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1.

Introduction

The following document presents a series of comments from the DVB Project on the recently published “Final
Report from SET/ABERT”. It is designed to enhance the conclusions drawn in the report, providing more
information wherever possible, in order to lead to an enlightened debate on the topic of future digital
terrestrial television systems in Brazil.
DVB would like to congratulate all those involved in carrying out the measurements on the three proponent
systems in Brazil. Their work has been very thorough and aimed at producing the most balanced set of
results possible. Such a task is arduous even for one system, with a variety of receivers, and but in the case
of comparisons between systems it becomes Herculean.
The results of the tests vindicate the SET/ABERT group’s recommendation of COFDM for future digital
terrestrial television broadcasting services. Added to the widespread DVB services already in operation
globally and the huge variety of equipment, DVB-T presents the only economically viable system choice for a
digital terrestrial television system in Brazil.
2.

Equipment used for the McKenzie Institute trials

Equipping field trials such as those carried out by the SET/ABERT Group is a complex and time-consuming
activity. DVB has endeavoured to ensure that a representative sample of DVB-T receiving equipment was
made available to engineers testing the different systems in order for them to gain experience in the diversity
of equipment available.
Nevertheless, it is important to note the following with respect to the DVB-T receiving equipment used during
the field trials:
1.

A variety of 6MHz DVB-T receivers were used for testing purposes. These came from Nokia,
Philips and Tandberg Television. While these were optimised as far as possible for 6MHz use,
they were still production 8MHz receivers especially converted for 6MHz operation. Such a
configuration conversion is not optimal and improvements in tuner and filters will be made for a
final 6MHz DVB-T implementation.

2.

The variety of DVB-T receivers is, on the one hand, an advantage in giving engineers an idea
of the diversity of DVB-T equipment available. But, on the other hand, there was a wide
divergence noted in the performance characteristics of the DVB-T receivers under test. This
performance divergence can lead to artificially poor results for some measurements. For
instance, time constraints dictated that the Tandberg TV receiver used in the tests was similar
to one used for the Australian digital terrestrial television trials back in 1997
(http://www.commslab.gov.au/lab/rep/reportfr.htm), and, as such, was based on discrete
components rather than on an integrated silicon solution.
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Examining equipment used in support of the other proponent COFDM system, Japanese
ISDB-T, we see laboratory prototype equipment optimised for the trials. Not only is this
equipment unique, but it is not representative of any professional or domestic commercially
available equipment. There has to be a strategic concern about when the commercial
implementation of this system will occur, given the Japanese timescales, and the fact that
according to Screen Digest Ltd's report on Global Digital Terrestrial Television the ISDB-T
system is likely to have a market share of only 4%. In contrast DVB-T is currently available and
enjoys global economies of scale.

Since the launch of DVB-S services in Asia (StarTV, Hong Kong) and South Africa (Multichoice) at the end of
1994, DVB equipment manufacturers have met the challenges of HDTV launches in the US and the digital
terrestrial launch in the UK. 2001 will see the launch of 7MHz DVB-T services in Australia based around a
HDTV model. It is important to note that major players in the industry are the DVB equipment manufacturers
currently generating large revenues around the world, and indeed in Brazil.
DVB manufacturers and suppliers will meet the challenges of the launch of digital terrestrial
television services in Brazil and will do so on the sound commercial footing that has been the
hallmark of the phenomenal success of DVB around the world.
3.

Measurements carried out by the SET/ABERT Group and associated Conclusions

Once again DVB’s sincerest congratulations are due to the SET/ABERT team which has vigorously and
dispassionately carried out the testing which led to the Final Report. The measurements, tests and results
have been documented in a professional manner worthy of the time and effort that has gone the enterprise.
Some of the results from the field trial and lab measurements are not entirely consistent with measurements
made elsewhere. This is particularly true of the 2K DVB-T tests. These are so consistently poor that there
must be a suspicion that the receiver under test was not working properly. This may have affected some of
the conclusions reached in chapters V and VI.
3.1
Comments on Section V.2
This represents a mirror of the existing TV reception characteristics, albeit with new services. It seems likely
that in the short to medium term this scenario will represent the most important means of generating revenue
for digital terrestrial television in Brazil.
DVB suppliers and operators are familiar with the issues involved in SDTV, HDTV and datacasting service
and business models, and indeed DVB is the only system that offers all the elements necessary to make
viable services today. Indeed these are commercially available and operational over DVB-S services in Brazil.
Neither ATSC nor ISDB-T can offer such solutions. ISDB-S services are planned for the end of 2000, but
they are based on a model taken from the analogue HDTV market that has questionable success (see
http://www.broadcast-asia.com). The vast experience that brings a television system from the laboratory to
the commercial field is absent.
3.2
Comments on Section V.3
Section V.3 contains a series of conclusions on the measurements carried out in the mobile environment.
One of the conclusions drawn is that ISDB-T can delivery a significantly higher payload than DVB-T. This is
difficult to accept.
Table 1 is reproduced from section III.3.4.7 “Análise” of the Final Report of the SET/ABERT group (with the
addition of measurement information from III.3.4.6).
Table 1: System failure+ number of measurements for ATSC, DVB-T and ISDB-T
System
1. ATSC
2. DVB
3. DVB
4. DVB **
5. DVB
6. DVB
7. ISDB
8. ISDB
9. ISDB

Configuration
8VSB
QPSK-1/2-1/16-2k
QPSK-1/2-1/32-8k
QPSK-2/3-1/16-2k
QPSK-2/3-1/32-8k
16QAM-1/2-1/16-2k
QPSK-1/2-1/16-0,5-2k
QPSK-2/3-1/16-0,1-2k
DQPSK-2/3-1/16-0,5-2k

Payload (Mbps)
19.39
4.39
4.52
5.85
6.03
8.78
4.29
5.73
5.73

# measurements
3
6
? **
13
11

# failures
Non operational
0-1
Variable 1-3
Variable
Variable 0-4
Variable 1-2
0
2
10
2
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10. ISDB
11. ISDB
12. ISDB
13. ISDB
14. ISDB
15. ISDB
∗=
**

16QAM-2/3-1/16-0,5-2k
64QAM-2/3-1/16-0,5-2k
QPSK-1/2-1/16-0,5-4k
QPSK-2/3-1/16-0,1-4k
DQPSK-2/3-1/16-0,5-4k
16QAM-2/3-1/16-0,5-4k

11.45
17.18
4.29
5.73
5.73
11.45
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0
6*
0
4
4
0
(error: 0-1/1 *)

Long duration failure
Not shown in detailed tables of III.3.4.6 “Resultados”

There are a number of important points to bear in mind:
1.

The conclusions in V.3 appear to be based on results 10 and 15 for ISDB-T.

2.

The general table in Section III.3.4.7 claims 0 errors for both 10 and 15, but the detailed table
in Section III.3.4.6 indicates one long error for 10 and 6 long duration errors for 15.

3.

While it is not specifically mentioned in the report, we assume that the mobile measurements
of DVB-T and ISDB-T were not carried out simultaneously. This is important, since a mobile
reception environment is, by its very nature, rapidly and constantly changing. Therefore,
comparative measurements should be carried out simultaneously to ensure valid results

4.

It is noted in Section III.3.4.7 of the Final Report that the DQPSK mode of the Japanese ISDBT system had probably failed since the results indicated a superior performance for 16QAM.
DVB considers that the same may be true of the QPSK mode of the ISDB-T system also.

5.

DVB is not aware of which DVB-T receiver was used for the mobile trials. For comparative
purposes, it would have been advantageous to use more than one receiver. Tests by
MOTIVATE (http://b5www.berkom.de/motivate/PR9903.html) have shown that there is a wide
difference in performance between different DVB-T receivers in a mobile environment.

Throughout the results on the mobile performance of DVB-T, we have noted that the QPSK, and 16 QAM
results did not live up to expectations. A number of trials have been carried out of mobile reception in 8MHz
channels. For example the North German Mobile DVB-T Project has produced a report contained in Annex 1,
which suggests that the 6MHz DVB-T mobile throughput should be approximately 11 Mbit/s (6MHz DVB-T,
16QAM, 2/3 FEC, 1/8 GI). In addition, the MOTIVATE report in Annex 2 suggests that at the very least
16QAM is a practical DVB-T mobile modulation scheme.
Critically, the performance of the 8MHz receivers used in the Annex 1 and Annex 2 trials is a better
representation of a final DVB-T receiver in 6MHz. Without further study, it is difficult to accept the conclusion
that ISDB-T alone can deliver mobile services with a data rate in the region of 11Mbit/s in a 6MHz channel.
The section also makes reference to the time interleaving used in ISDB-T. There are advantages with the
implementation of time interleaving. However, there are also cost and performance penalties. More
complicated distribution networks feeding the signals to DTV transmitters from play-out centres may be
required. The lock-up time of the receiver is increased to a minimum of 500ms, with knock-on impacts on the
“channel hop” time. This may be a competitive disadvantage compared to other digital delivery systems such
as cable and DBS. Furthermore, techniques exist (and are being implemented in future DVB-T chipsets) that
improve impulse noise performance without degrading the response time of the receiver.
Moreover, commercial services using DVB-T are in the final stages of planning in Singapore
(http://www.sba.gov.sg) and Germany (see http://www.dvb-t-nord.de and Annex 1). DVB is not aware of any
detailed plans for mobile services using ISDB-T in the foreseeable future.
3.3
Comments on Section V.4
DVB has some concern about the conclusions drawn in Section V.4 suggesting that only 2k mode is valid for
a hierarchical service. As previously mentioned, the DVB-T receivers employed for the Brazilian trials are
modified 8MHz DVB-T units and therefore are not representative of a commercially available 6MHz DVB-T
unit.
NAB 2000 was the venue chosen for a high power 300kW hierarchical DVB-T demonstration in 6MHz. This
allowed the delivery of a HDTV service (13Mbit/s) and a separate SDTV mobile service (5Mbit/s) to
international delegates all around Las Vegas. Importantly, this used commercially available professional
equipment and prototype Nokia Media Screens, for truly portable and mobile reception
(http://www.nokia.com/multimedia/mediascreen.html), witness by thousands of delegates. This
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demonstration and the practical experiences around it are inconsistent with the conclusions in the
SET/ABERT Final Report.
3.4
Comments on Section V.5
Care should be taken in conjecturing that a single ISDB-T (429kHz) segment could be used for delivery of
digital services to “cheap” mobile or portable ISDB-T receivers.
It is DVB’s understanding that no tests were carried out which employed a subset of the complete 6MHz
band. This may, at least in part, have been due to the lack of appropriate receiving and transmitting
equipment.
It should be noted that the much smaller channel bandwidth means that service quality would be degraded by
frequency selective fading due to short echoes and will not have the same benefit from receiver diversity
experienced in DVB-T or even full-bandwidth ISDB-T.
Systems such as DAB (Digital Audio Broadcasting, EN 300 401, http://www.etsi.org) have been developed for
high quality audio and multimedia data delivery up to a capacity of 1 Mbit/s. However, in order to reduce the
impact of frequency selective fading, relatively high RF channel bandwidths are used. For example DAB uses
a bandwidth of 1.5MHz, which is considered a minimum for practical effective mobile services.
The comparative testing of digital television systems is a complex process at best, and the conclusions in
Section V.5 should be supported by appropriate laboratory and field trial data.
3.5
Comments on Section VI
The conclusions in Section VI state that following testing, the new generations of ATSC chips do not provide
any significant improvement on the existing generation. This conclusion has been verified by testing
undertaken and available in the US environment where DVB-T is currently being vigorously tested in the
context of the MSTV/NAB tests.
In fact, in most respects, ISDB-T is a variation of DVB-T, and would therefore be expected to have the same
performance. The only significant differences are the incorporation of time interleaving, band segmentation
and differential modulation in the QPSK modes. The advantages and disadvantages of all these techniques
are well known. The former gives some improvement in low speed mobile reception, by protecting against flat
fades. With the low frequency diversity of ISDB-T in some of the band segmented modes, it may be
necessary, but extensive field experience with DVB-T has not shown such fading to be a significant problem.
Band segmentation and differential modulation may allow a slightly simpler receiver implementation, but both
make performance worse under all realistic reception conditions.
In considering the suitability of DVB-T for particular application profiles such as hierarchical and mobile, it is
important to take into account testing done elsewhere. As previously mentioned, the testing involving 8MHz
DVB-T equipment in Europe and elsewhere suggests that DVB-T can perform all the applications indicated in
Sections V.2, V.3 and V.4.
4.

DVB’s system approach

The flexibility to offer varying types of service to different receiver populations is an important aspect of the
system choice in Brazil. Modulation schemes are only one element of system flexibility.
DVB is the most successful digital television system to date and it is responsible in large part for the success
of digital television today. The Project’s work provides a stable basis for the world’s television industry to
make the digital transition with ease.
With aspects such as a tried and tested Service Information system (EN 300 468), a complete set of
interactive television solutions and, indeed, items such as the interfacing specifications necessary for
complete system interoperability across professional and consumer levels, DVB is unique.
Currently, DVB members are working on practical implementations of the DVB’s MHP specification
(TS 101 805). This is a complete operational environment involving middleware, APIs and application
management tools for the home platform of the future.
This is the “complete system approach” adopted by DVB. By incorporating all the members of the value
chain, and not a restricted number as is the case in ATSC and ISDB, DVB has ensured the most flexible
approach possible. For more information, see Annex 3, which is a strategic comparison between ISDB-T and
DVB-T, prepared by an independent group of consultants.
Looking at the domestic markets of USA and Japan, the homes of ATSC and ISDB respectively, we see that
DVB already dominates there. With over 2 million Echostar DVB-S decoders in the US, and 2 million DVB-T
4
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decoders already deployed in Japan, DVB dwarfs ATSC and ISDB in the home. It is reported that there are
fewer than 35,000 ATSC STB's in use in the US whereas over 750,000 DVB-T STB's are in use in the UK
and there are perhaps 100 ISDB-T prototypes in use in Japan. This is a telling commentary on the economic
viability and uptake of the three DTV systems.
5.

Conclusions

Throughout the field and laboratory trials in Brazil, DVB has endeavoured to ensure that all work was carried
out in such a way as to be beyond reproach. While the measurements have been carried out in difficult
circumstances, the results were spectacular and a credit to all those involved.
DVB has endeavoured to support the trials and the associated processes. However greater involvement may
have highlighted specific problems with individual receivers and measurements at an earlier stage, so that
they could have been addressed.
DVB-T is one of a family of systems that are currently in widespread use in Brazil. Of the three proponent
digital terrestrial television systems, DVB is the most advanced and the only commercially available complete
solution to all short and medium term digital broadcasting needs. This has resulted in the US networks ABC
and NBC publicly endorsing DVB-T as a superior DTV system.
The measurements and results of the SET/ABERT group have vindicated DVB’s choice of the COFDM
modulation scheme for its DVB-T system. Added to this, the widespread DVB services already in operation
and the huge variety of equipment, DVB-T represents the only economically and technically viable system
choice for a digital terrestrial television system in Brazil.
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Field Trial DVB-T in Northern Germany: Field
Measurements
Dipl.-Ing. C. Liss, Prof. Dr.-Ing. U. Reimers
(Technical University of Braunschweig, Institute for Communications Technology)
Introduction
The field trial DVB-T in Northern Germany is the largest project in Germany. It was first introduced at the
exhibition CeBIT HOME ’98 in Hannover and has the intention to demonstrate the efficiency of DVB-T
especially for mobile users. The results of the project will be offered to be the foundation for a nationwide
application. The trial has been initiated and is headed by a project council consisting of several partners for
example regional media regulation authorities, content providers, and network operators. The technical
supervisory board is headed by the Institute for Communications Technology at the Technical University of
Braunschweig. In addition there are several companies, manufactures, and content providers which support
the field trial economically.

Figure 1: Coverage area of the field trial
The coverage area of the field trial in Northern Germany is shown in Figure 1. Up to now 25 transmitters
have been installed and are fully operational. Large parts of Northern Germany are covered including the
metropolitan areas of Hamburg, Bremen, and Hannover. Since no additional frequencies could be made
available for DVB-T taboo channels had to be found of which only a very limited number could be identified.
Nevertheless the frequency co-ordination resulted in two channels that can be received within the coverage
area of the field trial. In this way it follows the need of public and commercial broadcasters. One of these
channels is allocated by public broadcasters. The other one is operated by Deutsche Telekom and used by
commercial broadcasters.
In this project mobile reception is the focus point of the experiments which have taken place. This document
describes the testing arrangements used and details the results of the tests performed to date. Table 1
shows the parameters that were used within the field trial:
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Mode

2k

Carrier modulation

16-QAM

Code rate of the inner FEC

2/3

Guard interval length

1/8

Data rate

14.75 Mbit/s

Table 1: Parameters of the field trial in Northern Germany
Purpose of the technical evaluations
The main purpose was to consolidate the available information about the performance of DVB-T in the case
of mobile reception. Most of the measurements were made in the coverage area of the transmitters in
Braunschweig and Wolfenbuettel respectively. The details of these transmitters are as follows:
Braunschweig

Wolfenbuettel

Channel

39 (618 MHz)

50 (706 MHz)

Transmitter Power EIRP

1,0 kW

1,0 kW

Polarisation

vertical

vertical

Antenna height

130 m

57 m

Table 2: Features of transmitters
Measurement Equipment and Realization
A Volkswagen model T4 was used as the measurement platform (Figure 2). For reception a passive rod
antenna (overall length 19 cm) was used and placed on the back part of the car in a height of 1.92 m.
The test drives were performed in such a way that the local speed limits were observed. On some of the
motorways (Autobahnen) where no speed limits existed the maximum driving speed possible with the car
model chosen was achieved (app. 180 km/h).

Figure 2: Volkswagen T4
The receiver “DVB-T Car-IRD” had been developed in a co-operative project of Volkswagen, Nokia and the
Institute for Communications Technology. Its front-end is based on the SNORC-Chip developed by Infineon
(type SQC 6100). The minimum input level of the analogue front-end for QEF reception in the implementation
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used was -82 dBm. The receiver was not optimised for mobile reception. An adaptation to the car specific
environmental conditions like the adaptation of supply voltages etc. was made.
The evaluation of the performance was based on the subjective perception of the sound and image quality.
Results were obtained momentarily and were divided into three classes (see figure 3):
-

perfect reception, without any picture or audio failures (green line)

-

reception with still acceptable short, sporadic picture or audio failures (yellow line)

-

reception with an unacceptable level of interruptions (red line)

In parallel to the subjective evaluation the field strength was also measured in large parts of the test region. A
measurement device from Rohde & Schwarz (type ESVB) was used for these measurements. The results
are depicted in Figure 4 as follows:
-

< 58 dBµV/m (magenta line)

-

58 to 68 dBµV/m (cyan line)

-

> 68 dBµV/m (yellow line)

Results
In Figure 3 the results for mobile reception are shown. The coloring of the roads is as explained above. The
transmitter location is marked with a blue dot.

Figure 3: Mobile reception in the area of Braunschweig
It is clear that mobile reception in the south-western area is perfect, without any failures (green lines) and a
few sporadic interruptions (yellow lines). Perfect reception has also been found in the major part of the city.
Although the city is characterised by extremely unfavourable reception conditions, a perfect decoding of
picture and audio material without any distortion is possible. There exists a high probability that the
neighbouring streets in which no evaluation was carried out also offer perfect mobile reception. Based on that
assumption the corresponding area is coloured green. This means that an extrapolation of mobile reception
from single streets to a whole area has been made.
Within the north-eastern part of the city mobile reception is not possible. Although on some roads reception is
still possible the area is coloured red to indicate insufficient performance. The test region therefore can be
divided into two main areas (green, red). The boundary between these areas should obviously be
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characterised by an area of not perfect but still acceptable reception. This area does not really exist in
practice, which explains the small extension of the yellow area.

Figure 4: Field strength in the area of Braunschweig
Secondly field strength has been evaluated. Figure 4 shows streets in Braunschweig where the field strength
was measured. The level of field strength is described by specific colours as defined above. In addition
Figure 4 shows the areas determined in Figure 3 describing the quality of mobile reception. In areas in which
mobile reception was perfect a field strength of more than 58 dBµV/m was measured. Only in very few places
in which the field strength was higher than this value mobile reception was not perfect. The excellent
correlation between field strength and mobile reception is considerable. We therefore can conclude that field
strength is the prime indicator for the quality of mobile reception. The minimum field strength required
depends on the performance of the receiver equipment.
In all of the tests we found that neither the driving speed nor the presence of high levels of impulse noise had
any influence on mobile reception. The highest speed that was driven in practice was app. 180 km/h. Even
then mobile reception was possible without any distortions.
Conclusions
Mobile reception of DVB-T proved a practical reality even in very densely built-up urban areas. Wherever the
field strength surpassed a certain level, perfect mobile reception was achieved. If – like in Germany – the
planning of the DVB-T networks is made in such a way that portable indoor reception is achieved, the
required field strength is by about 12 dB higher than the field strength needed for mobile reception. Mobile
reception then comes for free.
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MOTIVATE REPORT

Using DVB-T standard
to deliver broadcast Services to
mobile receivers

SUMMARY
In May 1998, a consortium of 17 broadcasters, network operators, manufacturers of professional and
domestic equipment and research centres, lead by T-NOVA (formerly Deutsche Telekom Berkom), launched
the MOTIVATE project funded by the European Commission in the ACTS Programme (Advanced
Communications Technologies and Services), to investigate the practical and theoretical performance limits
of DVB-T for mobile reception.
MOTIVATE partners performed a considerable amount of work both in the Laboratory (simulations, tests
campaigns) and in the field (field trials, demonstrations) to achieve the project goals.
At the end of the MOTIVATE project lifetime, it appears clearly that the new generation of receivers
improves spectacularly the mobile DVB-T usability. In addition, as far as mobile and, to a certain extent,
portable reception are concerned, the receivers using antennas diversity techniques bring further capability
to DVB-T reception.
On the network side, MOTIVATE evaluated the usability limits of the DVB-T modes : providing a strong
coding rate (i.e. : 1/2, 2/3) a wide range of bitrates (i.e. : 5 to 20 Mbps) can be broadcast to receivers in
motion at various speeds (i.e. : from 50 to 500 km/h). Then broadcasters have to consider a global trade-off
between bitrate, robustness and speed.
This report summarises the main results and conclusions the MOTIVATE partners would like to present to
the DVB community.
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INTRODUCTION
Since its elaboration by the DVB project and its publication by ETSI in March 1997, the European DVB-T
standard for Terrestrial Digital Television (DVB-T : ETS 300 744), has publicly demonstrated its ability to
deliver broadcast Services to mobile receivers.
Even if it has not to be proven, that the DVB-T standard is today, the only international system able to
broadcast digital TV to mobile receivers – obviousness has not to be demonstrated (!) – the conditions
required, both for the broadcast network and for the receivers, to allow the DVB-T standard to be used to
deliver Digital TV to mobile receivers, need to be defined.
The challenge to provide such a response to the DVB community has been taken up by the MOTIVATE
project. MOTIVATE partners performed a considerable amount of work to study the possible optimisations
of the receivers and to quantify the DVB-T parameters needed to perform network planning.
This document reports on the lessons learned during the two Laboratory test sessions organised by the
project. Taking points of views from the receiver and the network sides, this report highlights the major
aspects to consider to deliver satisfactory broadcast Services to mobile receivers, using the DVB-T
standard.

MOBILE DVB-T: THE RECEIVERS POINT(s) OF VIEW
Mobile reception is defined as being the reception of a DVB-T signal while in motion, using an omnidirectional
antenna situated at no less than 1.5 metres above the ground level. This situation corresponds to a
particularly difficult environment as it has a large influence on the DVB-T receiver behaviour and accordingly
on the Quality of Service delivered to the users.
Two major ways have been explored to improve reception: enhancement of the receiver algorithms (channel
estimation, channel correction, time synchronisation) and a new original receiver architecture (*) using
antenna diversity techniques.
The validation of the proposed solutions has been performed both in the field and in the laboratory. The
following chapters give information on the test methodology and results obtained in the laboratory.

Laboratory test-bed
To study the impact of the various impairments produced by the Terrestrial channel propagation, it is needed
to reproduce in the laboratory the situation encountered by the DVB-T receivers in the field. This makes it
possible to perform reproducible measurements and then to evaluate and compare the behaviour of DVB-T
receivers when faced with mobile propagation conditions.
The terrestrial propagation conditions can be modelled by the use of « propagation profiles », which
characterise the echo distribution in terms of delay (short or long echoes) using a delay power profile, and
intrinsic nature (variability in amplitude, phase) using statistical modelling (Doppler spectrum and Rice or

*

Antenna Diversity is already exploited in military applications as well as in the GSM base stations. However, it shows a particularly good
appropriateness with the DVB-T receiver architecture. Using it in the context of consumer equipment is a new and original opportunity offered
by the DVB-T system.
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Rayleigh distribution of amplitudes). Thanks to channel simulators, these Channel propagation profiles can be
then used to explore the receivers’ behaviour in a controlled environment.
MOTIVATE has conceived a test-bed which can be used to test single front-end receivers and receivers
using antenna diversity techniques. In this last case, two channel simulators must be used, as shown in the
figure 1, to feed the receiver. The two channel simulators produce then the effect of two not-correlated
realisations of the same channel profile, on an unique modulated DVB-T signal. Accordingly, they issue two RF
variants which reproduce the spatial diversity expected on the antenna inputs of the receivers.
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Figure 1 : MOTIVATE test-bed arrangement

Receiver behaviour
Among all the parameters which characterise the Service delivered to mobile receivers, the speed of the
mobile, corresponding to a given Doppler frequency value, is considered as the main variable.
The laboratory tests have demonstrated that, until a given Doppler limit (or inter-carrier interference level),
the receivers are able to perform sufficient channel equalisation to demodulate the DVB-T signal. Then, when
the Doppler (i.e. : the speed of the mobile) further increases, the recovery performance decreases
drastically until a point where no demodulation remains possible.
In general the required C/N over a mobile channel is defined as the average C/N over a sufficiently long time
as to obtain a stable value, and a sufficiently short time as to avoid any influence of shadow fading. For a
given DVB-T mode and a given channel profile, the required C/N for a certain quality level is therefore a
function of Doppler frequency only, and a graph like the one presented in figure 2 can be drawn.
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Figure 2 : Receiver behaviour when faced with a “mobile” propagation channel
This curve is characterised by a « C/N floor », (C/N)min, which gives information about the minimum signal
requirement for good reception when in motion. For low speeds, the required C/N value is relatively
independent of the specific Doppler frequency. For higher speeds (or Doppler frequencies) the required C/N
value increases gradually until a maximum acceptable Doppler frequency is reached.
To characterise the “C/N versus Doppler” curve in a given DVB-T mode, using a given channel profile, four
measurement points are used :
1.
2.
3.
4.

PT4 : the C/N at really low Doppler (10 Hz)
PT2 : the C/N min which characterises the noise floor acceptable by the mobile receiver,
PT3 : the C/N min + 3 dB which gives indication on the speed limit,
PT1 : the maximum Doppler limit which characterises the “absolute maximum speed”.

To determine experimentally these points, the channel simulator has to be controlled to produce channel
degradations made of the sum of channel profile and of additive white Gaussian noise (AWGN). Depending on
the point measured, varying either the Doppler component or the Gaussian noise level, allows to place the
receiver at the limit of the DVB-T signal recovery, then to record the C/N and/or the Doppler frequency
values.

The Quality of Service (Qos) evaluation
The determination of the receiver’s “C/N vs Doppler frequency (or speed)” curve in the laboratory, as the
evaluation of the network coverage in the field, require to evaluate the “Quality of Service” resulting from
the recovery of the DVB-T signal in a given situation (i.e. : location, speed).
The DVB-T standard defines the Quasi Error Free (QEF) criteria, corresponding to ”less than one
uncorrected error event per hour”. In the stationary reception cases, QEF is equivalent to a residual BER of
2**.10-4 after Viterbi decoding. The QEF criteria, meaning perfect “Quality of Transmission”, is unfortunately
not suitable in the mobile environment due to the fast channel variations. In mobile cases, QEF shown
unstable values then its usage could imply a severe underestimation of the DVB-T mobile capabilities.
MOTIVATE defined and used a subjective criteria, referred to as the Subjective Failure Point (SFP).
SFP corresponds to : “ On average, one visible error in the video, during an observation period of 20 seconds”.
This criteria, used to evaluate the limit of acceptability of the recovered digital TV signal, is considered as a
high Quality of Service target. Unfortunately, it embeds an intrinsic default : its subjectivity. To circumvent
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this default, an objective “Quality of Service” measurement criteria, based on the determination of the ESR
(Erroneous Second Ratio) has been defined.
ESR is defined as : “the probability that a certain second contains one or more erroneous MPEG-TS packets”.
This method successfully hides the burst of impairments occurring in mobile and ignores the real number of
errors, as it considers only erroneous seconds whatever the number of errors and whatever the distribution
of the erroneous seconds within the observation period.
In the Motivate laboratory measurements the SFP point has been used and the ESR value has been evaluated,
with the target to correlate ESR with SFP.
The ESR value is determined on the whole transport stream whereas the SFP is assessed using only one video
stream or one video service. Then, a DVB-T mode producing higher data rate (i.e. : allowing several video
programmes) could lead to higher ESR value. The following approximation for the admissible ESR was found :

ESRadm. ≈ 5 % ⋅

Total data rate [ Mbit / s]
Service data rate [ Mbit / s]

In words, it means that when the Service bitrate equals the Transport stream bitrate, an ESR value of 5%
corresponds to the SFP. At higher DVB-T data rates, for instance 20 Mbit/s, an ESR value of 20% can be
used to assess the QoS of a 5 Mbps service.

Laboratory test campaigns
MOTIVATE performed two laboratory test campaigns in November 98 at Darmstadt (reported in TM2221
document) and in October 99 at Berlin, kindly hosted by T-NOVA and organised by ITIS.
Up to eight receivers have been submitted to the test-beds. These receivers are representative of three
generations of design : the earliest generation using discrete components (G, H), the ones designed with a
first generation chipset (A, Bd, C) and the ones designed with a second generation chipset (D, E, Fd).
These receivers are also representative of three application domains : the consumer products (D, E), the
professional products (A, C, G) and the experimental receivers (Bd, Fd, H).
Id
A
Bd
C
D
E
Fd
G
H

Type
Professional Receiver
Experimental Receiver
Professional Receiver
Evaluation Board
Consumer setop box
Experimental Receiver
Professional Receiver
Experimental Receiver

Technology
st

Chipset 1 Generation
Chipset 1st Generation
Chipset 1st Generation
Chipset 2nd Generation
Chipset 2nd Generation
Chipset 2nd Generation
Discrete components
Discrete components

Architecture
Standard demodulator
Antenna Diversity with sub-carriers switching
Standard demodulator
Standard demodulator
Standard demodulator
Antenna Diversity with packet switching
Standard demodulator
Standard demodulator

The following figure shows, as a representative example, the C/N vs Doppler characteristics, in a given
DVB-T mode and a given profile, for the various receivers tested.
The variation in performance between receivers strongly highlights the room for potential reception
improvements offered by the DVB-T transmission system to the manufacturers. Characteristics dispersion
comes essentially from two factors :
4

The generation of the receiver (i.e. : the chipset generation it uses),
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5

The architecture of the receiver (i.e. : using or not antenna diversity and diversity technique used).
34 dB

DVB-T mode : 2K, 16QAM, CR: 1/2, GI: 1/4
Classical : 1st Generation chipset
Classical : 2nd Generation chipset
Reference Receiver Model

28 dB

Antenna Diversity : Packet switching
Experimental : Large Filtering

C/N

Antenna Diversity : Sub-Carriers switching

22 dB

16 dB

Doppler Frequency

10 dB
0 Hz

50 Hz

100 Hz

150 Hz

200 Hz

250 Hz

In the group of single front-end receivers, the second generation showed better results than the first one,
but the experimental receiver, using deep time domain filtering (then a large amount of memory) to perform
the channel estimation, shows excellent results.
In the group of receivers using “antenna diversity” techniques, two methods have been tried : In both cases,
two synchronised front-ends supplied by two distinct antennas are used. In one case, the received signals are
combined at the level of the sub-carriers, in the second case a selection is realised at the level of the MPEGTS packets, after a full demodulation.
Even if the tested receivers in this second group, were at an early stage of design, they show better results
than the single front-end receivers. Furthermore, the “carrier diversity” technique obtained noticeable
better results than the “packet diversity” one, even if it has been penalised by the use of a first generation
chipset.
As a conclusion, the work accomplished during the past years reveal that considerable improvements have
been achieved in the channel estimation and channel correction techniques; nevertheless room remains to
further enhance the synchronisation algorithms.

MOBILE DVB-T : THE NETWORK POINT OF VIEW
Following a positive response to the first question “Is DVB-T able to deliver digital TV to mobile receivers ?”
an immediate second question arises :”Which bitrate at which speed ?”.
The response to this second question is not immediate : “Mobile reception of a DVB-T signal is influenced by
the characteristics of the terrestrial propagation channel, which itself depends on the geographical
environment and on the robustness of the DVB-T modes used”. The combination of these factors will allow
the reception of various numbers of programmes at various maximum speeds !
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The range of field trials performed by MOTIVATE partners in addition to the laboratory tests have allowed
to verify the results reported hereafter.

Channel profiles (or Service area Type) influence
Three channel profiles have been selected to reproduce the mobile environment in the laboratory. Two of
them reproduce the characteristics of the terrestrial channel propagation using a single transmitter, the
third one approximates the situation occurring when a DVB-T network is operated as a Single Frequency
Network (SFN).
The two single-transmitter profiles come from the set defined by the COST 207 project (GSM
transmission). The technical specification of COST207 describes the equipment and techniques used to
measure the channel characteristics over typical bandwidths of 10..20 MHz at near 900MHz. Accordingly,
the COST207 profiles are applicable to the DVB-T transmission situations.
The third profile reproduces the particular situation of SFN operation made possible by the DVB-T
technology. SFNs make field strength distribution more uniform, thus reducing the probability of deep fades
in the time varying channel, and therefore the degradation due to Doppler spread. Moreover, the SFN profile
reproduces the 0dB echo situation which has often been encountered during the MOTIVATE field trials.
The following tables describe the composition of the chosen profiles.
Typical Rural Area reception (RA6)
This profile reproduces the terrestrial propagation in a Rural area. It has been defined by COST207 as a
Typical Rural Area (RA6) profile and is made of 6 paths having relatively short delay and small power. This
composition aims to simulate the multi-path situation generated in the vicinity of the mobile receiver by
ground reflections, obstacles, etc. which itself corresponds to the Typical Rural Area case. This channel
profile has been used for GSM and DAB tests.
Tap number
1
2
3
4
5
6

Delay (us)
0.0
0.1
0.2
0.3
0.4
0.5

Power (dB)
0
-4
-8
-12
-16
-20

Doppler spectrum
Rice
Rayleigh
Rayleigh
Rayleigh
Rayleigh
Rayleigh

Typical Urban reception (TU6)
This profile reproduces the terrestrial propagation in an Urban area. It has been defined by COST207 as a
Typical Urban (TU6) profile and is made of 6 paths having wide dispersion in delay and relatively strong
power. This composition aims to simulate the multi-path situation generated by the build-up environment in an
Urban area. This channel profile has been used for GSM and DAB tests.
Tap number
1
2
3
4
5
6

Delay (us)
0.0
0.2
0.5
1.6
2.3
5.0

Power (dB)
-3
0
-2
-6
-8
-10

Doppler spectrum
Rayleigh
Rayleigh
Rayleigh
Rayleigh
Rayleigh
Rayleigh

DVB-T mobile profile (SFN)
This profile has been defined by the MOTIVATE partners. Its composition has been largely influenced by the
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specific nature of the DVB-T signal, especially its wide-band multi-carrier technique (Inter Carrier
Interference sensitivity to Doppler spread) and its use of a Guard Interval (Inter Symbol sensitivity to
echoes). Moreover, its definition has been driven by the propagation profiles experienced during the various
MOTIVATE field trials.
The “DVB-T mobile” profile (SFN) is then made of two rays having the same power, delayed by half the Guard
Interval duration and presenting a pure Doppler characteristic.
Tap number
1
2

Delay (us)
0
1/2 Tg

Power (dB)
0
0

Doppler spectrum
Pure Doppler
Pure Doppler

Frequency ratio
-1
+1

As a general comment, based on the laboratory test results, it shall be noted that the “SFN profile” obtains
generally the best results, the “Typical Urban profile” (TU6) gives middle-ranking results whereas the
“Typical Rural Area profile” (RA6) produces systematically the worst results and often puts the receivers in
difficulties to synchronise to the DVB-T signal.

DVB-T modes
It is clear that many of the standardised DVB-T modes are not suitable for mobile reception. Six nonhierarchical modes and four hierarchical modes have been selected for laboratory tests, both in the 2K & 8K
cases, as shown in the following table.
Mode
Id

Bit Rate
(Mbps)

FFT

Guard
Interval

Constellation

Code
Rate

1
2
3
4
5
6
7
8
9
10

4.98
4.98
4.98
6.64
6.64
6.64
9.95
13.27
14.93
19.91
4.98
4.98
4.98
6.64
6.64
6.64
9.95
13.27
14.93
19.91

2K
2K
2K
2K
2K
2K
2K
2K
2K
2K

1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4

QPSK
16-QAM α=2
64-QAM α=1
QPSK
16-QAM α=2
64-QAM α=1
16-QAM
16-QAM
64-QAM
64-QAM

1/2
1/2
1/2
2/3
2/3
2/3
1/2
2/3
1/2
2/3

8K
8K
8K
8K
8K
8K
8K
8K
8K
8K

1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4

QPSK
16-QAM α=2
64-QAM α=1
QPSK
16-QAM α=2
64-QAM α=1
16-QAM
16-QAM
64-QAM
64-QAM

1/2
1/2
1/2
2/3
2/3
2/3
1/2
2/3
1/2
2/3

11
12
13
14
15
16
17
18
19
20

The selected modes provide a wide bitrate range and therefore, offer several possibilities to obtain them.
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FFT size influence
The FFT size has a direct impact, for a given network C/N, on the maximum reachable speed of the receiver :
roughly, 2K modes can cope with 4 times higher Doppler shift than 8K modes, due to the 4 times larger
carrier-spacing it produces.
This has been systematically verified for the modes experienced, as illustrated in the following figures. It
shall be further noted that the dispersion between receivers (directly related to their respective
architecture / generation) is quasi similar in the 2K & 8K cases.
A further thought : as the DVB-T 2K & 8K modes offer exactly the same bitrate ranges, it is expected that
the choice of the FFT size will be mainly driven by the network planning criteria. Then, it is anticipated that
broadcasters will firstly identify the nature of the mobile Service area (ie : rural / urban / SFN), will deduce
then the maximum speed in this area and will choose finally the 8K or 2K mode as a function of the
transmission cell size (in MFN or SFN cases).
0

100

200

300

400

500

A

600

700

0

800

SFN

100

200

300

400

Bd

C

700

800

Urban
Rural
Bd

C

D

D

E

E

Fd

Fd

G

G

H

H

Maximum speed in 2K mode

600

SFN

A

Urban
Rural

500

Maximum speed in 8K mode

But, whatever the broadcaster choice, the receivers will have to provide a hand-over function to deal with
transmission cell repartition.

Guard Interval influence
For DVB-T Services addressing fixed and portable receivers, the guard interval is generally viewed as a
“necessary evil”, because it consumes channel bitrate capacity, but remains necessary to make the DVB-T
receivers able to cope with delayed replicas of the original signal : the echoes.
In the mobile situation, where the receivers have to cope with fast variations of the transmission channel
characteristics, the guard interval constitutes also a disadvantage : it stifles the receiver’s channel
estimation with the information needed for tracking the fast channel variations.
This constitutes an additional argument in regard to the 2K vs 8K choice : as 8K modes provides symbol
having four times the duration of the 2K modes, the channel estimation is performed less often in 8K modes,
making it difficult for the receivers to compensate the fast channel variations… but 8K modes allow greater
transmission cells.
MOTIVATE chose to focus laboratory tests on a single value of the guard interval : 1/4. As this value is the
most stringent one, as far as DVB-T mobile reception is concerned, the results obtained have to be
considered as the worst possible case. In another words, networks using a shorter guard interval will enjoy an
increase of available channel bitrate whilst the receivers will achieve slightly better mobile performance.

Coding rate or Protection influence
As can easily be anticipated, the amount of protection bits embedded in the DVB-T signal has a direct
influence on the receivers performance in mobile environment. Even if it consumes useful bitrate, a strong
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protection is definitively required to help the receivers to cope with the degradation experienced in a time
varying multipath channel, as is the mobile one.
This clearly means that code rates 1/2 and 2/3 are the most suitable for mobile Services, as illustrated in
the following figures extracted from the 2K, QPSK cases.
This example shows that decreasing the coding rate from 1/2 to 2/3 brings two penalties both in terms of
maximum admissible Doppler (~50 Hz) and minimum C/N required (~5 dB)… but it provides a 1.7 Mbps bitrate
capacity gain !
Accordingly, as usual the network planners will be faced with a trade-off between robustness and bitrate,
but in the case of the Services to mobile receivers, this trade-off needs to be carefully weighed-up because
it will make the difference between an operational and a non-operational system.
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Constellation type influence
Clearly, the more dense the modulation scheme is, the more bitrate is available on air, but also the more
difficult it will be for a receiver to demodulate the DVB-T signal. Accordingly, QPSK and 16QAM modulations
will give better mobile reception performance than 64QAM which provides high bitrate capacity.
Nevertheless, with improved receivers, the use of 64QAM constellation remains possible.
The following figures illustrate, in the CR:1/2 cases, the behaviour of three receivers faced with the 4QAM,
16QAM and 64QAM constellations.
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These figures clearly show that a ~5 dB C/N floor penalty, accompanied by a ~100 Hz loss in the maximum
admissible Doppler frequency, occurs when constellation density is increased.
Nevertheless, the inadequacy of the regular 16QAM or 64QAM constellations for the mobile situation can be
mitigated somewhat by the introduction of the hierarchical modulation schemes. In the hierarchical modes,
the on-air signal is either 16QAM or 64QAM but it is constituted by a basic 4QAM (HP) “over- modulated”
by 4QAM (LP) or 16QAM (LP). In other words, using hierarchical modulation, a single RF channel carries two
transport streams (i.e. : two MPEG-TS) having dedicated properties and differing ruggedness.
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Accordingly, the hierarchical modes can offer the way to introduce simultaneously Digital TV Services for
static receivers and for mobile receivers. It can also be considered to improve the delivery to portable
indoor ones.
Moreover, as soon as the HP delivery is guaranteed, the LP bitrate delivery capability can be viewed as a gift,
as far as the network planning is concerned.
This point is illustrated in the following figures for three receivers, in the CR:1/2 cases which offer the same
bitrate capacity, but are respectively obtained with a regular 4QAM, a 4QAM-HP in 16QAM and a 4QAM-HP
in 64QAM.
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It clearly appears that the use of hierarchical constellations retains the basic property of the regular 4QAM
constellation, with the exception of a small C/N penalty, whilst they offer a remaining LP stream for fixed /
portable Services.

RF channel influence
As the impairments occurring in the mobile environment are related to the Doppler characteristics of the
propagation channel, and because the “Doppler distortion” evolves proportionally both with the speed of the
vehicle and the DVB-T signal centre-frequency, the RF channel used to deliver Digital TV to mobiles is of
major importance on the Service reception performance.
Better performance is obtained when the lower part of the band is used, whilst worse performance will occur
when the upper part of the band will be used.
The laboratory tests made use of the UHF channel 40 (626 MHz). This channel is roughly situated in the
middle of the DVB-T Services band. This implies that the C/N performances reported in this document are
average in regard to the various usable RF channels.
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The following figure gives a view of the variation of the speed limit (i.e. : at C/N floor+3dB) as a function of
the RF frequency channel, in the different DVB-T modes experienced. Figures related to the DAB (Digital
Audio Broadcasting – ETS 300 401) are included as this system also takes advantage of the COFDM
modulation scheme.
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2K 4QAM reg 1/2

"Speed vs RF frequency"

2K 16QAM a=2 1/2

for DVB-T in 2K & 8K modes and DAB

2K 4QAM reg 2/3
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2K 64QAM a=1 1/2
2K 16QAM reg 1/2
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626 MHz
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2K 64QAM reg 1/2

Maximum Speed

2K 64QAM reg 2/3
8K 4QAM reg 1/2
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8K 16QAM a=2 2/3
8K 64QAM a=1 1/2
8K 16QAM reg 1/2
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8K 16QAM reg 2/3
8K 64QAM a=1 2/3
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DAB Mode III
DAB Mode II
DAB Mode IV

10 km/h
100 MHz

DAB Mode I

Band III

Band IV
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1000 MHz

CH40 - 626 MHz

DVB-T mobile reception performance at a glance
The two figures given in the annexes aim to show in a graphical form, the major conclusions arising from the
study of DVB-T mobile capability.
They clearly show :





the respective merits of the 2K & 8K modes,
the penalties brought by the coding rate used,
the acceptability of the hierarchical modulation schemes,
the strong effect of the channel profile on the Service delivery performance.

The first figure shows the maximum Doppler frequency, for the three channel profiles, in each DVB-T mode.
The values have been sorted by bitrate ranges, to highlight the various possibilities (i.e. : DVB-T modes)
offered by the standard. For a given bitrate, it is then possible to comprehend the merit of each DVB-T
mode in regard to the maximum Doppler (that means maximum speed) the receivers will be able to accept, in
the environments modelled by the channel profiles.
The second figure shows the maximum speed, as it will be when using CH40 (626 MHz), for the three
profiles, in each DVB-T mode. The histogram shows the various bitrate values, in a given range, as a function
of the Guard Interval chosen (N.B. : the GI:1/4 is the worst case both for the receiver and for the channel
bitrate capacity). Then a superimposed segment gives the indication of the maximum speed as a function of
the three channel profiles, when GI:1/4 is used. The higher speed value referred to the SFN profile whilst
the lower one is related to the typical rural area one; the point shows the maximum speed obtained for the
typical urban profile.
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This last figure allows one to compare the relative merit, in terms of maximum mobile speed, of each DVB-T
mode and also allows us to weight-up the speed range acceptable in relation to the geographical environment
where the mobile digital TV Service is delivered.

CONCLUSIONS
MOTIVATE did not intend to prove that the DVB-T standard is today the only international system able to
broadcast digital TV to mobile receivers – obviousness has not to be demonstrated (!) – but focused on the
evaluation of the conditions required, to use the DVB-T standard to deliver Digital TV to mobile receivers.
At the end of the MOTIVATE project lifetime, it appears clearly that the new generation of receivers
improves spectacularly the mobile DVB-T usability. In addition, as far as mobile and, to a certain extent,
portable reception are concerned, the receivers using antennas diversity techniques bring further capability
to DVB-T mobile reception.
On the network side, the usability limits of the DVB-T modes have been characterised : providing a strong
coding rate (i.e. : 1/2, 2/3) a wide range of bitrates (i.e. : 5 to 20 Mbps) can be broadcast to receivers in
motion at various speeds (i.e. : from 50 to 500 km/h). The traditional trade-off between “robustness and
bitrate” must now include “robustness, bitrate, area type and speed”.
MOTIVATE produced both a “Reference Receiver Model” to help receiver’s manufacturers to further
improve their equipment for Mobile reception and a “Implementation Guidelines” to help broadcasters to
deploy network for Mobile receivers.
Then, using the DVB-T standard to deliver broadcast Services to mobile receivers is definitively :
YOUR CHOICE !

THE MOTIVATE PROJECT
In May 1998, a consortium of 17 broadcasters, network operators, manufacturers of professional and
domestic equipment and research centres, lead by T-NOVA (formerly Deutsche Telekom BERKOM), launched
the MOTIVATE project. It is funded by the European Commission in the ACTS (Advanced Communications
Technologies and Services) Programme. MOTIVATE has investigated the practical and theoretical
performance limits of DVB-T for mobile reception.
The optimisation of receiver algorithms for channel estimation, channel correction and time synchronisation
will lead to the next generation of DVB-T receivers designed for the mobile environment. MOTIVATE has
prepared guidelines for broadcasters and network operators on how to implement DVB-T networks for mobile
receivers.
Mobility has become more and more important to reach individual and business users at any place in the
world, at any time. Today, more than 300 million users are connected to one of the cellular telephone
networks and there is an increasing demand on frequencies for mobile Services.
Doppler frequency, deep fading and shadowing – these are the dominant factors that decrease the system
performance in mobile environments. OFDM is an effective method to combat the distortions of the
transmitted signal caused by multipath propagation.
DVB-T, terrestrial broadcasting could complement some of these Services. DVB-T in the VHF and UHF bands
is suitable for mobile reception. DVB-T makes efficient use of frequency and could carry data, speech and
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Internet pages as well as TV in the MPEG-2 transport stream. mobile Services will be designed for business
and personnal use.
Digital television for passengers in cars, buses and trains would use some of the existing programmes with
additional traffic and navigation information.
In addition, mobile Services will be designed for the specific requirements of the car environment, with lower
resolution displays, car communication system, integration with GSM and peripherals.
Individual mobile Services could be fully interactive. They would use DVB-T as a broadband downlink and GSM
as a separate interactive channel. Individual mobile Services are fundamentally different from other
Services: the broadcast information can be targeted at one receiver. Mobile DVB-T together with GSM
would allow users to receive Internet in cars, buses, on watchmen, laptops, on-the-move.
A low power DVB-T transmitter can be installed in a vehicle to transmit MPEG-2 signals from a vehicle – even
while in motion – to a studio. This Service has been demonstrated at UHF and L-Band. It might be used at
sports events, for interviews with busy politicians, or for the reporter in the field.

MOTIVATE Project Partners
(UK)
(D)
(D)
(F)
(B)
(F)

BBC
T-NOVA ***
BOSCH
CCETT
EBU
ITIS

(D)
(E)
(SF)
(NL)
(I)
(E)

Sponsoring Partners
IRT
MIER
NOKIA
NOZEMA
RAI
RETEVISION

(D)
(F)
(E)
(S)
(F)

R&S
TDF
TELEVES
TERACOM
THOMCAST

(D)
(UK)
(IR)
(DK)
(D)
(D)

BMW
NDS
RTÉ
TeleDenmark
TU-BRAUNSCHWEIG
TU-MUNICH

*** Project Co-ordinator
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DVB-T VS ISDB-T:
A COMPARATIVE ECONOMIC, STRATEGIC AND TECHNICAL ANALYSIS
Dermot Nolan, TBS Consultants

TECHNICAL ANALYSIS
Both DVB-T and ISDB-T are MPEG2 /COFDM digital television systems. DVB-T was finalised
in December 1997 and ISDB-T in April 1999. There are many similarities between the two
systems:
1

Both use COFDM multiplexing and a variety of modulation standards such as QPSK,
16QAM, and 64QAM. ISDB-T also uses DQPSK, the DAB standard.

2

Both support MPEG2 transport streams in SDTV and HDTV modes

3

Both have robust reliable receivability on fixed outdoor, portable indoor or mobile
outdoor antennas

4

Both support hierarchical modulation schemes

5

Both support Multi-Frequency Networks, Single-Frequency Networks, and on-channel
domestic gap-fillers.

The main differences are that DVB-T is a general purpose DTV system with hundreds of
operational modes, it does not use band segmentation, and the current implementations do
not use time interleaving. DVB is either interoperable or easily configured to be interoperable
with QAM cable, DSS/DVB-S, DMVDS, DSL-DTV. DVB also supports Dolby surround sound.
ISDB has a more restricted set of operational modes, does use band segmentation, and does
employ time interleaving. ISDB is not currently interoperable with internationally deployed
digital television platforms such as QAM cable, DSS/DVB-S, DMVDS, DSL-DTV. In essence
ISDB is a derivative of DVB-T which can be viewed as a composite system embodying the
functionality of DVB-T and DAB. ISDB does not currently support Dolby surround sound.
Time interleaving, as seen in the recent Brazilian tests of global DTV systems, can help in
impulse noise performance. However there is a cost penalty for introducing time interleaving
due to increased receiver complexity and processing delay, which adds to receiver costs in
markets contestable with cable, satellite and other digital delivery systems.
There are also likely to be cost implications for the distribution of signals to time-interleaved
single frequency networks since the stations have to be synchronised both in frequency and
time offsets. This may require services to be fed by fibre optic baseband distribution networks,
generally not an issue in OECD countries depending on the pricing of PTO tariffs, but which
may be an issue in other countries. Other solutions to impulse noise problems, which
generally occur in weak signal strength areas, are now due to be released by a number of
DVB-T silicon vendors later this year. These schemes trap the propagation of corrupted
symbols, which have been affected by impulse noise before they can travel through the
receiver and also use intelligent error concealment in the MPEG decoder. Solutions, which
avoid the use of time interleaving in COFDM, may lead to lower long-run deployment costs for
broadcasters, consumers, and network operators. Time interleaving is implemented by ISDBT and is an optional extension to DVB-T for countries that may wish to consider it.
Band segmentation in which the RF channel is split up into discrete segments with different
RF characteristics can be implemented. In ISDB-T around ten segments are devoted to video
services with three to audio services. Introduction of band segmentation increases receiver
hardware and software costs, as the receiver must be able to extract the different bands,
which behave differently.
Band segmentation loses the concept of the DTV channel as a broadband pipe in regulatory
regimes where service allocation is made at the band level. At the technical level band
segmentation leads to loss of frequency diversity which means that if part of the band is lost,
the entire signal can be lost. This is one of the reasons why the designers of DVB-T rejected
band segmentation. There are other ways to achieving the same service split: eg hierarchical
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transmission, which is implemented by DVB-T and ISDB-T. Loss of frequency diversity is
generally considered to be a bad idea and therefore band segmentation may prove to be
unattractive for many broadcasters and consumers.

MARKET MATURITY OF DTV SYSTEMS
DVB-T is fully operational in the UK with around 750,000 consumer receivers installed and
there are now around 500 DTV transmitters on air in the UK, eighteen months after launch.
The DVB-T application is multichannel FTA/pay EDTV. Elsewhere DVB-T services have
started in Sweden and Spain which, like the UK, are targeted at the fixed rooftop/portable
indoor markets. Other European countries will be introducing DVB-T later this year with similar
service portfolios
In Germany and Singapore DVB-T will be piloted as a portable/mobile DTV service portfolio
later this year, with fully operational services in 2001.
Next year DVB-HD services will be launched in Australia and Singapore. In Australia DVB-HD
may use hierarchical modulation which was demonstrated by DVB/Sinclair at NAB2000.
DVB hardware is sourced from multiple international CE and silicon vendors in an increasingly
crowded field, including low cost Far Eastern manufacturers.
ISDB-T is currently a demonstrator system. There is one transmitter on-air in Tokyo and
several hundred hand -built receivers exist. Present plans indicate that the deployment
timescale for ISDB-T in Japan are between 2003 and 2005 although there are considerable
uncertainties in this because of:
1

Costs to broadcasters of DTV conversion are estimated at $14 billion and the
commercial broadcasters would like the Japanese Government to pay the conversion
costs.

2

Commercial deployment of ISDB-T in Japan is likely to be a lot later than currently
predicted. This is because frequency planning in Japan is exceptionally difficult, there
are many thousands of analog transmitters in use, each main station has on average
80 repeaters, and MPT has indicated that analog stations and viewers will have to be
converted in order to clear spectrum for digital use.

3

Commercial broadcasters and, to some extent NHK, prefer digital DBS as this offers a
faster route to market, is being rolled out next year, does not have the frequency
clearance problems, has time to market advantages, and conveniently preserves the
existing analog broadcasting market structure for several years.

4

Japan must make a multibillion dollar investment in a fibre optic distribution network to
distribute the services to the transmitters which will be configured as Single
Frequency Networks because of the spectrum congestion problems in Japan.
Estimates indicate that this fibre network will not be in place before 2004/2005.

5

There are no off-the-shelf silicon solutions for ISDB-T and no consumer STB's, as
Japanese industry will have to agree the specifications and then build them.

6

In several respects the situation mirrors the early years of DVB-T. In 1996 it was
predicted that DVB-T would be in widespread deployment throughout Europe by 2000.
The UK launched in 1998, due to silicon availability, licensing and frequency
coordination. Countries where frequency planning is more difficult (through either
congestion or coordination constraints) are launching later eg France, Germany,
Netherlands and Italy in 2001/2. It is no accident that the three countries that launched
DVB-T first were UK, Spain and Sweden all on the western seaboard with fewer
coordination and congestion problems. Therefore those promoting an early launch of
ISDB-T seem to be neglecting the very severe congestion, conversion and
coordination problems which the Japanese DTV industry will face.

In the next three to five years the only practical instantiation of a COFDM DTV system is DVBT.
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This has profound implications for countries that want to launch a DTV system in that
timeframe or which may need to change their DTV system, for whatever reasons, in
timeframes that remain competitive with cable and DBS. Furthermore current commercial
conditions and frequency congestion indicate that the launch of ISDB-T in its core home
territory is likely to be later rather than sooner. This has implications for availability of
hardware, software and services in the ISDB-T DTV domain.
It is also highly likely that the DVB-T system will innovate, develop, and extend its reach during
this timeframe. Current development efforts in interactive services, silicon solutions, and
product availability tend to strongly support this hypothesis. Very large growing markets and
high levels of vendor competition, innovation and rivalry buoy this effort.
At the present stage of market development it is now clear that DVB-T/COFDM is a proven,
practical and pragmatic DTV solution. Development work began in 1993 with standardisation
complete in 1997 and full commercialisation is only now being attained. In contrast ISDB-T
was only standardised last year, receiver technologies remain at the demonstrator level, and
the 'home' market may not roll out DTV service until 2005. This means that any country which
adopts ISDB-T before it reaches full commercial maturity in Japan may be acting as a beta
test site for a relatively immature DTV system and will not benefit from scale economies until
later on. This is a strategic risk for that country, particularly if ISDB-T fails to achieve critical
mass, in which case that country would be technologically and economically isolated from
mainstream DTV developments.
DVB-T, which began development in Europe, has subsequently been extended by developers
elsewhere for HDTV. It is now being extended to provide global mobile DTV services in
collaboration with prestige marques such as BMW, Mercedes, VW, and its hierarchical
HDTV/mobile DTV capabilities have created strong interest in the United States. DVB-T is
likely to be considerably enhanced in the next three to five years and will leverage global
economies of scale and scope.

ECONOMIC ANALYSIS
DVB-T benefits from the fact that it is part of a suite of interoperable and extensible digital
television standards. The initial focus on SDTV developments, led by the commercially active
cable and satellite sector, led to the formulation of the DVB-T standard, initially for E/SDTV.
This was subsequently extended to HDTV and mobile DTV, which are all supported by the
same COFDM multiplexing standard. Latest additions include DVB MHP, DVB-interactive and
DSL-DTV. The scale economies from a fully finalised set of coherent and interoperable
standards are significant. Indeed it has been reported that the ISDB-T developers wish to
adopt the DVB MHP for their API environment.
DVB-T is a global standard: it is slated for use in 500 million TVHH worldwide prior to
decisions being made in South America, China and Russia. This confers 50% global DTV
market share at writing time, compared to 46 million TVHH, which are confirmed for ISDB-T.
Its range of options means that it can be configured for individual national, regional and local
conditions. Since its launch some two years ago DVB-T broadcasts have begun in thirty
countries.
DVB-T silicon is commercially available for 6, 7, and 8Mhz markets, with the number of silicon
vendors having jumped from two to fifteen in two years. Full specification DVB-T chips are
available for under $10 and it is expected that this will fall to under $5 within the next eighteen
months driven by market demand. ISDB-T is available for 6Mhz markets as a laboratory
demonstrator and silicon solutions are some way off.
In the UK alone there are now twenty five separate IDTVs, see www.ondigital.co.uk, from
companies such as Philips, Sony, Toshiba, LG, Grundig, Matsui, and all global leaders in
STB's provide solutions such as Philips, Pace, Nokia. PC DTV cards are about to be released
by Hauppauge et al. By the end of 2000 it is estimated that 1,000,000 homes in the UK will
be receiving DVB-T off-air from 500+ transmitters. At writing time around 750,000 STB's and
30,000 IDTVs are in use by UK consumers.
The vendor community for DVB-T is global. The vendor community for ISDB-T is national
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The Nokia Mediascreen, a laptop portable/mobile DTV receiver, demonstrated to acclaim at
NAB 2000 and Broadcast Asia 2000, is to be commercialised. Fuba and others are developing
global mobile DTV receivers, based on DVB-T, in conjunction with luxury car manufacturers.
Very high commonality exists between DVB-S, DVB-C and DVB-T STBs at the SDTV level.
HDTV STB's are governed by global market demand for HDTV services. SDTV markets are
being driven by economies of scale flowing through from twenty-five million+ SDTV DVB
STB's in use throughout the world for cable and satellite. This market is already twice the size
of the standards fragmented US digital DBS market. At writing time ISDB is not compatible
with other digital delivery systems.
Popular API's such as Mediahighway, Liberator, OpenTV, etc are ported onto DVB-T systems.
DVB MHP will also be ported onto DVB-T systems.
DVB-SI works with multiple global languages, multiple platforms, and is now in global use.
This facilitates navigation, control, cross-platform interoperability and content design. ISDB-T
does not have these capabilities and may seek to adopt DVB MHP.
DVB-T now has fully deployed databroadcasting, teletext, interactive and email services with
full DSL-enabled Internet access via second generation DVB-T STB's later this year. No
facilities of this nature are supported by ISDB-T.
The extra technical features of ISDB-T, namely band segmentation and time interleaving, are
complex and costly to implement. Alternatives to band segmentation exist and time
interleaving, a DVB-T optional addition, may be bypassed by alternative technologies.
ISDB-T may be more costly than DVB-T to implement. This is because of the limited national
vendor support, the additional technology costs, the higher IPR costs associated with ISDB
compared to DVB (or ATSC), the smaller market share, the additional R+D costs required to
fully commercialise ISDB-T, and the ten to one market share advantage which DVB-T already
enjoys.

SUMMARY
Both DVB and ISDB are MPEG2/COFDM DTV systems.
They are at very different stages of market development and it is clear that DVB-T, the global
DTV brand leader, enjoys significant commercial, consumer, economic and strategic
advantages over its younger rival.
DVB-T has been fully commercialised, is proven, practical and pragmatic. DVB-T is also
extensible and is now fully interactive. It is clear that ISDB is a technically led design
enhancement, which combines the functionality of DAB and DVB-T in one platform mixing
radio and television services together. This may or may not be desirable depending on
individual national regulatory perspectives. These enhancements are either matched by DVBT or may soon be bypassed by other technolgy developments, which the DVB camp is now
perfecting.
Globally DVB-T now holds a ten to one market share advantage over ISDB-T, a three to five
year window before which ISDB-T can be commercialised in its home market, benefits from
scale factors that are not open to ISDB. DVB-T also benefits from the chaos in the US arising
from the commercial, regulatory and technical failure of ATSC, which now rules ATSC out in
other world markets.
In addition DVB-T can now leverage synergies between mobile DTV and UMTS, which
positions it very strongly for the wireless digital video communications services in the next
decades. Critically DVB-T also supports HDTV and Dolby surround sound, which makes it
attractive to those broadcasters who can make a viable business case for HDTV. Even if
HDTV fails as a viable digital terrestrial television business those broadcasters will be left with
a DTV infrastructure which can easily be repurposed for other service portfolios, provided this
is designed in from the outset.
For those countries adopting a DTV system and the trend is moving inexorably towards
COFDM, there is only one commercially viable choice, endorsed by the global vendor
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community, DVB-T. It is also likely that the market 'window of opportunity' for ISDB-T will close
outside Japan as countries make choices based on commercial, economic, risk, and strategic
considerations.
It is interesting to speculate how different the global commercial prospects for ATSC would
now be had COFDM been adopted in 1993 by ATSC.
Today the verdict on making the incorrect technology choice has been handed down by the
ABER/SET DTV selectors in Brazil: 'The ATSC system does not fulfill the technical
requirements for the continuity of the television broadcasting service'. There can be no more
damning indictment of ATSC than this statement. The failure of ATSC to undertake the
necessary broadcaster requirements analysis at the 1993 design stage, or alter course by
changing technologies has left the door wide open for DVB-T to sweep the global DTV board
because of the confluence of events and timescales in the development of the three DTV
systems. Had ATSC adopted COFDM in 1993 or participated in subsequent COFDM
developments it is likely that DTV market shares would now be more evenly matched. This
was not to be and the price for ATSC arrogance is now commercial, market and technical
failure at the global level.
DVB-T is now well positioned to springboard into the de facto role of global DTV standard,
with ISDB-T used solely in Japan. In the US, the most likely scenario is that continued
infighting over the choice of DTV standard will close the market window of opportunity for a
commercially effective DTV service portfolio in the United States as consumers migrate to
cable, DMVDS, DBS, DSL and Internet. Outside the US, with consumer enticing business
models, DTV has very good long-term prospects of becoming a wireless 'must-have' service
portfolio rather than a bit reduced cable 'must-carry' service.
© This Annex - TBS 2000

30

