T-DAB

in the UK

— overcoming the spectrum planning and interference issues

Mark Thomas
Director of Engineering, UK Radio Authority

The roll-out of T-DAB in the UK is proceeding rapidly, with a large proportion of the
population now within range of a wide choice of digital radio programme services.
The main drivers for reaching this stage have been a mixture of industry resolve,
consensus, long-term vision and investment - catalysed by well-constructed
incentives.

This article looks at the background to the UK's frequency plan, then looks more
closely at two areas of work undertaken by the UK Radio Authority to control
interference between the transmissions of different multiplex operators.

Another Christmas for DAB?

What will St. Nicholas bring us thisyear? Thereis another set of DAB radios in the shops, but for the average
consumer, there are still not that many and they are not that cheap. However this situation is starting to change
more noticeably. The number of DAB receivers sold is not sending shock waves through the industry
(although falling share values are) but, as the prices steadily if slowly fall, we can expect a steady if slow
increase in penetration. The last week in November has seen a press release which promises a variety of
“radio-inclusive” products from the British firm, Goodmans, starting at £100 (about 160 euros). Goodmansis
amass-market rather than a niche-market manufacturer. These receivers will be available in the latter part of
2002 and it is unlikely that Goodmans competitors will let them haveit all their own way.

So what will our lucky consumers be able to hear? Already over 45% of the GB population is covered by four
DAB multiplexes:

0 one BBC national multiplex, which reaches about
65% of the population; \ _ e

\ % |
O one commercial national multiplex, called Digital | — \
One, which reaches around 80% of the popula- r = = ==
tion; T

O two local/regional multiplexes, carrying both
BBC and commercial T-DAB services.

Each multiplex typically carries eight or more pro- \ /
gramme services. The BBC and the commercia national \ /
services are committed to further expansion, and so too is

the local/regional sector. Over the next year or two, the T ——————————— p
population coverage of the four multiplexes will reach :

some 63%, while 80% of the population will potentially A stand-alone DAB radio from VideoLogic.
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be able to receive at least three of the
multiplexes (two national and one
local).

Fig. 1 shows the current and pro-
jected coverage of local DAB serv-
ices in the UK. Depending on the
circumstances, it is usual for between
70 and 95% of the potential local-
population coverage to be achieved
by the initial networks that are built
to start the services.

Regulatory issues

In the UK, asin some other countries,
the regulatory framework consists of
more than one body. The BBC is, up
to a point, its own regulator and the
Radio Authority regulates all other
sound broadcasting services. The
BBC and the non-BBC sectors cer-
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All of this requires significant co- Figure 1

operation among the several players,
which include two government

Local digital radio areas in the UK.

departments. The extent and effectiveness of this co-operative approach has been a crucial factor in getting

DAB onto the UK airwaves.

In particular, the Radio Authority has introduced two “new” concepts for the regulatory management of digital
frequency planning and interference control. These two concepts have developed — one directly, the other
indirectly —from the fact that T-DAB networks are based on the SFN approach, whereby different transmitters
carrying the same multiplex may use the same frequency and, instead of interfering with each cther, they
mutually improve reception at the receiver (unless the transmitters are along way apart).

Abbreviations
AM Amplitude Modulation ITU-R
BER Bit Error Rate FM
CEPT European Conference of Postal and PPA
Telecommunications Administrations SFN
DAB Digital Audio Broadcasting (Eureka-147) T-DAB
ITU International Telecommunication Union
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ITU - Radiocommunication Sector
Frequency Modulation

Primary Protected Area
Single-Frequency Network

Terrestrial - Digital Audio Broadcasting
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T-DAB
Strategic planning

The Radio Authority’s primary interest in T-DAB is as a replacement technology for the great mgjority of ana-
logue radio services. People listen to radio services, not delivery platforms, so it seems agood starting point to
decide that the most popular radio services and the best delivery platforms should be natural partners.

Therefore, when the Authority started its strategic planning for T-DAB in the early part of the last decade, it
decided to assume that its deployment of frequencies would need to support the market structures which the
public has come to expect. The Authority initiated a discussion with its magjor licensees and the BBC, which
led to a consensus that the initial allocation of spectrum for T-DAB in the UK should at least be capable of
supporting a system based on the established structures of national and local radio, with the ability to increase
the number of programme services. Indeed, this approach has the big attraction for the Authority of expanding
listener choice on amajor scale. Although the choice of FM and AM services has been widened very signifi-
cantly in the 11 years since the Authority was established, frequency constraints have held this back to below
the level which the growing advertising revenues (usually) would be able to sustain.

Table 1 shows, as an example, the pattern of analogue servicesin Greater Manchester, one of the UK’s better-
served cities. This structure is taken as a basis for the digital model, which offers simulcasts of the analogue
services aswell as additional new services. Thisisachieved by providing aregional multiplex, in this case for
North West England, aswell as alocal multiplex for Manchester.

Table 1
Analogue listening choice in Greater Manchester (simplified)

National BBC National Local
Commercial
BBC Radio 5 Live Classic FM Piccadilly (103 MHz)
BBC Radio 4 Virgin Radio Kiss 102 MHz
BBC Radio 3 talkSport BBC GMR
BBC Radio 2 Piccadilly Gold (1152 kHz)
BBC Radio 1 Century Radio (105.4 MH2):

regional coverage

Jazz FM (100.4 MHz):
regional coverage

Big AM (1458 kHz)

Plus small-scale stations,
depending on location

The split of radio listening in the UK is approximately 50-50% between the BBC and the commercially-
funded services, and aso 50-50% between the national and the local services. National BBC and local com-
mercial stations make up the majority of listening, but local BBC and national commercial stations are also
very significant, to the point of being indispensable in the digital ecology. In fact, both these categories of
service enjoy the provision of rights of “reserved capacity” on (respectively) the nationa and local commercial
multiplexes. This introduces local multiplexes with a mix of BBC and non-BBC services. For both types of
multiplex, the promise of the extent (and timing) of coverage is one of the factors taken into account in choos-
ing between competing applicants for multiplex licences.

In 1994, the government responded to the case for T-DAB frequencies, in the face of competing claims for
spectrum, by alocating seven frequency blocks to it — subsidiary, of course, to the limitations due to interna-
tional constraints. Tables 2a and 2b shows how these frequencies are used in Great Britain to support the local
areas shown in Fig. 1.

Since this decision was taken, quite a number of new local services of smaller scale have developed on FM.
These newer services have atypical coverage diameter of about 15 - 22 km, compared with 34 - 60 km (and
sometimes more) in the case of the longer-established local (and regional) services, which themselves have
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Table 2a
Attribution of frequencies to T-DAB in England and Wales.
Frequency 11B 11C 11D 12A 12B 12C 12D
block
Attribution Local Local National Local National Local Local
(RAU) (RAU) (RAU) (RAU) (BBC) (RAU) (RAU)
Table 2b
Attribution of frequencies to T-DAB in Scotland.
Frequency 11B 11C 11D 12A 12B 12C 12D
block
Attribution Local Local Local National National Local Local
(RAU) (RAU) (RAU) (RAU) (BBC) (RAU) (RAU)
Notes:

1) RAu = Radio Authority, which licenses these services. Most local RAu multiplexes include reserved
capacity (128 kbit/s net) for the BBC.

2) The frequency blocks cover the range 217.5 to 230 MHz, and are standard within the framework of the
1995 CEPT Wiesbaden Special Arrangement.

3) In Northern Ireland, the proximity of the Irish Republic, with its own T-DAB allotments in Channel 12
and analogue TV in Channel 11, effectively limits the available blocks to 12B for the BBC multiplex, and
12D for asingle Radio Authority multiplex licence.

grown in number. This new small-scale sector cannot be ignored but, given the relatively small (though
important) role these services play in the radio landscape, it would not have been effective or even feasible to
address the possibility of providing digital carriage for them. Apart from anything else, their coverage areas
are smaller than those of other stations which overlap their coverage. To base digital coverage areas on these
small-scale stations would have presented much greater economic hurdles to the radio sector as awhole.

However, the UK’s plans for the 1.5 GHz range (L-Band) in the latter part of this decade do allow for the pos-
sibility that smaller-area multiplexes may be licensed.

The original, idealised, concept for using the seven frequencies was that
four of them would support universal coverage of a single “layer” of
local services. Two other frequencies would support the two national
multiplexes, and the seventh frequency would allow for a fourth multi-
plex in the larger conurbations. It would not have been redlistic to
secure a larger allocation at that time. However, although the SFN
approach liberates the frequency planner, regulator and broadcaster
alike, economic reality limits the density of transmitter networks that
can be deployed. Compromises in the network design are also needed
because of adjacent-channel considerations (see later in this article). It
was clear that there would not be enough frequencies to complete the
local coverage.

The Authority consulted with the commercial radio industry and
resolved that it would be better — although keeping to the underlying
concept of the digital coverage map — to deploy frequencies into the
areas of highest population density. The concept was retained of bring-
ing afourth multiplex to listenersin the larger conurbations, typically on
a “regiona” scale overlaid on contiguous adjacent local areas. This,
with a relatively minor penalty in terms of the overal availability of
local coverage in the UK, would alow for digital radio to offer a more
radical increase in programme services for those consumers who can receive local digital services.

""--.

A stand-alone DAB radio
from Roberts.
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T-DAB
Real plans

Let us now “fast-forward” to 1997. The European frequency planning meetings of Wiesbaden and Bonn had
been concluded. Every country had two frequency blocks for each part of its territory. As well as the two
“Wiesbaden” blocks which the UK had planned to use for national coverages, there was a good prospect that
the Bonn agreement for modifications to the Wiesbaden Plan would alow the other five frequencies to be
deployed, as envisaged, for local services over alarge proportion of the country.

The Authority had made a plan — the Local Frequency Plan —for using these five frequencies. This plan was
modified over time to reflect the more detailed planning work that took place, and the implications of the
ongoing international frequency co-ordination process. This processis directed at protecting existing services
such as analogue TV from interference, and at achieving an equitable distribution of residual frequency
resources between neighbouring countries, post-Wiesbaden-95.

Allotment planning

The Wiesbaden Plan is based on the concept of allotments. The SFN technique allows for great flexibility in
planning transmitter networks as a whole, rather than as a series of transmitters (assignments), each of which
hasits own frequency. It istherefore more effective to define overall rights of implementation, and protection
from interference for the service as a whole, rather than by reference to the detailed characteristics of individ-
ual transmitters (which is known as assignment planning, asis used for analogue radio and TV and, so far, for
most digital TV planning).

This is where we introduce the first of our areas of regulatory pre-planning. The five frequencies used for
local and regional services need to be re-used around the country. A resource is being distributed between dif-
ferent operators, therefore the regulator needs to ensure effective management between them.

Co-channel interference management

The concept of allotment planning at the international level is used as abasis, albeit in avery different detailed
form, for the Radio Authority’s control of interference between different areas which use the same frequency
withinthe UK. The Local Frequency Plan, having been established, has to be managed in practice. Just asthe
Wieshaden Agreement (as revised at Bonn in 1996) contains a procedure for converting allotmentsinto actual
transmitter assignments, so at the national level, different multiplex transmission operators need to be regu-
lated in how they give effect in detail to the general rights and obligations of frequency use.

Within agiven country, it is practical for aregulator such as the Radio Authority to use terrain-based database
and propagation tools, instead of the generalised techniques used in the international context (based on the
former ITU-R Recommendation 370). This is partly because a single planning tool can be used, and partly
because the use of terrain shielding of signals, and knowledge of that possibility, was an integral and enabling
factor in drawing up the UK’s local plan in the first place.

The allotment concept is embodied in our national planning in what we call a Primary Protected Area or PPA.
Thisis an area within which the Authority, in its regulation of other multiplex operators, will seek to protect a
given service from interference. Fig. 1 shows the actual PPAS, where they have been defined.

Itisimpractical to base co-channel protection management on detailed predictions of interference-limited cov-
erage from specific networks. Thisis because transmitter networks for different areaswill develop at different
times and they will be developed in progressive stages — as increased digital receiver penetration makes it
more worthwhile to build more transmitters. Therefore the first element of planning to protect from co-chan-
nel interference isto define a generalised maximum level of interference at any point within the PPA. (With a
Wiesbhaden allotment, this consideration can be applied at test points on its boundary but in the domestic con-
text, using terrain-based propagation algorithms, signal strengths do not decay monotonically with distance).
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So, this generalised limit could be based on protecting the minimum threshold field strength of what consti-
tutes a“service” within the PPA. (This principleis aso applied to the allowable limits in managing the Wies-
baden Plan). The appropriate level of minimum wanted signal strength is debatable, and depends on service
objectives and the assumptions used. The Authority considers the threshold to be a field strength of
47 dB(uV/m) at aheight of 1.5 metres above ground . The Authority’s derived value for co-channel protec-
tion isthat the difference between the median vaues of the wanted and interfering signals—in an area of plan-
ning of 100 metre squares — should be at or greater than 25 dB 2 (see the later section, “Testing a Theory”).

Thiswould imply that the maximum allowable interfering field strength into a co-channel PPA would be 47 —
25 =22 dB(uV/m). This approach isrational in the valid, but theoretical, world of textbooks where terrain is
gently undulating and radios are miraculously everywhere al at once. Luckily, Europe is more interesting
than that, as a glance from the window of EBU headquartersin Genevawill quickly confirm.

When planning with terrain-based techniques, even in

less dramatic scenery, as you conceptualy turn up the

power of a distant interfering transmitter, you will reach the

point where this “threshold-based” interference limit will be .
reached within the area you want to protect, but thiswill typ-

icaly only apply on top of a hill. The vast majority of the

area will still be receiving a (much) lower level of interfer-

ence than this threshold-based maximum, and, over much of the area, typically on higher ground, the signal
from the wanted network will be higher than the minimum, so more interference can be accepted. So thereis
scope to admit more interference into the area. That in turn reduces the constraints on the design and expense
of transmitter networks, and so makes the local frequency plan realistic.

We looked at afew sample scenarios of how coverage would be maintained across alocal SFN in the presence
of interference from a distant transmitter (as a proxy for a network, since interference will tend to be domi-
nated by one or two transmitters lying in similar directions). We judged that the margin of additional interfer-
ence we could apply would be 10 dB. Use of this “wide area signal correlation” margin appeared adequate to
maintain coverage. Some isolated areas of coverage beyond the main zone of contiguous coverage tends to be
lost in applying this margin, but this should generally be acceptable.

Fig. 2 isasequence of three plots, showing a situation which would arise with a certain choice of transmission
parameters. Fig. 2a shows a wanted coverage (“noise-limited”) in the absence of interference, and Fig. 2b
shows interference coming into the area from the west. The blue area on this second map shows levels which
are above the 22 dB(uV/m) threshold, but within the 10 dB margin which would allow signas up to
32 dB(uV/m) into the area. The yellow areas are where interference would exceed the threshold inclusive of
the 10 dB margin (i.e. above 32 dB(uV/m)).

It can be seen in Fig. 2c that the areas of coverage which are lost due to interference coincide with areas of
interference above 32 dB(uV/m) — note how they coincide with the areas where coverage by the wanted trans-
mitter is only just above the threshold.

However, this 10dB margin needs to be used with care. It is not applicable to areas of flat terrain. It can be
noted from Fig. 2 that some areas to the west of the map suffer losses due to interference, with interfering lev-
elsjust below the 32 dB(uV/m) mark.

In practice, the effect of very high terrain (which typically is sparsely inhabited) is that some parts of a PPA
need to be defined (in licence specifications) as being susceptible to higher levels than the general value. The
most convenient way to express this advice isto define areference transmitter in both the wanted PPA and the
other co-channel PPASs, as a way to define maximum allowable levels of outgoing and incoming interference

1. Required field strength = (receiver threshold strength) + (50-t0-99% location correction factor = 2.33 *
standard deviation within prediction “pixel”(= 4.3dB))
47 dB(uV/m) = 37 dB(uV/m) + 10 dB.

2. Protection margin = protection ratio + v2(50-t0-99% location correction factor for both wanted and un-
wanted signals), where standard deviation of the signals, g, is the same for wanted and unwanted signals
(taken as 4.3 dB), and correlation between the two is taken as zero.
24dB =10dB + 2.33*4.3*V2
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respectively. Some subjective
judgement by the regulator is
needed to compare real transmitter
plans with the reference transmitter,
but so far this has proved quite easy
to agree with the multiplex trans-
mission operator.

Testing a theory

The other aspect of research we con-
ducted before embarking on a pro-
gramme of licensng the loca
multiplexes, was to examine how
the theoretical planning margin
between the median wanted and
interfering signals (then 24 dB, as
mathematically derived in Foot-
note 2, on page 5) correlated with a
real-life simulation of performance
in an interference-limited environ-
ment.

The Authority set up ajoint research
project with the BBC, and the pri-
vate companies, GEC-Marconi
Research (now part of BAe Sys
tems) and NTL; the whole project
received 50% funding from the
UK’s Department of Trade and
Industry, and consultation was also
made with the UK Radiocommuni-
cations Agency, and trade bodies.

In essence, the investigation
involved setting up a small SFN in
the area of Chelmsford, some 50 km
north-east of Central London, and
performing trials variously with one
or more transmitters switched on.
Co-channel interference was pro-
vided by a test transmitter operating
in the London area. Measurements
were taken within several 250 metre
squares; this equated fairly closely
to the anticipated granularity of
planning tools. If fact, the areas
analysed were dlightly larger than
those used in the planning tools, to
enable larger statistical samples to
be generated in the field work.

Levels of interference were quite
high: and this provided the limiting
factor for reception, rather than just
the strength of the wanted signal.
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The percentage of locations where service was achieved Percentage of %km square "served" vs. S/1
for each square was derived and plotted against the key LSFN + interference

parameters of measured signal strength, (mean and stand- € "% “\_" G
ard deviation). “Service’ here meansthat the audio chan- 25 & L
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£ e
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Despite the attractions of a greater devolution of respon-

sibility from the regulator to the broadcaster with DAB, Figure 3

thisis evidently a partia rather than a complete transfer. Location availability as a function of the
With adjacent-channel interference management, the margin between median signal levels.

level of regulatory involvement needs in some respects to

include an even more detailed level of planning than for

co-channel management. This is to make feasible the use of adjacent frequency channels in the same area,
which is an important requirement for the sake of efficient use of the spectrum. Giventhat DAB isanew serv-
ice trying to squeeze its way onto an already-busy area of spectrum, it is a requirement which is unavoidable.
In general, unless transmitters on adjacent frequencies are sited at or near the same place, the very high fied
strengths around the transmitter will interfere with the ability of a receiver trying to abstract a signal on the
adjacent channel at a lower strength. With digital, the receiver’s “ adjacent-channel” protection ratio must be
achieved in avery high percentage of locations in order to maintain an acceptable level of service.

Compromises need to be made in the design of transmitter networks. All networks require frequencies to be
re-used over a certain distance beyond the edge of their coverage, as we have seen above. This requirement
tends to limit the powers and heights of transmitters, but this effect is less influential the further you are from
the edge of the coverage area. Therefore this constraint will, for purely statistical and geometric reasons, tend
to impinge more on local than national networks. A similar if less dramatic constraint on network design isthe
fact that DAB signals from distant transmitters (outside the so-called “ guard interval”) — even in the same mul-
tiplex's network — act as interference rather than as wanted signals.
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to adjacent-channel interference in the coverage
Figure 4

Adjacent-channel interference.

This poses aproblem. The first operator to develop servicesin a given areawould, in effect, impose an insur-
mountable constraint on the ability of other broadcasters (with differing co-channel constraints) to use the
adjacent channel in the same area. The other operators would be prevented (by the regulator) from introducing
the transmitters necessary to achieve a credible coverage, as these would interfere with reception of the first
operator’s service.

The “Reserved Assignments List”

The response to this problem in the UK has been to construct, some years ago, a table of Reserved Transmitter
Assignments. The understanding —which applies to the BBC and, in its licensing activity, the Radio Authority
— isthat a broadcaster with a licence to serve a given area will be allowed to implement transmissions from
siteswhich are at or very close to locations on the list of “reserved assignments’, within the maximum param-
eters specified. This allows broadcasters to establish at least a basic level of coverage, and also to anticipate
where, in the absence of their own transmitter at that location, “holes’ in the coverage might occur dueto adja-
cent-channel interference.

Where more than two adjacent frequencies are planned for use in the same area, consideration must be given
to the interests of all the broadcasters concerned, even future ones.

The reserved assignments system has served the UK well. In England and Wales, three of the five frequency
blocks used for local and regiona multiplexes are adjacent to national multiplex frequencies. The BBC rolled
out its network to over 60% of the population coverage over the period 1995-7, some three years ahead of par-
alel developments by the commercial operator Digital One which, in turn, is ahead of the programme of local
network development (now over half-way to completion of itsfirst and most significant phase). Quite simply,
without the reserved assignments system, the local radio coverage would be so limited as to have been not
worth doing at al. Some 50% of al (analogue) radio listening in the UK isto local or regional services (i.e.
not wholly “national” services). To have restricted DAB to carrying just national services only would surely
have kept it below the critical threshold of relevance as a technology.

And now, in some places the local multiplexes are being devel oped slightly ahead of the national ones, notably
in Scotland. So, here, the reserved assignment system can enable national radio!

Of course, the reserved assignments list is only a basic framework for network development. It hasits limita-
tions, partly because it includes an element of compromise between conflicting objectives, and partly because
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it cannot benefit from the hindsight (or clairvoyance) of operators more detailed experiences with planning
and implementation, including the commercial judgements which areintegral to this process. Thelist is mod-
ified from time to time where this would clearly carry an overal benefit to operators, but this must always be
done without impacting unreasonably on the existing position of operators who have already invested in cov-
erage of agiven area.

Quite often, an operator will wish to deploy a transmitter somewhere which is not a reserved assignment loca-
tion. Although this may cause interference to coverage of the adjacent-channel service, that service may also
have significant deficiencies in coverage which would be filled by a transmitter at the proposed location.
Under these circumstances, it may be appropriate to add this transmitter location to the reserved assignment
list, although consultation with operators should be an important part of the decision-making process. It can
also be agood idea to defer the inclusion of such an assignment on the reserved list to afuture date. This may
make the new transmitter more cost-effective for the operator who is partly needing to make up for coverage
lost due to interference, and partly benefiting from additional coverage.

The BBC and the Radio Authority are now concluding an agreement on the procedures and technical criteria
for the assessment of proposals for transmitters which do not conform to the reserved assignment list (where
thisisrelevant; obviously where services are not overlapping in area or adjacent in frequency, thereis no prob-
lem). This anticipates that transmitters for just one service in built-up areas would be unacceptable while, in
sparsely populated rural areas, they would be acceptable. But much of the UK isless clearly defined. Here,
prediction tools will be used, despite their limitations, to assess the size of the population, or the length of
important road routes, whose service availability would be degraded significantly below 90 - 99% of loca-
tions. The margin of mean signal strength which would cause avail ability to be unacceptable would be in the
order of -22 dB where predictions are to a granularity of 250m, and slightly larger, say -26 dB, where the gran-
ularity is more like 50 - 100m 3. One of the largest limitations of the technique as currently practised isin
short-range field strength prediction, especially given that the information on local ground cover (clutter), to
the detail that isreally needed for accurate work, is either not available or very very expensive!

These figures have been derived in the first instance from theory on the statistical distribution of signals, and
also from measurements taken where adjacent-channel interference has been expected to occur, e.g. where one
of the adjacent-channel operators has not implemented its transmitter at a reserved assignment location. The
agreement between theory and practice is very good. The impact of adjacent-channel transmitters was gener-
aly less than might be predicted because of two factors. Firstly, the signal strengths varied less with location
than the dightly conservative assumptions used in the predictions. Secondly, receiver adjacent-channel rejec-
tion performance was also better. Obviously these factors will not always apply. Standards are aways a com-
promise between conflicting factors and there is never a“right answer”!

3. The receiver protection ratio is taken as —35 dB (compared with the CENELEC minimum recommended per-
formance of —30 dB, though most receivers seem to perform at —35 to —40dB); to ensure this is met at 99%
of locations within a prediction pixel of, say 200m, the standard deviation of the difference of levels between
wanted and unwanted signals is taken as:

Odiff = V(O2wantd.+O2unwntd.— 2P0wtd.Ounwtd.) = 5.6 dB
and the correction factor of 2.33 times standard deviation to achieve 99% location probability is given by
—-22 dB =-35dB + (2.33*5.6)
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T-DAB
Conclusion

Although the key componentsto digital uptake are the relationships between consumers, receiver manufactur-
ers and broadcasters, careful work is needed before these relationships can start. Thisarticle haslooked at just
two matters; there are many others, some also involving the regulator. The greatest sense of achievement will
be in the acceptance of the technology by a public that is largely unaware of how the coherent establishment of
compatible services has been made.
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