Coverage aspects of digital

terrestrial television broadcasting

The specification for digital terrestrial
television, DVB-T, offers a wide range
of potential applications: single trans-
mitter and single-frequency networks,
prohibited channel operation, port-
able reception, hierarchical trans-
mission, etc. The network operator
can select technical parameters such
as the number of OFDM catrriers, the
length of guard interval, the degree of
error protection and the modulation
method. The last two parameters in
particular allow the operator to reach
a compromise between the number
of programmes carried and their
transmission reliability. This raises
the question of which results, with
regard to coverage, need to be
achieved in each case.

The main applications have been
studied at the IRT using Monte Carlo
simulations of regular network
situations. The results are docu-
mented here in the form of predic-
tions for the coverage probabilities.
The reasons for the choice of para-
meters for the terrestrial specification
are dealt with specifically. Ways to
restrict the basically very wide choice
of system states (modes) can also be
derived from these simulations.
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mmm 1. [ntroduction

The intention is to make terrestrial broadcasting of
television programmes a more attractive proposi-
tion to meet competition from cable and satellite
transmission. The new specification for digital
terrestrialttelevision, DVB-T [1], will make it pos-
sible to provide television services which can hold
their own, even when digital transmission via sat-
ellite and cable is introduced.

The chief advantages of terrestrial broadcasting
are to be found in regional and local services
(pictures, sound and data). A further plus point
for digital systems is the marked improvement in
portable reception when ordinary antennas are
used. It is also possible with digital systems to
transmit within a standard (7 or 8 MHz) television

channel either (i) more programmes concurrently
or (ii) programmes with a higher image resolution

(EDTV, HDTV).

As far as coverage planning is concerned, there

are important advantages in the design of the

transmitter network structure and the energy bal-

ance. An important aspect in this respect is the

possibility of using single-frequency networks

(SFNs) combined with the possible use of “gap-

fillers” (local relay transmitters) on the same car-

rier frequency in regions where the service is poor.

With a digital system it is also possible to use

domestic gap-fillers, at the same transmission fre-

quency as the main transmitter, inside houses or

flats where the signal attenuation is frequently

high, in order to'supply adequate field strengths Original language: German
for portable appliances. Manuscript received 25/9/96.
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fact that the introduction of DVB-T will generate
instant demand for several digital television pro-
grammes or additional multimedia services.
Because of their high data-rate (ITU-R Recom-

mendation BT.601 [2] specifies a rate of 216 Mbit/sa transmission method for digital video signals
in the studio), digital video signals can only bewith a high spectral efficiency is therefore re-
transmitted via eXiSting television channels afterquired WhiCh, at the same time, has a h|gh resist-
the data-rate has been effectively reduced. Thgnce tathe many different types of interference on
MPEG-2 source-coding method envisaged fotthe channel (e.g. interference due to multipath re-
DVB achieves a data-rate of 5-6 Mbit/s for digital ception, signal interference from other radio or
video signals of a quality at least comparable withhroadcasting services, high signal attenuation in
PAL. This data-rate is assumed for a standardhe case of portable reception in buildings, etc.).
definition programme (SDTV) although an ade-

quate image quality (comparable to that of th@ the development and definition phase of the
VHS tape format) _could be ag:hleved with IowerDVB_T specification, the advantages of the
data-rates, dependmg on the picture co_ntent; high&* oEDM transmission method [3][4] outweighed
data-rates (8-11 Mbit's) are also of interest folinose of single-carrier methods in terms of broad-
highly-critical image presentations (e.g. Sport).  casting requirements (as was also the case with
. _ _ DAB). The crucial factor in favour of COFDM is
Thereare still bottlenecks with the available trans-4,¢ ability to set up single-frequency networks
mission channels for DVB-T, despite the large,yhich offer network planners a higher network
data reduction achieved by source coding. Theiciency. However, a digital system also allows
frequency resources in the VHF and UHF rangeg e ater planning leeway for regional broadcasting
are already largely exhausted by analogue seggryices in the existing transmitter network (e.g.
vices (e.g. in Germany alone, there are currentlyoggipje yse of prohibited channels such as adja-
578 analogue television transmitters and 870 ent and image channels) because, with an ap-

gap-fillers). The situation is exacerbated by thé,rgpriate choice of parameters, networks can also

mmm 2 Digital terrestrial television
broadcasting

be planned with lower signal-to-noise ratios.

Abbreviations
agl Above ground level mmm 3 Coverage probability
Ci Carrier-to-interference ratio The abrupt degradation of a DVB system at the
CIN Carrier-to-noise ratio coverage periphery makes it easy to establish
) - whether or not reception is possible at a location.
CCETT dclifztsr&s g{n drglfrné?éséﬁgig&;%ﬁ; A single _Iocatic_)n can be _deemed t_o be c_:overed if
(France) the required signal-to-noise ratio is achieved for
99 % of the time. On the other hand, it is not
COFDM dCi?/?s?gnorrr:Eﬁ%?gfl I practicable to demand a similar coverage for all
locations in a “sub-area” (e.g. 100 m x 100 m).
DLR Deutsche Forschungsanstalt far The coverage criterion for a sub-area is also in-
;g?gsnga('?:lr‘gf;réé%g;%ghmem) fluenced by the extent to which the signal-to-noise
ratio varies as a function of the location (“log-
DvB Digital Video Broadcasting normal fading” component). A high probability of
EDTV  Enhanced (extended) definition interference-free reception within a particular sub-
television area results in high costs for the network operator
EFT L= IE NS SN (higher transmission power, additional main trans-
) e - mitters and gap-fillers). In an initial approach by
HDTV  High-definition television the EBU, the coverage was described as “good” if
MPEG  Moving Picture Experts Group at least 95 % of the sub-area is served for 99 % of
OFDM  Orthogonal frequency division the time gnd as “acceptable” if at Iegst 70 % of the
multiplex sub-area is served for 99 % of the time [5].
PSK Phase shift keying Another quantity of interest for the planning of
QAM  Quadradure amplitude modulation DVB-T is the global coverage probability within
SDTV  Standard-definition television the target service area, which is derived from the
SEN Sl ey e coverage probability of all the sub-areas con-

tained within the target area.
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mmm 4. Reception situations 50 m); in other words, the actual terrain of the
coverage areas is not taken into account. It is thus
A distinction is drawn between two particular re- possible to simulate the main reception situations
ception conditions for digital terrestrial television with a“Monte Carlo” simulation (explicit study of
broadcasting: stationary and portable receptionrandom events). First and foremost, this allows
In both cases, typical conditions found in practicethe fundamental characteristics of the new
are assumed, not the worst conditions; for examtechnology to be identified, whereas practical use
ple, it is assumed that the position of an antennaalls for the planning of coverage for specific
can be optimized over a ranget050 cm. cases. Simulations such as these are based on
propagation models whose parameters are not

A directional antenna 10 m above ground |eve|clearlyestablished. The influence of critical prop-
(agl) is assumed for stationary reception. For por§1gat|on parameters therefore' have to be taken into
table reception, a non-directional antenna on top oiccount. In the case of single-frequency net-
or inside the equipment — positioned 1.5 m abov&/0rKs, the statistical propagation processes from
the ground or above floor level — is assumed. Th&!l the active transmitters are superimposed.

least favourable case, on the ground floor of a

building, is generally considered separately. The fading component at a specific distance from
the transmitter exhibits a log-normal distribution.

. E - . When investigating the coverage probabilities by
The data in the DVB-T specification which relatesmeans of Monte Carlo simulations, the basim-

to the efficiency of the system are based on SimUIadard deviationd) for the fading component must
tion results using a Rayleigh channel model forbe selected carefully. The usg ofa?nean variation
portable reception (omnidirectional reception in a f = 9.5 dB is recommended for the planning of

multipath channel) and a Rice channel model fo'gnalo e services in the UHE range. However
stationary reception with a directional antenna. In gue _range. -~
the latter case, a Rice factor of K = 10 dB is app_propagatlon measurements with digital signals in

lied, i.e. the received field strength of the direct® bandwidth of 1.5-8 MHz show a significantly

signal is 10 dB higher than that of all the reflectea]sc,)[\r'\éir Et/r?s”aatcl:(r)gs(se;tﬁésloc(j:i%iém t[r;?[g?su'liﬁ(i];erweans
signal components. The DVB-T specification thus 9 . "
hat the value on which local planning calcula-

uses known values for the theoretically require ions are based could also be lower. The variation
signal-to-noise ratio for various operating modes. ' o '
of the field strengtlprediction erroralso plays a

However, during coverage analyses an imple. rucial role in the calculation of coverage proba-
mentation loss of at least 3-4 dB must be expected...~ . ) . ge p
ilities in an SFN. This quantity also has a log-

normal distribution but, with an average value of
. . 14 dB, it is significantly higher [9] than the varia-
mmm 5. Simulation model for tion measured in an area, because it is highly de-
coverage analyzes pendent on the terrain. In the IRT studies, as
described in this article, a value foof approxi-
The IRT's contribution to the DVB-T system mately 9 dB was applied, taking into account both
specification included an assessmerthefcover-  these quantities, i.e. the measured variation of the
age probabilities which result when different sys-field strength and the variation of the field
tem parameters are applied. For this purpose, &rength prediction error.
simulation model was created to analyze cover-
agethus allowing a fundamental study to be maderpe signals from different transmitters isiagle-
of reception conditions in an SFN. The resultsiequency network arrive at the receiving location
described in this article do not therefore refer to §yith different delays, to form a sum signal which
specific planning study of DVB-T. is a function of the individual path delay differ-
ences. The signal components which are within
The propagation of a broadcast signal from ahe guard interval make a constructive contri-
singletransmitter to a receiving location is consid- bution to the signal-to-noise ratio (C/N) or signal-
ered as a statistical process, which takes accoutd-interference ratio (C/I) which can be deter-
of the various propagation conditions that have tanined in the case of COFDM simply by adding
be considered at a specific distance from the transhe powers of the signal components. All signal
mitter. The parameters for this statistical processomponents received outside the guard interval
are based on the ITU-R propagation curves [6Histurb the usable signal, an effect known as the
which represent the results of numerous fieldnherent interferenceof a single-frequency net-
measurements. An average unevenness has begark. The impact of inherent interference on the
applied as the parameter for the topology (e.gcoverage probability depends on the amplitude of
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Figure 1

Structure of the
analyzed regular
SFN: 33 transmitters
with an interspacing
of 60 km.

all the signal components involved and the lengttof the time), the curves for 1 % of the time can be
of time they exceed the guard interval. used for all transmitters in an SFN.

The computation model used for evaluating inter-

ference by signal components outside the guar®™™ 6.  Transmitter networks

interval was the one on which the planning for studied

DAB was also based [10]. However, more recent

studies by RAI [11] indicate that this is too Two transmitter network structures are of particu-
optimistic for DVB-T. In contrast to DAB, a lar interest with regard to local and regional
channel estimate for the coherent demodulation i®VB-T services:

required for DVB-T which is impaired by echoes
outside the guard interval, especially with™
64-QAM. This is, however, of lesser importance
for the comparative studies of the DVB-T system_ 3 minimal SFN with only two transmitters,
variants presented in this article, whereas the ab- \hich is also applicable to the reception situa-
solute results will require further investigation. tion when gap-ﬂ”mg transmitters are used.

an extensive SFN with a large number of trans-
mitters;

The ITU-R propagation curves for 1 % of the timeThe SFN on which the results presented here are
must be used for the most distant transmitters in hased covers an area of about 400 km x 240 km
single-frequency network; they must thus be(Fig. 1). It comprises 33 transmitters arranged in

considered as interfering transmitters [12]. In thea regular structure, with a transmitter spacing of

local area around an SFN transmitter, the curve§0 km which corresponds to the average spacing
for 50 % of the time have to be taken into accounbetween transmitters of present-day TV networks.

because this corresponds to the less favourable

reception conditions. However, in view of the All transmitters broadcast the signal synchro-

relatively small distances to the nearest transmithously at the same power. A standard transmitter
ter in an SFN (which results in little difference be-height of 150 m agl is selected, and the height of
tween the propagation curves for 50 % and 99 %he receiving antenna is taken as 10 m agl for
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Duration of guard interval (T 4) atthe Resulting transmission capacity
useful symbol time (T ) of: (%) at the useful symbol time of:
Ty =896 ps Ty =224 ps Ty =896 s Ty =224 ps
1/4 224 ps 100 %
1/8 112 ps 111 %
1/16 56 us 1/4 56 ps 118 % 100 %
1/32 28 ps 1/8 28 pus 122 % 111 %
1/16 14 ps 118 %
1/32 7 us 122 %

directional reception [13] and 2 m for omni- based on 8K=FT which allows a guard interval of
directional (portable) reception. The coverageTg = 224us at 25 % overhead and an effective
probabilities were investigated for both direction-symbol time of T, = 896us. This means that the
al and omnidirectional reception in a rectangulampermissible signal delay times are outside the sig-
area (area Al), measuring 60 x 52 km, which isal delay between adjacent transmitters, when
representative of a large-area SFN. In order tohese are situated less than 67 km apart.
save computing time, reception conditions at a
point (P2) — about 25 km from one of the trans-Choosing a large guard interval costs transmission
mitters — was also considered as an alternativgapacity (e.g. 25 %). Also, the cost of the hard-
because experience has shown that the resuligare at the receiving end is increased because of
obtained there correspond approximately to thehe large OFDM symbol times (8K-FFT). Com-
area average within the network. promisesolutions for the length of the guard inter-
val are either (i) at the expense of frequency econ-
The minimal SFN considered in the IRT studiesomy from the network planning aspect (low
consists of just two transmitters, spaced 60 kntoverageprobabilities in the SFN) or (i) at the ex-
apart, which emit identical power from the samepense of transmission efficiency (low data-rate).
antenna height. The coordinates (in km) of the
two transmitters are: Transmitter 1: (0, 0); Trans-A long guard interval will not be necessary for all
mitter 2: (60, 0). The coverage probabilities forcoverage concepts of a future digital terrestrial tele-
directional and omnidirectional reception wereyision system. Local or regional services can be
analysed in a rectangular area, 150 km by 60 kmimplemented with considerably shorter guard
around these two single-frequency transmitters.intervals than large-area SFNs. Whereas it might
be possible to achieve an increase in frequency
economy with a large guard interval in an SFN, a
mmm /. [nfluence of the DVB-T reduction in transmission efficiency by the amount
transmission parameters of the guard interval would have to be accepted for
local services with conventional network planning.

The DVB-T specification has been formulated so

flexibly that ideal parameters for transmission cariThe DVB-T specification therefore makes provi-
be selected for each different application, be it aion, firstly, for different lengths of the guard inter-
specificsource data-rate (e.g. SDTV or HDTV) or val (1/4, 1/8, 1/16 and 1/32 of the effective symbol
a specific transmission reliability (error protectiontime) and, secondly, for two different symbol times
or modulation for portable or stationary recep-T, = 896pus and T, = 224us (Table ). The shorter
tion), a particular transmitter network structuresymbol time means that there is a correspondingly
(single-transmitter or SFN) or compliance with smaller number of carriers and that a 2K-FFT sys-
different signal-to-noise ratios. This allows thetem is used instead of 8K-FFT. The DVB-T speci-
best possible use to be made of frequency refication thus allows for six different values for the
sources when introducing DVB-T. guard interval in the range from 7 to 322l

Flexible setting of the guard interval provides a
mmm 8. [Length of the guard interval means of optimizing the transmission efficiency

according to the network structure. Although the
The standardization bodies working on DVB-T in frequency efficiency is reduced as the guard inter-
Europe called for the option of using SFNs so thaval increases, this case basically only arises when
frequency resources could be used efficientlyvery high frequency economy is achieved through
The COFDM modulation scheme was thereforethe use of a large-area SFN.
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Table 1

Flexible settings of
the DVB-T guard

interval.
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Figure 2

8K-FFT system with
a useful symbol time
of 896 pus: influence
of the length of guard
interval; directional
receiving antenna.

[ e) due to the considerably shorter usable symbol
time of224us. The signal delays occurring in the
wide-area SFN considered here, which has a

transmitter spacing of 60 km, are significantly

In a wide-area SFN, the coverage probabilities deligher than 5Gis. Consequently, increasing the
crease when a shorter guard interval is applied (s¢/@rd interval from 1/32 to 1/4 of the symbol time
Fig. 2). Of the four guard intervals provided for in '€Sults in hardly any positive effedtig. 3). In-
the DVB-T 8K-FTT specification, three of them that case, a coverage of 90 % of the locations
(28, 112 and 224is) are shown on this graph, aswoul_d only be possible for a single-programme
well as two non-specified cases (0 and gdpfor ~ Service based on 4-PSK.

illustration purposes. These results indicate clearly

that the longest guard interval selected for themmsm 10. Comparison of coverage

DVB-T 8K system (i.e. 224is) was a compromise probabilities in a two-

in order to k_eep the symbol ovgrhead W|th|r_1 ac- transmitter SEN

ceptable limits (25% of the active symbol time,

896s). Fig. 2 shows that the 8K system provides Assuming that DVB-T will concentrate particu-
even better coverage probability if the guard interdarly on local and regional services, it becomes
val is set to 448is: despite the higher symbol over- necessary to decide whether an 8K-FFT system is
head (50% in this case), there may exist some a@nly required in large single-frequency networks
plications of very large SFNs where the frequencyor whether an 8K-FFT system and a guard interval
efficiency is still superior to that of conventionally- of 1/4 would also provide coverage advantages for
planned networks. small transmitter networks. For this purpose, the
IRT studied an SFN with just two transmitters
spaced 60 km apart and with the same antenna
height, radiating the same transmission power.

Influence of the guard
interval on coverage
probability

Fig. 2 also shows that the relatively large active
symbol time of the 8K-FFT system (8@§) results

in a certain coverage probability even with notphe coyerage probabilities were investigated for
guard interval. This is due to the fact that the intergjirectional and omnidirectional reception in a rec-
fering echoes largely decay within the first quartertangular area, 150 km by 60 km, around the two

of the symbol. single-frequency transmitters. The result ob-
tained across the area indicates that the influence

In a 2K-FFT system, signal delays that exceed thef inherent interference of the transmitters in the

guard interval are very much more conspicuous8K system is more than 17 dB lower than in the
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case of the 2K systentkig. 4 shows the coverage about 2 from stage to stage is matched by a simul-
probabilities across the receiving location when aaneous increase in the reliability.
signal with four television programmes is broad-
cast (equivalent to a C/I of 23 dB for a 64-QAM Since the bandwidth of the transmitted COFDM
system). One half of the reception area, which isignal has been based on an 8 MHz-wide televi-
symmetrical for 30 km, is shown and the resultssion channel, it is possible with 4-PSK to transmit
for the 2K and 8K systems are compared. exactly one digital programme with a data-rate of
approximately 7 Mbit/s. This means that an ana-

The results for the 2K-FFT system showrFig. logue television service can be replaced by a digi-
4 (upper)indicate that considerable impairment oftal service, thereby allowing a considerable im-
signals is to be expected with omnidirectional reorovement in the reception conditions for portable
ception, especially between the two transmittergeceivers. Conversion to a digital terrestrial tele-
where slight path delay differences occur. Withvisionsystem becomes even more attractive as the
directional reception, the attenuation at the rear oiumber of programmes offered increases in rela-
the receiving antenna can noticeably reduce th#on to the analogue services. This speaks in
effect of the interfering signal. However, an ex-favour of using 64-QAM with which, for exam-
ceptionally steep drop in the coverage probabilityole, four programmes can be accommodated in
can be seen in the area outside the two transmigne 8 MHz channel. This form of modulation
ters, inthe case of both omnidirectional and direc-again requires significantly higher signal-to-noise
tional reception. The results for 8K-FFTRig. 4  ratios than 4-PSK.
(lower) illustrate the clear superiority of the 8K
system, also — or particularly — in a small SFNApart from the correspondingly higher effective
such as the one used in the IRT simulation. field strength required at the receiving location,
this also means greater protection ratios with
respect to adjacent services in the same or the
adjacent frequency range. The availability of
these channels is, however, extremely limited. Ei 3
Provision is made in the DVB-T specification for COFDM with 16-QAM offers a compromise OK-FET \gure

. - . - - system with
three different phase/amplitude constellationswhereby there is room for two to three pro- sefyl symbol time
64-QAM, 16-QAM and 4-PSK , in order to meet grammes in an 8 MHz channel and there is lowelpf 224 is: influence
the different requirements in terms of spectralsensitivity to interference from other transmitof the length of guard
efficiency and the reliability of the broadcast ser-ters. This mode permits the use of “prohibited” interval; directional
vice. The reduction in the data-rate by a factor othannels for local services, at the same time receiving antenna.

mmm 11. Modulation parameters
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allowing the conventional planning of a DVB-T additional 2 or 4its are transmitted in each phase

transmitter network with less stringent require-quadrant, by spacing possible amplitudes and 4  Figure 4
ments in terms of the protection ratio. phase values closer together. An obvious solu-  Comparison of

tion is therefore to organize the modulation in coverage probabili-
Fig. 5shows the coverage probability at point P2two steps. In the first step, the phase quadrant!igs of the 2K and 8K
of the single-frequency network under consider-selected on the basis of two bits of a (channel- afé’:tg][nfs”; 25‘3';
ation (COFDM with 896us effective symbol encoded) datastreatdP (*high priority”). Then around one of two
time and 224us guard interval) for both station- the momentary phase and amplitude constellation single-frequency
ary and portable reception. Ranges for C/l valuets formed inside the preselected quadrant, deyansmitters spaced
are marked in which one, two or four pro- pending on the 2 or 4 remaining bits of anotherso km apart, based
grammes, each at approximately 6 Mbit/s, can béchannel-encoded) datastreat® (“low prior-  on a signal with four
received depending on the modulation methodity”). This form of modulation, known asier- programmes (23 dB).
or more programmes if the source data-rate anddrchical modulation enables 4-PSK to be inte- ~ (Upper).
or error protection is reducedkig. 5 shows that grated in the constellation diagram of a 16- or Omnidirectional
about 90 % of locations can be supplied with four64-QAM system. Fig. 6 shows the case for ~ €C€VINg aL”Ot‘jlg;?
or more programmes (64-QAM) in the case of di-16-QAM. TheHP datastream can be demodu- Dir(ection;i
rectional reception (unbroken curve). On thelated independently by a single evaluation of receiving antenna.
other hand, only about two programmesthe quadrant used.

(16-QAM) can be broadcast for portable recep- o
tion with an omnidirectional antenna if 90 % of The separate transmission of the two data- ¥  Figure5
the locations are to be served (broken curve). FottreamsHP andLP, each with their own error Coverage
portable reception of four programmes, the covProtection, means that transmission of the inte- probabilities in an
erage probability is reduced to as little as 25 o@rated 4-PSK is less susceptible to interference S_FNC(:aOt'Egl'\r)lt Ptzg
(in the C/I range, 25-28 dB). than is the case with non-hierarchical 16- or “S'”g . "‘g |
64-QAM. It also results in a higher coverage 2" ffective symbo
. L time of 896 us
probability for theHP datastream, which is ad- (8K-FTT) and a
vantageous for a broadcasting system geared éGard interval of 1/4,
portable reception. However, a slightly highegquivalent to 224 ps,
When COFDM carriers are modulated with signal-to-noise ratio is required for th® data- for both directional
4-PSK,the information (2 bits each) is transmitted stream compared with normal 16- or 64-QAM, and omnidirectional

in the phase quadrant. With 16- or 64-QAM, anbecause for the purposes of error correction théeceiving antennas.
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o ETF - === Fig. 8 shows the coverage probabilities in an SFN
with additional examples of hierarchical and non-
hierarchical modulation. These are based on the
required signal-to-noise rat®gor portable and
stationary reception which are given in the DVB-T

specification. This example shows 4-PSK in a

10

| T 1] 64-QAM system. The same error protection with a

. code rate R = 2/3 is used for both datastreams,
andHP, so the ratio of the data-rates betwé&én
andHP is exactly 2 to 1. With the guard interval of
1/4 considered here, this gives a data-rate of
6.6 Mbit/s for theHP datastream.

o | 1" | o1

4-FSK In 16-GAM The coverage probability for the three pro-

grammes with non-hierarchical modulation is

about 65 % for portable reception and about 98 %
— ool for stationary reception. The coverage probability
| for the LP datastream is reduced only minimally
with hierarchical transmission where =1,
whereas it is significantly higher for th#P data-
stream (90 % for portable reception). This means
that the coverage probability for a service which

can be received portabliAP: 90 %) is approach-
ing the values for the services intended for station-
ary receptionl(P: 98 %). In the case wheme= 2,

a value of 98 % is produced for services intended
for portable reception, compared with 95 % for

a1

A-PSK in 64-0AM (o =

2)

Figure 6 (upper)

Hierarchical

modulation: 4-PSK

integrated in
16-QAM.

Figure 7 (lower)

Hierarchical

modulation: Improved

constellation for
4-PSK integrated in
64-QAM or 16-QAM

with a = 2.
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services intended for stationary reception. In oth-
er words, owing to hierarchical modulation, the
coverage probability for at least one programme

. . _ can be increased significantly and there may even
mean distance between successive constellatigfs no loss in practice for théd datastreams.

points is lower when transmission occurs only
within one quadrant. This difference is sthall  The DVB-T specification also allows many other
the' case of uniform hierarchical .mod'ulatlon possib|e combinations, apart from the examp|e
(uniform QAM) where the constellation diagram shown inFig. 8, by varying the error protection
remains unaltered compared with non-hierarchicafor datastream#diP and LP. For examp|e, if
16- or 64-QAM. 4.98 Mbit/s-per-programme is adequate for an
application, it is possible to accommodate as
Decoding of theHP datastream can be further many as three programmes in tHe datastream.
improved by increasing the distance of the|ncreasing the error protection for th#® data-
constellation points from the coordinate axesstreamfrom R = 2/3 to R = 1/2 (owing to the lower
Fig. 7 shows the constellation diagram for non-data-rate of 4.98 instead of 6.6 Mbit/s) results in a
uniform hierarchical 64- or 16-QAM with =2 coverage probability of nearly 99 % for a porta-
(a =2 means that the distance between twgy-received service at a value mfas low as 1,
constellation points in different quadrants isand 96 % for the remaining three programmes

twice as large as the distance within a quadrantjwith stationary reception. In this way a “good”
The DVB-T specification provides for a value of sypply is achieved for all services.

o =4 in addition to the values = 1 (uniform)
anda = 2. However, the improvement in trans- )
mission reliability for 4-PSK with a value of ™= 13. Conclusions
o > 1 causes a further increase in the require
signal-to-noise ratio for theP datastream. Hier-

J-PSK in 16=-0AM (i = 2)

cf’he definition of the DVB-T system parameters is

archical modulation does, however, represent a atu_rally subject to various conflicting interests.
interesting application with respect to the cover- he impact of the system parameters on the cover-

age probabilities. age proba'b|l|ty is of pal’tICU.k'iI’ interest for a future
broadcasting service. Initially, the parameters

1. Approximately 0.1 — 0.5 dB with code rates 1/2 —3/4. 2. Simulation results of DLR and CCETT.
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required for a system specification and their rela- [2] ITU-R Recommendation BT.601-4:

tive effects on the coverage will be of greater in-  Encoding parameters of digital television
terest than the results for a concrete application ~ for studios .

wit_h a real_ t_ransmitter network and real signal-to- [3] Alard, M., Lassalle, R.: Principles of Modu-
noiseconditions (a task that must be performed by " |.+ion and Channel Coding for Digital
network planners). Broadcasting to Mobile Receivers

EBU Review — Technical, No. 224, August
The study of the DVB-T coverage aspects pre- 1987, pp 168-190.
sented in this article has been based on the use of
a single-frequency network. This is because, in [4] De Bot, P.G.M., Le Floch, B., Mignone, V.,
Germany, there is great interest in the use of  SChutte, H.-D.- An Overview of the Modula-
SFNs for reasons of frequency and power econo- gor; (?n?orChgri]r}teath%(ilrr;gS?r(i:QF qilseeiz\ifrlu_
my. The results are also fundamentally transfer- BFr)oadcasting ?Nithin the dTTb Project
able to other network structures. More precise  proceedings of IBC-94, Amsterdam, May
results about system behaviour, which are impor- 1994,
tant for the actual planning of DVB-T services,

are expected to be obtained from the European[5] CEPT Interim Report: Planning and

ACTS project “VALIDATE” which will also Introduction of Digital Terrestrial Tele- _ Figure 8
verify the DVB-T specification in laboratory and vision (DVB-T) in Europe Comparison of :)he
fi CEPT/FM-PT24, WGA 11 Rev. 2, WGB 14, _COVErage proba-
ield tests. May 1996 bilities in an SFN with
' hierarchical and
. [6] ITU-R Recommendation PN.370-6: VHF and non-hierarchical
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Mobile DVB-T — important results
Cologne, January 1997.

RTL and Deutsche Telekom AG are carrying out a series of trials using DVB-T compliant
equipment supplied by the UK company, DMV. The trials, covering the area of Cologne in
Germany, are designed to test the reception of DVB-T in a variety of conditions.

Initial results have been extremely promising, with the DVB-T system perform-
ing better than predicted. The preliminary tests consisted of transmitting 2k
DVB-T signals from the Cologne transmitter of Deutsche Telekom with an ERP
(equivalent radiated power) of 1 kW on Channel 40. A variety of DVB-T
parameters were chosen including QPSK, 16-QAM and 64-QAM modulation
with guard intervals of 1/4 and 1/8. Both the QPSK and 16-QAM FEC (forward
error correction) options of 2/3 and 3/4 were tested. Reception was based on
the use of an omnidirectional set-top antenna and a short antenna designed for
mobile telecommunications reception in a car. The initial trials investigated the
stationary, portable and mobile reception of the various DVB-T signals.

Most interesting were the results for mobile reception. A car was fitted with the set-top anten-
na and a DMV DVB-T receiver. The RTL/Deutsche Telekom team found that reception from
the transmitter was perfect for QPSK and 16-QAM at normal traffic speeds in the centre of
Cologne. Furthermore, the 16-QAM DVB-T signals were received perfectly on a motorway
at speeds of up to 140 km/h. QPSK DVB-T was perfectly received at speeds in excess of 170
km/h. In fact, according to Dr Paech (RTL), the limiting factors were the received power from
the transmitter, the traffic and the fact that the car used for the trials had a maximum speed
of about 170 km/h!

More extensive trials are underway, and the results are expected to be at least as good as
these preliminary findings.
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