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1 Introduction

1.1 A revolution

Over the next few years the world of terrestrial television broadcasting will see a revolution: the word is not too strong.  The changes, which will be brought about by the introduction of digital transmissions, will be more far-reaching than those, which have resulted up until now from the introduction of cable and satellite services.  Of course, cable and satellite systems will also experience the digital revolution, indeed in some parts of the world this has already started.

1.2 Current restrictions

Why should the advent of digital transmissions be described as revolutionary?  The primary reason is that digital television will free us from some of the constraints associated with the current analogue systems.  The major constraints are the lack of spectrum capacity for broadcasting and the high demands which analogue television systems make in terms of protection against interference.  The combination of these two elements means that only a limited number of television programmes can be transmitted into a given area.  At least, the number is limited if high quality reception is to be obtained.

In Europe, where the usual target has been the provision of television on a national or near-national, basis, there are 3 or 4 programme chains available to virtually the whole population of all countries; the total number of programme chains is as high as 6 in a few cases.  In some countries, one or more of these chains may have a regional basis, but this does not significantly affect the general concept.  In some countries there are additional services in the more densely populated areas.  Such services cannot be extended to the whole country because to do so would create additional interference and thus reduce the number of services, or their quality, available to some viewers.

The broadcasters recognise that is not possible to increase the number of programme chains available for terrestrial services because of spectrum limitations.  At the same time, however they are faced with continual demands from the audience for an increasing diversity of programme material; a demand which cannot be satisfied by means of analogue terrestrial broadcasts.  To some extent, satellite and cable systems have been able to respond to these demands by providing more thematic programme chains or simply more hours devoted to a given topic within a generalist chain because there are more such chains available.

1.3 Overcoming the restrictions

Digital television systems provide for a "step function" change in the situation because they allow for:

· multiple programmes in a given radio-frequency channel;

· a more rugged system which can provide a better use of the limited spectrum available.

To some extent these two advantages of digital systems are mutually exclusive.  The greater the capacity of a system (which is better expressed in terms of bit rate than number of programmes per channel), the higher is the minimum required C/N ratio (which is equivalent to a greater susceptibility to interference).

1.4 Co-existence of analogue and digital

Of course, to make use of a digital television broadcasting system, it is necessary to be able to introduce it.  Because it is unrealistic to seek additional spectrum, this means that the new digital system must co-exist with the existing analogue television services without undue mutual interference.  This co-existence will need to continue for some considerable time because of the large number of analogue receivers in the hands of the public.  To persuade all viewers to change to digital receivers or to persuade them to equip themselves with converter equipment, to permit display of the digital programme material, will take several years, or even many years.

To achieve a satisfactory co-existence between analogue and digital services will take very careful planning. This planning is complicated by the fact that some of the characteristics of digital broadcasting systems are very different from those of analogue systems.  For example, analogue systems exhibit a large amount of "graceful degradation".  As the wanted signal level decreases over a range of many dB, the picture quality will degrade but will remain usable.  Digital systems usually exhibit a very rapid failure characteristic; often a reduction in signal level of 1 or 2 dB corresponds to a transition from near perfection to no picture.  Such a difference brings with it the need to adopt new planning techniques.

1.5 Planning guides

The EBU produced a guide BPN 005, for the planning and introduction of terrestrial digital television services in 1996/97.  This guide was used as a basis for a joint CEPT/EBU document (Terrestrial Digital TV Planning and implementation considerations) published at the end of 1997.  Since then further work has been undertaken within the EBU and the CEPT and the most recent document on this subject is a report from the CEPT project team FM24, soon to be published as "Report from FM PT24 on the implementation of the Chester Agreement".  It is to be expected that further work within the EBU will result in an updated version of BPN 005 around the end of this year.

This information flow is an indication that a great deal of work is going on in this very new field.  Some of the planning ideas have a firm basis in the known planning of analogue services, both television and radio; other ideas are completely new.  Even the older ideas, however, have been modernised to ensure that they are applicable to the case of digital television.

2 Opportunities offered by digital television

2.1 Channelling

The EBU guide starts with a description of the DVB system developed in Europe and the primary target is to provide a basis for the planning of such a system within the 8 MHz wide channels used at UHF in Region 1.  However, much of the guide is really rather general and could be applied to other digital television systems including the case of DVB in channel widths other than 8 MHz.  Some of the numeric examples need to be extended in such a case.  A special case which will need to be considered in more detail is that of the introduction of DVB into the VHF bands.  In Europe, there are channel widths of 7 and 8 MHz and overlapping channel rasters.  This will need careful attention.  In fact, the overlapping channel rasters represented a difficult problem when only analogue television needed to be considered. The co-habitation of analogue and digital in such a situation is particularly difficult.

2.2 Simplification of the DVB-T offer

The DVB system is particularly flexible in that it offers a very wide range of implementation possibilities (as can be seen in Table 1).  Indeed, the multiplicity of choice is quite bewildering.  There is a range of modulation schemes ranging from QPSK, through 16 QAM and up to 64 QAM.  Within each of these categories there are several sub-categories.  For each of the latter, there are four different ratios of guard interval to symbol length.  In addition, there can be, nominally, 2k or 8k carriers. Although not separate options, the coverage target can be either for fixed antenna reception of for reception using a portable receiver with a built-in or attached antenna.  Each of these cases offers a different bit-rate and/or requires a different minimum C/N value for satisfactory operation.  The minimum C/N value is, of course, directly related to the minimum values of field strength and, indirectly, to the transmitter power requirements.

It was considered unrealistic (and potentially very confusing) to try to provide numeric example related to all of the possibilities available.  Thus, only representative cases are treated in the EBU guide (as shown in Table 2); this table may appear simplistic in that, to some extent, a complex set of planning parameters has been reduced to a few representative minimum required C/N values.  However, it has been found that this is a key parameter for most planning scenarios.  Results for a specific system variant can generally be obtained by interpolation between the examples given.  However, because of the very marked influence of the receiving environment, several quite specific examples are treated in detail.  These range from reception using a fixed antenna mounted externally at, or near, roof-level to reception using a portable receiver with a built-in or attached antenna in a ground-floor room.  Representative examples of these cases can be found in Tables 3, 4 and 5.

2.3 Propagation effects

The impact of propagation needs to be considered, with special attention being given to the influence of the statistical variation of field strength with location.  This is especially important in view of the rapid failure characteristics of digital systems mentioned above.  This point is particularly important.  In order to overcome the potential rapid failure for at least 95% of the locations, in a small area near the boundary of a digital television service, it is necessary to allow for a propagation margin of 9 dB for fixed antenna reception and more than 30 dB in the case of indoor portable reception. This propagation margin requires that the transmitter power be increased or that the transmitters be closer together.  It must be noted that the 30 dB value also takes account of building penetration loss, the absence of receiving antenna gain and the fact that the receiving antenna is only some 1.5 metres above ground level.  Special attention must also be given to network planning and the benefits of Single Frequency Networks (SFNs), a technique for which the DVB system is particularly well suited.

2.4 SFNs

The advantages of SFNs are probably well known, however, it is still worthwhile adding a few words of additional explanation.  In an SFN all of the transmitters operate on the same channel. This obviously represents a spectrum economy compared with the "normal" situation of a multiple frequency broadcasting network (MFN).

There is a further advantage, which is that the coverages of the individual transmitters in the SFN will supplement one another.  Particularly in regions which are nearly equidistant from two or more transmitters, (which is where the coverage is likely to be least good in an MFN) the gain in coverage which can be obtained in an SFN can be very significant.  In fact, the result can be a reduction in transmitter power of several dB, giving significant capital and operational cost reductions for the broadcaster without loss of coverage for the viewer.  An alternative way of using this benefit would be to provide coverage for portable receivers, using built-in or attached antennas.

It is worth noting that terrestrial transmissions are the only way of providing satisfactory coverage to portable receivers and the future digital transmissions will be free from virtually all of the defects on analogue television reception on portable equipment, delayed images and noise in particular.  

It seems likely that digital television introduction in Europe will be divided, in the next few years at least, into three broad categories of situation.  These are:

1) Countries which accommodate DVB-T in channels which can co-exist with the existing analogue services.  In general, such channels will be adjacent to those used for analogue services and significant e.r.p. restrictions will be needed to ensure that excess interference is not caused to the analogue services, both from the same transmitting site and from other sites.  To be specific, it will be necessary to avoid both adjacent channel interference and co-channel interference;

2) Countries which accommodate DVB-T in channels which are currently unused in that country.  Examples would be where there is a Stockholm 61 network which has not yet been implemented or where channels towards the top end of Band V, say above channel 60, have not been used for analogue television.  The latter was usually the result of reserving such channels for mobile (often military) services;

3) Countries which decide to convert an analogue service to a digital one.

In fact there is quite a close link between these last two categories in that in the Chester 97 CEPT planning meeting is was decided that where an analogue station (operating or not) is converted to digital, an e.r.p. reduction of 7 dB should be applied to protect stations in neighbouring countries and also to preserve the rights of such countries with respect to future developments.

3 The challenges

3.1 Introduction

It seems likely that in many countries the early introduction of digital broadcasting will be by using any "gaps" which exist in the spectrum.  The scope for nation-wide or even sub-national regional use of SFNs in such "gaps" may be rather limited in the short term.  However, there can be a much greater scope where a block of channels, say those above 60, becomes available, especially if this applies also to one or more neighbouring countries.  Nonetheless, in the longer term it is to be expected that the benefits of SFNs will lead to their much more general use, perhaps especially in those cases where portable reception is a primary target.

3.2 Protection of analogue services

Considerable attention must be given to the continued protection of the analogue television services. This is a topic which is seen by all broadcasters as being of primary importance.  To assist in this process, database formats for analogue and digital television stations have been developed jointly by the EBU and the CEPT on the basis of models proposed by the EBU.  These contain considerably more information than is available, for example, from Stockholm Plan records. This additional information is needed in order to be able to carry out calculations which examine the compatibility between analogue and digital services.

As noted earlier, the transition period during which terrestrial digital television will have to co-exist with the analogue television services is likely to be several, if not many years.  It is clearly unacceptable for them to be significant degraded by interference to the analogue services during this transition period.

3.3 Introduction of DVB-T services

Particularly for the case of digital television services which use the gaps in the spectrum, the challenge is to find suitable channels and radiation characteristics which can maximise the digital coverage while minimising the interference to existing and planned analogue stations.

The best way of doing this involves a two-stage process.  In the first stage, the coverage of the analogue stations is calculated.  This may be done in several different ways with varying degrees of complexity and requiring varying amounts of detail, which can include terrain data banks.  However, a reasonably simple approach using Rec. ITU-R P.370 and a limited amount of information additional to that contained in the Stockholm Plan seems to give acceptable results.  The main additional information needed is the detail of the horizontal radiation pattern of the transmitting antenna and its effective height above mean terrain; both of these are needed at 10 degree intervals.  The results of one such set of calculations is shown in Figure 1.  It is considered that the match between the calculated and measured coverages is quite good.  Similarly good results have been obtained for other stations in flat or not-too-hilly terrain.  The results are less good if the terrain is very hilly.

The second stage of the process is to determine, for any given digital station on a specified channel, how much power can be radiated in any direction without increasing the interference to analogue stations by more than, say, 0.3 dB.  Here it is worth noting that the interference impact of a digital station would be comparable to that of an analogue station if equal powers were needed.

Because the field strength values needed by digital television are generally lower than those needed by analogue television, the radiated power can be lower and thus the interference potential is lower. Of course, the protection ratios for a digital television service interfered with by either analogue or digital television are considerably lower than those for analogue television as the "wanted" service.  An example is shown in Figure 2 of the type of digital coverage which could be achieved while still providing protection of existing analogue services.  The coverage restrictions to the east of the transmitter site are the result of the power reductions needed in that direction to achieve the required protection of analogue stations.

This is only one example of what might be done, and in fact does not form any part of what the UK actually has done.

3.4 SFN restrictions

It was noted earlier that SFNs can offer many advantages.  However, in any natural situation there are always disadvantages to accompany the advantages.  One disadvantage of SFNs is that they restrict the broadcasters ability to provide local or regional programme variants except by means of sub-division of the available bit-stream capacity. This usually means that the quality of the sub-division will be restricted.

More serious is the potential problem of self-interference in large area SFNs.  In fact, in most cases, this self-interference limits the size of an SFN so that the largest separation between transmitters within the same SFN cannot be much more than about 200 km - and this is for the case of the longest available guard interval and an 8k system.

3.5 Other services

It is also recognised that there are some "other services", which use the spectrum allocated for terrestrial television.  Compatibility with these services will need to be examined.  At present, only an outline of this latter process can be given as there is insufficient detail available about such other services.  It is recognised that it is a high-priority task to obtain such information and process it in such a way that methods for evaluating compatibility can be developed.

4 Looking to the future

As noted earlier, many of the ideas about planning for digital television are still being developed.  This development process will continue for some time.


Required C/N for

BER=2  10-4 after Viterbi

(quasi error-free after Reed-Solomon)
Net bitrate (Mbit/s)

System
Modulation

Code Rate
Gaussian

channel 
Ricean

channel

(F1)
Rayleigh channel

(P1)
D/TU =1/4


D/TU =1/8


D/TU =1/16
D/TU =1/32



A1
QPSK
1/2
3.1
3.6
5.4
4.98
5.53
5.85
6.03

A2
QPSK
2/3
4.9
5.7
8.4
6.64
7.37
7.81
8.04

A3
QPSK
3/4
5.9
6.8
10.7
7.46
8.29
8.78
9.05

A5
QPSK
5/6
6.9
8.0
13.1
8.29
9.22
9.76
10.05

A7
QPSK
7/8
7.7
8.7
16.3
8.71
9.68
10.25
10.56

B1
16-QAM
1/2
8.8
9.6
11.2
9.95
11.06
11.71
12.06

B2
16-QAM
2/3
11.1
11.6
14.2
13.27
14.75
15.61
16.09

B3
16-QAM
3/4
12.5
13.0
16.7
14.93
16.59
17.56
18.10

B5
16-QAM
5/6
13.5
14.4
19.3
16.59
18.43
19.52
20.11

B7
16-QAM
7/8
13.9
15.0
22.8
17.42
19.35
20.49
21.11

C1
64-QAM
1/2
14.4
14.7
16.0
14.93
16.59
17.56
18.10

C2
64-QAM
2/3
16.5 
17.1
19.3
19.91
22.12
23.42
24.13

C3
64-QAM
3/4
18.0
18.6
21.7
22.39
24.88
26.35
27.14

C5
64-QAM
5/6
19.3
20.0
25.3
24.88
27.65
29.27
30.16

C7
64-QAM
7/8
20.1
21.0
27.9
26.13
29.03
30.74
31.67

Note:Quasi error-free means less than one uncorrected error event per hour, corresponding to BER = 10-11 at the input of the MPEG-2 demultiplexer.

Table 1

Required C/N for non-hierarchical transmission (8 MHz version) to achieve a BER = 2 10-4 after the Viterbi decoder for all combinations of coding rates and modulation types.  The net bit rates after the Reed-Solomon decoder are also listed.

C/N dB
2
8
14
20
26

Table 2

Representative C/N values for a range of system variants

Minimum C/N
2
8
14
20
26

Minimum field strength dBμV/m
24
30
36
42
48

Minimum median field strength 70% location coverage target
27
33
39
45
51

Minimum median field strength 90% location coverage target
33
39
45
51
57

Table 3

Fixed antenna reception Band IV (500 MHz)

Minimum C/N
2
8
14
20
26

Minimum field strength dBμV/m
31
37
43
49
55

Minimum median field strength 70% location coverage target
41
52
58
64
70

Minimum median field strength 90% location coverage target
52
58
64
70
76

Table 4

Portable outdoor reception Band IV (500 MHz)

Minimum C/N
2
8
14
20
26

Minimum field strength dBμV/m
31
37
43
49
55

Minimum median field strength 70% location coverage target
54
60
66
72
78

Minimum median field strength 90% location coverage target
64
70
76
82
88

Table 5

Portable indoor (ground floor) reception Band IV (500 MHz)

Note: 
Values of minimum median field strength will be:

6 dB lower for first floor reception

12 dB lower for higher than first floor reception
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Figure 1:
Comparison of BBC measured coverage and EBU computer generated test points for Crystal Palace analogue television on Channel 33

[image: image2.wmf]CRYSTAL

PALACE

+

0

10

20

30

40

50

kilometres

Measured coverage

Predicted coverage

including interference

Co-channel 

interference

Bilsdale

Co-channel 

interference

Rouen


Figure 2:
EBU predicted coverage of DTV from Crystal Palace (UK) on Channel 35
(Note: this example does not form any part of a UK plan)
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