed in thetions has estimated that the chip size required for receiving chain.

N

Front | | | 1Q L | | Frame | | Inverse Inner
end AD conversion FTT DEMUX mapping de-interleaver
Time and frequency synchronization
Common phase error correction
Channel estimation
Reliability estimation
Video <
J decoder > Video
Inner Outer Outer DEMUX Audio - .
decoder [ |de-interleaver[ | decoder [ DeScrambler = adaptation || decoder > Audio
- —L Data
Common part with decoder > Data
satellite baseline receiver
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Table 1

Required C/N for
non-hierarchical
transmission to
achieve a BER of
2.10~4 after the
Viterbi decoder, for
all combinations of
coding rates and
modulation types.
The net bit-rates after
the Reed-Solomon
decoder are also
listed.

48

consumer receivers will be feasible to implementbroadcasting of regional and local programmes.

in the near future [13]. Regional programmes can be received on cable —
but not on a portable receiver. Furthermore there

While the chip area required can be evaluated quitare areas where cable networks are not feasible,

readily, the final cost of the receiver is more diffi- €.g. rural environments.

cult to predict as it will mainly be determined by

the size of the market. In all probability, satellite transmission of regional

. r local programmes will not always be economi-
As few countries in Europe so far have a_nnounc_eaa"y feasible, especially for smaller countries
thelr plans to commence digital terrestrial televi-\\p oo the regions may be very small. In the case
sion broadcasting, some manufacturers are unsugg ., hjic service broadcasters who have no plans
of the prospects for a considerable market size. o oy Tv services, the satellite delivery of their
television programmes could impose an extra
burden — if it became necessary to encrypt these

WEm 6. Prospects for digital programmes for reasons of programme rights.

terrestrial television

The future of digital terrestrial television is cur- The discussion about the complexity of the draft
rently being discussed. It can be argued that digitaproposal for digital terrestrial television has led to
terrestrial television has very little chance in com-an alternative proposal, based on “2k OFDM".
petition with satellite and cable. This may be theThis will result in less complex receivers, due to
case if the number of channels is the only importhe smaller FFT size. A 2k system, however, will
tantfactor. However, terrestrial television has cer-not meet the original User Requirements for SFN
tain advantages compared to satellite or cableperation. As SFN operation is required by some
reception. Some of the most important are theountriesthe 2k system is unlikely to gain univer-
possibilities for portable reception and for thesal acceptance throughout Europe.

Required C/N for
BER =2.10~4 after Viterbi decoding Bit rate (Mbit/s)
QEF after Reed-Solomon (note 1) (note 2)
Modulation Code Gaussian Ricean Rayleigh ATy =1/4 AlTy= 1/8 AlTy =1/8
Rate channel channel channel 224 us 112 us 32 us
1/2 3.1 3.6 5.4 4.70 5.60 6.10
2/3 4.9 5.7 8.4 6.27 7.46 8.14
QPSK 3/4 5.9 6.8 10.7 7.05 8.39 9.16
5/6 6.9 8.0 13.1 7.83 9.33 10.17
718 7.7 8.7 16.3 8.23 9.79 10.68
1/2 8.8 9.6 11.2 9.40 11.19 12.21
2/3 11.1 11.6 14.2 12.53 14.92 16.28
16-QAM 3/4 125 13.0 16.7 14.10 16.79 18.31
5/6 13.5 14.4 19.3 15.67 18.65 20.35
718 13.9 15.0 22.8 16.45 19.58 21.36
1/2 14.4 14.7 16.0 14.10 16.79 18.31
2/3 16.5 17.1 19.3 18.80 22.38 24.42
64-QAM 3/4 18.0 18.6 21.7 21.15 25.18 27.47
5/6 19.3 20.0 25.3 23.50 27.98 30.52
7/8 20.1 21.0 27.9 24.68 29.38 32.05
Note 1: Quasi-error-free (QEF) means less than one uncorrected error-event-per-hour, corresponding to a BER of
10~ at the input of the MPEG-2 demultiplexer.
Note 2: Each symbol is transmitted with a duration composed of two parts — a useful part with the duration T, and

a guard interval of duration A.

EBU Technical Review Winter 1995
Magller



Required C/N for

BER =2.10~4 after Viterbi decoding

Bit-rate (Mbit/s)

QEF after Reed-Solomon (note 1) (note 2)
Modulation Code a Gaussian Ricean Rayleigh AlTy=14 | AlTy=18 | AlITy=1/32

rate | (note 3)| Channel Channel Channel 224 us 112 us 28 us
1/2 4.8 5.4 6.9 4.70 5.60 6.10
QPSK 2/3 7.1 7.7 9.8 6.27 7.46 8.14
3/4 8.4 9.0 11.8 7.05 8.39 9.16

in 2 +
1/2 13.0 13.3 14.9 4.70 5.60 6.10
2/3 151 15.3 17.9 6.27 7.46 8.14
Non-Uniform |- 5, 163 16.9 20.0 7.05 8.39 9.16
16-QAM 5/6 16.9 17.8 22.4 7.83 9.33 10.17
718 17.9 18.7 241 8.23 9.79 10.68
1/2 3.8 4.4 6.0 4.70 5.60 6.10
QPSK 2/3 5.9 6.6 8.6 6.27 7.46 8.14
3/4 7.1 7.9 10.7 7.05 8.39 9.16

in 4 +
1/2 17.3 17.8 19.6 4.70 5.60 6.10
2/3 19.1 19.6 22.3 6.27 7.46 8.14
Non-uniform | 3, 20.1 20.8 24.2 7.05 8.39 9.16
16-QAM 5/6 21.1 22.0 26.0 7.83 9.33 10.17
718 21.9 22.8 28.5 8.23 9.79 10.68
1/2 8.9 9.5 11.4 4.70 5.60 6.10
QPSK 2/3 12.1 12.7 14.8 6.27 7.46 8.14
3/4 13.7 14.3 175 7.05 8.39 9.16

in 1 +
1/2 14.6 14.9 16.4 9.40 11.19 12.21
2/3 16.9 17.6 194 12.53 14.92 16.28
Uniform 3/4 18.6 19.1 22.2 14.10 16.79 18.31
84-QAM 5/6 20.1 20.8 25.8 15.67 18.65 20.35
718 21.1 22.2 27.6 16.45 19.58 21.36
1/2 6.5 7.1 8.7 4.70 5.60 6.10
QPSK 2/3 9.0 9.9 11.7 6.27 7.46 8.14
3/4 10.8 11.5 14.5 7.05 8.39 9.16

in 2 +
1/2 16.3 16.7 18.2 9.40 11.19 12.21
2/3 18.9 19.5 21.7 12.53 14.92 16.28
Non-uniform | 3, 21.0 216 245 14.10 16.79 18.31
64-QAM 5/6 21.9 22.7 27.3 15.67 18.65 20.35
718 22.9 23.8 29.6 16.45 19.58 21.36

Note 1: Quasi-error-free (QEF) means less than one uncorrected error-event-per-hour, corresponding to a BER of

10~ at the input of the MPEG-2 demultiplexer.

Note 2:

a guard interval of duration A.

Note 3:

EBU Technical Review Winter 1995

Maller

Each symbol is transmitted with a duration composed of two parts — a useful part with the duration T, and

o defines the relative distance between clouds (quadrants) and points for non-uniform QAM (see Fig. 2).

Table 2

Required C/N for
hierarchical trans-
mission to achieve a
BER of 2.10~4 after
Viterbi decoding.
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mmm 7. Conclusion [4] Marti, B. et al: European activities on digital
television broadcasting — From company

The 8k specification for digital terrestrial television to co-operative projects.

has been described in relation to the DVB User ~ EBU Technical Review No. 256 (Summer

Requirements. It can be shown that the perfor-  1993).

mance requirements can be fulfilled with the “8k™ [5] Appelquist, P.: HD-Divine, a Scandinavian

specification, but meeting the requirements in terrestrial HDTV system.

terms of price and time-scale is still being debated. = EBU Technical Review No. 256, Summer
1993.

The 8k specification was developed as a collabora- 6] Amor et al: HDTV-T — A Joint Research

tive project involving a large number of companies Project on Dig ital Terrestrial Broadcasting

who represented all the areas of broadcasting that o UpTV.

are necessary to make terrestrial digital television  |nternational Workshop on HDTV, Kawasaki,

prosper: broadcasters, the manufacturing industry,  Kanagawa, 18-20 November, 1992.

operators and research institutes. This collabora- 7l

tion ha§ ensured that necessary consideration h_ag for television, sound and data Services:

been given to all foresegable aspects;_ ofgterrestrlal Framing structure, channel coding and

broadcasting system which should gain wide accep-  modulation for 11/12 GHz satellite service.

tance both on a short-term and on a long-term basis. ETSI, 1994.

ETS 300 421: Digital broadcasting systems

[8] ETS 300 429: Digital broadcasting systems

Acknowledgements for television, sound and data services:
Framing structure, channel coding and

The author gratefully thanks the projects repre- ~ Modulation for cable systems.
sented within the TFSC (dTTb, HD-Divine and ETSI, 1994.
ADTV7) and, in particular, all members of the [9] ETS 300 401: Radio Broadcast Systems;
group which contributed to the work on the draft Digital Audio Broadcasting (DAB) to
specification. Without their strong wishes to find mobile, portable and fixed receivers.
the optimum solution in open collaboration, the ETSI, 1994.
Qrgﬁ specification could never have been develope?m] Sesefia, J.: The DVB satellite, cable and
in ime and would not have gained broad support.” ~ gyaTv systems — Why the technical

choices were made.
EBU Technical Review No. 266 (Winter 1995).
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