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Today, for millions of homes throughout the world audio and video broadcasting are the primary sources of home entertainment, and important sources of news, education and other information. Although in recent years, satellite and cable distribution has gained considerable importance; still, the radio and television services are distributed to most homes via terrestrial wireless stations, or a network of such stations, called the broadcasting network. They are designed to ensure that sufficient signal quality can be obtained to receive a radio or TV program in every home in a community or in a whole state or country.

The analog system has a number of shortcomings both in sound and picture quality and in radio spectrum utilization. This is a severe problem since in many developed countries the available radio spectrum is already saturated. 

The limitations of the analog systems and the recent advances in digital communications triggered the development of a series of digital broadcasting standards. The digital system offers not only better sound and picture quality to the home users, but it provides high quality reception for the mobile users (in cars and trains), it allows the introduction of a number of radically new services (e.g., personal communication), and it also drastically improves the spectrum utilization – a crucial factor for network operators and governments.
One of the most important elements of the European digital broadcasting standards is the concept of the single frequency network (SFN): a transmitter network in which all transmitters transmit identical information simultaneously at the same frequency. Thus, the distribution of a broadcasting program over a whole country requires only one frequency block. This concept puts radically new requirements on the design of broadcasting networks, and appropriate methods and tools have yet to be developed. The actuality of this is very high: it is expected that in many countries the existing analog broadcasting networks will be completely replaced by digital broadcasting networks by the year 2015.
Digital broadcasting (DAB/DVB) systems are based on a wide-band multi-carrier modulation method, Orthogonal Frequency Division Multiplexing (OFDM) [1], which is capable of operating successfully in multi-path and fading environment. The multi-path generates two effects, inter-symbol interference (ISI) and frequency selective fading. In OFDM the high bit rate data stream is modulated onto a large number of adjacent narrow band carriers. By ensuring that the symbol duration is sufficiently long and using a guard interval between successive symbols on each carrier, the system can absorb the inter-symbol interference created by multi-path in the channel. The guard interval should have a duration that exceeds the multi-path delay spread of the channel. Since frequency, selective fading impairs only a few of the carriers; the information content can be retrieved by means of powerful error correcting codes together with interleaving.
The capability of OFDM to overcome multi-path interference allows distributing a program over all transmitters in a radio network using the same frequency block. In such a SFN, the useful signal at a receiver is the superposition of all signals coming from those transmitters that distribute the required program (Fig. 1). Moreover, large diversity gain (or network gain) is obtained yielding better coverage and frequency economy than in analog broadcasting networks.
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Fig. 1: SFN used in Digital Broadcasting. In SFN all transmitters operate 
in the same frequency block. The useful signals come from the nearest transmitters (|), 
whereas transmitters located far from the receiver contribute to the interfering signal (- - -).

The main advantages of implementing SFN compared to the conventional multi frequency network are the following:

( High spectrum efficiency is regarded as a major advantage of the SFN concept compared to the multi-FN (MFN) approach. Spectrum efficiency is very important in a scarce spectrum environment both in the introductory phase of digital services when the spectrum is occupied by analog services and in long term when a large number of offered programs will make the broadcasting services more attractive for customers. 

( In SFN the received signal is a superposition of signals coming from several transmitters. The variation of the total field strength is lower, since one of the transmitters is shadowed, whereas the others are still receivable. These results in a higher location probability compared to the single transmitter case. This phenomenon is usually referred network gain or diversity gain.

( Because of the network gain, SFN can operate at lower power and the field strength distribution over the total service area is more homogeneous compared to MFNs.

( SFN allows the easy setup of gap-filling transmitters where bad reception quality is observed, i.e., without using extra frequencies.

( Increased robustness is ensured using dense SFNs in which the failure of a single transmitter does not result in coverage outage for the whole network.

In a SFN multiple copies of the signals arrive at the receiver antenna with different delays. The time dispersion is caused by two main mechanisms. The “natural” dispersion occurs due to the wave components reflected by obstacles near the receiver and the “artificial” dispersion derives from the reception of signals from several transmitters placed at different distances from the receiver (Fig. 2). The delay of the “natural echoes” is usually limited to 20-30 (s, corresponding to a difference in the propagation path of up to 10 km. Since the symbol duration is very long compared to the “natural” dispersion, the effects of reflection near the receiver can be neglected. Thus, the inter-symbol interference is caused mainly by the “artificial” delay spread.
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Fig. 2: Multi-path propagation due to simulcasting.

In OFDM systems, the extreme delay spread is controlled by using a longer transmitted symbol than the actual interval observed by the receiver. If the delay spread of the signal is smaller than the guard interval, no inter-symbol interference occurs and the signal contributes totally to the wanted signal. Signals of transmitters located far away from the receiver can cause inter-symbol interference and turn into interfering signal because of the excessive delay. Those signals arriving in between contribute partially both to the wanted and to the interfering signal. This phenomenon is called self-interference (Fig. 1.) Therefore, in SFNs not only noise but also delayed signals outside the guard interval have an important impact on the achievable coverage.

The next two sub-sections will summarize the relevant features of the DAB and DVB systems, respectively.

The ongoing deployment of the digital systems for terrestrial audio and video broadcasting offers the technical possibility for introducing new types of applications in broadcasting systems. Interactivity, mobility and multimedia are assumed the most attractive features of future applications. The digital broadcasting systems inherently provide multimedia. Mobility is also supported by both DAB and DVB systems. The mobility was part of the requirements in the DAB standard from the early days. Although in the DVB standard mobile reception was not seen as an important criterion, the VALIDATE and MOTIVATE projects verified that DVB can also cope with mobility. Concerning interactivity, a pure broadcast system has limitations, but combining the DAB/DVB with a bidirectional access method, truly interactive services can be implemented. Based on different kinds of interactivity the services can be categorized as [2]:

( Pure broadcasting: The same information is broadcast to all receivers. Examples are TV and radio programs and data broadcasting. In case of data services, the information is broadcast to all receivers in a repetitive way or at scheduled points in time. After downloading a large quantity of data, the user can then be locally interactive against the local storage medium. Information, which is not updated too often, but contains a large amount of data, can preferably be transmitted in a scheduled way. Information, which is updated more frequently, but contains less data, is preferably transmitted in a repetitive way via a data carrousel, and retrieval from the local memory where earlier received data is stored, is then possible. 
( Interactive broadcasting: Same as pure broadcasting with additional possibility of being interactive via an interaction channel (e.g., GSM, PSTN). The user does not influence the content of the broadcast channel. Examples for such services are home shopping, home banking, travel, and transport and navigation services. 
( Full interactivity: The broadcast channel is used also for the distribution of individually addressed information ordered via a separate return channel. The digital broadcasting network can offer large bandwidth for the broadband down-link of an asymmetrical personal service. For the narrow-band up-link channel several alternatives can be considered such as PSTN, GSM, DECT. Good examples for services to this kind of hybrid system are broadband, wireless Internet access or video-on-demand.

Interactive television requires the addition of both a forward and a return channel. In digital television, the forward channel information can be multiplexed as part of the DVB broadcast transmission, possibly as “private” data services. The problem of the return channel is more complex, as additional features must be added to the customer's and to the operators' equipment. A number of return channel alternatives have been proposed based on PSTN, cable, UHF terrestrial, DECT and GSM [3]. Depending on the existing infrastructure, different solutions will be adopted in each country.
To offer interactive multimedia services to mobile and portable terminals the MEMO project has developed a generic architecture. The system provides an asymmetrical bi-directional link combining DAB with GSM [4]. The system can offer a 1.2 Mbps down-link channel with a return channel of up to 9.6 kbps. Two types of service were implemented: applications from electronic publishing based on HTML format with high requirements on interactivity and on-demand downloading of large amounts of data. 
Introduction of services for individual users in a broadcasting network puts new demands on the network architecture. In conventional broadcasting networks due to the unidirectional point-to-multipoint feature of pure broadcasting, the number of receivers is inherently unlimited over the area service is offered. On the other hand, personal communication is regarded as bidirectional communication, requiring dedicated point-to-point “channels”. Therefore, the number of served customers is limited by the channel capacity per transmitter or SFN and the density of the networks. 

An important part of planning any radio communication network is coverage planning: to ensure that a sufficient signal quality required by the new service will be available everywhere in the area where the service is to be offered. Network coverage planning involves determining the proper number of transmitters, accurate transmitter locations, radiated power levels, antenna heights, antenna patterns, polarization, frequencies and service dependent parameters – all in order to satisfy the required service coverage.

There are three types of interferences encountered in the network that have to be kept at a satisfactory low level when planning an SFN: (1) Internal interference: interference among the transmitters of the network that is subject of the planning. (2) External interference: coming from other networks operating in the same frequency band. (3) Generated interference: the interference caused by the network to other networks. 

In the early days of radio communication coverage planning was based on simple principle – “the higher power radiated the better” (for minimizing the number of transmitter sites and thus reducing the cost of the infrastructure. As the number of independent radio networks offering different services heavily increased, it was recognized that the “brute force” approach of the old days led to pitfalls: the increased interference background level forced new networks to use even higher power. Such a “power racing” resulted in the quick saturation of the available radio spectrum, leading to an unnecessary natural environment degradation and capital investment losses. Instead of being limited by the noise, the coverage of the networks becomes limited by the interference, and it became necessary to apply sophisticated network planning methods.

Today, radio spectrum is treated as a finite natural resource shared by all countries. Since radio waves do not stop at political borders, sharing of the spectrum is the subject of international negotiations and regulations: the whole – today usable – spectrum is carefully divided into smaller and larger frequency bands, and each band is allocated to a certain service type usable by one or more countries. Besides spectrum partitioning, the allowed interference between different coexisting networks is also regulated, both at national and international levels.
Despite the fact that the radio spectrum has become saturated, there is still a growing demand for new radio services. There are two complementary directions to alleviate the problem:

1. Extending the resource by exploiting higher and higher frequency ranges.
2. Increasing the utilization of the existing resources with better frequency economy. It means low interference and high frequency reuse by means of radio resource management, such as power control, channel allocation (FCA, DCA), etc.
Concerning traditional broadcasting, there are two inherent features of the analog technology that create the main constraints for network planning: (1) It is sensitive to multi-path propagation which prohibits the reuse of the same frequency for the nearby transmitters broadcasting the same program. (2) Due to the wide signal bandwidth compared to the channel separation, the nearest neighboring channels also cause interference besides the co-channel interference. Hence, to distribute a program over a wide area requires large number of transmitters using many frequencies, i.e., they are planned in MFN configurations. 

In SFNs the network designers have to solve new types of planning problems. The statistics of the “artificial” echoes from the various transmitters in a SFN can be evaluated by the planner. In contrast with traditional broadcasting, where the main issue of network planning is the frequency assignment, designers of SFNs have to plan the “delay” situation in the wide area (national) networks for controlling the self-interference, manipulating mainly with the transmitters’ location, power, antenna height and antenna pattern. With the advent of SFN and delay planning, a new network parameter has appeared: the temporal broadcasting delay. The DAB/DVB source signal is produced at a central studio and it is forwarded to the terrestrial transmitters via cable or satellite. Signals arrive at the different transmitter locations with different delays, therefore a time synchronization will be required for simultaneous broadcasting in SFN. 

The channel assignment can become an issue also in DAB/DVB design when, e.g., many regional or local programs have to be designed on the same area in the same time, and thus channel reuse is important (Fig. 3). In such situations, SFN design involves both delay and frequency planning.
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Fig. 3: Planning of several local area SFNs requires delay and frequency planning. 
Gray shadings correspond to different frequency blocks.

The analog systems exhibit a smooth transition from good to poor reception quality without any sudden disruptions as the signal quality degrades. DAB and DVB systems use error-correction codes, which yield a very sharp transition from very high reception quality to total disruption of the program. In general, better reception quality can be obtained in even severe reception conditions in which the analog system would fail and this means that lower transmitted power can be used. 
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