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ABSTRACT

The BBC, in common with other UK broadcasters, intends to start digital terrestrial television
services in 1998. These services will be broadcast according to the DVB-T specification.
BBC R&D has conducted a programme of laboratory tests and field trials, in preparation for
the start of these services. These tests have verified the suitability of the DVB-T
specification, and determined some of the key service planning parameters.

The laboratory tests have shown that modems can be built with a small implementation
margin, and that the system is rugged against co-channel interference and echoes. They have
also determined the protection ratios for existing PAL-I services interfered by DVB-T signals.
The field tests have confirmed that the results obtained in the laboratory can be achieved in
practice, and have shown that actual coverage achieved is generally at least as good as
computer predictions suggested.

INTRODUCTION

The BBC, in common with other UK broadcasters, intends to start digital terrestrial television
services in 1998. These services will be broadcast according to the DVB-T specification,
which was approved by ETSI (1) earlier this year.

This specification uses orthogonal frequency division multiplexing (OFDM) with 1705
carriers ('2K') or 6817 carriers ('8K'). BBC R&D built the first DVB-T compliant modem (a
2K version) which was described by Stott (2). We have used this modem to conduct a
programme of laboratory tests and field trials. This paper gives the results of these tests.

The purpose of this work was to verify the DVB-T specification and to determine key
parameters required for service planning purposes. Some of these parameters are best
measured under laboratory conditions, and others must be measured in the field because of
the less predictable conditions of a real channel.

Detailed planning is required to ensure that the new DVB-T services will have the expected
coverage and performance, without noticeably degrading existing PAL-I services. To give
confidence in the computer prediction tools, some work is presented to compare predicted
and measured coverage in a few areas.

Results of tests with other DVB-T compliant equipment have been reported by Morello et al
(3) and Weck and Schramm (4).

LABORATORY TESTS

The laboratory tests were split into two main areas:



Protection ratios for existing PAL-I services interfered by DVB T
Verification of modem performance including interoperability tests.

The large number of possible parameters that could have been varied has meant that only a
limited set of tests have been conducted at the time of writing.

Protection ratios for existing PAL-I services interfered by DVB-T

Co-channel and adjacent channel interference from a DVB-T test source was applied to a
laboratory PAL-I transmission system. Out-of-band emissions – intermodulation product (IP)
shoulders – from the test transmitter could be varied. The measured IP shoulder level (see
Fig. 1) could be varied over the range -35 to -50 dB or filtered with an 8 pole channel filter.

Fig. 1 - Measurement of IP shoulder level.

Picture impairment was assessed by a subjective comparison method. A reference condition
was set up by adding white Gaussian noise equivalent to Grade 3.5 according to Oliphant et
al (5), to the PAL signal. The interference level was adjusted to produce a subjectively similar
impairment.

Independent assessments were made by two observers on three different types of PAL-I
receiver:

A Grade 1 measuring receiver ('Measuring')
A 'top of the range' domestic receiver ('NICAM')
An inexpensive domestic receiver ('Portable')

Initially three different picture sources were used. However, the variation of results was
found to be very small, so rationalisation to using only a test pattern picture source was made.

Degradation to PAL-I FM and NICAM sound was also measured but the results are not
reported here as PAL-I vision was found to require the greatest protection. No quantitative
measurement of the degradation to the generally robust Teletext service was made.

The frequency offset of the interfering DVB-T signal was limited to the co-channel (N) and
adjacent channel (N±1) cases, with smaller frequency increments over a ± 250 kHz range for
the latter. Introduction of these frequency offsets did not have significant benefit for
protection of PAL-I services.

PAL-I vision protection ratio as a function of DVB-T IP shoulder level

Measurements were only made with the DVB-T signal in the lower adjacent channel (N-1) as
this is the most critical case. Protection ratio measurements were made for a variety of
out-of-band emission levels from the DVB-T test transmitter. The results are shown in Fig. 2.



Fig. 2 - PAL-I protection ratio versus level of IP shoulder from an interfering N-1 DVB-T
source.

This shows that the upper IP shoulder encroaches into the PAL-I channel causing in-band
interference. With high levels of IP shoulder this interference dominates and the protection
ratio is independent of receiver selectivity. With lower levels of IP shoulder the adjacent
channel interference dominates, and so the results are mainly dependent on receiver
selectivity. Therefore, much more variation of results between receivers is seen.

Overall PAL-I vision protection ratio requirements

The results presented here are for a representative DVB-T interfering transmitter with -40 dB
IP shoulders removed by an 8 pole channel filter. The protection ratio for picture impairments
to grade 3.5 was measured for each receiver independently by two observers and averaged.
The results are given as column (M') in Table 1. The degradation law due to DVB-T
interference is similar in characteristic to that of Gaussian noise, so grades 3 & 4 were
deduced. An allowance of +2.0 dB has been made for Grade 4 ('continuous'-C') and 1.5 dB
for Grade 3 ('tropospheric'-T') interference. Interfering digital signal in channel: C' M' T'

Table 1: Protection ratios for wanted analogue signal in channel N.

Verification of modem performance

A laboratory DVB-T 2K transmission system on UHF channel 28 was used throughout these
tests. Co-channel interference from a PAL-I test source as well as additive white Gaussian
noise could be applied at RF. In addition the RF signal could be degraded by an RF channel
multipath simulator.

The DVB-T data consisted of test data inside MPEG packets. The BBC DVB-T demodulator
is capable of checking the bit error ratio (BER) after the Viterbi decoder. The results are
presented for degradation to a BER of 2 x 10-4 which is the Quasi Error Free (QEF)
condition at the output of the Reed Solomon decoder. It should be noted that the slope of the
BER curve versus impairment level is impairment dependent. For some impairments,
increasing the level of the impairment does not quickly bring about a failure condition.



Performance with additive white Gaussian noise (AWGN)

The noise level was increased until the QEF condition was reached, and the noise source
attenuator setting noted. The carrier-to-noise ratio was also measured directly by measuring
the signal and noise sources independently with a power meter.

These results can be compared with the simulated figures in the DVB-T specification (1) - see
Fig. 3. The simulated figures do not take into account the implementation margin associated
with a practical channel equaliser. The measured results are for a demodulator which includes
a channel equaliser. Taking this into account, the demodulator performance is very close to
the theoretical limit.

Fig. 3 - Performance with AWGN.

Performance with co-channel PAL-I interference

The PAL-I vision modulation used throughout was 75% EBU colour bars. The FM sound
carrier was modulated with a 1kHz tone. The NICAM sound carrier was modulated with
PRBS data. The mean power level of this PAL-I test signal is conveniently -3.0 dB relative to
the peak sync reference level.

For different modes and frequency offsets the level of PAL-I interference was increased until
the QEF condition was achieved. The results are shown in Fig. 4.



Fig. 4 - DVB-T carrier to co-channel PAL-I interference ratio for QEF.

This shows that the DVB-T system is very robust against co-channel interference. The
protection ratios observed are in line with the values assumed in the UK frequency planning
study – see Maddocks et al (6). Note that for some of the QPSK and 16 QAM results the
performance is limited by the ability of the modem to synchronise correctly under conditions
where the power of the in-band unwanted signal is about 10dB greater than the wanted
signal. It is likely that improvements to the synchronisation algorithms could improve these
results still further.

Performance in the presence of a single multipath echo

Fig. 5 shows the result of tests conducted with a single echo – it shows that the system is
robust even for a 0 dB echo. With 64-QAM rate 2/3, and the chosen short guard interval, the
limit to operation with a 0 dB echo is the guard interval duration. With a very rugged code,
such as QPSK rate 1/2, the limiting factor is the performance of the channel equaliser – and
operation with delays significantly outside the guard interval is possible. In both cases, for
very long echoes, the effect of the echo becomes similar to Gaussian noise, and so the curves
asymptote to the values from Fig. 3.

Fig. 5 - Maximum level of a single echo for QEF, with guard interval 7 µs.

Interoperability tests



An important part of the testing of the BBC modem has been to ensure that it is fully
compliant with the DVB-T standard. This has been checked as part of the VALIDATE
project. Firstly, five different partners' software simulations of a modulated signal were
compared. All five simulations agreed exactly. Next, the BBC modem was checked against
this simulation – and was found to be identical. Finally, an interoperability test was conducted
with the DVB T modem built by Thomson Multimedia, CCETT and ITIS as part of the RACE
dTTb project (the dTTb 'second demonstrator'). In this test, it was shown that the modems
worked with each other both ways round, for all modes that they operate in, and also with
MPEG-2 coded audio and video. A similar test was conducted between the BBC modem and
a DVB-T modem built by DMV, with the same results.

The above process has confirmed not only that the BBC modem is fully compliant with the
DVB-T standard, but has also helped to clarify implementation pitfalls that could easily be
made unless the standard is carefully applied. These were documented as an Informative
Annex to the specification.

FIELD TRIALS

Transmitter details

Signals were radiated on UHF Channel 28 from the Crystal Palace transmitting station in
London, and on UHF Channel 59 from the Pontop Pike station in the North East of England.
The transmitting equipment was as previously described by Oliphant et al (7). Two important
differences between the two stations should be noted. First, the channel used at Pontop Pike
was upper adjacent to one of the PAL-I services from the same site. This was not the case at
Crystal Palace. Second, at Pontop Pike a high-power combiner was used to combine the
digital and PAL-I signals, which were then radiated from the same antenna. At Crystal Palace
a separate antenna was used for the digital signal.

Field trials survey vehicle

The field trials were carried out using a van which had been converted into a digital
broadcasting survey vehicle by BBC R&D. The vehicle was equipped with a receiving
antenna mounted on a 10 metre pneumatic mast. The antenna could be rotated through 360
degrees in the horizontal plane in order to point it in the direction of the transmitter.

The signal from the antenna was fed to a filter/distribution amplifier box. This provided
separate feeds of the received signal for the DVB T receiver, a field strength measuring
receiver and a spectrum analyser. Power for the equipment was provided by a petrol
generator carried in a trailer.

Minimum C/N

In planning a digital terrestrial network it is important to know the minimum carrier to noise
ratio, (C/N), at which the system will operate. Measurements to determine this figure were
made at both Crystal Palace and Pontop Pike, using the 16-QAM, rate 3/4 mode, with a
guard interval of 7µs. According to the DVB-T specification the theoretical values for this
mode were 12.5 dB for a Gaussian channel, 13.0 dB for a Ricean channel, and 16.7 dB for a
Rayleigh channel.

Fig. 6 shows the distribution of minimum C/N for a total of 58 measurement points where
reception from Crystal Palace was possible. Analysis of the data files gives:



Fig. 6 - Distribution of minimum C/N measured at Crystal Palace.

Fig. 7 shows similar results made in the Pontop Pike area. Analysis of these results gives:

Fig. 7 - Distribution of minimum C/N measured at Pontop Pike.

The Pontop Pike results are slightly better than those obtained at Crystal Palace. There is a
reduction in the median value of about 1 dB. These differences are thought to be mainly due
to improvements made to the modem between the periods of the Crystal Palace and Pontop
Pike tests.

It is also significant that there is no apparent degradation in performance resulting from the
use of a channel upper adjacent to a co-sited PAL-I service, or from the high power channel
combiner.

Location variation

In addition to the minimum C/N, it is important to determine the magnitude of field strength
variation that can be expected in a small geographical area.

Measurements were made in a number of 1 km by 1 km squares within the coverage areas of
each transmitter. In each square, ten or more field strength measurements were made at
points evenly distributed throughout the square. The measurement van was shunted by about
half a metre at each point in order to maximise the signal. From these measurements,
standard deviation values were calculated for each square. The average values calculated for
all Crystal Palace squares and all Pontop Pike squares are given in Table 2.

Table 2: Measured standard deviation values.



Coverage measurements

The values of 'Minimum C/N' and 'location variation' are important parameters in computer
predictions of coverage. The planning of digital terrestrial services is based largely on these
computer predictions. Consequently, a programme of work was undertaken to compare the
predicted and measured coverage of the Crystal Palace and Pontop Pike transmitters within a
few selected areas.

The results are presented in Fig. 8 and Fig. 9 as scatter plots of measured versus predicted
coverage for the squares. Thus points above the diagonal line represent squares in which the
measured coverage is better than predicted.

Fig. 8 - Measured versus predicted coverage at Crystal Palace.

Fig. 9 - Measured versus predicted coverage at Pontop Pike.

It is clear that in the majority of squares the measured coverage is at least as good as
predicted. Though there are some squares in which the reverse is true, these are generally in
areas where reception conditions are known to be poor. This is often due to high levels of
ground clutter, high-rise buildings etc. Such effects are notoriously difficult to build into
prediction models. In particular, five squares in the Pontop Pike survey gave a lower than
predicted coverage figure. These squares were, however, in a particularly heavily built up
industrial area in Middlesbrough.

Indoor portable reception

Portable reception is one of the key advantages of terrestrial broadcasting over other delivery
means. In view of this, some work was undertaken with two basic aims:

To measure the key parameters of building penetration loss, height gain, and location
variation required for theoretical studies.
To assess the coverage to set-top antennas at fixed locations in the houses and how this
relates to the measured field strength outside at 10 metres.

A total of six residences were measured. Four of these were conventional houses, one was a
first floor maisonette and one was a ground floor conversion flat. All of the buildings were of
conventional brick construction. Measurements were made in different rooms inside the



house. In general, for a normal two storey house, four rooms were measured – upstairs and
downstairs on the sides nearest to and furthest from the transmitter.

Measurements were made to determine the ratio of the field strength measured outside at 10
metres to that measured inside the building. This overall building loss includes both the
building penetration loss and height gain. The figure varied between about 16 and 29 dB for
upstairs rooms, and 19 and 34 dB for downstairs rooms. The average values were 22 dB for
upstairs rooms and 29 dB for downstairs rooms.

The standard deviation of the field strength variation within a room varied between about 2
and 4 dB.

The minimum C/N required for reception in upstairs rooms was, on average, 17 dB, virtually
identical to that obtained with a good directional antenna at 10 metres height. This is clear
evidence of the ruggedness of the DVB-T system under adverse reception conditions such as
those encountered inside buildings. For downstairs rooms the average value was about 18 dB
for a room on the side of the house nearest to the transmitter, and about 21 dB for a room on
the opposite side. The increased C/N value required in ground floor rooms and rooms on the
opposite side to the transmitter probably reflects the increased level of multipath propagation.

On the basis of these C/N values the corresponding minimum field strength values at the
receiving antenna are 42 dB µV/m for upstairs rooms, 44 dBµ V/m for a downstairs room on
the side nearest to the transmitter, and 46 dB µV/m for a downstairs room on the opposite
side of the house.

On average a field strength of 70.5 dB µV/m at 10 metres should ensure reception at 90% of
locations within an upstairs room. A field strength of between 77 dB µV/m and 82 dB µV/m
at 10 metres would be required to provide similar coverage to downstairs rooms.

CONCLUSIONS

A programme of laboratory tests and field trials have been conducted with the BBC's DVB-T
modem. This work has confirmed the validity of the DVB-T specification and established the
key service planning parameters. The results support the values currently being used by the
CEPT and in the UK frequency plan (6). Coverage measurements indicate that generally the
coverage is at least as good as the planning study suggested.
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