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1. Introduction

It is well known by now that the European Confer-
ence of Postal and Telecommunications Adminis-
trations (CEPT) organized a Planning Meeting for
terrestrial Digital Audio Broadcasting (T-DAB) in
July 1995 [1].  The challenges faced by this meet-
ing – held in Wiesbaden, Germany – were very
great.  There were very many T-DAB services to be
accommodated and each was in the form of an
allotment which represented coverage of a much
larger area than that associated with the single
transmitters which form the basis for most plan-
ning conferences.  The interference potential of
these allotments was thus large.  At the same time,
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In view of all these potential problems, it would not
have been surprising if the Planning Meeting had
been unsuccessful.  In fact, as is also well known,
the Planning Meeting was very successful.  This is
a tribute to the careful preparations that had been
made and to the spirit of compromise which was
very much in evidence, especially towards the end
of the Planning Meeting itself.

The Wiesbaden Meeting was unable to complete
its work in just one respect, and that was the estab-
lishment of the procedures which would need to be
followed when converting an allotment1 into the
set of assignments2 needed to represent a real ser-
vice.  When this article was originally planned, it
was hoped that these procedures would have been
completed (by a CEPT project team) by the time
the article was published.  In the event, the task has
proven to be even more difficult than originally ex-
pected and thus, only an overview of what might
be proposed in that respect can be given here.

2. Preparations within the
EBU

In order to consider the possibilities of planning
for T-DAB services and to make preparations for
any planning conference which might take place,
the EBU established a working group.  This was
originally know as R1/DIG but, after the EBU
Technical Committee activities were re-orga-
nized, the group’s designation was changed to
B/TAP.

Because T-DAB introduced new opportunities
and new challenges, the group was required to in-
vestigate new planning approaches and methods.
It was able to do this effectively because it was
kept fairly small, with a core of planning experts,
and could thus rapidly investigate the advantages
and disadvantages of new ideas.  Those ideas
which seemed likely to be successful could then
be discussed in larger groups, such as the CEPT
project teams, without too much risk of unfore-
seen problems.

This part of the EBU work resulted in the produc-
tion of a detailed document on the technical criteria
for T-DAB planning.  The remaining parts of Sec-
tion 2. of the present article give an overview of the
main elements of these technical criteria.

1. A DAB frequency allotment refers only to the allocation
of frequency blocks to specific service areas.

2. A DAB frequency assignment refers to individual trans-
mitters and their technical characteristics.

2.1. VHF band

Apart from the internal compatibility of a DAB
network operating in the VHF range, its compati-
bility with other VHF services – mainly the televi-
sion service in Band III and the military aeronauti-
cal service above 230 MHz – plays an important
role.  In general, the DAB signal is more robust
against interference from other services than vice
versa.  Hence, the interference effect into the DAB
channel is, in general, less critical than the out-
going interference and can be neglected in the fol-
lowing considerations (although when the quality
of a DAB network is being assessed, interference
into the DAB channel has to be considered too).

This leaves us with three important types of inter-
ference to be considered in the VHF range:

– DAB interferes with DAB;

– DAB interferes with television;

– DAB interferes with the military aeronautical
service.

2.1.1. DAB interferes with DAB

Since the establishment of the T-DAB Plan as-
sumes the use of Single Frequency Networks
(SFNs), all the calculations are based on a refer-
ence network.  This consists of a hexagon with six
peripheral and one central transmitter (Fig. 1).  The
distance between transmitters is 60 km.  The cen-
tral transmitter has an effective radiated power of
100 W, whereas each peripheral transmitters has a
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power of 1 kW and uses a directional antenna
which reduces its radiation outside the hexagon by
12 dB.  A value of 150 m is assumed for the effec-
tive antenna height above ground level.

The interfering field strength generated by the ref-
erence network can be calculated for 50 % of loca-
tions by using the propagation curves of ITU-R
Recommendation PN.370 [2] and is depicted for
different percentages of time in Fig. 2 (over a land

path) and Fig. 3 (over a warm sea path).  It can be
seen that there are considerable differences,
especially for 1 % time.

In the case where DAB interferes with DAB, the
calculations are based on a protection ratio3 of

3. The minimum value of wanted-to-unwanted signal ratio,
usually expressed in decibels at the receiver input, deter-
mined under specified conditions such that a specific
reception quality is achieved at the receiver output.
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10 dB. However, use of the aforementioned ITU-R
propagation curves would lead to intolerable sys-
tem failure rates if they were applied directly to dig-
ital systems.  In the case of DAB (which has been
developed to provide for mobile reception using a
receiving antenna at 1.5 m above ground level),
99 % of locations have to be covered.  Thus, in order
to protect the DAB signal at 99 % of locations, a
propagation margin4 of 18 dB has to be taken into
account when using these 50 % location propaga-
tion curves.  This results in a minimum usable field
strength of 58 dB�V/m (for Band III) and a maxi-
mum permissible interfering field strength of
30 dB�V/m.  In this case of interference, i.e. DAB
interferes with DAB, a 3 dB higher value is as-
sumed, since the actual field strength at the border
of the hexagon is 3 dB higher than the minimum
usable field strength.  It can be shown that, based on
such a reference model, the same frequency block
can be re-used at a distance of 80 km.

4. Propagation margin may be defined as the difference,
expressed in decibels, between the 50 % location value
of a signal and the value for some target percentage of
locations.  In the case of T-DAB, this target is normally
taken to be that the wanted signal is free from impair-
ment due to noise or interference for 99 % of locations.

2.1.2. DAB interferes with television

Since DAB and television have to coexist in chan-
nel 12 as well as in other television channels, this
sharing situation is of great importance.  In the
compatibility analysis, the same reference net-
work as above and the field strength curves given
in Figs. 2 and 3 are used.  The required protection
criteria for the television signal largely depend on:

– the position of the considered T-DAB block
within the television channel;

– the television system concerned.

For system B/PAL, the corresponding protection
ratio curve is depicted in Fig.  4; analogous curves
exist for all the other television systems.  If the tele-
vision receiving antenna discrimination is taken
into account, considerable relaxations in channel
sharing can occur.

2.1.3. DAB interferes with military
aeronautical services

In the calculations for this case of interference, a
simplified reference model is used.  A receiving
antenna at a height of 10,000 m has to be taken into
account.  Within line-of-sight, free-space propaga-
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tion has to be assumed when determining the inter-
fering field strength.  Therefore in the planning
software, the seven transmitters of the hexagon are
replaced by a single transmitter with 2.4 kW e.r.p.
in the centre of the hexagon.  Due to free-space
propagation, this transmitter still provides an inter-
fering field strength of 71 dB�V/m at a distance of
100 km.

2.2. 1.5-GHz band

The 1.5-GHz band will become fully available for
broadcasting on a primary basis in the year 2007
but will be used by some countries for T-DAB be-
fore this date.  In this frequency band, other ser-
vices had to be taken into account when establish-
ing the T-DAB Plan.  These services are mainly
civil or military fixed links.  At a rather late stage
during the Planning Meeting, the Russian Federa-
tion submitted details of an aeronautical telemetry
service.  This created severe incompatibilities in
Eastern European countries and in the eastern part
of Germany.  Thus, three important cases of inter-
ference had to be studied in the 1.5-GHz band and
the appropriate interferences/sharing parameters
had to be established for:

– DAB interferes with DAB;

– DAB interferes with fixed links (civil and/or
military);

– DAB interferes with an aeronautical telemetry
service.

As in the case of the VHF Band, the DAB signal in
the 1.5-GHz band is, in general, more robust
against other services than vice-versa.  For this rea-
son, interference into the T-DAB channel is gener-
ally less critical than interference to other services.

2.2.1. DAB interferes with DAB

Before it became evident that it could be necessary
to use the 1.5-GHz band in addition to the VHF
bands, most work had been carried out to deter-
mine the required network parameters for VHF
only.  Fortunately, the results of much of that work
could be applied to the 1.5-GHz band, simply by
suitably modifying the parameters.  Again, the
basis of T-DAB planning was a hexagonal network
structure.  However, a different reference model
was required for this frequency range, because of
the different propagation conditions and the higher
required minimum field strength when compared
with the VHF band.  In this model (Fig. 5), the dis-
tance between transmitters is reduced to 15 km and
the radiated power is modified.  The peripheral
transmitters of the hexagon radiate an e.r.p. of
1 kW with an omnidirectional antenna.  The cen-
tral transmitter has an effective radiated power of
500 W and is also omnidirectional.

The interfering field strength generated by the
1.5-GHz reference network can also be calculated,
and the relevant field strength versus distance
curves are shown in Fig. 6 (for a land path) and
Fig. 7 (for a warm sea path).  The high values of
field strength at long distances over sea paths led
to many planning difficulties.
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As in the VHF case, the interference calculations
were based on a 10 dB protection ratio and a propa-
gation margin of 18 dB (to protect the DAB signal
at 99 % of locations).  These margins, together
with a minimum usable field strength of
66 dB�V/m lead to a maximum permissible inter-
fering field strength of 38 dB�V/m.  On this basis,
a T-DAB frequency-block re-use distance of 50
km was derived.

2.2.2. DAB interferes with other
services (fixed links and
aeronautical telemetry)

Due to a lack of technical data and other relevant
information concerning some of the other services
considered here, it was not possible to derive the
required protections ratios, minimum field
strengths to be protected, etc., for all cases.  In
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some cases, this information was received only
during the Planning Meeting, leading to extreme
difficulties in objectively assessing the interfer-
ence potential; e.g. a “compatibility” between the
mobile aeronautical telemetry service and T-DAB
could only be achieved by special agreements with
the Russian Federation, involving a very long time
delay in Eastern Europe before T-DAB services in
the 1.5-GHz band can be started.

In general, though, when data was agreed, the cal-
culation procedures were similar to those carried
out in the VHF band.  For the aeronautical service,
the reference hexagon was replaced by a central
transmitter with an e.r.p. of 6.3 kW.  The calcula-
tions for all other services were based on the
1.5-GHz reference model shown in Fig. 5.

3. Preparations within the
CEPT

The CEPT has closely followed the development
of digital audio broadcasting in Europe, in particu-
lar the efforts made within the Eureka-147 project.

Some years ago, a few European administrations
started to consider how and where to find frequen-
cies for this new service and, in 1991, the CEPT
took on board this task as a common effort.  To
cope with this challenge, it installed two project
teams within its Frequency Management (FM) and
Spectrum Engineering (SE) Working Parties.  One
of these project teams, FM14, had responsibility
for planning while the other team, SE11, had re-
sponsibility for technical matters.

As more and more European countries developed
an interest in the introduction of DAB services, the
CEPT decided in 1993 to hold a Planning Meeting
for terrestrial DAB.

The basic proposals prepared by the two project
teams are discussed in this Section.

Band Frequency range
(MHz)

VHF Band I 47 – 68

VHF Band II 87.5 – 108

VHF Band III 174 – 230

VHF military aeronautical 230 – 240

1.5-GHz band 1452 – 1492

3.1. Frequency bands for
terrestrial DAB

An examination of the frequency utilization for the
various existing services showed that frequencies
for DAB must primarily be obtained from the ex-
isting broadcasting frequency bands.  Even so, it
was quite difficult to find a common frequency
range which might actually be used for DAB
because of the many national allocations to differ-
ent services.  This effect became even more diffi-
cult when the eastern European countries which
also use these frequency bands joined the CEPT.

After much consideration, the CEPT recom-
mended that DAB should start in the frequency
bands listed in Table 1.

The actual frequency band or bands to be used in
any given country depends on national decisions.
The Wiesbaden conference actually planned for all
of these bands, except for 87.5 to 108 MHz since
this band will still be utilized by VHF/FM ana-
logue services for a long time and may be the sub-
ject of a later replanning conference.  In practice,
the sub-band 1452 to 1467 MHz was considered at
the Planning Meeting, not the full 1.5 GHz band,
1452 to 1492 MHz.

3.2. Assignment or Allotment
planning

The recommended frequency bands should allow
the introduction of terrestrial DAB in all CEPT
countries.  Since, however, most of the countries
did not have detailed network plans available, the
planning for DAB had to be flexible.  Frequency
blocks should be available at the time needed and
should allow for the development of DAB net-
works.  The plan should allow for national DAB
coverage as well as regional, urban and local cov-
erage.

Frequency planning is often done on the basis of a
theoretical lattice scheme – as was the case at the
Geneva VHF Band II conference in 1984.
Theoretical transmitter sites and frequencies are
then shifted to the locations actually required and
the transmission characteristics tailored to the re-
quired service area.

The data pertaining to the actual locations is then
made the subject of negotiations and agreements
and forms the basis of an assignment plan.  (There
may also be later coordination if it is necessary to
make other changes to the characteristics of the
stations.)  This whole process requires that reason-
ably detailed knowledge of the network structure
be available during the preparation of the plan.

Table 1
Frequency bands for
T-DAB as recom-
mended by the CEPT.
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For DAB, this planning method was not practical
because insufficient data was available.  However,
the single frequency network (SFN) concept for
DAB gives sufficient freedom for development of
an operational network within certain limiting
conditions, e.g., certain limits of field strength at
the border of a service area.  Therefore, the concept
of an allotment plan, which allocates frequency
blocks to specific service areas, was chosen.

3.3. Frequency re-use distances

The limit of coverage of a DAB service area is de-
fined by a reference minimum field strength, be-
low which an area is considered to be unserved.

In the absence of known locations and characteris-
tics of real T-DAB transmitters, the planning had
to be based on the DAB reference networks shown
in Figs. 1 and 5.  From these, the frequency re-use
distances between DAB service areas were calcu-
lated using propagation curves derived from
ITU-R Recommendation PN.370 [2] (see Sections
2.1.1. and 2.2.1.).

For DAB against DAB, a re-use distance of about
80 km for VHF and 50 km for the 1.5-GHz band
corresponds to the respective reference networks,
at least when the areas are separated by land-only
paths.

3.4. Planning principles

Planning should be done on the general principle
of all CEPT countries having equitable access to
the frequencies required by them to provide DAB
services.  These may be national coverages requir-
ing one frequency block each, or a combination of
regional (or even local) services together covering
the whole national territory.  It is of course up to
each administration to decide on the services and
service areas it requires and even to provide its
own definition of what is meant by “national”.

The allotment plan should be built on realistic cri-
teria so that coordination is not necessary in most
cases when an allotment is turned into an assign-
ment.

In addition to these basic ideas, the CEPT project
teams also prepared a draft text of the Arrangement
(that is, the Plan and its associated provisions) and
a set of defined planning parameters.  Draft plans
elaborated by Project Team FM 14 ensured that the
delegates were familiar at an early stage with the
restricted scope of the planning process, in view of
the limited frequency spectrum available.  A ques-
tionnaire was distributed to each administration

six months prior to the Planning Meeting, request-
ing their T-DAB requirements together with de-
tails of existing services entitled to protection (in-
cluding television, fixed and mobile services) and
which needed to be taken into account when T-
DAB is introduced.  This information was pro-
cessed by the European Radiocommunications
Office (ERO) in Copenhagen and was supplied as
input data at the beginning of the Planning Meet-
ing.  In parallel with the work of the ERO, the EBU
developed computer programs to facilitate the
planning process.

4. CEPT group FM19

In addition to the technical project teams estab-
lished by the CEPT (i.e teams FM14 and SE11), a
further group was established to oversee the physi-
cal arrangements – in particular to establish the
suitability of the venue for the Planning Meeting.
In fact, the venue itself was proposed by the Ger-
man administration which hosted the Meeting.
The building was the Kurhaus in the old spa town
of Wiesbaden.  This elegant building provided a
very large conference room, capable of comfort-
ably seating the 300 or so delegates during the
main meetings and, in addition, a number of small-
er rooms for meetings of working groups, for the
computer pool, for translators and for the EBU and
ERO computer facilities.

In addition to its primary functions, FM19 also set
up a drafting group, referred to as FM19 DG1, in
order to establish what would be the input data re-
quirements if it were decided to attempt to estab-
lish a T-DAB plan using computer facilities.  At the
time of the first meeting of DG1, less than one year
before the Planning Meeting took place, it was far
from clear what computer assistance, if any, would
be used.  Indeed, many people were of the opinion
that it would be impossible to collect the required
data and produce the computer software for the
establishment of a plan – at least, certainly not in
the time available.  Indeed, the people who thought
that it would be possible were very much in the
minority.

DG1 made a series of proposals with regard to the
data and the ways in which software could be used
to help establish a plan.  First of all it would be nec-
essary to collect data relevant to the T-DAB re-
quirements themselves, including geographic
coordinates representing the area to be served and
the frequency blocks which might be available.
For other services, coordinates of the area to be
served (or the reception points) and information
about transmission and reception requirements
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were needed.  For some of the other services, addi-
tional information would have been useful but was
not available because the nature of the services was
not known sufficiently early.

The basic idea which was developed by FM19
DG1 was that:

– compatibility analyses would be carried out to
determine which of the potentially-available
frequency blocks for a given T-DAB require-
ment could be used while continuing to respect
the mutual protection requirements;

– these results would be examined by the admin-
istrations to permit adjustments to be made, e.g.
to take into account the information which was
not available within the computer files;

– new sets of available frequency blocks would
be created and a plan synthesis would be carried
out.

In practice, the second of these steps was not im-
plemented because of time pressures during the
Planning Meeting.  Instead, these adjustments
were incorporated into agreements between the
administrations which were reached after a synthe-
sis had been carried out and were thus only imple-
mented in the next round of the compatibility anal-
yses and plan synthesis.

These DG1 proposals were largely included in the
overall process endorsed by FM14 and SE11 and
then formally agreed at the start of the Planning
Meeting itself.

With the benefit of hindsight, improvements could
have been made, particularly with regard to the
acquisition of receiving antenna patterns for fixed
services using relatively directional antennas.
This could have eliminated some of the problems
encountered during the Planning Meeting itself.
The difficulty, as noted above, was that the detailed
requirements of such services were not identified
sufficiently early for them to be taken fully into
account.

It is perhaps not inappropriate to speculate how the
planning process could have been undertaken
without computer assistance.  It seems unlikely
that the compatibility between T-DAB and other
services could have been considered, except per-
haps in a very simplified way.  This matter would
have been left as an outstanding item to be taken
into account when an attempt was made to coordi-
nate T-DAB assignments and it is likely that many
problems would then have arisen.  Compatibility
between T-DAB requirements on overland paths is

fairly easy to assess with the aid of maps.  It is sub-
stantially less easy to do so when mixed land–sea
paths are involved and it is doubtful if it can be
done reliably.  The manual synthesis of a plan is
generally much less efficient and effective than do-
ing it with computer assistance, although the
manual approach is easier when it involves accept-
ing a lack of protection in order to complete a plan
in a difficult area.

5. Data collection and
processing

5.1. Introduction

The design, development and implementation of
the data collection and the processing of the com-
puter support for the Planning Meeting was one of
the ERO’s responsibilities.  A set of attributes to be
met by the target system was laid down, the four
main attributes being:

– correctness;

– robustness;

– flexibility;

– openness.

The principal desired functions of the system were
data collection, validation, rectification as well as
presentation of data and presentation of results.  A
key part of the system functionality was the export
and import of data to facilitate communication
with the Compatibility Analysis and Plan Synthe-
sis modules developed and operated by the EBU.

5.2. DACAN

Based on the given requirements, a system called
DACAN (DAB Computer Analysis) was de-
signed.  It consists of several programs for general
use and also has a number of utilities for data
manipulation.  A Microsoft Windows platform
was chosen for the implementation.  The core of
the system was written in the C++ language.  Some
applications were developed in the Delphi envi-
ronment.

5.3. File types

Three different file types were used throughout the
system:

– a relational database – in a Paradox format –
was set up for native use within DACAN;

– flat (i.e. sequential) ASCII files were designed
for communication with the administrations
and with the EBU’s programs;
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– specific binary files were used for the import of
the compatibility analysis results.

5.4. Time constraints

The time constraint was the most critical factor in
the DACAN design and implementation.  The fol-
lowing example illustrates the overall scale:

The first part of the DACAN software – input and
validation tool for the Questionnaire – had to be
delivered less than six months after the decision to
provide computer support for the Planning Meet-
ing.  Moreover, the final specification for the con-
tents and for the format of the input data became
stable and was approved less than one month be-
fore the Questionnaire was sent out.  Data obtained
as a response to the Questionnaire amounted to
more than 50,000 entries.  Its validation, rectifica-
tion and compilation was completed within three
weeks after the deadline for data submission.

In order to meet the tight schedule of releasing rel-
atively complex programs into a substantially
large domain of users, without the opportunity of
beta-testing in real life conditions, a decision was
taken to apply object-oriented-programming
(OOP) techniques.  Experience showed that this
was a crucial factor in the successful completion of
the task.

5.5. Data input

Project Team FM14 had defined three different
types of database record, based on the analysis out-
line and formats proposed by Drafting Group
FM19 DG1.  Separately, these three record types
described:

– the T-DAB requirements;

– the requirements to be considered regarding
compatibility with other services;

– country boundaries.

The administrations were requested to formulate
all their requirements in terms of these record types
and submit them to the ERO in ASCII files on one
or more PC-compatible diskettes.  The administra-
tions were given a software package (DACPAK) –
which contained example records, an input tool
and validation software – to facilitate data input.

The input tool was an interactive program for en-
tering and amending records of all three types.  The
ITU’s Digitized World Map (IDWM) was in-
cluded in the programme, which helped consider-
ably when entering the geographical data.  The use
of this tool was optional; it was particularly useful

for entering small to medium amounts of data and,
as such, was utilized by virtually all the adminis-
trations.

The validation software checked the formal cor-
rectness of input data files.  It came in two versions
– a Windows version and a simple MS-DOS com-
mand-line utility.  Every administration was ex-
pected to validate their input data using this tool
before submitting their data files to the ERO.

The implementation of input data structures was
the central point of the DACAN design.  The ge-
neric object, Item, had been designed to describe
all general properties and methods of an input ele-
ment.  The basic elements – such as centre frequen-
cy, geographical coordinate, etc. – were then im-
plemented as direct descendants of an Item object.
A record was also implemented as a descendant of
an Item (polymorphism) which includes a collec-
tion of elements.  One of the properties of an Item
was its full description, thus making the software
self-documenting.  Validation of a record was then
facilitated via the “Validate” method of an Item.
Similar encapsulation was done for the input/out-
put functions, making data access independent of
the storage implementation (ASCII and/or Para-
dox).

The level of abstraction might seem to be unneces-
sarily high.  However, this was the only way to de-
velop and debug a substantial part of the system
without having a specification of input data format
and contents.  Moreover, the experience in later
stages of the process clearly proved that the over-
head of the OOP abstraction was negligible
compared to increased flexibility in the system
maintenance and its expansion potential.

5.6. Received data

In theory, all data received at the ERO should have
conformed to a validity test and only compilation
of data should have been required.  In practice,
however, a substantial part of the data contained
formal errors, which had to be rectified.  Many
problems were found in files which had been gen-
erated automatically from the databases of admin-
istrations.  Because of an unfortunate problem in
the validation software when checking larger files,
automatically-generated files were generally sub-
mitted without formal checking.  As a result, each
input had to be treated individually and a number
of rectification filters were created on an ad-hoc
basis.

All data received at the ERO was compiled into a
database.  The database, original data, rectified
data and a browsing software were distributed to



12 EBU Technical Review Spring 1996
Hunt et al.

all CEPT administrations on a CD-ROM and, in
parallel, a first run of the compatibility analysis
was done at the EBU.

The results of the first run of the compatibility
analysis confirmed that the requirements, at that
point in time, were such that a successful planning
would not be possible and a revision of the input
data was needed.  Another iteration in data input
was therefore performed and a revised version of
the CD-ROM data compilation was published just
before the start of the Planning Meeting.

5.7. Lessons learned

The experience from the data collection fully con-
firmed that this was the correct approach.  The
clear definition of the input format, together with
the appropriate software, allowed the administra-
tions to deliver the input data on schedule; the
openness of the process, facilitated by the CD-
ROM feedback, led to efficient data processing
and revision by the administrations.

The primary importance of a clear and comprehen-
sive definition of data input was apparent from the
very beginning and maximum attention was given
to this by both FM19 DG1 and FM14.  However,
the data collection exercise showed that there was
still room for improvement.

The criteria for formal validation of data were de-
fined in the course of the software development.
The data input process would have been greatly
improved if the validation criteria had been a part
of the data format definition.  However, this was
not really possible in the time available.

6. Activities at the Planning
Meeting

6.1. The T-DAB Frequency Block
Allotment Plan

The T-DAB Frequency Block Allotment Plan was
developed by CEPT Committee 3 in accordance
with the guidelines agreed by the the CEPT’s Euro-
pean Radiocommunications Committee (ERC),
prior to the meeting.  These guidelines included the
designation of the frequency bands to be used for
planning, namely Band I, Band III and the
1.5-GHz band.  Another fundamental guideline
was that the plan to be drawn up should only be an
allotment plan, since the administrations did not
have sufficiently detailed information (e.g. specif-
ic details of transmitter sites and heights) in order

to be able to develop an assignment plan.  The ERC
had also specified that, in view of the limited fre-
quency resources, only two T-DAB coverages for
each country (providing for coverage by one na-
tional service area or for joint coverage of the
whole country by several non-overlapping service
areas) were allowed to be entered in the Plan.

The information provided by the administrations
on their T-DAB requirements, and the other ser-
vices requiring protection, served as the input data.
These data were formally submitted at the begin-
ning of the meeting on a CD-ROM (owing to the
volume of data).  The requirements of those CEPT
countries not represented at the meeting were spe-
cified collectively by all of the administrations
present and were taken into account in the planning
process.

In order to put the planning process on a mutual ba-
sis, firstly, all of the data supplied by the adminis-
trations had to be confirmed.  Likewise, the validi-
ty of the EBU planning software as the T-DAB
planning tool had to be verified.  The first planning
run was then carried out (see Sections 6.3. and 6.4.)
after a number of misinterpretations regarding the
conversion of the planning parameters in the plan-
ning software had been clarified.

The results were devastating: out of a total of
approximately 750 T-DAB requirements, far less
than half could be accommodated.  An analysis of
the results revealed the cause to be the high number
of other existing radiocommunication services,
and the high protection criteria for these services
(although initial analyses and syntheses carried out
using test data before the Planning Meeting had
provided an early warning of this problem).  The
successful elaboration of a plan was conditional on
a substantial reduction of both the number and the
level of protection of these services.  This was
finally achieved after a series of tough and lengthy
negotiations, mostly conducted outside normal
meeting hours.

A solution had to be found for the problems of
incompatibility between the allotment of T-DAB
blocks in Channel 12 and the military aeronautical
service operating in the upper adjacent frequency
range, 230 – 240 MHz.  In this case, the military
aeronautical service is required to take any neces-
sary measures in the short or, at the latest, in the
medium term to permit the unrestricted use of all
T-DAB blocks in Channel 12.  At the same time,
the fact had to be accepted that the 230 – 240 MHz
frequency range would be reserved for military
applications in the long term.  This led many coun-
tries to modify their initial requests for T-DAB
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blocks within this range, in favour of blocks in
other frequency ranges.

Large-scale obstacles to the planning process were
also posed by existing television and mobile radio
services in the bands identified for T-DAB.  A large
number of the administrations had submitted T-
DAB requirements in areas in which they had also
asked for protection for their own existing ser-
vices.  The prospect of not having any T-DAB
allotments included in the Plan, owing to the exis-
tence of these other services, provoked the major-
ity of countries into sacrificing the protection of
these services, i.e. either stopping the operation of,
or relocating, all these services in the short or me-
dium term.

An additional problem concerned the constraint on
the use of frequencies for T-DAB applications in
continental Europe, owing to fixed link services
with a high susceptibility to interference operated
in the 1.5-GHz band in the United Kingdom.
(Protection of these services had been the subject
of a fervent plea by the United Kingdom at the
World Administrative Radio Conference in
1992).  An acceptable solution was also found in
this case, thanks to extensive negotiations –
which resulted in the adoption of improved anten-
na patterns – and to account being taken only of
some fixed links with receiving antennas directed
towards the continent.

No complete settlement could, however, be
reached on the problem of incompatibility be-
tween applications in T-DAB blocks in the
1.5-GHz band and the (military) aeronautical te-
lemetry service operating throughout the 1.5-GHz
frequency range in the Russian Federation.  Reso-
lution of these cases of incompatibility, primarily
affecting the eastern countries of the CEPT, was to
require individual coordination after the meeting,
together with restrictions on starting dates for the
T-DAB services.  The end result of all these negoti-
ations was the conclusion of more than five thou-
sand individual agreements, involving the accep-
tance of incompatibilities revealed by the analysis
programme or the cessation of operation of other
services (which is an extreme form of acceptance
of incompatibility).

Many intermediate planning runs were made and
the results were used to assist further negotiations.
Two approaches were adopted for the planning
runs, firstly, using the automatic EBU computer
block allotment program only and, secondly, tak-
ing as a basis a specified core plan drawn up and
comprising 72 pre-planned allotments in central
Europe.  Since most of the individual administra-

tive agreements had been taken into account in
both cases, there were no major differences be-
tween the two alternative plans.  The T-DAB Plan-
ning Meeting did, however, decide in favour of the
plan incorporating the pre-determined core allot-
ments (and the implied agreements regarding
acceptance of interference margins).  A plan was
finally established in which as many as 700 out of
a total of 759 T-DAB requirements could be ful-
filled by the allotment of frequency blocks.

The remaining 59 T-DAB requirements were sub-
sequently fulfilled by means of further administra-
tive agreements, relocation to other frequency
ranges, or the definition of fixed solutions on a
non-computerized, case-by-case basis.  In some
cases, this entailed the relaxation of T-DAB pa-
rameters or the sacrifice of protection for other ser-
vices.

The Russian Federation was the only CEPT coun-
try not to have presented any T-DAB require-
ments, since it has yet to frame clear concepts in re-
spect of the introduction of T-DAB services.  The
protection of all of its other services is, however,
taken into account in the Plan.

As a whole, the Plan appears to be a balanced one
and better than many had thought possible.  In fact,
this success is a result of a common European ef-
fort of good understanding and cooperation be-
tween the CEPT, the EBU and the ERO.

6.2. Data processing

A DACAN database was used to keep all relevant
data during the Planning Meeting.  Its function was
essential since a considerable number of iterations
in the allotment planning process were performed
during the Planning Meeting.  The flexibility of the
DACAN system, stemming from its OOP design,
proved its value when a number of new and unfore-
seen features had to be incorporated into the system.

A table containing Agreements was added to the
DACAN database, together with interface and out-
put functions.  As the Planning Meeting prog-
ressed, the number of Agreements in the database
increased to a total of five and a half thousand.
Finally, the volume of the processing of the Agree-
ments equalled that of the processing of the re-
quirements.

6.2.1. Presentation of data

A number of utilities for the presentation of input
data as well as for the planning of results were
available in DACAN.  The software was able to
meet diverse requirements such as detailed graphi-
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cal presentation of the planning situation, on the
one hand, and concise and condensed printouts of
data, suitable for bulk distribution, on the other
hand.

The Planning Meeting was provided with a com-
puter pool, consisting of a number of stand-alone
PCs.  Relevant DACAN programmes were
installed in each computer.  Together with the
EBU software, it offered a set of tools which
accommodated the requirements of virtually all
participants.

6.2.2. Lessons learned

The utilities for graphical presentation of the plan-
ning situation were greatly appreciated and con-
tributed considerably to the success of the plan-
ning process.

The supply of data from the master database into
the computer pool had been built into the DACAN
system.  However, it did not have highest priority
in the design stage.  In practice, a delay of about
five hours elapsed before detailed data, relevant to
a particular planning iteration, became available in
the pool.  It seems that the planning process could
have been further improved if this delay had been
reduced.  The overhead of connecting the pool into
the network and adapting DACAN to the network
concurrence would have been negligible
compared to the flexibility achieved.

6.3. Compatibility analyses

In order to simplify the overall planning process as
much as possible, the compatibility analyses were
split into several distinct phases.  The results were
then combined in order to provide:

– an input to the synthesis process;

– detailed results for examination by the adminis-
trations.

In all cases, the analyses involved the calculation
of “unwanted” signal levels at a set of test points
which represented either the boundary of the ser-
vice area of the “wanted” service, or a discrete set
of receiver locations for the wanted service.  These
boundary or receiver test points were provided by
the administrations as part of the input data for the
T-DAB or other service requirements.

It is worth noting that, in addition to the approxi-
mately 750 T-DAB requirements, there were some
50,000 other service requirements.  Some of these
contained only a single receiver or transmitter
location.  However, most of them related to ser-
vices intended to cover large areas with multiple
test points.  The large number of other service re-
quirements meant that the computer run-times
were long.

As noted earlier, the administrations were required
to supply a list of the potentially-available fre-
quency blocks for each T-DAB requirement, as
part of the input data.  For the compatibility analy-
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ses, it was necessary to assume that a given T-DAB
requirement might operate on any of the apparent-
ly-available blocks, even though some might not
be available for reasons of compatibility.  Analyses
were exhaustive in the sense that they were not ter-
minated when the first case of incompatibility was
found.  This was done in order to provide full in-
formation and to ensure that if one case of incom-
patibility could be “cured”, information remained
available about any non-cured cases.

6.3.1. T-DAB to T-DAB compatibility

These compatibility analyses were made using the
VHF and the 1.5-GHz band reference networks de-
scribed in Section 2.  (The reference network for
Band I was taken to be the same as that for Band
III with the transmitter powers reduced by 10 dB,
to allow for the difference in minimum wanted sig-
nal level between Bands I and III):

For any given pair of T-DAB requirements, it was
only necessary to consider the results for three
bands, not for individual frequency blocks.  In
principle, some computer time could have been
saved by only considering a given band if both T-
DAB requirements had at least one potentially-
available block in common.  In practice this was
not done as it was considered more helpful to pro-
vide guidance to the administrations on what
might happen if the two requirements were to share
a frequency block.  This guidance was intended to
help the administrations when they needed to
search for any additional frequency blocks for a
given T-DAB requirement.

Because of the large differences in signal level at
a given distance over all-land, mixed and all-sea
paths, a “brute-force” calculation process was
needed.  In this method, each test point in turn for
one T-DAB requirement is regarded as a signal
source (that is, it is taken to be the reference point
of a reference network) and each test point in turn
of the other T-DAB requirement is regarded as a
receiver location.  The distance and proportions of
land and sea for this individual path are calculated
and the unwanted signal level is derived by inter-
polation between the individual land and sea path
signal level values from a reference network at this
distance.

As already discussed in Section 2., T-DAB is in-
tended to provide a service to a high proportion of
locations (taken to be represented by 99 % location
statistics).  Because both the wanted and unwanted
signal levels vary with location, a propagation
margin needs to be added to the unwanted signal
(or subtracted from the wanted one) to ensure that

99 % of locations can be protected against interfer-
ence.  This propagation margin has been calculated
to be 18 dB.  No allowance is made for receiving
antenna discrimination, because T-DAB is in-
tended to be receivable on both portable and mo-
bile receivers.  This process is repeated for all com-
binations of test points for the two T-DAB
requirements.  The 10 worst-case results are re-
tained as being representative of the compatibility
situation between this pair of T-DAB require-
ments.  In principle, only the single worst-case test
point need have been retained but it was consid-
ered that the additional information would be use-
ful, both to identify anomalies and to permit a
better assessment of marginally acceptable situa-
tions.

As far as input to the plan synthesis programme
was concerned, any incompatibility was regarded
as unacceptable except where it had been specifi-
cally accepted by the administrations concerned
and recorded in an agreement (see Section 6.3.4.).

Most T-DAB requirements contained 36 test
points.  Some contained up to 99 test points when
it was intended to serve the whole of a country;
other requirements contained fewer than 36 test
points, if the service area was small.  This meant
that about 36 x 36 propagation paths needed to be
examined to establish if there was an incompatibil-
ity between two T-DAB requirements.  In princi-
ple, this process had to be repeated for each pair of
T-DAB requirements and could take quite a large
amount of computer time.  In practice, it was pos-
sible to effect considerable savings in computer
run-time if the two requirements were either over-
lapping or very far apart.

6.3.2. Potential interference from
T-DAB to other services

As noted earlier, the spectrum proposed for use by
T-DAB (and the immediately adjacent spectrum)
is occupied by other services.  Indeed, as some
50,000 other service requirements were submitted
to the Planning Meeting for the compatibility cal-
culation process, it is reasonable to say that the
spectrum is heavily occupied.  These other service
requirements represented use by about 100 differ-
ent types of service, and protection criteria were
required for all of them.  In practice, at least in
some cases, the same protection criteria values
were used for different but similar types of service,
as the particular data required for each service
could not be obtained in the time available.

Some simplifications could be made by dividing
the other services into two broad categories, mo-
bile and non-mobile.  For mobile services, no re-
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ceiving antenna discrimination could be taken into
account (this means neither directivity nor polar-
ization discrimination) while for non-mobile ser-
vices, such discrimination could be used to im-
prove compatibility.  In order to do this, the
administrations had to make available information
about the receiving antenna directivity and the
polarization.  In addition, the location of the other
service transmitter needed to be known so that the
correct orientation of the receiving antenna could
be calculated.  In cases where this location was not
known, the other service was regarded as mobile.
Because the input data requirements were defined
before the range of other services was fully known,
there were simplifications with regard to the way
in which the receiving antenna directivity was spe-
cified; this led to serious problems in the consider-
ation of one other service (see Sections 6.1. and
6.3.5.).  In the special case where television is the
other service, it was not necessary for the receiving
antenna discrimination to be specified as there is
an ITU-R Recommendation which deals with this
[3].

In all cases, the minimum field strength which
needed to be protected for each other service re-
quirement could be specified.  The only constraint
placed on this value was that it would not be less
than the default value agreed for the relevant type
of service.

There was a further general sub-division of the
other services into aeronautical and non-aeronau-
tical variants.  Consideration of the former will be
deferred.  Subject to the above considerations, the
calculation of potential interference from T-DAB
allotments to other services was the same for all
services.  The first question is whether there is a
frequency overlap between any of the blocks po-
tentially available for the T-DAB allotment and the
other service under consideration.  For this pur-
pose, the frequency-difference versus protection-
ratio tables of Annex 2 to the Special Arrangement
(see Section 6.5.3.) were used.  If the difference be-
tween the centre frequency of a T-DAB block and
the reference frequency for the other service was
outside the range of values in the relevant table of
Annex 2, it was assumed that no interference could
arise from the use of that block.  Where there was
a frequency overlap, the compatibility was calcu-
lated for all test points of the other service, with
each test point in turn of the T-DAB allotment be-
ing regarded as the reference location of a refer-
ence network.

Some differences occurred when considering
aeronautical services.  It was assumed that free-

space propagation would occur if there was a line-
of-sight path between the aeronautical test point
and the centre of the hexagon representing the ref-
erence network.  The radiated power of the refer-
ence network was taken to be the power sum of its
individual transmitters; in the case of the VHF ref-
erence network, account was taken of the transmit-
ting antenna directivity.  All aeronautical services
were regarded as mobile and no receiving antenna
discrimination was included.

As in the case of T-DAB to T-DAB compatibility
calculations, up to 10 worst-case results were
stored for examination by the administrations but
only the worst one of these results was taken into
account when preparing input for the synthesis
programme.

6.3.3. Potential interference from other
services to T-DAB

In general terms, the process of calculating poten-
tial interference from other service requirements to
T-DAB requirements is very similar to that de-
scribed in Section 6.3.2. for the reverse situation.
The primary differences were that no receiving an-
tenna discrimination was taken into account and
that a propagation margin was needed to ensure
that the T-DAB service could be protected for
99 % of locations.

As in the other cases of compatibility analysis, up
to 10 worst-case values were presented to the ad-
ministrations for guidance in making a choice be-
tween acceptability and non-acceptability of a giv-
en potential interference situation.  However, the
input to the synthesis programme was based only
on the worst one of these values.

6.3.4. Interface between compatibility
analyses and plan synthesis

In very simple terms, the only data which the plan
synthesis programme required from the compati-
bility analyses were:

– a list of all T-DAB requirements to be consid-
ered, together with the set of frequency blocks
which could be used;

– a list of all T-DAB requirements, together with
the set of other T-DAB requirements which
could not share a frequency block.

The first of these lists took account of:

– the frequency blocks declared by the responsi-
ble administration to be available;

– the frequency blocks found by the software to
be unusable because of interference from or to
some other services.
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The list of mutually-incompatible T-DAB require-
ments was actually created in three parts, one each
for Band I, Band III and the 1.5-GHz band.

These inputs to the synthesis software were
created from the detailed results obtained from the
compatibility analysis, account being taken at this
stage of the agreements reached by the administra-
tions.  In this way, these agreements did not affect
the results of the technical calculations; they just
affected (in a major way) the use made of those
results.

There were basically two types of agreement.  In
the first type, two administrations would agree that
two T-DAB requirements could share a frequency
block in a given band.  This allowed the propaga-
tion elements not known to the analysis software
to be taken into account and also permitted the ac-
ceptance of higher-than-minimum levels of inter-
ference.  The other type of agreement was where
one administration agreed the use of a given fre-
quency block by a T-DAB requirement of another

administration even though the software indicated
that there was a potential incompatibility with
some other service(s).

For the purposes of this exercise, it did not matter
if there were additional constraints on the agree-
ments, such as a need to coordinate the introduc-
tion of T-DAB services or to accept a time delay
before their implementation.  The fact that there
was an agreement meant that the plan synthesis
could proceed and could ignore some of the
constraints identified by the compatibility analy-
ses.  Without these agreements, there would not
have been a successful plan.

6.3.5. Fixed links at 1.5 GHz

There have been several references to the special
difficulties of achieving agreements relating to the
use of 1.5-GHz-band T-DAB allotments in France
and 1.5-GHz fixed links in the United Kingdom.
To some extent, these difficulties arose because the
format and content of the input data for other ser-
vices did not permit an adequate description of the
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directivity and bearing of the receiving antennas in
use.  This problem existed simply because of the
lack of sufficient time for the input data specifica-
tion to be extended suitably.  During the Planning
Meeting itself, there was clearly not enough time
to permit this.

The solution adopted was to use the software to de-
tect the relevant other service requirements and to
use the limited amount of data associated with
these requirements to synthesize an appropriate
but simplified receiving antenna pattern.  This can
only be regarded as a partial solution as there may
still be significant differences between the real pat-
terns and the simplified pattern which was synthe-
sized.  The final solutions in this case had to be left
to the coordination process after the Planning
Meeting was finished.

6.4. Plan synthesis

There are 59 possible T-DAB frequency blocks.
The efficient distribution of these allotments to be-
tween 700 and 800 requirements is a daunting task.
All conceivable combinations would amount to at
least 59700 choices or, expressed as a power of 10,
about 101200 possibilities, i.e. “1” followed by
more “0s” than there were requirements!  Fortu-
nately – from the point of view of the one who has
to examine these possibilities – there were usually
severe restrictions on the total number of frequen-
cy blocks available to any given requirement (on
average, about 6 available blocks per require-
ment).  This reduces the number of possibilities to
about 10600 which, nevertheless, is still a very large
number.

However, even such a large number of possible
combinations may not possess an acceptable solu-
tion.  In fact, it cannot guarantee that even one
acceptable allotment plan can be established: an
acceptable solution is a function of the configura-
tion of incompatibilities existing between require-
ments which may have available blocks in com-
mon.

This large number of combinations would suggest
the use of a fast computer in order to find solutions.
In cases where the number of blocks is compara-
tively low and the number of requirements and
their incompatibilities are relatively high, solu-
tions (if they exist at all) can be found only through
a thorough search (which takes a long time) or by
the use of “clever” quick-search methods.

However, specific “rules” for searching in an effi-
cient manner are not obvious and experience has

shown that “rules” which may work well with a
given planning configuration might not work well
with another.

Two approaches were possible:

– develop a computer search algorithm which
was complex and would thus take long running
times, or;

– develop a set of, say, 200 to 300 algorithms,
each of which would run quickly but still be
“clever” enough to find reasonable solutions.

In the event, the second approach was adopted (as
the planning Meeting was scheduled for three
weeks only).  In addition, when making this deci-
sion, it was felt that the chances of finding a good
solution using several hundred (simple) ap-
proaches might be more likely to succeed.  The use
of only one (complex) approach, while possibly
being more “clever” than any one of the simpler
ones, may not have been the best approach for the
particular planning situation being considered at
Wiesbaden.

We will not go into the details of the algorithms in
this article.  Suffice it to say that various strategies
for “compacting” the requirements in a limited
amount of spectrum were developed, based on pre-
vious experience and on planning “logic” (which
did not always seem to give consistent results!).
After numerous tests had been carried out on a
multitude of different planning scenarios, the
“good” algorithms were separated from the “not so
good” ones which were then discarded.  It was
found that not all good solutions were generated by
any one single algorithm, but rather that a small
subset of algorithms usually yielded the best re-
sults.  Nevertheless, even a “poor” algorithm may
hit the jackpot occasionally (even a blind chicken
can find a grain of corn sometimes!).

During the CEPT preparations prior to the Plan-
ning Meeting, certain other planning constraints
were deemed to be necessary; for example a dis-
tinction was to be made between “Priority 1” and
“Priority 2” requirements, as well as between three
possible levels of “preference” with respect to
available frequency blocks.  As it is turned out, due
to the initial intractability of the incompatibilities,
it made no sense to take block “preferences” into
account, and this part of the software was never
used.

During the Planning Meeting itself, further restric-
tions were imposed which had to be respected
(which meant additional computer programming,
under pressure): for example, the allotment of
block 13 C (13 D) to an allotment area “near” to
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another such area which already had been allotted
block 13 D (13 C) had to be prevented, because of
a potential incompatibility resulting from the
smaller guard band between these blocks than is
the case between other pairs of adjacent T-DAB
blocks.  These extra refinements meant an increase
in computer running time and also (with respect to
differentiating between priorities and preferences)
to a somewhat less efficient planning algorithm.

In the weeks just prior to the start of the Planning
Meeting, the synthesis program was “tested” using
the real T-DAB database (about 500 requirements)
established by CEPT project team FM 14.  This
was the first time the program had run on other than
about 80 – 100 artificially generated “require-
ments”.  Several “bugs” in the software were re-
moved but the running time remained relatively
long.  With a few corrections and further optimiza-
tion, confidence in the software was established (at
least in the eyes of the developers), and the running
time was also significantly reduced (finally to
about 5 hours for 750 requirements) to ensure an
efficient, speedy application during the Planning
Meeting.

During the three weeks of the Planning Meeting
many “partial” plans were synthesized, “partial” in
the sense that not all requirements were able to re-
ceive an allotment.  This failure was due, in large
part, to the very strict sharing conditions for T-
DAB with other services, which severely reduced
the number of available T-DAB blocks, in many
cases right down to zero.  Gradually, after many
negotiations, these restrictions were reduced or
eliminated by mutual agreement.  It followed that
more blocks became available to more require-
ments, and more requirements were able to receive
a T-DAB allocation.  This process, though efficient
in determining and helping to solve planning
“bottlenecks”, also led to some confusion.  This
was due to the fact that each new “partial” draft
Plan looked very different from the preceding
“partial” draft Plans, in part because of the general-
ly increased number of satisfied requirements, but
also because of the sometimes complete rearrange-
ment of the allotments themselves.  The latter is an
inevitable result of the optimization process, de-
fined as the accommodation of as many require-
ments as possible while simultaneously respecting
all relevant constraints.

At a point in the latter half of the Planning Meeting,
it was decided that the successful allotments of
each successive draft Plan would be “frozen” to
provide an input to the subsequent draft Plan.  In
this way, attempts could be made to find blocks for
as many as possible of the non-allocated require-

ments, at each sussessive step.  It was thus possible
to concentrate on a dwindling set of remaining in-
compatibilities at each new round of negotiations.
Following this procedure, iteratively, the Plan was
finally established.

6.5. Committee 4

Committee 4 of the T-DAB Planning Meeting had
the following tasks:

– development of the Special Arrangement text
for the operation of the Plan;

– determination of the rights to protection for the
many existing services and systems operating in
the bands designated for T-DAB;

– establishment of the responsibilities of, and the
resources required for, a central body to manage
the plan (the “Plan Management Body”).

6.5.1. Regulatory basis for the Special
Arrangement

The T-DAB Planning Meeting was convened un-
der the provisions of the ITU Constitution and the
Radio Regulations relating to special agreements
or arrangements (Constitution: Article 42; Radio
Regulations: Article 7).  These articles require that
special arrangements shall not be in conflict with
the Constitution, the Convention or the Radio Reg-
ulations and they shall be notified to the Secretary-
General of the ITU.

Existing broadcasting assignment plans, for exam-
ple the Stockholm Plan of 1961 and the Geneva
Plan of 1984, were developed by regional confer-
ences held under the auspices of the ITU and they
are managed by the ITU Radiocommunication
Bureau (ITU-R).  The “Vienna Agreement” for
frequency coordination of fixed and mobile ser-
vices in the frequency range 29.7 – 960 MHz is
notified to the ITU as a “special arrangement” be-
tween a number of European countries and has a
managing administration, although it does not in-
clude a plan.

In regulatory terms, the T-DAB Special Arrange-
ment falls between the Stockholm/Geneva plans
and the Vienna Agreement.  It will be notified to
the ITU and contains an allotment plan which will
be managed by a “Plan Management Body”, ap-
pointed by the ERC.

6.5.2. Concept of an allotment plan

An allotment plan provides a means to designate
frequencies for use within geographical areas.
Such plans are particularly useful as they pro-
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vide an equitable means of sharing the available
spectrum for the introduction of a new system
when specific details of transmitter sites or net-
works are in the very early stages of develop-
ment.  Each administration participating in the
plan is therefore provided with allotments which
it may convert into assignments in timescales
suited to meet its national requirements, without
further coordination if the proposed assignment
does not exceed the technical parameters of the
allotment.

The agreement or “special arrangement”
associated with the plan must therefore contain
procedures and specify the conditions under which
the administrations may convert their allotments
into assignments.  Further, the arrangement must
contain provisions which permit the process of
introducing changes to the plan (additional allot-
ments or modified allotments) in order to meet
changing needs.

In order to ensure satisfactory operation of the
plan, central records must be maintained of the
allotments and subsequent modifications, together
with all assignments coordinated and notified in
accordance with the provisions of the agreement.

6.5.3. Development of the Special
Arrangement Text

a) Structure of the Special Arrangement

The Special Arrangement is modelled on similar
previous agreements, for example the Stockholm
Plan of 1961 and the Geneva Plan of 1984.  The
Table of Contents is shown in Table 2.

However, additional provisions and procedures
were required to take into account that:

– the Special Arrangement contains an allotment
plan (instead of an assignment plan);

Preamble

Article 1 Definitions

Article 2 Execution of the Special Arrangement

Article 3 Annexes to the Special Arrangement

Article 4 Procedure Concerning Modifications to the Plan

Article 5 Compatibility and sharing with other radiocommunications services

Article 6 Conversion of an allotment into one or more assignments and the associated coordination and notifi-
cation procedures

Article 7 Accession to the Special Arrangement

Article 8 Scope of application of the Special Arrangement

Article 9 Notification of this Special Arrangement to the ITU

Article 10 Denunciation of the Special Arrangement

Article 11 Revision of the Special Arrangement

Article 12 Entry into force and duration of the Special Arrangement

Article 13 Cases where ratification is required

Signatures / Final protocol

Annex 1 The T-DAB Frequency block Allotment Plan

Annex 2 Technical bases for T-DAB planning

Annex 3a Basic characteristics to be communicated in order to obtain a modification to the Allotment Plan

Annex 3b Basic characteristics to be communicated for the conversion of an allotment into one or more assign-
ments

Annex 4 Technical procedures for coordination

Annex 5 T-DAB frequency block allotments in the band 87.5 – 108 MHz agreed between the administrations
concerned, but not forming part of the Plan

Annex 6 T-DAB frequency block allotments in the band 1467.5 – 1492 MHz agreed between the administra-
tions concerned, but not forming part of the Plan

Table 2
Table of Contents
of the Special
Arrangement.
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– some of the frequency bands designated by the
ERC for T-DAB are:

� not allocated to the Broadcasting Service
(230 – 240 MHz);

� subject to the provisions of other agreements
(47 – 68 MHz, 174 – 223 MHz);

� subject to special provisions of the Radio
Regulations (1452– 1467.5 MHz, Resolu-
tion 528, WARC-92);

– some administrations intend to use frequency
bands which are:

� not part of the T-DAB Allotment Plan
(1467.5 – 1492 MHz, 87.5 – 108 MHz)

b) General provisions

Many of the articles of the Special Arrangement
are “standard” provisions which specify its execu-
tion, scope, procedure for revision, date of entry
into force, duration, and the conditions for a CEPT
administration to join, leave or ratify the Special
Arrangement.  Annexes contain the Allotment
Plan, technical bases for T-DAB planning (e.g.
protection criteria) and technical characteristics
which must be supplied by the administrations in
order to obtain modifications or to convert allot-
ments into assignments.

c) Provisions dealing with assignment,
modification and notification

The articles dealing with modification of the Plan
(Article 4) and the conversion of allotments into
assignments (Article 6) contain complex proce-
dures that have a number of aspects unique to the
introduction of T-DAB.  Committee 4 established
separate sub-groups to examine carefully the pro-
cedures required and to draft the appropriate text.

There are both common and specific elements to
the procedures of Articles 4 and 6, as shown in
Table 3.

d) Technical procedures for coordination

The administrative procedures specified in Ar-
ticles 4 and 6 of the Special Arrangement require
complementary technical procedures to determine
when coordination is required and to identify
which administrations may be affected.  The same
technical procedures must be used by all adminis-
trations to avoid confusion and dispute; therefore,
these procedures must be described in detail and
included as provisions within the Arrangement.

Procedures common to Articles 4 and 6

Identify the administrations (if any) whose services
may be affected by the proposed assignment/
modification

Send a request for coordination to these identified
administrations, with a copy to the Plan Management
Body for “publication”

Exchange additional technical details, if required

Reach agreement with all the administrations iden
tified as potentially affected by the proposed assign-
ment/modification, including any additional admini-
strations which may have responded to the published
information

Notify the Plan Management Body that coordination
has been successfully concluded

The Plan Management Body to update the Plan or
Assignment List (as appropriate)

Additional provisions in Article 4

Define what constitutes a modification

Specify the procedure to be followed, should an
administration not reply to the coordination requests

Give timescales

Additional provisions in Article 6

Describe the basic principles of how to convert allot-
ments into assignments

Give the procedures to be followed for cases where
coordination is not required, that is when the assign-
ment is within the parameters of the allotment

Give the procedures to be followed for cases where
coordination is required

Coordinate new assignments with other radio-
communications services

Give instructions for notifying the assignments to the
Radiocommunications Bureau of the ITU, including
T-DAB assignments in non-broadcast bands, and
T-DAB assignments in bands subject to the Stock-
holm and Geneva Plans

Define the status and degree of protection of T-DAB
assignments between signatories to the Special
Arrangement and between signatories and non-
signatories (see Section 6.6.).

The technical procedures must be developed from
the planning principles and from the methods used
to develop the Plan, which are extremely complex
as they take into account the different protection
requirements of other services from and to T-DAB,
in addition to protection between T-DAB allot-
ments.

Unfortunately, there was insufficient time to de-
velop detailed technical procedures during the
Planning Meeting.  An interim procedure was de-
veloped to meet initial coordination requirements
but this considers the “worst case interference sce-

Table 3
Elements that are both

common and specific
to Articles 4 and 6 of
the Wiesbaden Plan.
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nario” and will result in many unnecessary co-
ordination requests.  The ERC has subsequently
established a project team, ERC/PT19, to develop
more detailed and flexible technical procedures to
replace the interim procedure contained in Annex
4 of the Special Arrangement (see Section 7.2.)

6.6. Protection Rights

The frequency bands designated by the ERC for
the introduction of T-DAB are shared with existing
services or, in some cases, are adjacent to bands
allocated by other services potentially at risk from
interference mechanisms such as receiver block-
ing or out-of-band-emissions from T-DAB trans-
mitters.

In preparation for the Planning Meeting, protec-
tion criteria for most existing services had been de-
veloped and details of the existing services had
been supplied on diskette by each administration.

It became clear in the early days of the Meeting that
it would be necessary to consider, on a case-by-
case basis, each of the existing services or systems
to determine if they had the right to protection from
T-DAB.

The examination was based on the provisions of
the Radio Regulations, taking into account the ser-
vice category of the system (broadcast, mobile,
fixed); the allocation category (primary, per-
mitted, secondary); the status of allocations in
footnotes of the Regulations; and whether assign-
ments had been coordinated between the admini-
strations or registered in the (ITU) International
Frequency Register.

In addition to the status of existing systems in rela-
tion to the development of the T-DAB Plan, con-
sideration had to be given to the rights of new T-
DAB allotments requested as modifications to the
Plan and the rights of other radiocommunication
systems requiring new assignments after the Plan-
ning Meeting.

Some examples of the cases considered are given
below to illustrate the regulatory complexities in-
volved:

Existing television transmitters notified and
conforming to the Stockholm Plan clearly have
the right to protection.  However, the technical
characteristics of T-DAB do not conform to
those specified in the Stockholm Plan.  New as-
signments to stations in conformity with the
Stockholm Plan could have a higher status than
T-DAB assignments;

One band designated for T-DAB is used in some
countries for transportable links.  In this band,
the Regulations provide a secondary allocation
for fixed and mobile services and a footnote
provides a permitted allocation for land mobile.
Transportable links would be treated as second-
ary and not protected if considered as a fixed
service or, if land mobile, would be treated as
permitted and protected.

T-DAB assignments in the band 230 – 240 MHz,
which is not allocated to the broadcasting ser-
vice, must operate under the provisions of
No. 342 of the Radio Regulations (in effect: no
protection, no interference).

Committee 4 prepared a document for Plenary
which set out the general principles for the right to
protection for other services and T-DAB.  For
example, it was proposed that, in relations between
signatories to the Special Arrangement, T-DAB
assignments in bands designated by the ERC for
T-DAB and conforming to allotments agreed dur-
ing the Planning Meeting should have the right to
operate and to be protected.  The Allotment Plan
takes into account the protection requirements for
existing assignments to other services.

This assisted in resolving all but the most complex
cases.  These required separate negotiation be-
tween the administrations concerned.  The prin-
ciples contained in this document may be used by
the administrations in future development of the
Plan.

6.7. The Plan Management Body

As described earlier, the implementation of the
Plan will involve conversion of allotments into
assignments and modifications to the Plan.  An
essential element of any plan is to ensure that it is
managed in an orderly way by a central plan man-
agement body, responsible for recording changes
and circulating notices of proposed changes to
other signatories for information and comment.  In
some plans, the management body may have addi-
tional responsibilities to examine notifications, to
ensure that they conform to the provisions of the
arrangement and to assist signatories in the ap-
plication of the procedures.

The Radiocommunication Bureau has responsibil-
ity for managing the Stockholm and Geneva plans.
However, as noted in Section 6.5.3.a, there are cer-
tain regulatory aspects which could cause the
Bureau some difficulty in applying the provisions
of the T-DAB Plan.  In addition, there would be dif-
ficulties in deciding how the costs incurred by the
Bureau could be attributed fairly between only
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those ITU Members that would benefit from this
work.

Committee 4 prepared a document describing the
tasks of the Plan Management Body and an esti-
mate of the resources required.  Based on this doc-
ument, the Planning Meeting proposed, and the
ERC subsequently agreed, that the European
Radiocommunications Office (of the CEPT)
should undertake the responsibilities of the Plan
Management Body.

7. Activities after the Planning
Meeting

7.1. Analysis of results

7.1.1. General

The T-DAB Planning Meeting in Wiesbaden
provided frequency allotments for more than
750 requirements.  In general, it can be con-
cluded that most countries have their first prior-
ity for national or large regional coverage in
Band III and their second priority for regional or
local coverage in the 1.5-GHz band.  A notable
exception is France which requested and re-
ceived all of its requirements in the 1.5-GHz
band.  Countries around the North Sea, the Atlan-
tic (with the exception of France) and the Nordic
countries also have (part of) their second priority
allotments in Band III.

In the VHF band, most of the allotments are in the
range 223 to 230 MHz (channel 12) which, in
many western European countries, will become
available in the short term.  However, in eastern
Europe generally and in some parts of western Eu-
rope, T-DAB in this range can only be implement-
ed after the channel 12 television transmissions
have been closed.  This is unlikely to occur in the
coming years.  In some countries, these are also
allotments to T-DAB below 223 MHz and in the
range 230 – 240 MHz (also known as channel 13).
In only two cases have frequency blocks in Band I
and Band II been allotted.

In the 1.5-GHz band, most allotments are within
the range 1452 – 1467 MHz.  In four cases, there
was no solution other than to make an allotment
above 1467 MHz.

The number of allotments in the different bands are
summarized in Tables 4, 5 and 6.

7.1.2. Presentation of results

At the end of the Planning Meeting, the DACAN
database contained all data relevant to the Plan.

A post-processing software was developed at the
ERO for analysis of data and for presentation of
the Plan.  Two hypertext files were generated, one
in the HTML format and the other in Windows
Help (WinHelp) format.  The HTML file is avail-
able on the ERO’s World Wide Web site
(http://www.ero.dk), while the WinHelp version
has been added to a CD-ROM (DACAN Septem-
ber 95) containing all data and software used dur-
ing the Planning Meeting.  As agreed by the Plan-
ning Meeting, access to this CD-ROM is
restricted to CEPT administrations.  A public ver-
sion will be produced by the ERO in 1996 as one
of the functions of the Plan Management Body.

7.2. Conversion of an allotment
into assignments

In very simple terms, an allotment gives a country
the right to use a frequency block to provide a T-
DAB service (containing up to 6 programmes)
within a defined area, which may be the whole
country or only part of it.  However, the T-DAB
service must actually be implemented by a set of
transmitters and it is extremely unlikely that these
could occupy the same physical locations or have
the same electrical characteristics as the “transmit-
ters” which were represented in the reference net-
works.  This is, perhaps, especially true at VHF
where the reference networks contained transmit-
ters which were, by implication, located on the

Band Number of
allotments

Number of
allotments with a
reference to an

agreement

Band I 1 0

Band II 1 0

Band III 278 205

1.5 GHz 467 177

L + 4 0

Total: 751 382

Band Percentage of the
total number of
allotments (%)

Percentage of
allotments with a
reference to an
agreement (%)

Band I 0.13 0.00

Band II 0.13 0.00

Band III 37.02 73.74

1.5 GHz 62.18 37.90

L + 0.53 0.00

Total: 100.00 50.87

Table 4
Number of allotments
in the different bands

(absolute figures).

Table 5
Number of allotments
in the different bands

(relative figures).
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Admini-
stration

Band
I

Band
II

Band
III

1.5
GHz

L +
(note)

ALB 1 1

AUT 7 11

BEL 7 6

BIH 1 1

BUL 5 8

CVA 1 1

CYP 1 1

CZE 2 1

DNK 7

D 22 102

EST 1 4

E 19 19

FIN 21 2

F 128

GRC 5 4

G 8 1

HNG 5 7

HOL 5 1

HRV 7 9

IRL 2

ISL 2

I 21 21

LIE 2

LTU 1 5

LUX 1 1

LVA 1 4

MCO 2

MDA 1 1

MKD 1 1

MLT 3

NOR 8

POL 1 17 49

POR 15

ROU 11 11

SMR 1 1

SUI 6 33

SVK 3 1

SVN 2 2

S 26

TUR 6 6

UKR 25 25

Note: Outside the 1.5 GHz band.

very boundaries of the territory to be served – and
which radiated very little power outside that terri-
tory.  This somewhat artificial construction was
adopted in order to make the planning easier.  Of
course, it has the side-effect of making the imple-
mentation more difficult.

The challenge facing the CEPT project team which
is preparing the relevant procedures (ERC PT 19)
is thus quite considerable and is unlikely to be re-
solved easily.  However, it can be expressed rela-
tively simply.  How can one ensure that the cumu-
lative interference from the set of transmitters
needed to implement a T-DAB service does not
cause excessive interference to other T-DAB allot-
ments or to other services while at the same time
actually achieving its own service targets?

In addition, there is the complication that during
the Planning Meeting there were more than 5000
agreements between the administrations relating
(in one way or another) to the acceptance of some
degree of (mutual) interference.  The content (or
intent) of these agreements must also be respected
during the implementation process.  To add even
more complication, there are some cases where
implementation could take place without any con-
sideration of interference to other services or to T-
DAB.  Even here, constraints usually need to be
observed in order to provide enough flexibility for
future development of T-DAB.

At the time of writing this article, a draft set of pro-
posals has been prepared to deal with each of the
problems outlined above.  However, they are com-
plex and it is important that their application
should not lead to anomalies.  For this reason, they
are being considered and tested theoretically to
ensure that they meet, as far as possible, the mutu-
ally-conflicting aims of preserving the rights of
other users of the spectrum while not unduly
restricting the development of T-DAB services.
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Code Description Count

M2 Mobile services – narrow band FM (12.5 kHz) from two or more T-DAB blocks 28301

T2 B/G-PAL television (VHF) 3000

F2 Civil fixed links analogue (1.5 GHz) 2062

T7 B/G-PAL television (VHF) – NICAM 1098

T6 D/K-PAL television (VHF) 1067

T3 D/K-SECAM television (VHF) 1011

MA Land mobile (173 – 174 MHz) 803

S1 Wide-band FM sound mono 669

ME Military air-ground-air system analogue (230 – 243 MHz) 598

S2 Wide-band FM sound stereo 568

MT Military mobile/fixed (tactical) services 551

F3 Civil fixed links digital (1.5 GHz) 473

MB Military narrow band FM analogue (47 – 68 MHz) 304

T4 L-SECAM television (VHF) 209

MU Mobile radio – low power devices 184

R1 Medical telemetry service (223 – 225 MHz) 112

FA Special Service in Finland (FIN) 91

MM Military tactical links (1.5 GHz) 68

F1 Civil fixed service (VHF) 58

T1 I-PAL television (VHF) 55

SB Civil fixed links (50 kHz) (SUI) 54

ML Military fixed services (230 – 243 MHz) 48

MI Mobile Navy analogue (230 – 243 MHz) 37

YC Air-Ground-Air 1 (F) 36

SC Civil fixed links (250 kHz) (SUI) 33

MF Military air-ground-air system digital (230 – 243 MHz) 32

MC Military narrow band FM digital (47 – 68 MHz) 31

YZ Video DGPT (F) 25

YF Tactical Radio Relays (F) 17

SD Civil fixed links (500 kHz) (SUI) 17

MG Military air-ground-air system frequency hopping (230 – 243 MHz) 15

MJ Mobile Navy digital (230 – 243 MHz) 14

R3 Mobile service – remote control (223 – 225 MHz) 13

YD Air-Ground-Air 2 (F) 12

MK Mobile Navy frequency hopping (230 – 243 MHz) 12

YY Short range systems DGPT (F) 8

Table 7
Total numbers of

protection require-
ments to other

services
(continued overleaf).
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Code Description Count

MD Military narrow band FM frequency hopping (47 – 68 MHz) 8

R4 Cordless telephones (Band I) 7

T5 B/G-SECAM television (VHF) 5

YX Video SNCF (F) 5

MN 243 MHz distress frequency 4

M1 Mobile services – narrow band FM (12.5 kHz) from single T-DAB block 4

MQ Military air-ground-air system analogue (230 – 243 MHz), –1 dB 2.625 MHz 4

MR Military air-ground-air system analogue (230 – 243 MHz), –1 dB 2.500 MHz 4

AL Aeronautical radio navigation service (above 108 MHz) 2

DA Aero Safety Service (D) 1

YG Safety and distress (F) 1

YW Aeronautical Telemetry (F) 1
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services
(courtesy of the ERO).


