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Wiesbhaden '95 revisited

- T-DAB planning parameters, reference networks
and frequency-planning algorithms

T. O’Leary
EBU Technical Department

As a follow-up to the two previous articles in EBU Technical Review about
Wiesbaden ‘95 [1][2], the author describes the EBU Systhesis computer program
that was developed for allotting T-DAB frequency blocks during the Wiesbaden
planning process.

1. Introduction

The CEPT ! held a T-DAB 2 Planning Meeting in Wiesbaden during three weeks in July 1995
(referred to as Wi'95 hereafter). There was a great deal of preparatory work by both the CEPT
and the EBU, which was carried out before the actual distribution of frequency allotments
began.

To a large degree, the planning of T-DAB at Wiesbaden was different than at some of the other
recent terrestrial planning conferences held in Region 1, e.g. for VHF/FM in 1984 or the African
Television Conference in 1989. In particular, because of the newness of T-DAB and its digital
characteristics, interference assessment and coverage planning were concepts which had to be
restructured, if not reinvented, as the planning process progressed. Indeed, at the beginning
of the planning studies, there were not even any frequency bands available for the proposed
new service; it was only during the preparatory period that a gradual outline of suitable fre-
guencies, the necessary number, and their (eventual) availability, became clear.

Because of the additional dearth of information concerning transmitter sites and related radia-
tion characteristics, it was decided quite early to rely on allotment planning methods, rather
than the usual individual-assignment planning methods. This need, plus the novel “proper-
ties” of wideband digital systems, gave rise to the development of the idea of a “reference net-
work”, which exploits the single frequency network (SFN) concept. This concept derives from
the digital characteristics of T-DAB which allow identical signals from two (or more) transmit-
ters to “add” in many circumstances, thus providing a stronger signal than either (or any)
would provide alone. In this way, it was possible to plan for full wide-area coverage using a
single frequency for any given allotment area.

In order to start a “viable” T-DAB service in any country, it was felt that the availability of at
least twelve programmes would be imperative at all receiving sites. Thus, two distinct T-DAB

1. European Conference of Postal and Telecommunications Administrations.

2. Terrestrial Digital Audio Broadcasting.
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blocks (each providing six high quality programmes) were found necessary to provide the
minimum number of programmes in all allotment areas in Europe. Because of the propensity
for interference to arise between different T-DAB signals on the same frequency (in this
respect, T-DAB is not unlike any other broadcasting service), it was necessary to have access to
a sufficient number of T-DAB frequency blocks so that, through physical separation of the co-
frequency allotments, the predictable disruption of service could be avoided.

As mentioned above, no T-DAB dedicated band was available for planning this new service. It
was thus incumbent on the CEPT and frequency planners to “make room” for T-DAB in the
already overfilled broadcasting bands. This initially lead to the selection of certain “pre-
ferred” T-DAB blocks in Bands I and 11 (television channels 2 to 12); eventually, due to extreme
need, a new “channel” - the so-called “channel 13 (230 - 240 MHz) — was also permitted in
some countries for T-DAB use. Furthermore, the 1.5 GHz band was partitioned in order to
allow T-DAB services in the lower 15 MHz (1452 - 1467 MHZz).

Needless to say, this pot-pourri of frequency possibilities, scattered over nearly 1500 MHz, lead
to enormous planning difficulties — especially since, in all the bands considered, large num-
bers of “other” services were often present. Thus, suitable compatibility-sharing criteria had
to be developed and, then, respected.

At Wi'95, the compatibility question was treated in two phases. The first phase, compatibility
between T-DAB and other services, was solved by applying the agreed compatibility criteria
and thus avoiding interference by reducing the number of T-DAB blocks that could be allotted
to any given T-DAB requirement. The remaining “available” blocks were then treated during
the second phase, whereby they were allotted on the basis of non-interference between T-DAB
services. This was done with the help of a computerised allotment algorithm which will be
described below.

Since Wi'95, there has been growing interest in providing a third allotment in certain CEPT
countries. To this end, and to ensure a fair distribution of frequencies to all CEPT countries,
the CEPT has called for another T-DAB Planning Meeting, to be held in the near future. For
this new allotment, the CEPT has decided to use seven additional blocks in the 1.5 GHz band,
situated adjacent to, and immediately above, those blocks at 1.5 GHz already used at Wi’95.

It may be thought that the next round of allotments will be quite easy in view of the prepara-
tions and planning already carried out in the years leading up to the Wiesbaden Planning
Meeting in 1995. However, this article will point out a few of the remaining or new problems
which have to be solved, as well as giving an overview of some of the computer planning
algorithms used for the allotment process.

2. Planning parameters

Most of the planning parameters needed for the 1.5 GHz band were already established and
agreed at Wi'95. However, in the aftermath of the conference it has been determined that the
receiver noise figure should be about 3 dB higher than what was originally planned for. Cer-
tain adjustments during the T-DAB implementation phase, that is when establishing the actual
transmitter networks, will be necessary to compensate for this increase. But to ensure a more
efficient planning for future allotments using the additional T-DAB blocks (i.e. in the year
20007?), it will be necessary to correct this value.

The protection ratios for T-DAB versus T-DAB will probably remain as originally agreed but
additional protection ratios will undoubtedly have to be determined vis-a-vis new “other
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services” which will be using the same (or nearby) frequencies, as soon as these other services

and their technical characteristics become known.

3. Reference networks

Due to the differing propaga-
tion conditions between VHF
and 1.5 GHz, a certain advan-
tage may be seen in using the
1.5GHz band for “smaller”

Border of the coverage area

Interfering field strength is
calculated along this line

coverage areas. In fact, for 17 km i
i, < >
Wi'95, two separate reference O
networks were established ‘ 30 km

for VHF and 1.5 GHz: a 60 km !
transmitter separation for
VHF and a 15 km separation
for the 1.5 GHz reference net- Land
work. This 15 km separation
distance for the 1.5 GHz band
gives rise to about a 30 km
coverage radius (see Fig. 1).

Distance from the ‘
border of the SFN

Land or sea

Figure 1
Wi’95 reference network for the 1.5 GHz band.

At present, it is being considered whether the reference network shown in Fig. 1 should be
modified, for at least two reasons. Firstly, as noted in Section 2, the original receiver noise fig-
ure used at Wi’'95 has been found to be too low. A necessary increase of 3 dB would require
some modification to the network in order to reflect the related increase in minimum equiva-
lent field strength. In addition, due to a recent increased interest in smaller-area local services,
it may be wise to perhaps foresee an additional choice (or choices) of reference network(s) in
order to increase spectrum utilization in such cases. Much further work is needed in this area.

4. Frequency assignment algorithms

4.1. General

Frequency assignment is very simple, on the surface. All that must be done is to associate par-
ticular frequencies with particular service requirements, making sure that no two require-
ments having the same frequency are incompatible with each other. The problems arise when
there are only a limited number of distinct frequencies to work with. It is similar to the task of
covering the smallest area with a set of randomly-shaped tiles, using all of the tiles (only it’s
harder). This might be relatively easy if all the tiles had the same regular shape and could
thus be fitted together with no gaps, but it requires many attempts and manipulations if the
tiles’ shapes are sufficiently irregular (think of a jigsaw puzzle where half of the pieces have
been replaced by pieces from other puzzles!). It helps if you can find a set of rules (an “algo-
rithm’’) which has some common-sense basis.

Nowadays, problems needing lots of calculations or manipulations are usually solved with
high-speed, high-capacity computers. And the frequency assignment problem, with its many
intricate sets of compatibilities and incompatibilities, is one of them!
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Much has been written about frequency assignment algorithms [3]. Methods range from com-
plete exhaustive searches, to highly theoretical graph-theoretic methods (applying efficient
mathematical shortcuts to examine subsets of a complete search), and from Monte Carlo
methods [4] to intuitive methods. Even though these approaches (except the first) examine
only a minuscule subset of the total possibilities, their application can often require large com-
putation times.

Although the quest for rapid, efficient algorithms has been underway for many years (the
new Holy Grail?), it seems that at least some frequency planners are not yet completely satis-
fied — because the quest still continues. The basic reason for this is the fact that many algo-
rithms are “situation oriented”, i.e. they are “optimal” for solving certain types of problems,
but not for others. Even a highly-developed algorithm (often with relatively long computer
runtimes) may find a solution inferior, on occasion, to that found by a less highly-developed
algorithm which, at the same time, is also often quicker. It is basically for this reason that the
EBU has developed a frequency-synthesis program which consists of a large number of rela-
tively simple (and thus fast) algorithms which (hopefully) will yield a (near) optimal solution
quickly 3.

4.2. Intuitive description of an assignment process
4.2.1. It all adds up

When children learn basic addition at school, they learn it as a sequential binary process (not
digital binary, but rather operational binary). That is, they learn to add the first two numbers
of the set to be added (the addends), take the result and add it to the next addend, and so on
until the final sum is reached. It would be much too complicated in general to add all the
addends (if there are more than 2) simultaneously. (For some Kids it’s even too difficult to do
so with only two addends! ) Likewise, the assignment procedure used in the EBU algorithms
is a sequential approach, making one assignment at a time. Of course, just as the addition of
many addends may be done more simply by adding selected pairs first (those summing to
multiples of 10, for example), it may be propitious to associate (or not) particular requirements
at the beginning, or thereafter, as appropriate. This requires a certain in-sight (or luck) to be
able to know which are the simplifying associations.

4.2.2. Boxing stones

To give an analogy, which is really not that much different from the frequency assignment
process, consider the task of filling a given box (or a set of boxes) with a large number of
stones of different sizes and shapes. One method to do this would be to put random stones
into random boxes and hope that no stones are left over at the end. (This approach could be
carried out “all at once” and then could be called the “avalanche approach™!).

3. Asaresult of experience at Wi'95, it could actually be questioned whether a complicated, long running algorithm
would have really been required at all during Wi'95. For the first two and a half weeks (out of a total of three),
the number of requirements exceeded by far the capacity of the available T-DAB frequency blocks. In this case,
even a complete search would not have yielded a solution.
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4.2.3. Ordering stones

Another “common sense” approach might be to first put the large boulders into the boxes and
to fill the remaining interstices with the smaller stones and pebbles. Once again, it would not
be possible to put all the stones into the boxes simultaneously in the correct space-saving
manner. Usually this would require a certain amount of pre-reflection, or even post-manipu-
lation, at each step. Thus, a sequential approach suggests itself here also. To do this in an
orderly common-sense fashion, the stones could first be sorted according to size (largest to
smallest) and then boxed in that order. This could be called the “Largest First” approach.
Doing the ordering in the opposite direction could be called the “Smallest First” approach.
Even here, there might be reasons to “jump ahead” sometimes and take a nice subset of peb-
bles which all fit together and put them, as a whole, into a hole into which they just fit, pre-
cisely. Otherwise, if the pebbles wait their normal sequential turn, they might be dispensed in
a less space-saving fashion.

4.2.4. Ordering boxes

A strategy might also be developed for determining the order in which the boxes are to be
filled. For example, it might be efficient to fill the first box as far as possible before starting the
second box, then filling the second box as far as possible before starting the third, and so on,
only returning to previous boxes when the sizes of the stones have reached a point where they
may be put into the remaining (small) gaps. This could be called the “First Available”
approach. Another strategy might be to fill the boxes in a (relatively) uniform way so that, at
any given step, a stone is placed in the box (having sufficient space, of course) in which the
least number of stones has already been attributed. This could be called the “Least Heavily
Occupied” approach. Yet another strategy might be to load, preferentially, those boxes
already having the largest number of stones, when possible. This could be called the “Most
Heavily Occupied” approach.

Still another more complicated, approach would be to determine at each step, as the assign-
ment process progresses, how many of the remaining stones would fit individually into each
box, assuming that none of the other remaining stones were to be taken into account. We
could say that entry to a given box is “requested” by a certain number of stones. And then we
could attribute stones to boxes according to a “Most Heavily Requested” or *“Least Heavily
Requested” principle. The reader may have noticed that although these two approaches are
also simple, it requires a little bit of extra work after each assignment to re-evaluate the “occu-
pancy” and “requestedness” of the boxes, i.e. there is a continual change which may or may
not alter the future ordering of the boxes.

4.2.5. Chaos out of orders

The next simple extension would be to order the selection of the stones and also to order the
selection of the boxes. In Sections 4.2.3 and 4.2.4 above, two possibilities for ordering stones
and five possibilities for ordering boxes, respectively, were described. If we take all possible
combinations of stone order and box order, we arrive at 2 x 5 = 10 possible “filling algo-
rithms”.

Furthermore, we might order the stones not only on the basis of size but rather on the weight,
or the colour or whatever of the stones, if it were thought that these properties were associated
somehow with efficient packing. We then could take all possible combinations of stone and
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box orderings which could lead, some might say to chaos, but in any case to a large number of
“filling algorithms”, depending only on our inventiveness. Fortunately this “chaos” can be
mastered by a computer which is especially suited for such intricacies.

It is possible to evaluate the results of resolving this “chaos”. If the “filling” algorithms are
efficient (or at least one of them is) there should be no stone which has not found an appropri-
ate box (assuming of course that such a solution exists at all). Those algorithms which accom-
modate a larger number of stones are “better” than those which only accommodate fewer.

If there is no single algorithm which is “best” all the time, it is obvious that using more than
one is preferable. An algorithm which is never good can be disregarded. To determine the
“quality” of the algorithms it is necessary to carry out many tests on many configurations. Of
course, if a configuration is very complicated, the optimum result may not be known (if it
were, then the algorithms wouldn’t be needed! ) and so the extent to which an algorithm is
“perfect” cannot always be precisely judged.

4.3. Outline of the general approach

To get back to frequency assignment for a moment, we can make the above analogy more
meaningful if we associate “largeness of stone” with “incompatibility of requirement”. Here
we mean the global incompatibility of the requirement, i.e. the total number of incompatibili-
ties that it has with all the other requirements. After all, it is this incompatibility which pre-
vents the relevant requirements from sharing a given frequency. This association also
indicates why frequency assignment is so much more complicated when compared with
putting stones into boxes. “Largeness” in frequency assignment is related to the existence of
the other requirements, and the “boxes” can become smaller with time. For example two
“large” requirements may be able to fit into the same box (i.e. have the same frequency) ,
whereas one “small” one may not, because of previous frequency assignments.

To give a pictorial representa- |
tion of the global incompati-

bility situation, use is often

made of a graph consisting of

vertices (the requirements )

and lines (called edges) con-

necting some of those verti-

ces. Two vertices are A
connected by edges if the cor-

responding requirements are
incompatible. See Fig. 2

where, for example, require-

ments “A” and “B” are
incompatible (there is an e
edge between “A” and “B”)

whereas requirements “A”

and “H” are compatible (no Figure 2
edge between “A” and “H”). Incompatibility graph for 9 requirements.

It should be clear visually from Fig. 2 that requirements “A”, “D” and “E” cannot share the
same frequency; indeed three distinct frequencies would be necessary just for these three
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requirements. A further inspection shows that three frequencies a, 3 and y would be neces-
sary to make a complete assignment as shown in Table 1.

Of course, many other 3-frequency distributions can also be
found with a few seconds of thought. A more complex dia-
gram with over 700 vertices (i.e. requirements) # would take A a
a little longer!

Requirement Frequency

Y

This graphical type of representation is not suitable for com-
puter manipulations, but can be made so by using an equiva-
lent matrix representation as shown in Table 2. Here,
incompatibilities between two requirements, X and Y, are
indicated by an entry “1” at the intersection of the Xth row
and the Yth column, and at the intersection of the Xth col-
umn and Yth row (for the purposes of ease, symmetry
around the main diagonal is introduced). Similarly, compat-
ibility is indicated by a “0” entry. A computer can easily be
told how to manipulate sets of “0s” and *““1s” such as these.

I  |mMm m O O|®m
Q|| ao|lm|<

By summing the 0Os and 1s in a given row, one can find the I
total number of incompatibilities associated with the corre-
sponding requirement. For example, row “A” sums to 3, row Table 1 .
“B” sums to 4, etc. These values indicate the “largeness” of f;ﬁf:?::’,{.iass'gnme"t

. SLoar . g. 2.
the global incompatibility of the requirement, and can be
used to effect assignment ordering, e.g. “B”, “A”, “D”, “E”,
“C”, “F7, “G”, “17, “H” in descending order (“Largest First”), or “H”, “I”, “G”, “F”, “C”, “E”,
“D”, “A”, “B” in ascending order (“Smallest First”). Experience has shown that a “Largest
First” approach contributes far more often to good assignment results than does a “Smallest
First”.

Q

However there are also many

. A | B D E F H | M
other ways of ordering these ¢ G U
requirements. For example,a | A 0 1 0 1 1 0 0 0 0 3
Lar,(_’:jest First” and “Smallest B ] o ] 5 ] o 5 o ] a
Last” ordering would be

equivalent if the counting is C 0 1 0 1 0 0 0 0 0 2
done as in Tab‘!e 2. Buta dlt-’ = 1 o 1 o 1 o o o 5 3
ferent type of “Smallest Last

can also be devised if, once E 1 1 0 1 0 0 0 0 0 3
the “smallest” requirement is E o o o o o o 1 o o 1
determined and put at the

end of the list, its contribu- G 0 0 0 0 0 1 0 0 0 1
tions to the interference H 0 0 o 0 0 o 0 o o o
weight of the remaining

requirements are deleted, and I 0 1 0 0 0 0 0 0 0 1
a new ordering of these Table 2

requirements is determined Matrix representation of the incompatibility graph shown in

on this basis. Then the new Fig. 2.

“smallest” is placed at the

next-to-last position on the ordering list, and so on. This is called “Dynamic Smallest Last”
ordering. Although, at first sight, this may seem a trivial modification, in fact it can lead to
substantial reorderings which often contribute to “very good” assignment results. Similarly a
“Dynamic Largest First” ordering can also be envisaged.

4. As was the situation at Wi'95.
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In the same way, other requirement orderings can be devised, based on other considerations,
such as including incompatibilities (due to prior assignments) with available channels, when
performing the ordering evaluation.

With respect to requirement ordering, a comment should be E
made here. We first define a term often used in the more tech-
nical literature. A “clique” is a set of requirements each of
which is incompatible with all others in the set. The “size” of
the clique is the number of requirements belonging to it.
Fig. 3 gives a graphical representation of a clique of size 5.

It is clear that such a clique would require 5 distinct frequen-
cies (and no fewer) in order to obtain an assignment plan with
no incompatibilities. Thus, if we can determine the largest
cligue contained within a set of requirements, we know right
away the minimum number of distinct frequency channels
which will be needed. Knowing the members of the largest Figure 3
clique, it seems obvious that a channel assignment for these Clique size of 5.
should be made at first ®, because otherwise other blockages
may occur which could force the minimum number of needed
channels to increase. This may happen anyway, as the exam-

ple in Fig. 4 shows. With a little reflection, it should be clear
that two frequencies (corresponding to the maximum clique
size) will not suffice . A

The methods of ordering the frequencies (called “boxes” in

Section 4.2) also can be extended in similar ways. For exam-

ple, not only could one use “First Available”, “Least Heavily

Occupied”, “Most Heavily Occupied”, “Least Heavily

Requested” or “Most Heavily Requested”, we can also use B
combinations such as “Least Heavily Occupied” and “Least C

Heavily Requested” etc. ]
Figure 4

Clique size of 2:

One problem with a sequential approach, already alluded to frequencies needed = 3.

in Section 4.2, is that what you do at one point in the assign-
ment process will undoubtedly affect your possibilities at a
later point. Sometimes this problem is addressed by using “backtracking” techniques [5]. The
EBU algorithms also apply such techniques but only to a limited extent. The disadvantage is
that, the more you backtrack (i.e. “undo”, successively, previous assignments), the more time-
consuming the algorithm will become, in general. And since a “bad” decision may have been
taken at a relatively early point in the assignment process, effective backtracking could be
very costly in terms of computer runtimes.

Another form of backtracking might be called “forward looking”. “Forward looking”, in its
most obvious application, can be just as wasteful of computer runtimes as backtracking (they
are almost the same procedures, really). However, other forms of “forward looking” can also
be envisaged. The EBU algorithms also include such approaches. One of the methodologies
uses a probabilistic formulation to estimate the probable “amount of damage” that may be

In fact, the best assignment results usually arise when making these allotments first.

6. This is easily seen as follows. If frequency a is assigned to "A", it cannot also be assigned to either "B" or "E".
Assigning the second frequency B to "B" and "E", we find that "C" and "D" — being incompatible with B and D
respectively — must be assigned frequency o; but "C" and "D" are mutually incompatible and thus cannot have
the same frequency. Therefore a third frequency y must be used.
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done to future possibilities, when making one assignment choice as compared to another
choice. Still another methodology treats the processed assignment channelling, and the list of
waiting assignments, as a type of “electrical circuit” whereby a “least resistance” calculation is
made and assignments are performed on this basis. These and other methodologies which
have been devised are of course somewhat more demanding of computer time but, neverthe-
less, are often quite effective.

Further work is also being devoted to developing still other, perhaps more efficient, allotment
algorithms.

4.4. Complications

Taking all possible combinations of the ordering procedures described in the previous para-
graph leads to around 1000 distinct algorithms in the EBU Synthesis program. The running
time for about 750 requirements at Wi’95 was about three hours, using a PC with a 66 MHz
speed.

One complication, that will only be mentioned here, is that of the possibility of adjacent chan-
nel interference. The adjacent channel protection ratio is between — 30 and — 35 dB for both
the VHF and 1.5 GHz bands. This means that no problems would arise when transmitting
adjacent channels from the same site (not necessarily on the same antenna, though), as long as
the powers were close enough together in magnitude. Problems could arise in overlapping
service areas served by adjacent channels, at points where the difference in power levels
becomes sufficiently large. Possible problems of this nature can be taken into account during
the conversion process, when implementing T-DAB stations within an allotment area. If the
adjacent channel protection ratios were sufficiently large, however, there would be a need to
take this into account during the frequency allotment process itself. This could be done, if
necessary, by making slight modifications to the algorithms described in the preceding sec-
tion.

However, further unexpected
complications can also arise
(and did arise during Wi’95).
For example, because channel
13, having only 10 MHz spec-
trum available, was not quite
large enough to cater for six T-
DAB blocks in the usual way,
it was decided to reduce the
guard band between the
blocks labelled “13C” and
“13D” in order to make room.
This meant that two allotment
areas “near” one another
could not be assigned block
13C and block 13D, respec-
tively. Such an additional
restriction led to the need to
modify the algorithms (under
extreme pressure, as this
restriction arose and was
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terrestrial network and satellite plan-
ning.
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planning. He returned to the EBU in 1990 and was involved
in T-DAB planning, WARC'77 BSS replanning and other
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Terry O’Leary is currently working with EBU Project Group B/
TAPI (Terrestrial Allotment Plan Implementation), preparing
for the next CEPT DAB Planning Meeting.

decided upon only during the Planning Meeting itself). It is hoped that this sort of “short
notice complication” will not occur during the next session.

o % & %
1 P R R I

EBU Technical Review - Winter 1998
T. O'Leary

=w Amef=1 U~ YW | H®




SPECTRUM PLANNING

Conclusions

Although most of the necessary investigations that were completed in the time leading up to
wi'95 will still be valid, as can be seen from the above discussion, there is still much further
work to be done in preparation for the next, 379 Priority, T-DAB allotment plan. Although the
time is short (less than two years?) there should still be enough to be well prepared, if this
work begins as soon as possible.
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