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Avant-propos
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des études pour toutes les gammes de fréquences, a partir desquelles les Recommandations seront ¢laborées et adoptées.
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mondiales et régionales des radiocommunications et par les Assemblées des radiocommunications assistées par les
Commissions d’études.

Politique en matiere de droits de propriété intellectuelle (IPR)
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licence sont accessibles a l'adresse http:/www.itu.int/ITU-R/go/patents/fr, ou 1l'on trouvera également les Lignes
directrices pour la mise en oeuvre de la politique commune en matic¢re de brevets de 'UIT-T, I'UIT-R, I'[SO et la CEI et
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Note du Président

Conformément a la décision jointe au Rapport du Président dans le Corrigendum 1 de 1'Annexe 17 du
Document 6E/39/30-01-2004 du Groupe de travail 6E de 1'UIT-R, celui-ci a chargé un Groupe de préparer un
Rapport sur le passage de la diffusion analogique a la diffusion numérique.

Le Groupe s'est réuni neuf fois pour préparer un projet de version finale du Rapport. Les trois premiéres
réunions ont été organisées au siege de 'UER a Geneve le 13 janvier 2004, a Milan les 26 et 27 février 2004
et pendant la réunion d'avril 2004 du GT 6E. A l'issue de ces réunions, le Groupe a défini et adopté le projet
de table des matiéres du Rapport. Les six réunions suivantes ont été organisées a Rome du 7 au 9 juillet
2004, en octobre 2004 pendant la réunion du GT 6E, a Venise les 3 et 4 mars 2005, a Rome les 27 et 28 juin
2005, a Séoul en aofit 2006, a Rome les 17 et 18 janvier 2007 et a Rome du 3 au 6 décembre 2007. A cette
derniére réunion, le Groupe a achevé ses travaux. Il a présenté son Rapport final a la réunion du GT 6E de
mai 2008.

Le présent Rapport a pour objet d'aider les pays qui procédent actuellement au passage de la diffusion de
Terre de 'analogique au numérique. Il examine les raisons du passage au numérique et les technologies en
jeu. Il donne un apergu des technologies de la diffusion sonore et télévisuelle numérique de Terre et de la
migration des systémes. Le Rapport décrit les options disponibles pour passer au numérique et la voie a
suivre.

Le Rapport est subdivisé en deux parties. La Partie I traite des principales questions liées au passage au
numérique et présente les principaux problémes et des solutions possibles. La Partie 2 donne plus de détails
sur les aspects importants traités dans la Partie 1.
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Chapitre 1

1 Introduction

1.1 Objet du Rapport

Partout dans le monde, les pays sont a divers stades du passage de la diffusion de Terre de I'analogique au
numérique. Les systémes numériques utilisés dans les différentes parties du globe sont décrits dans les
Recommandations UIT-R BS.1114-5 (diffusion sonore) et UIT-R BT.1306-3 (diffusion télévisuelle).

Le présent Rapport tente de donner un apercu de la situation du passage au numérique dans le monde entier
et sera actualisé réguliérement.

En 2006, la Conférence régionale des radiocommunications de 1'UIT (CRR-06), concernant
120 Administrations de la Région 1 (a I'exception de la Mongolie) et la République islamique d'Iran (Région
3), a adopté un traité (Accord GE06) qui inclut un Plan de fréquences pour le service de diffusion sonore et
télévisuelle numérique. Le Plan a été élaboré sur la base du systéme sonore numérique T-DAB et du systéme
télévisuel numérique DVB-T. C'est un Plan a long terme qui repose sur un concept de gabarit et la définition

de critéres de protection et de brouillage permettant une évolution future de ce Planl.

1.2 Généralités

Pour passer de l'analogique au numérique, il existe de nombreuses voies possibles, présentant chacune ses
propres avantages et inconvénients en termes de rapidité, des acteurs engagés et du degré d'intervention des
pouvoirs publics. Souvent influencé par les systémes de diffusion locaux existants, chaque pays va suivre sa
propre voie. Le passage au numérique ne revét pas uniquement un aspect technique car, dans les sociétés
modernes, la télévision et la radio ont un réle économique, social et politique. L'Appendice 1 a la Partie 2
(Etudes de cas) a pour objet de présenter les étapes actuelles et prévues du passage des systémes analogiques
aux systémes numériques dans différents pays.

Le passage au numérique a une incidence sur tous les segments de la chaine de valeur de la diffusion —
depuis la production de contenu jusqu'a la transmission et a la réception — qui nécessitent tous une
modernisation technique pour pouvoir s'adapter aux émissions numériques. La principale difficulté est de
remplacer ou de moderniser les trés nombreux récepteurs analogiques installés. Pour cela, on peut utiliser des
récepteurs numériques intégrés ou des 'boitiers adaptateurs', en veillant a modifier des éléments comme les
antennes, paraboles, cablages, etc., selon qu'il conviendra.

Au bout du compte, ce sont les forces du marché et la demande des consommateurs qui stimuleront le
passage de la diffusion au numérique, mais il est important d'avoir a I'esprit que cette évolution a été facilitée
par les progrés techniques. En diffusion comme dans de nombreux autres domaines, les changements
résultent autant, si ce n'est plus, de 1'émergence et de l'exploitation de nouvelles technologies que de la
perception d'une demande du marché. Cela étant, commengons par examiner bri¢vement les avantages du
passage au numérique.

1 Article 5.1.3 de 'Accord GE06:

«5.1.3  Une inscription numérique figurant dans le Plan peut aussi étre notifiée avec des caractéristiques
différentes de celles qui apparaissent dans le Plan pour des transmissions dans le service de radiodiffusion ou dans
d'autres services de Terre primaires fonctionnant conformément aux dispositions du Réglement des
radiocommunications, a condition que la densité de puissance de créte dans toute bande de 4 kHz des assignations
notifiées susmentionnées ne dépasse pas la densité spectrale de puissance dans la méme bande de 4 kHz de
l'inscription numérique figurant dans le Plan. Pour cette utilisation, il ne sera pas demandé une protection plus
grande que celle accordée a l'inscription numérique susmentionnée.»
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1.3 Pourquoi le numérique? — Considérations techniques

Un premier avantage du passage au numérique est une plus grande maitrise de la qualité des canaux. La
qualité globale d'un canal de radiocommunication analogique dépend largement des caractéristiques du canal
proprement dit. Les possibilités d'exploitation des «compromis» implicites dans le théoréme de Shannon
(Shannon, C. E. [1949] The Mathematical Theory of Information: University of Illinois Press) sont limitées.
En revanche, la qualité globale des systémes numériques dépend largement de la qualité des processus de
conversion (analogique-numérique et vice versa), sous réserve que les capacités du canal ne soient pas
dépassées. Les possibilités d'exploitation des «compromis de Shannon» sont beaucoup plus grandes, en
particulier si des techniques de correction d'erreur sont utilisées. En effet, la qualité de fonctionnement des
systémes analogiques a tendance a se détériorer a mesure que la qualité du canal se détériore alors que celle
des systémes numériques reste telle qu'elle est définie par les processus de conversion jusqu'a ce qu'elle soit
complétement dégradée. Malheureusement, cela signifie que les effets subjectifs de la qualité du canal sur les
systémes numériques peuvent étre beaucoup plus gé€nants en cas de fonctionnement proche de la pleine
capacité du canal.

La capacité des systémes numériques a compresser les données pour qu'elles occupent moins d'espace,
donnant lieu a un certain retard dans la fourniture du signal, est extrémement importante. Dans le contexte de
la diffusion, cela se traduit par l'utilisation de techniques de codage avec compression qui permettent
d'obtenir une qualité¢ du son et de I'image relativement élevée avec une largeur de bande de canal trés petite.
Un avantage associé est la possibilité de faire un compromis entre la qualité (qui dépend principalement du
degré de compression) et 'occupation spectrale plus ou moins comme on le souhaite.

L'association de ces deux facteurs a permis aux diffuseurs numériques de transmettre diverses combinaisons
de programmes haute définition (TVHD) et a définition normale (TVDN) et de données auxiliaires dans une
largeur spectrale équivalente a celle d'un canal analogique avec une puissance d'émission par canal
correspondant a environ un cinquiéme de celle d'un canal analogique. Le principal atout des systémes de
télévision numérique est leur capacité a offrir aux téléspectateurs et aux auditeurs davantage de services, plus
variés et de meilleure qualité technique.

De plus, les systémes numériques présentent d'autres avantages. Premi¢rement, I'ajout relativement aisé de
services de données auxiliaires permet d'offrir des fonctions telles que le réglage automatique ou
semi-automatique, de multiples angles de prise de vue, un accés conditionnel et des flux de données
complémentaires (voire sans aucun lien). Deuxiémement, les techniques de diffusion numérique permettent
d'offrir de véritables 'réseaux monofréquence'. Il s'ensuit que le spectre disponible peut étre utilisé encore
plus efficacement, ce qui ouvre potenticllement la voie a un choix encore plus grand pour les
consommateurs. En outre, la technologie de diffusion numérique peut étre adoptée sur les dispositifs de
réception mobiles.

14 Pourquoi le numérique? — Considérations commerciales et réglementaires

Comme nous l'avons déja indiqué, le principal avantage commercial de la diffusion numérique tient a ce qu'il
est possible d'offrir des services et des applications plus nombreux et plus variés. C'est intéressant pour le
diffuseur car cette offre peut se faire sans que du spectre supplémentaire soit nécessaire (apres la période de
transition) et avec une puissance d'émission plus basse. De nouvelles opportunités commerciales existeront.
La qualité subjective plus cohérente, si ce n'est meilleure, constitue un avantage tant pour les fournisseurs
que pour les utilisateurs, tout comme les services auxiliaires comme le réglage automatique sur un autoradio
par exemple.

Dans un environnement ou l'autorité de régulation peut demander aux utilisateurs de payer pour ['utilisation
du spectre, la mise a disposition d'un plus grand nombre de canaux peut générer davantage de recettes ou
permettre d'appliquer des tarifs plus bas a un plus grand nombre d'utilisateurs. Certaines autorités de
régulation pourraient méme vouloir forcer 1'abandon de l'analogique dés que possible, tout en veillant a ne
pas perturber les auditeurs et les téléspectateurs, afin de libérer le spectre pour d'autres usages.

Cependant, il existe aussi des inconvénients commerciaux. Pour chaque diffuseur, le rééquipement a un cofit
et il est peu probable que ce colit soit compensé par l'augmentation des recettes (publicité ou subvention). De
plus, il est extrémement important pour le passage au numérique de convaincre le public d'investir dans de
nouveaux récepteurs ou dans des boitiers-adaptateurs, sans trop insister. Pour cela, deux solutions sont
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possibles: la premicre consiste a offrir une plus grande diversité de programmes de qualité €levée et la
deuxiéme consiste a menacer de cesser le service analogique, sur injonction de l'administration ou du
gouvernement ou par le biais d'une décision commerciale prise par les diffuseurs. Dans certains cas, les
attributions de spectre font l'objet d'un négoce entre les diffuseurs (et les nouveaux opérateurs). La mise a

disposition d'un plus grand nombre de canaux aura alors pour effet, au moins a court terme, de rompre
1'équilibre commercial en faisant baisser la valeur des attributions existantes.

1.5 Pourquoi le numérique? — Considérations techniques et réglementaires

Les systémes de transmission de programmes numériques et analogiques sont peu compatibles, ce qui peut
causer certains problémes de transition, mais, d'une maniére générale, c'est un atout car les systémes
numériques ont été optimisés par rapport a leurs propres spécifications techniques et financiéres, sans avoir a
étre compatibles avec les technologies existantes moins évoluées. L'un des principaux éléments pris en
compte dans les systémes de télévision en couleur analogiques NTSC, PAL et SECAM ¢était que ces
systémes devaient étre compatibles avec les émissions noir et blanc existantes.

Dans toute stratégie de transition technique, certains impératifs commerciaux et réglementaires doivent étre
respectés. Les considérations commerciales sont examinées plus en détail dans le paragraphe qui suit mais,
fondamentalement, toute stratégie de transition exigera probablement que les versions analogiques des
programmes diffusés continuent a étre disponibles jusqu'a ce qu'une proportion €levée du public puisse
recevoir les services numériques par un moyen ou par un autre (systéme par satellite, par cable ou de Terre).
Autrement dit, les mémes programmes seront diffusés simultanément en version numérique et en version
analogique pendant la période de transition. Pour cela, diverses stratégies techniques peuvent étre déployées.

Le plus simple est d'attribuer une nouvelle bande de spectre pour les nouveaux programmes. Une fois que les
programmes analogiques sont abandonnés, 1'ancien spectre peut étre libéré. Si nécessaire, et sous réserve que
la planification et la conception des équipements soient réalisées avec soin, les services numériques pourront
éventuellement étre retransférés dans la bande d'origine. C'est de cette facon que le systéeme Eureka 147
DAB a été mis en place en Europe. Les caractéristiques techniques du systéme ont méme permis d'utiliser
des bandes différentes dans les différents pays.

Compte tenu des faibles besoins en largeur de bande et en puissance des systémes numériques, certaines
émissions numériques pourraient se faire dans des bandes qui sont déja occupées par d'autres services. Cette
approche conduira généralement a une faible détérioration de la qualité (une augmentation du brouillage) des
services analogiques existants mais elle pourra étre tolérable car:

- elle donne lieu a une dégradation potentiellement faible;
- elle est temporaire — jusqu'a ce que le service numérique devienne la norme;

- elle est essentielle pour faciliter la transition.

Cette approche a par exemple été retenue pour la mise en place de services de télévision numérique de Terre
dans les bandes 4 et 5 des ondes décimétriques au Royaume-Uni. Son efficacité dépend du degré existant
d'encombrement des bandes.

Lorsqu'on peut faire en sorte qu'une émission numérique occupe la méme largeur de spectre qu'un signal
analogique et qu'elle ait une incidence analogue sur le plan des brouillages, on pourrait tout simplement
remplacer un service analogique existant par un service numérique ou utiliser une attribution non utilisée
existante. Dans la plupart des bandes, les attributions non utilisées sont peu nombreuses, de sorte que les
diffuseurs sont amenés a émettre simultanément les mémes programmes sur différents canaux (voire plates-
formes) et sont préts a prendre le risque qu'une (petite) partie du public doive faire un réglage sur une autre
fréquence. Cette stratégie est actuellement utilisée dans les bandes d'ondes décamétriques, hectométriques et
kilométriques a modulation d'amplitude, pour les essais d'émissions DRM. Dans les bandes d'ondes
décamétriques, il existe des possibilités de coordination des canaux par divers organismes de coordination
officieux. Cependant, l'encombrement de la partie inférieure des bandes d'ondes décamétriques et la
disponibilité limitée d'installations d'émission appropriées continuent a poser probléme.

Une autre solution, employée notamment aux Etats-Unis avec les systémes IBOC, consiste a insérer
simultanément le signal numérique dans le méme canal que le signal analogique. Elle n'est possible que si la
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disposition des canaux le permet et il faut veiller tout particuliérement a éviter des niveaux de brouillage
inacceptables dans le méme canal et dans les canaux adjacents.

Si aucun nouveau spectre n'est disponible et que les émissions numériques ne peuvent pas coexister avec les
émissions analogiques, il se peut que le passage au numérique doive se faire du jour au lendemain, ce qui
sera trés onéreux pour toutes les parties concernées.

1.6 Pourquoi le numérique? — Considérations commerciales

Il semble peu probable que le public ait poussé ou pousse a la mise en place de services numériques.
L'adoption de ces services par le public est beaucoup plus liée aux avantages potentiels:

- la disponibilité d'une plus grande diversité de services et d'applications;

- la disponibilité d'applications et de services en acces limité (acceés conditionnel — abonnement), par
exemple des films en exclusivité et des retransmissions sportives;

- des formats améliorés (grand écran, haute définition et son surround);
- une meilleure qualité du son et de I'image;

- des données associées aux programmes, des métadonnées, voire des services indépendants (pages
web par exemple);

- un acces plus simple — en particulier a des informations spécialisées;

- une sélection plus simple des programmes — par exemple commutation automatique entre différents
émetteurs dans les bandes d'ondes kilométriques, hectométriques et décamétriques ou entre
différents guides de programmes électroniques.

Ces avantages sont a mettre en rapport avec le colit pergu des nouveaux équipements et les éventuels cofits
d'abonnement. Il est donc essentiel de présenter au public un ensemble attractif de services et d'applications a
un prix qu'il est prét a payer, d'ou la nécessité pour l'industrie de produire des programmes au contenu
toujours plus attrayant et de proposer des récepteurs a des prix appropriés.

Le prix des récepteurs dépend d'un certain nombre de facteurs, et en particulier de la volonté du diffuseur ou
du régulateur de subventionner le colit afin de promouvoir les ventes et l'adoption du service. Au
Royaume-Uni, les récepteurs DVB-S sont offerts gratuitement dans le cadre d'une offre d'abonnement
interactif. Dans toute stratégie de passage a une nouvelle technologie, il faut avoir a l'esprit que la
communauté des utilisateurs peut généralement étre subdivisée en trois en fonction de la volonté d'investir
dans cette nouvelle technologie. Les 'premiers utilisateurs' sont généralement enthousiasmés par le progres
technique et s'équiperont d'un nouveau matériel tout simplement pour étre parmi les premiers a en posséder
un. Ces personnes seront généralement prétes a payer un prix élevé pour les nouveaux équipements. Au
début de la durée de vie d'un nouveau produit, les fabricants comptent sur cette communauté pour compenser
une partie des coftits élevés de son développement. Les premiers utilisateurs sont suivis par les 'utilisateurs
ordinaires'. Ceux-ci seront beaucoup plus circonspects par rapport au prix et compareront la valeur qu'ils
attribuent au nouveau service ou a la nouvelle application avec le colit de revient du changement avant
d'acheter effectivement un nouveau récepteur. Ces personnes savent qu'elles souhaitent changer
d'équipement mais elles le font lorsque le cotit du récepteur a baissé (car c'est inévitable) pour arriver au cot
qu'elles sont prétes a payer. Les personnes du troisiéme groupe, a savoir les 'réticents', ont généralement
décidé qu'elles ne changeraient jamais d'équipement ou elles s'intéressent tellement peu a la question qu'elles
ne sont pas au courant du développement. Ces personnes ne changeront d'équipement que lorsque ce sera
absolument nécessaire (peut-étre parce que le service analogique est abandonné) ou lorsque le prix aura
baissé au point de ne plus avoir d'importance et que le numérique sera de toute fagon devenue la norme.

Ce modele simpliste du marché va clairement étre distordu par des facteurs tels que les subventions et la
menace d'abandonner les services analogiques. La menace d'abandon est un moteur (du marché) qu'il faut
utiliser avec beaucoup de prudence. Les diffuseurs du service public et les publicitaires qui financent une
grande partie du secteur de la diffusion seront mécontents de se voir retrancher un public établi si 1'abandon
est envisagé avant quune grande proportion du public puisse recevoir le nouveau service. Les diffuseurs
seront réticents a cesser leurs services tant que le public n'aura pas diminué au point que les colts de
transmission ne sont plus viables.
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Une chose est slire: la poursuite du développement technique et I'augmentation incessante du nombre de
clients feront chuter le colit de production des récepteurs, ce qui entrainera une baisse du prix d'achat. Les
progrés continus dans le domaine des circuits intégrés font que des systémes toujours plus complexes
peuvent étre mis en ceuvre sur de petits ensembles de puces. Les récepteurs aux fonctionnalités multiples et
les dispositifs n'ayant qu'une seule fonction peuvent tous utiliser des éléments du méme ensemble de puces,
dont le colt de fabrication dépend beaucoup plus des volumes produits que des fonctionnalités. Le
ralentissement du développement de récepteurs purement analogiques signifiera qu'a un moment donné, ils
deviendront plus chers que les récepteurs numériques, qui possédent beaucoup plus de fonctionnalités. A ce
stade, le passage au numérique ne pourra plus s'arréter.

Il est potentiellement plus facile de persuader les diffuseurs que le public lorsqu'il s'agit de déployer de
nouveaux équipements, mais le processus a un cott. Si la transition doit étre opérée dans des délais et des
limites budgétaires raisonnables, il faut s'efforcer de réutiliser les installations analogiques existantes si tant
est que ce soit possible. Heureusement, pour la mise en ceuvre de services dans des bandes de fréquences
existantes, les émetteurs et les antennes, qu'il est généralement difficile et onéreux de remplacer aux basses
fréquences, peuvent souvent étre adaptés pour fonctionner avec les émissions numériques. La plupart des
émissions DRM actuellement diffusées aux quatre coins de I'Europe proviennent d'émetteurs analogiques qui
ont été adaptés. Ces émetteurs ne sont généralement pas optimisés pour les émissions numériques, en raison
de considérations de conception différentes, mais cette stratégie peut permettre de continuer a utiliser les
installations pour les services analogiques en méme temps que pour les services numériques pendant la
période de transition. De plus, il faut tenir compte du colit de production et d'émission simultanée des
versions analogique et numérique des mémes programmes.

1.7 Activités de I'UIT

L'UIT continuera a jouer un rdle central concernant la réglementation de l'utilisation du spectre et les
technologies de diffusion. Un débat sur les aspects du passage au numérique liés au spectre a déja été lancé
parmi certaines administrations dans le cadre des politiques relatives a l'utilisation du spectre. Le principal
objectif est d'encourager une utilisation souple et efficace du spectre, tout en préservant la mission des
services de radiodiffusion. Ce débat portera notamment sur la valeur économique du spectre attribué¢ aux
services de diffusion de Terre et sur la transparence nécessaire pour fixer cette valeur. Il n'est pas envisagé
d'intervention de I'UIT concernant, par exemple, la fixation de dates communes pour I'abandon des services
analogiques ou l'interdiction de la vente de récepteurs analogiques. Cependant, 'UIT continuera a surveiller
les marchés et les politiques concernant la diffusion numérique dans les différents pays.

Les trois Secteurs de 1'UIT, chacun dans son domaine de compétence, ont en charge des travaux et études
concernant la diffusion (voir Chapitre 2, Partie 1, § 2.1), en particulier la Commission d'études 6 des
radiocommunications. Compte tenu de la convergence trés rapide des divers supports, de l'introduction des
technologies numériques et de 1'approche retenue par la Commission d'études 6 consistant a étudier le service
de radiodiffusion comme une chaine de bout en bout, ladite Commission d'études 6 est bien placée pour
jouer un réle important dans 1'é¢tude des services et applications qui apparaissent, qui comprennent la
distribution d'informations multimédias par de nouveaux moyens, par exemple la distribution par les ondes a
destination de récepteurs portables et portatifs.

1.8 Domaine de compétence et avenir de la Commission d'études 6 des radiocommunications

1.8.1 Introduction

Les Assemblées des radiocommunications (Istanbul 2000 et Genéve 2007) ont reconnu la nécessité d'étudier
le service de radiodiffusion de bout en bout. De fait, dans le mandat de la Commission d'études 6 «Services
de radiodiffusion», il est clairement précisé ce qui suit: «Reconnaissant que la radiodiffusion par
radiocommunications englobe la production de programmes et leur diffusion au grand public, la Commission
d'études examine les aspects liés a la production et aux radiocommunications, dont I'échange international de
programmes ainsi que la qualité globale du service». En effet, les services de radiodiffusion sont fondés sur
une longue chaine d'opérations techniques qui utilisent différentes technologies et effectuent différentes
fonctions, mais qui sont étroitement liées, car chaque opération a une forte influence sur les opérations
situées en aval dans la chaine.



Rap. UIT-R BT.2140-1 11

Il s'agit ici de donner plus de détails sur la structure diversifiée de la chaine de diffusion, afin d'expliquer
clairement pourquoi il est essentiel qu'un seul et méme organe étudie les services de radiodiffusion. Cet
organe regroupe l'ensemble des diverses compétences nécessaires pour étudier tous les maillons de la chaine
de diffusion, sachant qu'a l'heure actuelle, le but de ces études est d'élaborer un ensemble de
Recommandations UIT-R harmonisées, afin d'indiquer comment obtenir la meilleure qualité possible des
médias (audio, vidéo et données) diffusés a l'utilisateur final (auditeur/téléspectateur) avec la plus grande
fiabilité et le moins de ressources possible (par exemple avec une utilisation efficace du spectre).

1.8.2  La chaine de diffusion numérique

La Fig. 1 montre un diagramme trés simplifi¢ de la chaine de diffusion numérique, avec quatre blocs
théoriques principaux: production, acheminement, réception et présentation.

Le bloc production comprend trois fonctions théoriques principales: production, postproduction et
enregistrement.

La production regroupe la saisie des divers médias qui constituent un programme (l'image et les divers
¢léments sonores associés) et leur transformation a partir de leur état initial (stimuli pergus) en signaux
numériques. Ce bloc comprend le mélange et le séquengage des signaux a partir de diverses sources audio et
vidéo. Il nécessite entre autres des connaissances spécialisées sur la perception psychophysique humaine des
stimuli audiovisuels, y compris des connaissances en colorimétrie et en échantillonnage des signaux audio et
vidéo.

L'enregistrement regroupe l'enregistrement, la relecture et l'archivage des programmes audiovisuels en vue
de leur utilisation ultérieure. Il est utilisé lorsque les données de programme produites dans le bloc
production doivent étre mélangées ou séquencées a nouveau, ou lorsqu'elles doivent étre intégrées avec des
données de programme produites a d'autres moments. Il comprend aussi 1'archivage de programmes, qui
suscite maintenant un vif intérét parmi les diffuseurs, qui ont la possibilité de rediffuser des programmes
enregistrés ou de les vendre sur le marché national ou international des programmes. L'étude de cette
fonction nécessite des connaissances approfondies sur les technologies d'enregistrement disponibles, y
compris sur l'enregistrement moderne sur des supports autres que les bandes (disques optiques, mémoires a
semi-conducteurs et disques durs) et sur la gestion de l'accés et de l'exploitation de ces signaux de
programme.

La postproduction regroupe toutes les opérations techniques nécessaires pour la transformation finale des
signaux de programme saisis en programme fini. Elle comprend l'insertion des éléments constitutifs dans le
programme, par exemple le mélange de musique et de dialogues, la création d'effets visuels spéciaux comme
le recadrage, I'encadrement ou le coloriage, le doublage sonore, I'insertion de données d'archives dans des
séquences studio, la création d'¢léments liés a des applications multimédias et interactives, etc. L'étude de
cette fonction nécessite entre autres des connaissances spécialisées sur le type et 1'étendue de l'interaction
entre les divers post-traitements des signaux image et son, lorsqu'ils sont réalisés en cascade, 1'un aprés
l'autre, étant donné que leur cumul pourrait entrainer une dégradation de la qualité finale de I'image ou du
son.
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FIGURE 1

Diagramme théorique de la chaine de diffusion
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Le bloc acheminement comprend quatre fonctions théoriques principales: compression, assemblage,
multiplexage et émission.

La compression regroupe les opérations nécessaires pour réduire le débit de chaque composante du
programme (signaux audio et vidéo, etc.) au débit minimal requis dans le canal d'émission pour acheminer la
qualité voulue d'image et de son a l'utilisateur final. L'étude de cette fonction nécessite entre autres des
connaissances approfondies sur les mécanismes de réduction du débit et sur leur impact sur la qualité pergue
des données de programme.

L'assemblage fusionne les diverses composantes du programme (signaux vidéo, signaux audio, signaux liés
aux applications multimédias et interactives, etc.), afin de constituer un seul flux de données série
correctement structuré, qui comporte ¢galement les éventuelles informations auxiliaires nécessaires pour
gérer le programme (informations sur les droits de propriété intellectuelle, 1'accés conditionnel, la protection
contre les copies, etc.). L'étude de cette fonction, ainsi que celle de la fonction décrite ci-dessous, nécessite
de bien connaitre les protocoles numériques utilisés pour multiplexer convenablement divers flux
numériques en un seul, par exemple pour conserver la synchronisation des signaux audio et vidéo.
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Le multiplexage fusionne divers flux de programme en un flux de données unique dont le débit correspond a
la capacité de données du canal de transmission utilisé pour acheminer les programmes contenus dans le flux
multiplexé. Il ajoute en outre les données nécessaires pour protéger ces signaux de programme contre les
erreurs introduites par le canal de transmission. C'est a cette étape que le multiplexage statistique peut étre
mis en ceuvre, afin de tirer parti au maximum du débit disponible sur le canal d'émission.

L'émission module le flux de données multiplexées sur la porteuse du canal, pour que ce flux puisse étre
acheminé dans le canal prévu. Le plan de fréquences, 'emplacement et la conception des antennes émettrices
et de la puissance qu'elles émettent sont également étudiés. L'étude de cette fonction nécessite une excellente
maitrise des questions liées au spectre, afin de couvrir de fagon satisfaisante la zone de service voulue tout en
respectant les conditions en termes de brouillage causé ou subi par les émissions des autres émetteurs.

Le bloc réception de la chaine de diffusion met en ceuvre les fonctions inverses des fonctions mises en ceuvre
dans le bloc acheminement: démodulation, démultiplexage, désassemblage et décompression.

Appliquée au signal modulé regu par le récepteur chez le client, la démodulation récupére le flux binaire
multiplexé et corrige dans la mesure du possible les erreurs introduites par le canal de transmission.

Appliqué au flux binaire multiplexé, le démultiplexage extrait les divers flux de programme multiplexés.

Appliqué a un flux de programme sélectionné parmi les flux démultiplexés dans la fonction précédente, le
désassemblage récupére les signaux compressés qui contiennent les composantes du programme sélectionné
(signal vidéo, divers signaux audio et données).

Appliquée aux signaux compressés qui composent le programme sélectionné, la décompression les récupére
dans leur forme non compressée.

Le bloc présentation s'applique aux signaux décompressés, qu'il traite de telle sorte que les données de
programme audio et vidéo d'origine puissent étre présentées correctement sur le récepteur (radio ou
télévision) chez l'utilisateur final. Dans le cadre de I'étude de ce bloc, il faut faire correspondre les
caractéristiques des dispositifs utilisés au départ pour saisir le programme, avec les caractéristiques de 1'écran
de l'utilisateur. Avec l'arrivée actuelle de nouveaux types d'écrans, cette tache est devenue difficile.

1.8.3  Orientation générale pour I'avenir

La Commission d'é¢tudes 6 des radiocommunications a compris trés tot que la radiodiffusion revét de
nombreux aspects et en a tenu compte rapidement et efficacement dans ses études.

La Commission d'études 6 a été chargée de mener des études de bout en bout dans les domaines suivants:

- production de programmes (toutes les fonctions nécessaires pour reconditionner les programmes
afin de pouvoir les distribuer également sur les applications évoluées telles que 1'Internet, les
téléphones cellulaires, etc.);

- compression des signaux numériques, assemblage des programmes et des métadonnées associées;

- production de programmes de télévision destinés a étre visualisés collectivement dans des grandes
salles de type salles de cinéma (presque terming);

- distribution de programmes par diffusion de Terre ou par satellite;

- distribution de programmes sur de nouveaux supports, par exemple diffusion interactive et diffusion
sur le web;

- réception du service de diffusion par l'utilisateur final;
- optimisation de la qualité de I'image et du son pour l'utilisateur final;

- évaluation subjective et mesure objective de la qualité vidéo et audio pergue a la fin d'une chaine, y
compris en ligne.

De fait, la chaine de diffusion décrite ci-dessus s'applique a la fois a la diffusion classique et a la diffusion
interactive, que ce soit par voie hertzienne, par télédiffusion, par fibre optique ou par satellite. L'UIT-R
cherche activement, en coopération avec les autres Secteurs de I'UIT, a identifier des canaux de retour

appropriés et a déterminer les protocoles numériques applicables pour obtenir le degré souhaité
d'interactivité.
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Nous assistons actuellement a une accélération de la convergence de divers supports dans le sillage de la
généralisation des technologies numériques. Le succés remporté par l'approche retenue par la Commission
d'études 6 des radiocommunications consistant a étudier le service de radiodiffusion comme une chaine de
bout en bout, pourrait encourager un élargissement de cette étude au reconditionnement de programmes de
télévision pour les distribuer par de nouveaux moyens de diffusion, par exemple la distribution par voie
hertzienne de programmes de télévision a des récepteurs fixes, portables et portatifs, voire pour les distribuer
sur des liaisons céblées par «diffusion sur le web» ou par «diffusion par le cable».
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Chapitre 2

Présentation des technologies de diffusion

Introduction

Le présent chapitre porte sur les activités et études de I'UIT concernant les systémes de diffusion analogiques
et numériques.

Les trois Secteurs de 1'UIT, chacun dans son domaine de compétence, ont en charge des travaux et études
concernant la diffusion.

2.1.1

UIT-R

Commission d'études 1 des radiocommunications — Gestion du spectre

Recommandation UIT-R SM.1047 — Gestion nationale du spectre
Rapport UIT-R SM.2012 — Aspects économiques de la gestion du spectre et son Addendum
Manuel sur la gestion nationale du spectre, 2005

Manuel sur les applications des techniques informatiques a la gestion du spectre radioélectrique,
2005

Manuel sur le contréle du spectre radioélectrique, 2002%*,

Commission d'études 3 des radiocommunications — Propagation des ondes radioélectriques

Recommandation UIT-R P.1546 — Méthode de prévision de la propagation point & zone pour les
services de Terre entre 30 MHz et 3 000 MHz. Cette Recommandation révisée remplace les deux
anciennes Recommandations P.370 et P.529, qui étaient les deux principales Recommandations
contenant des courbes de propagation a utiliser pour la prévision des intensités de champ dans le cas
des systémes mobiles de Terre et des systémes de diffusion.

Manuel de I'UIT-R — Propagation des ondes radioélectriques dans le service mobile terrestre de
Terre, dans les bandes d'ondes métriques et décimétriques (2002).

Commission d'études 6 des radiocommunications — Service de radiodiffusion

2.1.2

En particulier les activités du Groupe de travail 6A (ex-Groupe de travail 6E), qui est responsable
des normes sur la diffusion de Terre et des paramétres de planification. Le GT 6A a créé un Groupe
du Rapporteur pour élaborer un Rapport sur les technologies et systémes de diffusion numérique,
l'interopérabilité des systemes numériques de Terre avec les réseaux analogiques existants et les
méthodes permettant de passer des techniques analogiques de Terre aux techniques numériques.

Le Groupe d'action 6/8 a élaboré, pour la Conférence régionale des radiocommunications de 2006
(CRR-06), un Rapport mettant a jour le Plan de Stockholm de 1961 et le Plan de Genéve de 1989
(voir la Partie 1 du Chapitre 4).

UIT-T

Commission d'études 9 — Réseaux cablés intégrés a large bande et transmission télévisuelle et sonore

C'est la Commission d'études directrice pour les réseaux de télévision et cablés intégrés large bande, chargée
de mener des études se rapportant:

a l'utilisation des réseaux cablés et des réseaux hybrides, congus d'abord pour transmettre aux
particuliers des programmes télévisuels et radiophoniques, comme réseaux intégrés a large bande
pour acheminer également les services vocaux et les autres services a temps critique, la vidéo a la
demande, les services interactifs, etc.;
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- a l'utilisation des systémes de télécommunication pour la contribution, la distribution primaire et la
distribution secondaire de programmes de télévision, de programmes radiophoniques et de services
de données similaires.

La Commission d'é¢tudes 9 de I'UIT-T (Réseaux cablés intégrés a large bande et transmission télévisuelle et
sonore) s'occupe des Questions suivantes et des Recommandations associées:

Question 6/9 — Méthodes et pratiques d'accés conditionnel pour la télévision numérique directe par cable.

Question 12/9 — Fourniture sur le réseau de télévision par cable de services numériques multimédias évolués
et d'applications utilisant des protocoles Internet (IP) et/ou de données en mode paquet.

Question 13/9 — Applications vocales et vidéo de type IP sur des réseaux de télévision par cable.

La Commission d'é¢tudes 9 est chargée d'assurer une coordination avec la Commission d'études 6 des
radiocommunications sur les questions se rapportant a la radiodiffusion.

Commission d'études 15: La Commission d'études 15 de I'UIT-T (Infrastructures des réseaux optiques et
autres réseaux de transport) s'occupe des Questions suivantes et des Recommandations associées:

Question 1/15 — Transport dans le réseau d'acces

Dans le cadre de cette Question, un apercu complet des normes, mis a jour réguliérement, est disponible a
l'adresse suivante:

http://www.itu.int/ITU-T/studyeroups/com15/index.asp

Commission d'études 16 — Services, systémes et terminaux multimédias.

2.1.3 UIT-D

Une collaboration spécifique a été lancée entre la Commission d'études 2 de 1'UIT-D et la Commission
d'études 1 des radiocommunications en ce qui concerne la mise en ceuvre de la Résolution 9 de la CMDT-98,
intitulée «Participation des pays, en particulier des pays en développement, a la gestion du spectre
radioélectrique», qui a d'abord conduit a 1'adoption d'un rapport sur le sujet. La CMDT-02 a adopté une
version révisée de la Résolution 9 et a demandé de poursuivre les études correspondantes en association avec
les travaux réalisés sur la Question 21/1 de I'UIT-D (Calcul des droits pergus pour l'utilisation des
fréquences). La CMDT-06 a confirmé les mémes décisions et les travaux sont en cours. Par ailleurs, il est a
noter que la Question 21/2 est incorporée dans la Résolution 9 de la CMDT-06.

Au sein de 1'UIT-D, la Question 11-2/2 (Etude des techniques et des systémes de radiodiffusion sonore et
télévisuelle numérique de Terre, y compris sous l'angle d'analyses colit/avantage, de l'interopérabilité des
systémes numériques de Terre avec les réseaux analogiques existants et des méthodes de transition des
techniques analogiques de Terre aux techniques numériques) porte sur le sujet. Il convient de noter que le
Rapport de la Commission d'études 2 de 1'UIT-D sur la Question 9-2/2 (Identification des sujets d'étude des
commissions d'é¢tudes de 'UIT-T et de I'UIT-R qui intéressent particulicrement les pays en développement)
récapitule les Questions et sujets a I'é¢tude et donne des détails sur les Recommandations et manuels
approuvés qui concernent tout particuliérement les pays en développement.

Dans le présent Rapport, nous attirons l'attention du lecteur sur les principaux points étudiés dans le cadre de
la Question 11-1/2.

2.1.4  Conférence régionale des radiocommunications (CRR)

A la suite de consultations engagées en 2000 concernant la tenue d'une conférence régionale des
radiocommunications (CRR) et la planification future du service de radiodiffusion dans les bandes
174-230 MHz (ondes métriques) et 470-862 MHz (ondes décimétriques), la Conférence de plénipotentiaires
a adopté la Résolution 117 (Marrakech, 2002) sur la détermination de la zone de planification pour la
radiodiffusion télévisuelle et sonore de Terre dans les bandes d'ondes métriques et décimétriques a la
Conférence régionale des radiocommunications.

A sa session de 2003, le Conseil a modifi¢ la Résolution 1185 pour tenir compte des décisions de la
Conférence de plénipotentiaires (Marrakech, 2002) et établir les ordres du jour des deux sessions de la CRR.
Conformément a la Résolution 1185 (modifiée en 2003) du Conseil, un rapport a été élaboré a Genéve lors


http://www.itu.int/ITU-T/studygroups/com15/index.asp

Rap. UIT-R BT.2140-1 17

de la tenue de la CRR-04 (mai 2004). Il a servi de base aux travaux de la premiére session de la CRR, afin de
faciliter les exercices de planification avant la seconde session et de déterminer la forme sous laquelle les
administrations devraient soumettre leurs besoins. La premiére session de la conférence a eu lieu du 10 au
28 mai 2004 a Genéve et la seconde du 15 mai au 16 juin 2006 a Genéve également. Les résultats sont
exposés au § 4.1.2 du Chapitre 4 de la Partie 1.

2.1.5 Conférence mondiale des radiocommunications (CMR-07)

La CMR-07 a décidé d'attribuer aux IMT sous conditions a titre primaire avec égalité¢ des droits certaines
bandes (790/806-862 MHz) qui étaient précédemment attribuées a titre primaire au service de radiodiffusion
(voir le Tableau d'attribution des bandes de fréquences figurant dans l'Article V des Actes finals de la
CMR-07).

2.2 Technologies et systémes de diffusion analogique

Les radiocommunications, et plus précisément le service de radiodiffusion fondé sur les inventions de Nikola
Tesla, ont vu le jour a la fin du XIXe siécle avec les transmissions de Marconi. Les théories scientifiques en
maticre de radiodiffusion ont alors été rapidement élaborées a partir de la premicre décennie du XXe siécle.

Contrairement a ce que nous pourrions penser, la premiére norme sur le traitement des signaux
radiofréquences était fondée sur des considérations numériques (activé-désactivé). Les normes utilisées pour
la télégraphie filaire ont été appliquées aux transmissions radio (télégraphie sans fil). Pour pouvoir
développer les systémes et technologies de radiodiffusion analogique, il a fallu attendre la mise au point
technique des tubes de type «diode» et «triode». Les systémes a «modulation de fréquence» et a «modulation
de phase» (Recommandations UIT-R BS.467 et UIT-R BS.1194) ont progressivement complété les systémes
a 'modulation d'amplitude' (Recommandation UIT-R BS.598), créés aux alentours de 1930. Vers 1940, les
études approfondies menées sur les systeémes de télévision ont débouché sur les technologies et normes
combinant la modulation d'amplitude analogique avec la modulation de fréquence pour les systémes de
télévision. Différentes combinaisons ont donné lieu a l'adoption par I'UIT-R vers 1960 de trois normes
différentes relatives aux systemes PAL, SECAM et NTSC (Recommandation UIT-R BT.470). Grace aux
progrés techniques dans le domaine des tubes («tétrode», «pentode» et «klystron»), des émetteurs et
récepteurs trés compacts et trés efficaces ont pu €tre congus, ce qui a permis un large développement de
systémes analogiques pour la radio et la télévision. Dans le méme temps, l'invention des dispositifs a
semi-conducteurs, dont le «transistor», a ouvert la voie au développement d'une nouvelle série de systeémes,
utilisés essentiellement pour les équipements de réception et pour les puces informatiques.

Les technologies par satellite sont apparues vers 1960 avec, au départ, des systémes analogiques, mais qui
ont rapidement été remplacés par des systémes numériques.

Les nouvelles technologies permettent de transmettre d'autres données, rendant possible la convergence entre
la radiodiffusion et les télécommunications en général.

2.3 Considérations relatives a la planification des systémes analogiques et numériques

2.3.1 Rappel

Au niveau international, I'UIT est chargée d'élaborer les normes relatives a la radiodiffusion. Les études sont
menées par la CE 1 (questions relatives au spectre) et la CE 6 (normes RF et paramétres de planification) de
I'UIT-R ainsi que par le groupe compétent de la CE 2 de 1'UIT-D.

La normalisation de systémes numériques a I'UIT-R a commencé vers 1960 et la premicre planification des
systemes analogiques par satellite (CAMR-77) a ouvert la voie pour les systémes numériques.

La convergence technologique entre la radiodiffusion et l'informatique, vers 1980, a stimulé I'étude des
systémes numériques et le développement de la technologie numérique. Les amplificateurs linéaires a faible
puissance utilisés pour les satellites (répéteurs) ont conduit a la révision de l'utilisation de systémes
analogiques pour les émissions par satellite. Toute la chaine depuis I'émetteur jusqu'au récepteur est devenue
numérique. A la CMR-2000, un plan de radiodiffusion entiérement numérique a été créé pour les Régions 1
et 3 de ['UIT.
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La diffusion analogique de Terre a été révisée par la Conférence régionale des radiocommunications (CRR)
pour la Région 1, a laquelle il a été décidé de passer au numérique, compte tenu des avantages suivants:
économie de spectre, services complémentaires, différents types de services et meilleure qualité de service.
La premieére partie de cette conférence, qui s'est tenue en mai 2004 (CRR-04), a établi la procédure et les
parameétres de planification; la deuxiéme partie (CRR-06), qui a eu lieu a Genéve en mai 2006, a élaboré le
plan final des fréquences.

En 2000, des systémes numériques de diffusion sonore ont été créés pour différentes fréquences (DAB,
DRM et IBOC). Du fait de la meilleure qualité de réception des radiocommunications numériques, certaines
bandes peuvent intéresser davantage les diffuseurs commerciaux. L'UIT-R a normalisé le systéme DRM pour
les fréquences inférieures a 30 MHz et le systtme IBOC pour les bandes d'ondes moyennes
(Recommandation UIT-R BS.1514). Etant donné que toutes les nouvelles normes sont fondées sur des
technologies numériques, l'ancienne frontiére entre la diffusion sonore et la diffusion télévisuelle disparait.
Aujourd'hui, toutes les normes numériques telles que ATSC, DVB-T, ISDB-T, DVB-H, ISDB-Tsg, T-DMB
et ChinaDTV permettent une diffusion radio/télévision/données. En d'autres termes, avec un seul et méme
récepteur numérique ou boitier adaptateur, il est possible d'avoir accés a un contenu télévisuel, des données
ou des services radio. Dans le reste du présent document, nous analyserons les différentes normes de maniére
traditionnelle selon qu'elles sont destinées a étre utilisées pour la diffusion sonore ou pour la diffusion
télévisuelle.

Méme si elle est arrivée a maturité, la technologie numérique dépend de la disponibilité de récepteurs bon
marché. De plus, il faut disposer d'un grand nombre de programmes.

A T'évidence, la période de transition était 1'¢lément le plus important pour l'application définitive des
systémes numériques.

Un autre élément trés important pour le passage des systémes analogiques aux systémes numériques est la
planification.

Tous les plans adoptés par I'UIT jusqu'en 2006 étaient principalement des plans analogiques, l'objectif étant
de satisfaire a la demande croissante de canaux et de temps de transmission de la part de certaines
administrations. Cette demande croissante a conduit & une augmentation du niveau de brouillage dans les
bandes de fréquences disponibles. Il convient toutefois de noter que I'amélioration des caractéristiques des
récepteurs a permis d'améliorer I'efficacité d'utilisation du spectre.

Les techniques numériques permettent non seulement de faire un compromis entre qualité et capacité des
canaux mais aussi d'utiliser la capacité disponible plus efficacement, les deux devant étre exploités, compte
tenu de la demande accrue de capacité des canaux de la part des diffuseurs commerciaux. Actuellement, la
demande croissante de services complémentaires de la part des opérateurs commerciaux conduit a la
demande d'une plus grande quantité de spectre. Cette demande peut étre satisfaite au moyen de systémes
numériques, qui offrent a la fois une meilleure qualité de réception et une meilleure utilisation du spectre,
d'ou la nécessité de lancer des systémes numériques. Un bon exemple est donné par le Plan de Genéve de
2006 (concernant 120 Etats Membres de I'UIT), qui a permis de répondre a la demande accrue de canaux
dans la Région 1 (a I'exception de la Mongolie) et dans un pays de la Région 3 (République islamique
d'Iran).

11 faut tenir compte du besoin accru de spectre pendant la période de transition pour répondre aux besoins des
systémes analogiques et a ceux des systémes numériques.

Il convient de noter que la mise en place de la technologie numérique permettra d'utiliser le spectre plus
efficacement.

2.3.2  Partage par le service de radiodiffusion de bandes de fréquences avec d'autres services
primaires

Lors de la planification et de l'utilisation des fréquences disponibles pour la radiodiffusion, il faut avoir a
l'esprit que ce service ne dispose pas toujours d'un acces exclusif a ces fréquences et qu'il est nécessaire de
tenir compte des situations de partage.

L'utilisation du spectre radioélectrique doit étre fondée sur le Reglement des radiocommunications (RR) de
I'UIT, dont le Préambule stipule ce qui suit:
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«Lors de l'utilisation de bandes de fréquences pour les radiocommunications, les Membres tiennent
compte du fait que les fréquences et l'orbite des satellites géostationnaires sont des ressources
naturelles limitées qui doivent étre utilisées de maniere rationnelle, efficace et économique,
conformément aux dispositions du présent Reglement, afin de permettre un accés équitable a cette
orbite et a ces fréquences aux différents pays, ou groupes de pays, compte tenu des besoins
spéciaux des pays en développement et de la situation géographique de certains pays (numero 196
de la Constitution).»

Dans I'Article 4 du RR, il est par ailleurs stipulé ce qui suit:

«Les Etats Membres s'engagent a se conformer aux prescriptions du Tableau d'attribution des
bandes de fréquences ainsi qu'aux autres prescriptions du présent Réglement pour assigner des
fréquences aux stations qui peuvent causer des brouillages préjudiciables aux services assurés par
les stations des autres pays.»

L'Article 5 du RR contient le Tableau d'attribution des bandes de fréquences pour les fréquences allant de
9 kHz a 275 GHz. Pour l'attribution des bandes de fréquences, le monde a été divisé en trois Régions, comme
indiqué dans le planisphére ci-apres:
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Lorsque, dans une case du Tableau d'attribution des bandes de fréquences, une bande de fréquences est
indiquée comme étant attribuée a plusieurs services, soit dans le monde entier, soit dans une Région, ces
services relévent soit de la catégorie des services primaires soit de celle des services secondaires. Dans le
Tableau d'attribution des bandes de fréquences, le nom des services primaires est imprimé en majuscules (par
exemple RADIODIFFUSION) et les services secondaires en caractéres normaux (par exemple Fixe).

Les stations d'un service secondaire:

. ne doivent pas causer de brouillage préjudiciable aux stations d'un service primaire auxquelles des
fréquences ont été assignées antérieurement ou sont susceptibles d'étre assignées ultérieurement;

. ne peuvent pas prétendre a la protection contre les brouillages préjudiciables causés par les stations
d'un service primaire auxquelles des fréquences ont été assignées antérieurement ou sont
susceptibles d'étre assignées ultérieurement;
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. mais ont droit a la protection contre les brouillages préjudiciables causés par les stations de ce
service secondaire ou des autres services secondaires auxquelles des fréquences sont susceptibles
d'étre assignées ultérieurement.

Dans le Tableau d'attribution des bandes de fréquences, nous constatons que les services bénéficient d'un
statut différent suivant les Régions.

De plus, par le biais des renvois du Tableau d'attribution des bandes de fréquences, la situation dans chaque
pays d'une Région peut étre différente de la situation dans la Région.

Lors de la planification internationale des fréquences, il faut tenir compte de la protection entre les différents
services primaires, ce qui peut créer beaucoup de difficultés dans la planification de la diffusion numérique.

Pendant la période de transition, la coexistence entre le service de radiodiffusion et les autres services
primaires existants dans les mémes bandes de fréquences est la question la plus importante a régler par les
administrations et, a cette fin, il faut prendre en considération les Actes finals de la CMR-07.

24 Technologies et systémes de diffusion numérique

2.4.1 Fondements du numérique

Les systémes de diffusion numérique reposent sur un certain nombre de technologies fondamentales, dont les
plus importantes sont récapitulées ci-dessous.

2.4.2 Rappel

Il a fallu attendre l'invention des technologies «KRADAR» et «KLASER» pour que les systémes numériques se
généralisent, méme s'ils ont été développés avant.

Les systémes informatiques disponibles actuellement sur le marché, équipés de transistors de 30 nm,
fonctionnant a une fréquence égale ou supérieure a 20 GHz, possédant une mémoire statique de grande
capacité et permettant d'utiliser des logiciels et des algorithmes toujours plus rapides et plus puissants,
facilitent le remplacement des systémes analogiques.

Ces nouveaux systémes facilitent aussi la convergence entre la radiodiffusion et les télécommunications.

Dans certains Etats Membres de 1'UIT, le marché¢ de la diffusion sonore et télévisuelle numérique reste
florissant, les difficultés actuelles étant davantage d'ordre réglementaire et économique que d'ordre
technologique, méme si de nouveaux projets continuent a étre lancés.

En Europe, presque tous les Etats Membres de I'UE ont adopté des mesures politiques pour promouvoir la
télévision numérique et certains ont également fait de méme pour la diffusion sonore numérique.

2.4.2.1 MIC et échantillonnage

La plupart des représentations des signaux numériques et des processus associés sont fondés sur la
modulation par impulsions et codage (MIC). La technique MIC, inventée dans les années 30, permet de
représenter une forme d'onde analogique au moyen d'une chaine de nombres appelée flux binaire. Dans la
représentation la plus simple, ces nombres sont des «1» et des «0» (tout ou rien) représentant des quantités
binaires. Par rapport a la transmission analogique classique, cette technique présentait alors l'avantage de
pouvoir reconstituer le signal d'origine avec une précision définie, sous réserve de disposer d'une qualité de
canal suffisante pour pouvoir faire la distinction entre un «1» et un «0». Les systémes numériques traitent les
signaux en manipulant les nombres. Avec les processeurs numériques toujours plus puissants et plus rapides
provenant du secteur de l'informatique, les possibilités de traitement évolué du signal sont considérables.

Le processus MIC repose sur deux éléments fondamentaux.

Le premier élément est 1"échantillonnage'. Le signal analogique est décomposé en une série d'échantillons
discrets. La fréquence d'échantillonnage du signal doit étre suffisante pour pouvoir reconstituer une version
précise du signal d'origine, mais échantillonner plus fréquemment qu'il n'est nécessaire ne présente aucun
avantage. Le théoréme d'échantillonnage de Nyquist-Shannon spécifie que la fréquence d'échantillonnage
doit étre supérieure ou égale au double de la fréquence maximale contenue dans le signal d'origine
analogique. L'échantillonnage a une fréquence inférieure crée un effet d'escalier, bien connu dans les films de
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type 'western', dans lesquels les roues de la diligence semblent rouler vers l'arriére. Dans ce cas, la fréquence
d'échantillonnage correspond a la cadence de prise de vue de la caméra, qui est insuffisante pour reconstituer
les positions des rayons adjacents d'une roue. L'effet est utilisé avantageusement dans I'examen
stroboscopique d'objets se déplacant rapidement.

Le deuxiéme élément est la 'numérisation'. Chaque échantillon individuel doit étre converti en un nombre
(généralement) binaire au moyen d'un convertisseur analogique/numérique. Si la qualité et la résolution du
convertisseur proprement dit sont suffisantes, cette conversion peut étre réalisée a n'importe quel niveau de
précision. Pour avoir une grande précision, il faut des nombres binaires longs et, par voie de conséquence,
une grande largeur de bande si on veut que ces nombres soient transmis en 'temps réel'. La performance du
systéme global par rapport au bruit est limitée par la résolution de la conversion analogique/numérique.
Toute représentation numérique d'une grandeur analogique comporte une erreur qui est inférieure ou égale a
la moitié du bit de plus faible poids du nombre binaire. Il va de soi que cette composante de bruit, appelée
bruit de quantification, diminue lorsqu'on augmente le nombre de bits de 1'échantillon numérique.

2.4.2.2 Bits, symboles, MAQ et IP

La représentation numérique utilise presque toujours des nombres binaires, mais il peut étre déraisonnable
dans un canal capable d'acheminer des signaux analogiques de transmettre simplement des «1» et des «0».
Les capacités du canal peuvent souvent €tre mieux exploitées en utilisant également des niveaux
intermédiaires. Si on passe par exemple a quatre niveaux («0», «1/3», «2/3» et «1»), chaque niveau peut étre
représenté par 2 bits («00», «01», «10» et «11»). Chaque niveau discret ou 'symbole ' achemine alors une
quantité d'informations double. Suivant le bruit dans le canal, on peut utiliser davantage de niveaux, ce qui
permet a chaque symbole d'acheminer davantage d'informations. Dans les systémes utilisant une porteuse ou
une sous-porteuse, on peut aussi faire varier la phase de la porteuse par incréments. On parle de modulation
par déplacement de phase (MDP), souvent qualifiée de bivalente (MDPB) pour des déplacements de phase
de 180° et de quadrivalente (MDPQ) pour des déplacements de phase de 90°.

La modulation d'amplitude en quadrature (MAQ) module a la fois I'amplitude et la phase de la porteuse
simultanément. Chaque symbole est défini par une combinaison unique amplitude/phase, choisie pour
minimaliser le risque que le brouillage (bruit) entraine une confusion entre des symboles qui sont trés
proches en termes d'amplitude et de phase. Il est possible d'utiliser n'importe quel ensemble de symboles,
mais la MAQ-64 avec 64 (2°) symboles uniques et la MAQ-16 avec 16 (2*) symboles uniques sont les plus
couramment utilisées dans les applications de diffusion; la MAQ-4 est une variante de la MDPQ. On compte
6 bits par symbole pour la MAQ-64 et 4 bits par symbole pour la MAQ-16.

On peut généralement décrire les arrangements MAQ-N sous forme mathématique. Comme on peut le voir,
leur représentation dans un plan complexe donne lieu a une répartition réguliére de N points, habituellement
appelée «constellation.
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FIGURE 3
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2.4.23  Multiplexage par répartition dans le temps et en fréquence

Il est souvent avantageux de transmettre plusieurs flux binaires dans un canal donné. La méthode du
multiplexage par répartition en fréquence (MRF) consiste a placer chaque flux binaire sur une sous-porteuse
différente et a réunir toutes ces sous-porteuses pour la transmission. Technique bien connue, elle est utilisée
depuis trés longtemps pour le multiplexage des signaux analogiques. Elle nécessite que la largeur de bande
totale du canal soit au moins égale a la somme des largeurs de bande des différentes composantes.

Le multiplexage par répartition dans le temps (MRT) ne peut étre utilisé qu'avec des systémes numériques et
consiste a placer dans une séquence des bits (ou des groupes de bits) d'un flux avec des bits d'autres flux.
Dans sa forme la plus simple, un bit du flux 1 est suivi par un bit du flux 2, puis par un bit du flux 3, etc.,
puis & nouveau par un bit du flux 1. A I'évidence, plus la structure d'entrelacement est compliquée, plus la
synchronisation et la récupération des données sont sophistiquées. Le débit du canal, en bits par seconde, doit
bien sir étre supérieur ou égal a la somme des débits des différents flux binaires.

L'entrelacement dans le temps et en fréquence ainsi que le code de correction d'erreur sont deux autres
techniques importantes a prendre en considération.

2.4.24  Multiplexage par répartition en fréquence orthogonale codée (MRFOC)

Le multiplexage par répartition en fréquence orthogonale codée (MRFOC) est largement utilisé dans les
systémes de diffusion numérique de Terre. Les premiéres expérimentations avec la diffusion numérique ont
montré que la réception par trajets multiples pouvait poser de graves problémes dans les zones urbaines. On
pouvait en effet recevoir un signal différé dont I'amplitude est comparable a celle du signal direct et avec un
retard tel que des symboles adjacents (voire plus éloignés) pouvaient se confondre et se brouiller. La solution
a été de réduire le débit binaire réel et d'ajouter un intervalle tampon (appelé «intervalle de garde») afin de
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stabiliser l'effet des éventuelles contributions réfléchies. Au lieu de transmettre le flux binaire a plein débit,
ce flux était subdivisé en un grand nombre de sous-flux (pratiquement l'inverse du MRT), chacun ayant un
débit binaire beaucoup plus faible et étant modulé sur une sous-porteuse différente, ce qui constitue un
exemple clair de multiplexage par répartition en fréquence. Etant donné que le débit binaire sur chaque
sous-porteuse était relativement faible, les différentes sous-porteuses pouvaient étre faiblement espacées et
un grand nombre tenaient dans la largeur de bande du canal. Dans les systemes MRFOC, chaque porteuse
achemine en réalité un signal MAQ-N, la valeur de N étant généralement de 4, 16 ou 64 dans les applications
de diffusion.

Par convention, dans un systtme MRF, chaque sous-porteuse est extraite du multiplex par filtrage avant
d'étre démodulée, d'ou un certain espacement, ou «bande de gardey, entre les sous-porteuses modulées. Si les
fréquences des sous-porteuses sont choisies avec soin, on peut faire en sorte qu'elles soient
mathématiquement orthogonales, ce qui signifie qu'elles peuvent étre plus proches et qu'elles peuvent méme
se chevaucher. L'orthogonalité signifie que, lors de l'intégration sur une période de symbole enticre, 1'effet
intrusif d'une sous-porteuse adjacente est ramené pratiquement a zéro, en réalité zéro (uniquement) si la
sous-porteuse adjacente n'est pas modulée. Tres simplement, il existe un nombre entier de cycles de la sous-
porteuse adjacente dans la longueur du symbole une fois la sous-porteuse utile convertie dans la bande de
base.

Inévitablement, tout canal de transmission radio sera affecté par des évanouissements plats ou sélectifs.
Heureusement, la largeur de bande du canal peut suffire pour minimaliser les premiers, mais les
évanouissements sélectifs vont parfois anéantir un canal ou un groupe de canaux adjacents du multiplex.
L'entrelacement signifie que les éventuelles erreurs dans le signal recu peuvent étre étalées de manicre a
avoir une faible incidence sur un grand nombre d'échantillons plutét qu'un gros effet sur un petit nombre.
Dans le MRFOC, on utilise un codage, ou plus précisément un codage avec correction d'erreur, pour
minimaliser l'incidence des évanouissements sélectifs sur I'ensemble du signal recu et les «anéantissements»
occasionnels.

Le MRFOC réunit la plupart, si ce n'est la totalité, des techniques présentées dans les paragraphes précédents
et constitue une méthode de modulation qui est a la fois efficace et robuste.

2.5 Diffusion sonore numérique

La diffusion sonore numérique (DSB) a été lancée dans divers endroits du monde avec divers systémes
numériques: DRM, DAB, IBOC et ISDB-Tgs. Aux Etats-Unis d'Amérique, des systémes numériques
hybrides (par satellite et de Terre) ont été mis en place: XM radio et Sirius. Ces systémes fonctionnent par
abonnement. Dans d'autres parties du monde, la radio est depuis toujours diffusée gratuitement. Le principal
probléme concerne le remplacement de millions de récepteurs analogiques, souvent trés bon marché, par des
récepteurs numériques plus onéreux pendant la période de mise en place.

La plupart des clients ne connaissent pas la radio numérique et estiment que la radio analogique présente un
bon rapport qualité/prix. L'écart de qualité et la valeur ajoutée de la radio numérique, ou au moins les
informations mises a la disposition des clients, doivent étre suffisants pour justifier le cofit additionnel pour
le client moyen, méme avec la baisse des prix. De plus, méme si la radio analogique était abandonnée, les
fréquences libérées seraient peu nombreuses par rapport au cas de la télévision et seraient probablement
absorbées par une demande accrue de services de radio.

La situation est plus délicate pour les services de radio numérique «autonomesy, c'est-a-dire ceux qui ne sont
ni regroupés avec les bouquets de services de télévision numérique ni regus sur 1'Internet. Contrairement aux
Etats-Unis d'Amérique et & d'autres parties du monde, aucun service de radio numérique par satellite n'est
encore diffusé en Europe. Les émissions de radio numérique de Terre ont débuté en 1995, sur la base des
normes de diffusion audio numérique (DAB) Eureka-147. Mais il n'existe pratiquement pas de récepteurs
numériques sur le marché et, par conséquent, pas d'auditeurs, méme si la situation a commencé a s'améliorer
en 2002, notamment au Royaume-Uni.

Comme nous l'avons déja dit, le principal probléme concerne le remplacement de millions de récepteurs
analogiques, souvent trés bon marché, par des récepteurs numériques plus onéreux. La plupart des clients ne
connaissent pas la radio numérique et estiment que la radio analogique présente un bon rapport qualité/prix.
La valeur ajoutée de la radio numérique, ou au moins les informations mises a la disposition des clients, ne
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semblent pas pour l'instant suffisantes pour justifier le cofit additionnel pour le client moyen, méme avec la
baisse des prix. En outre, il est difficile en Europe de subventionner les récepteurs car les possibilités de
radio payante sont limitées. De plus, méme si la radio analogique était abandonnée, les fréquences libérées
seraient peu nombreuses par rapport au cas de la télévision et seraient probablement absorbées par une
demande accrue de services de radio.

Le service de radio dépendant essentiellement de l'application de techniques analogiques a progressivement
évolué vers des techniques numériques au cours des vingt derniéres années avec l'apparition d'algorithmes
puissants, 1'évolution de la puissance de calcul et I'existence de dispositifs de traitement numérique du signal
(DSP), qui permettent la mise en ceuvre de la diffusion sonore numérique, d'abord en studio, puis dans le
réseau de contribution primaire et secondaire et enfin chez le client a des prix abordables. (Selon la loi de
Moore, la puissance de calcul double tous les 18 mois et accélére ainsi le processus d'introduction des
techniques numériques.) Les techniques numériques appliquées a la méthode de modulation donnent des
canaux transparents. La qualité de chaque maillon de la chaine de diffusion sonore doit étre proche de la
perfection; le maillon le plus faible sera le goulet d'étranglement et la qualité finale en dépendra. Par
conséquent, les techniques numériques seront appliquées du studio au réseau de contribution, méme pour
alimenter des émetteurs analogiques, MA et MF par exemple, et, bien siir, pour alimenter des émetteurs de
diffusion numérique (DAB, DRM, etc.).

Les principaux avantages du passage de la diffusion sonore de l'analogique au numérique sont les suivants:

a) Meilleure réception du son

Depuis l'introduction de nouveaux éléments et dispositifs tels que les lecteurs de CD et les lecteurs MP3, le
public souhaite une meilleure qualité audio et méme des fonctionnalités de service de diffusion de données.

A la fin des années 90, les pays européens ont mis au point un nouveau service de diffusion fondé sur la
technologic MRFO, utilisant des techniques de pointe, comme les codeurs audio T-DAB. La T-DAB a
ensuite servi de base au développement d'autres systémes dans le monde entier: DRM, IBOC. Les normes
numériques les plus récentes reposent sur les normes de compression audio fondées sur MPEG-4. A titre
d'exemple, le systtme DRM inclut trois solutions (algorithmes) de compression audio différentes: AAC+
pour toutes sortes de son, CELP pour le codage vocal de qualité élevée et HVXC pour le codage vocal a trés
faible débit. Les trois algorithmes font partie de la norme MPEG-4. Le gain en termes de débit binaire entre
les premiers algorithmes de compression audio et le dernier est proche d'un facteur 4 pour la méme qualité
audio.

b) Nouveaux contenus/programmes attrayants

L'introduction de techniques numériques et d'une compression audio/vidéo trés efficace permet d'offrir des
programmes (contenus) plus nombreux qu'avec les systémes analogiques, avec un son de trés bonne qualité
(MF comme dans les bandes MA et qualité CD en T-DAB comme dans les systémes de son stéréo et de son
surround multicanal (systéme 5.1 par exemple)) et avec la présentation de données (guides de programmes,
informations routiéres). En outre, les systémes sonores numériques peuvent fournir des images fixes. Pour la
vidéo et/ou les données, il est nécessaire que les auditeurs acquiérent un récepteur spécial.

L'auditeur bénéficie d'un certain nombre de nouveaux programmes grace a l'efficacité de la technique
numérique utilisée: de 1 bit/hertz/s jusqu'a 4 bit/hertz/s.

c) Portabilité, mobilité

Les usagers veulent au moins les mémes capacités en termes de portabilité et de réception mobile qu'avec les
systemes analogiques (MA, MF).

d) Efficacité

L'introduction de technologies numériques permet:

- d'améliorer I'efficacité d'utilisation des fréquences dans le canal attribu¢ (davantage de programmes)
mais aussi d'utiliser le canal adjacent sans brouillage;

- de réduire considérablement la puissance rayonnée pour la méme zone de couverture, avec une
meilleure qualité audio: par exemple, pour le systéme DRM, 80 kW de puissance de créte au lieu de
250 kW.
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2.5.1 Description des systémes de diffusion sonore numérique

Divers systémes numériques ont été mis au point pour la diffusion sonore de Terre. Les systémes examinés
dans le présent rapport sont les suivants:

- DRM (digital radio mondiale) (systéme A de la Recommandation UIT-R BS.1514).

- IBOC (in band on channel) (systéme B de la Recommandation UIT-R BS.1514 et systéme C de la
Recommandation UIT-R BS.1114).

- ISDB-Tsg (integrated services digital broadcasting terrestrial) (systéeme F de la Recommandation
UIT-R BS.1114).

- T-DAB (terrestrial digital audio broadcasting) (systtme A de la Recommandation UIT-R
BS.1114).

(On trouvera plus de détails sur les systémes ci-dessus dans la Partie 2.)

2.5.1.1 DRM

Le systtme DRM (digital radio mondiale) de Terre, mis au point par le consortium international DRM
(systétme numérique A de la Recommandation UIT-R BS.1514), est congu pour la diffusion de radio
numérique de haute qualité a destination de récepteurs fixes, portables et a bord de véhicules. Il est concu
pour fonctionner a n'importe quelle fréquence inférieure a 30 MHz pour la diffusion de Terre. Le systéme
permet de mettre en ceuvre des services locaux (ondes moyennes et/ou ondes courtes dans la bande a
26 MHz), des services régionaux (ondes moyennes), des services nationaux (ondes longues avec puissance
¢levée, ondes moyennes, NVIS dans les ondes courtes et méme ondes courtes depuis un site €émetteur situé a
proximité de la zone visée) et enfin des services internationaux longue et trés longue distance (ondes
courtes).

Le systtme DRM est un systéme de diffusion sonore et de données robuste et qui présente une grande
efficacité¢ d'utilisation du spectre et une faible consommation d'énergie. Il utilise des techniques numériques
évoluées pour supprimer du signal audio d'origine la redondance et les informations inutiles pour la
perception, puis il applique une redondance strictement contrdlée au signal transmis pour la correction
d'erreur. Les informations transmises sont ensuite étalées en temps et en fréquence pour que le récepteur
(fixe, portable ou mobile) restitue un signal de haute qualité, méme en présence de phénomeénes de
propagation par trajets multiples (propagation de I'onde ionosphérique). Concernant I'efficacité d'utilisation
du spectre, on atteint presque 4 bit/Hz/s. Le systtme DRM permet de diffuser jusqu'a quatre services
différents dans un canal UIT (9 ou 10 kHz). En raison de l'utilisation de la méthode de modulation MRFO,
une réutilisation des fréquences est possible, ce qui permet d'étendre pratiquement sans limite les réseaux de
diffusion en utilisant d'autres émetteurs tous synchronisés et fonctionnant sur la méme fréquence (SFN). La
norme DRM inclut différents modes de modulation suivant le comportement du canal de propagation, depuis
un mode C trés robuste jusqu'a un mode A trés efficace (jusqu'a 37 kbit/s dans un canal de 10 kHz). Elle
permet d'utiliser différents modes de diffusion simultanée: diffusion simultanée monocanal (SCS), qui est un
compromis permettant de diffuser le méme contenu en analogique et en numérique dans le méme canal RF,
et diffusion simultanée multicanal (MCS), qui consiste a diffuser le méme contenu en analogique et en
numérique dans deux canaux adjacents ou non adjacents ou au moyen d'une combinaison de fréquences, par
exemple diffusion du contenu analogique en ondes moyennes et du signal numérique en ondes courtes.

Récemment, le consortium DRM a décidé d'étendre la norme DRM dans les bandes d'ondes métriques
(bandes I et II). La spécification de la norme étendue sera disponible dans quelques années.

On trouvera plus de détails sur le systétme DRM au § 1.1 de la Partie 2.

25.1.2 IBOCDSB

Le systéme IBOC DSB (in-band on-channel digital sound broadcasting) (utilisé uniquement aux Etats-Unis
d'Amérique), destiné a fonctionner en ondes moyennes et dans la Bande II des ondes métriques
(Recommandations UIT-R BS.1514 et UIT-R BS.1114), également appelé systéme HD Radio™, est congu
pour fonctionner dans trois modes: «hybride», «hybride étendu» et «tout numérique». Le mode de
fonctionnement dépend de la fréquence de diffusion, de l'utilisation existante du spectre et des besoins en
services du diffuseur. Le mode hybride permet de diffuser simultanément le méme programme en analogique
et en numérique dans le canal actuellement occupé par le signal analogique. Le mode hybride étendu permet
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également une diffusion simultanée mais le diffuseur peut ajouter des porteuses numériques plus pres du
signal analogique existant afin d'obtenir une plus grande capacité numérique pour des services audio et
données évolués. Le mode tout numérique offre des capacités améliorées pour le fonctionnement dans le
méme canal apres suppression du signal analogique existant ou dans un canal qui n'est pas actuellement
utilisé pour les émissions analogiques.

Le systéme IBOC DSB est constitué de quatre éléments de base: le codec, qui code et décode le signal audio,
le codeur FEC/entrelaceur, qui offre une certaine robustesse grace a la redondance et a la diversité, le
modem, qui module et démodule le signal, et le mélangeur, qui assure une transition harmonieuse entre le
signal numérique et soit le signal analogique existant, dans le cas du mode hybride ou hybride étendu, soit un
signal numérique de secours, dans le cas du mode tout numérique.

Le systeme IBOC DSB présente plusieurs avantages pour les diffuseurs et les auditeurs. Il présente une
bonne qualité audio aussi bien dans les ondes métriques que dans les ondes hectométriques. Les émissions en
ondes métriques offrent une qualité proche de la qualité CD et les émissions en ondes hectométriques offrent
un son de qualité ondes métriques. Les émissions sont également trés robustes vis-a-vis des brouillages par
trajets multiples dans la bande d'ondes métriques et du bruit dans le canal dans la bande d'ondes
hectométriques. Le systéme permet aussi aux diffuseurs de proposer la multidiffusion, ce qui leur permet
d'introduire jusqu'a sept nouveaux canaux audio numériques en plus de la diffusion simultanée du
programme analogique existant. Il leur permet aussi de fournir des données associées aux programmes en
tant que fonctionnalité de base, ce qui rend possible l'affichage, sur le récepteur, du nom de I'artiste, du titre
de la chanson et d'autres données défilantes. Il permet aussi aux diffuseurs de proposer des services de
données évolués: par exemple informations routiéres et météo, mises a jour du systéme de navigation,
cotations boursiéres, stockage et relecture audio et guides de programmes électroniques.

On trouvera plus de détails sur le systéme IBOC DSB au § 1.3 de la Partie 2.

2.5.1.3 ISDB-Tsg

Le systéme ISDB-Tsg (integrated services digital broadcasting — terrestrial for sound broadcasting)
(également appelé systeme numérique F dans 1'Annexe 3 de la Recommandation UIT-R BS.1114), est congu
pour la diffusion sonore et de données de haute qualité avec une grande fiabilit¢é méme en réception mobile.
Il est congu pour étre souple et évolutif, pour présenter une analogie avec la diffusion multimédia utilisant
des réseaux de Terre et pour étre conforme aux caractéristiques spécifiées dans la Recommandation
UIT-R BS.774.

C'est un systéme robuste qui utilise la modulation MRFO, un entrelacement fréquence/temps bidimensionnel
et des codes de correction d'erreur concaténés. La modulation MRFO utilisée par le systéme est appelée BST
(band segmented transmission) — MRFO. Le systéme présente des éléments communs avec le systéme
ISDB-T de diffusion télévisuelle numérique de Terre dans la couche physique. La largeur de bande d'un bloc
MRFO, appelé segment MRFO, est d'environ 500 kHz. Etant donné que le systéme est constitué¢ d'un ou de
trois segments MRFO, sa largeur de bande est d'environ 500 kHz ou 1,5 MHz.

Le systéme ISDB-Tsg comporte de nombreux parameétres de transmission tels que le systéme de modulation
de porteuse, les taux de codage du code de correction d'erreur interne ainsi que la longueur de I'entrelacement
temporel. Certaines porteuses commandent la transmission des informations sur les paramétres de
transmission. Elles sont appelées porteuses TMCC.

Le systéeme ISDB-Tsg peut utiliser des méthodes de codage audio a forte compression (par exemple MPEG-2
couche II, AC-3 et MPEG-2 AAC). 1l est par ailleurs fondé sur la norme MPEG-2. Il présente une analogie
et une interopérabilité avec de nombreux autres systémes fondés sur la norme MPEG-2 (par exemple ISDB-
S, ISDB-T, DVB-S et DVB-T).

On trouvera plus de détails sur le systéme ISDB-Tgg au § 1.4 de la Partie 2.

2.5.14 T-DAB

Le systeme T-DAB (terrestrial digital audio broadcasting), mis au point dans le cadre du projet Eureka 147
(systtme numérique A de la Recommandation UIT-R BS.1114), est congu pour la diffusion de radio
numérique multiservice de haute qualité a destination de récepteurs fixes, portables ou a bord de véhicules. Il
est congu pour étre exploité jusqu'a 3 000 MHz et utiliser différents modes de diffusion: Terre, satellite,
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hybride (satellite et Terre) et cable. Il s'agit d'un systéme de diffusion numérique a intégration de services
(ISDB) polyvalent et souple qui permet, conformément aux exigences de souplesse d'exploitation et de
diversité des services qu'imposent aux systémes et aux services les Recommandations UIT-R BO.789 et
UIT-R BS.774, de nombreuses possibilités de codage a la source et de codage de canal, de transmettre des
données associées aux programmes sonores et de fournir des services de données indépendants.

Le systéme T-DAB est un systéme de diffusion sonore et de données robuste et qui présente une grande
efficacité d'utilisation du spectre et une faible consommation d'énergie. Il utilise des techniques numériques
évoluées pour supprimer dans le signal audio d'origine la redondance et les informations inutiles pour la
perception, puis il applique une redondance strictement contrdlée au signal transmis pour la correction
d'erreur. Les informations transmises sont ensuite étalées en temps et en fréquence pour que le récepteur, fixe
ou mobile, restitue un signal de haute qualit¢ méme en présence de phénomeénes de propagation par trajets
multiples.

L'efficacité d'utilisation du spectre est obtenue par entrelacement de plusieurs signaux de programme, et
compte tenu des possibilités de réutilisation des fréquences, on peut étendre pratiquement sans limite les
réseaux de diffusion en utilisant d'autres émetteurs tous synchronisés et fonctionnant sur la méme fréquence
(SFN).

On trouvera plus de détails sur le systéme T-DAB au § 1.2 de la Partie 2.

2.6 Diffusion télévisuelle numérique de Terre

2.6.1 Introduction

La télévision numérique a été introduite en 1994 aux Etats-Unis d'Amérique et en 1996 en Europe et au
Japon, d'abord sur des réseaux par satellite et peu apres sur des réseaux cablés et de Terre, sur la base des
spécifications de diffusion vidéo numérique (DVB) et de diffusion numérique a intégration de services
(ISDB) de I'ATSC (advanced television systems commiittee).

La pénétration moyenne dans les ménages de I'UE était estimée en 2002 a 32 millions (21%), dont
21,5 millions (13,9%) pour la réception par satellite, 8,1 millions (5,2%) pour la réception par cable et
2,6 millions (1,7%) pour la réception de Terre. Le passage au numérique de la télévision par satellite obéit
aux lois du marché.

Avec l'apparition de la télévision numérique, les pouvoirs publics doivent se tourner vers l'avenir et se
préparer a effectuer le passage de la télévision analogique a la télévision numérique de la maniére la plus
souple possible. Les Etats-Unis prévoient de cesser la diffusion de la télévision analogique en février 2009 et
le Japon en juillet 2011. La Corée prévoit de passer de l'analogique au numérique en décembre 2012.
Certains pays européens ont déja décidé d'imposer une date butoir pour l'arrét de la télévision analogique, et
I'année 2012 a déja été approuvée par I'Union européenne. Le Brésil prévoit de cesser la diffusion de la
télévision analogique en 2016.

Il faut donc que les autorités gouvernementales évaluent les aspects politiques, les services proposés, le
marché (nombre de téléspectateurs potentiels et capacité financiere), la disponibilité de canaux pour la mise
en service de la télévision numérique et, bien entendu, l'intégration technique de celle-ci dans le réseau
analogique existant.

La premicre phase de cette migration est la mise en place d'une réglementation (loi ou décret) régissant
l'introduction de la télévision numérique, précisant le nombre de multiplex autorisés (plusieurs canaux de
diffusion par multiplex, un multiplex occupant I'équivalent d'un canal analogique) et le type de services.

Le service de télévision dépendant principalement de I'application de technologies analogiques a
progressivement évolué vers des technologies numériques au cours des trente derniéres années. Cette
évolution est le résultat naturel de la convergence de la télévision, des télécommunications, de l'infographie
et de l'informatique, par suite de l'utilisation partagée de la technologie numérique.

Les signaux d'entrée et de sortie des systémes de télévision, respectivement a la caméra et au récepteur, sont
intrinséquement analogiques. La question «pourquoi passer au numérique?» se pose donc tout naturellement.

Alors que les dégradations des signaux analogiques sont cumulatives et que leurs caractéristiques ne
permettent pas de les distinguer facilement du signal vidéo, la possibilité de régénérer exactement un flux
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d'impulsions numériques rend les signaux numériques théoriquement insensibles aux dégradations dues a des
sources extérieures. Les flux binaires numériques peuvent étre entrelacés dans un seul canal. Ce processus
d'entrelacement permet 1'émission, la transmission, le stockage ou le traitement de signaux auxiliaires avec
les signaux vidéo et les signaux audio associés. En outre, des techniques de compression fondées sur la
réduction de la redondance peuvent s'appliquer aux services vidéo et audio numérisés, ce qui offre la
possibilité d'assurer un service de TVHD, plusieurs services ordinaires ou des combinaisons de TVHD et de
TVDN dans un canal de diffusion existant.

L'arrivée des deuxiéme et troisiéme générations de magnétoscopes numériques en composantes et
composites, de commutateurs, d'appareils d'animation graphique et de machines a effets spéciaux ainsi que la
conclusion d'un accord sur une interface de signal numérique série en 1990 ont accéléré le passage a des
installations de production entiérement numériques. La production numérique et ['utilisation de
magnétoscopes numériques ont modifi¢ les pratiques des radiodiffuseurs en matiére de montage
multigénération, le faisant passer de cinq générations de montage postproduction avec des techniques
analogiques a des dizaines de générations avec des techniques numériques. L'application des techniques
numériques a ramen¢é la durée de configuration des caméras de quelques heures a la quasi-instantanéité. Les
systémes de bibliothéque numérique ont rendu le repérage de supports enregistrés transparent pour
l'utilisateur. La commande informatisée de tout le processus a pénétré en profondeur dans le systeme de
production et de distribution de programmes, le dotant d'une commande de précision et de la répétitivité des
fonctions.

Les techniques de diffusion numérique ont commencé a étre utilisées pour la distribution entre le studio et les
sites d'émission via des liaisons par satellite ou de Terre.

Les avantages de la diffusion de télévision numérique de Terre (DTTB) sont donc les suivants:

Au-dela du plus grand nombre de chaines par rapport a l'offre analogique, la télévision numérique de Terre
(DTT) présente des avantages de nature a encourager les téléspectateurs a acheter ou louer un décodeur pour
la recevoir:

a) Amélioration de l'image et du son — Le développement de la DTT a été stimulé par la capacité a
transmettre la télévision haute définition (TVHD) aux téléspectateurs. La TVHD avec un son surround de
haute qualité est le principal objectif de toutes les plates-formes de diffusion (de Terre, par satellite et par
cable). La TVHD est également disponible sur disque grace a la technologie Blue-ray.

b) Attractivité des nouveaux programmes — Elle doit étre réelle et suffisante pour conquérir les
téléspectateurs. Trois catégories de chaines peuvent susciter l'intérét du téléspectateur: des chaines
généralistes innovantes ou différenciées par rapport aux chaines actuelles, des chaines plus thématiques,
suffisamment fédératrices et susceptibles d'intéresser une audience cible assez large, des chaines locales ou
régionales, proches des préoccupations sociales, économiques et politiques des téléspectateurs dans leur
environnement géographique proche.

) Portabilité — Dans 1'absolu, c'est la solution technique idéale, car elle permet au moyen d'une
antenne intégrée dans le téléviseur ou raccordée au récepteur, de recevoir la télévision partout dans la maison
ou méme sur des récepteurs de poche, a l'intérieur comme a l'extérieur. Cette solution sera cependant
colteuse en termes d'infrastructure de diffusion: il faut en effet des relais complémentaires aux émetteurs
principaux pour assurer a tous les téléspectateurs de la zone couverte par la DTT une réception en mode
portable.

d) Interactivit¢ — Une des caractéristiques de la DTT est qu'elle offre aux téléspectateurs des
applications et des services interactifs, c'est-a-dire qu'elle permet un dialogue entre le téléspectateur et un
fournisseur de services, par exemple des services d'information ou de transaction comme des achats, des jeux
et des services bancaires par la télévision. A terme, la convergence technologique devrait permettre a la
télévision d'étre le vecteur ou le réceptacle de multiples fonctions. Or, la pénétration relativement lente
d'Internet dans certains pays, quand celui-ci est disponible, montre la réticence d'une partie des populations a
utiliser ce genre de services. L'étroitesse des capacités en fréquences disponibles peut également limiter le
développement de ces services. De plus, selon certains, la télécommande de la télévision n'est sans doute pas
la facon la plus conviviale pour naviguer au sein d'un programme ou service interactif, et les délais de
connexion ou de réponse vont mettre du temps a s'améliorer.
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e) Mobilité — L'un des avantages les plus évidents de la diffusion de Terre par rapport aux autres
moyens de diffusion est la possibilité qu'elle offre de fournir la réception mobile a des voitures, des camions,
des bus et des trains.

Le passage au numérique le plus difficile concerne la télévision de Terre en raison de facteurs tels que
l'insuffisance de spectre dans certaines zones, le colit pour obtenir une large couverture, une capacité de
réseau relativement limitée, les offres concurrentes de télévision déja en place et des erreurs commerciales.

Toutefois, il existe de grandes différences d'un pays a 'autre, notamment en ce qui concerne des variables de
marché comme la pénétration des différents réseaux de télévision (Terre, cable et satellite) et les modeles
économiques (télévision gratuite ou payante), mais aussi en ce qui concerne les politiques relatives au
passage a la diffusion numérique. Jusqu'a présent, la télévision numérique s'est développée principalement
sur la base d'un service par satellite payant, le service gratuit représentant toujours moins de 20% de
I'ensemble de la télévision numérique. La télévision payante s'est développée grice a des programmes
multicanaux en accés limité, avec des subventions offertes par les opérateurs pour les boitiers-adaptateurs.

2.6.2  Description des systémes de diffusion télévisuelle numérique

Divers systémes de télévision numérique ont été mis au point pour la diffusion de Terre, notamment:
- ATSC DTV (Advanced Television Systems Committee) — (systeme A).
- ATSC-M/H (Advanced Television Systems Committee Mobile & Handheld).

- ChinaDTV (GB 20600-2006: «Framing structure, Channel coding and modulation for digital
television terrestrial broadcasting systemy).

- DVB-H (Digital Video Broadcasting Handheld).
- DVB-T (Digital Video Broadcasting Terrestrial) (systéme B).
- ISDB-T (Integrated Services Digital Broadcasting Terrestrial) (systéme C).

- T-DMB compatible avec T-DAB (Recommandation UIT-R BT.1833, ETSI TS 102 427 et
ETSI TS 102 428).

- ISDB-Tsg  (Integrated Services Digital Broadcasting-Terrestrial Sound Broadcasting)
(Recommandation UIT-R BT.1833, systéme multimédia F).

- FLO (Forward Link Only) (Recommandation UIT-R BT.1833, systéme multimédia M, TIA-1099).

On trouvera des détails sur les systémes A, B et C dans la Recommandation UIT-R BT.1306 et dans le
Rapport UIT-R BT.2035 (Principes directeurs et techniques pour 1'évaluation des systémes de radiodiffusion
télévisuelle numérique de Terre). La Recommandation UIT-R BT.1833 (Diffusion d'applications
multimédias et d'applications de données destinées a la réception mobile au moyen de récepteurs portatifs)
définit le systtme T-DMB en tant que systéeme multimédia «A», le systtme ISDB-T en tant que systéme
multimédia «C», le systéme ISDB-Tsg en tant que systéeme multimédia «F», le systétme DVB-H en tant que
systeme multimédia «H» et le systéme FLO en tant que systéme multimédia «My.

Pour plus de détails, voir la Partie 2.

2.6.2.1 ATSC

La norme de télévision numérique ATSC a été congue pour maximaliser la capacité de transmission de
signaux vidéo et audio de haute qualité et de données auxiliaires dans un seul canal de diffusion de télévision
de Terre de 6 MHz. Cette conception a conduit a 'apparition de la télévision numérique haute définition
(TVHD) et au son surround multicanal ainsi qu'a la capacité de fournir des services a définition normale
multicanal, des services de diffusion de données et des services interactifs.

Le mode de modulation BLR-8 pour la diffusion de Terre a été congu pour obtenir une grande efficacité
d'utilisation du spectre, en maximalisant le débit de données avec un faible seuil porteuse/bruit (C/N) de
récepteur, une immunité élevée aux brouillages dans le méme canal et dans les canaux adjacents et une
grande robustesse face aux erreurs de transmission. Les caractéristiques du mode BLR-8 permettent d'utiliser
des canaux DTV dans un spectre encombré qui contient a la fois des signaux de télévision analogiques et
numériques. La faible puissance requise dans le mode BLR-8 permet a des stations ATSC DTV d'utiliser des
canaux que les stations analogiques ne peuvent pas utiliser en raison des contraintes de brouillage. Les
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caractéristiques d'efficacité d'utilisation du spectre et de puissance requise du mode BLR-8 sont essentielles
pour faire passer la diffusion de Terre de l'analogique au numérique car aucun nouveau spectre n'est alloti
pendant la phase de transition.

Le systéme ATSC utilise la syntaxe de flux de transport MPEG-2 pour la mise en paquets et le multiplexage
des signaux vidéo, audio et de données des systemes de diffusion numérique. Le protocole d'informations de
programme et de systéme (PSIP) défini dans la norme ATSC A/65 repose sur un petit ensemble de tables
congues pour fonctionner avec chaque flux de transport (TS) de diffusion de télévision numérique de Terre.
Il a pour objet de décrire les informations aux niveaux systéme et événement pour tous les canaux virtuels
(les numéros de canaux ne sont pas rattachés directement a la fréquence de canal RF réelle) acheminés dans
un flux de transport donné. De plus, des informations peuvent étre insérées concernant les canaux
analogiques et numériques d'autres flux de transport.

Le systtme ATSC utilise la syntaxe de flux vidéo MPEG-2 (profil principal, niveau supérieur) pour le
codage vidéo. Le Tableau 1 donne la liste des formats de compression autorisés dans la norme de télévision
numérique ATSC. Il est a noter que les deux fréquences d'image de 60 Hz et de 59,94 (60x1000/1001) Hz
sont autorisées. Des fréquences doubles sont également autorisées pour les fréquences d'image de 30 Hz et
de 24 Hz.

TABLEAU 1
Formats de compression
v;'itgi::lses Pixels Format Fréquence d'image
1080 1920 16:9 601, 30P, 24P
720 1280 16:9 60P, 30P, 24P
480 704 16:9 et 4:3 60P, 601, 30P, 24P
480 640 4:3 60P, 601, 30P, 24P

La compression audio numérique AC-3 définie dans la norme ATSC A/52B est utilisée pour le codage audio.
Une version améliorée (E-AC-3), qui offre d'autres capacités et outils de codage, est également définie dans
la norme A/52B.

L'ATSC a élaboré une série de normes de diffusion de données et la norme ACAP pour les services de
télévision interactifs.

ATSC-M/H

Le systtme ATSC-M/H (A/153) assure des services de diffusion a destination de dispositifs mobiles ou
portatifs ou de piétons en utilisant une partie de la capacité utile BLR-8 ATSC d'environ 19,39 Mbit/s, tandis
que le reste est toujours disponible pour la TVHD et/ou plusieurs services de télévision a définition normale.
Le systéme M/H est un systéme a double flux: le multiplex de services ATSC pour les services de télévision
numérique existants et le multiplex de services M/H pour un ou plusieurs services a destination de dispositifs
mobiles ou portatifs ou de piétons.

Le service ATSC a destination de dispositifs mobiles ou portatifs (M/H) utilise en partage le canal RF utilisé
par le service de diffusion ATSC décrit dans la norme ATSC A/53. Le service M/H est assuré sur une partie
de la largeur de bande totale disponible de 19,4 Mbit/s, au moyen d'un transport IP. Le systtme M/H complet
est illustré sur la Fig. 4.
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On trouvera plus de détails sur le systeme ATSC au § 1.5 de la Partie 2.

2.6.2.2 ChinaDTV

La norme chinoise sur la DTTB («Framing structure, channel coding and modulation for digital television
terrestrial broadcasting systemy») a été publiée le 18 aolt 2006 par I'administration de normalisation de la
Chine et est entrée en vigueur le ler aout 2007. Le systéme ChinaDTV, congu avec une certaine souplesse
intrinséque, permet divers types de réception (fixe et mobile) et prend en charge l'application simultanée
dans les canaux adjacents a un canal de télévision analogique, et le cadre d'un réseau monofréquence avec le
méme programme.

Le systéme ChinaDTV est caractérisé par une conception particuliére de I'en-téte de trame de séquence PN et
lI'insertion d'un intervalle de garde pour les symboles permettant d'effectuer rapidement et efficacement
l'estimation et 1'égalisation de canal, un codage a contrdle de parité a faible densité (LDPC), une transmission
des informations systéme avec étalement du spectre, etc. Le systéme prend en charge la télévision a
définition normale (TVDN) et la télévision haute définition (TVHD) avec des débits de données compris
entre 4,813 Mbit/s et 32,486 Mbit/s. Il a également été congu pour l'espacement entre canaux de télévision de
8 MHz actuellement utilisé en Chine.

Il offre une certaine souplesse sur le plan des services, avec un mappage des constellations MAQ-64,
MAQ-32, MAQ-16, MAQ-4, MAQ-4-NR, un codage LDPC avec FEC (7488, 3008), (7488, 4512), (7488,
6016), une longueur d'en-téte de trame PN420, PN595, PN945 et deux types d'entrelacement convolutif avec,
si on le souhaite, de nombreuses options. La réception mobile est possible pour la MAQ-4-NR, la MAQ-4 et
méme la MAQ-16 ainsi que pour les ordres de modulation supérieurs, comme I'ont montré un grand nombre
de mesures en laboratoires et d'essais sur le terrain effectués dans différentes conditions de fonctionnement
des canaux.



32 Rap. UIT-R BT.2140-1

Le systeme est trés robuste dans différents environnements, vis-a-vis des échos causés par le terrain ou les
batiments ou les signaux dans le méme canal provenant d'émetteurs distants ou dans un réseau
monofréquence. Cette capacité permettra d'améliorer I'efficacité d'utilisation du spectre lors de la
planification des services de télévision numérique dans un spectre encombré comme c'est le cas en Chine.

Le systtme ChinaDTV inclut la randomisation pour la dispersion de 1'énergie, le codage de canal,
l'entrelacement, le mappage de constellation, la structure de verrouillage de trame, le traitement des
informations de trame, le traitement des signaux en bande de base et des signaux RF dans chaque bande de
télévision numérique de 8 MHz dans les bandes d'ondes décimétriques et métriques.

A T'heure actuelle, une série de spécifications applicables a la télévision numérique de Terre sont en cours
d'élaboration et plusieurs stations d'émission dans les villes olympiques sont en cours d'établissement. Le
programme de TVHD a été lancé a Beijing en octobre 2007.

2.6.2.3 DVB-H

La fusion des services audiovisuels et de télécommunications a d'ores et déja commencé, puisque la plupart
des intervenants dans le secteur des télécommunications envisagent de transmettre les programmes de
télévision en faisant appel aux technologies xXDSL. Bient6t, l'usager exigera certainement de bénéficier dans
la foulée de l'ensemble de services associés. On peut ainsi s'attendre a ce que les services en question
puissent mettre a profit un créneau d'opportunité de 8 a 15 ans. (Une durée de huit années correspond
approximativement au délai nécessaire a la disparition de la diffusion simultanée de la télévision analogique
dans la plupart des pays, tandis que le déploiement des nouveaux systemes de radiocommunication dont les
spécifications sont actuellement examinées sous l'appellation «4G», doit s'étaler sur une période de 10 a
15 ans, en supposant un délai de 10 ans pour atteindre le seuil de rentabilit¢ des technologies 3G.)
L'opportunité vient du fait que les communications cellulaires associées a la technologie DVB-T/H
pourraient offrir certaines des capacités escomptées des systemes 4G.

La fourniture a titre commercial aux usagers mobiles de services convergents utilise en particulier la norme
DVB-T/DVB-H et le concept de réseau de télécommunication sans fil (GSM/GPRS, UMTS), associés aux
réseaux de diffusion DVB de Terre.

Dans le nouveau contexte économique et réglementaire, les activités a long terme de différents groupes de
travail internationaux tels que les groupes DVB et 3GPP ont connu un ralentissement du fait de la tendance
du secteur a rechercher un retour sur investissement plus rapide. Le projet intégrera a cette tendance récente
les derniers développements technologiques, de facon notamment a ce que la DVB puisse conserver sa
prééminence au niveau mondial en tant que boite a outil standard; aussi prendra-t-il en charge les activités de
conception et d'expérimentation de la norme DVB-H imposées par la concurrence de I'ISDB-T, vis-a-vis de
la DVB-T en termes de mobilité et de consommation d'énergie.

Une étude sur la télévision mobile a été réalisée en octobre 2007 par le Département des politiques de la
Direction des politiques économiques et scientifiques du Parlement européen.

On trouvera plus de détails sur le systétme DVB-H au § 1.7 de la Partie 2.

2.6.2.4 DVB-T

La caractéristique essentielle du systéme DVB-T (digital video broadcasting — terrestrial) est sa souplesse
de fonctionnement qui lui permet de s'adapter a tous les canaux: il est capable de fonctionner non seulement
avec des canaux dégagés mais également en planification avec entrelacement, par exemple dans les canaux
adjacents a une transmission analogique et méme dans le méme canal pour le méme programme diffusé par
des émetteurs différents (réseaux SFN).

Le systéme a plusieurs porteuses (DVB-T) a été congu a 'origine pour l'espacement entre canaux de 8 MHz
en ondes décimétriques utilisé en Europe et a été adapté pour convenir a des canaux de 7 et 6 MHz. Selon le
choix des parametres de codage et de modulation, des débits de données de 20 a 30 Mbit/s peuvent étre
obtenus pour diffuser de la télévision numérique de haute qualité sur les canaux de diffusion. De méme, des
débits de données plus faibles peuvent €tre employés lorsqu'une robustesse supplémentaire est jugée
souhaitable.

Le systeme favorise aussi la souplesse d'exploitation du service, avec possibilité de réception par des
antennes montées sur les toits et, si on le désire, sur appareils portatifs. La réception mobile est possible pour
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la modulation MDPQ et également pour les ordres de modulation plus élevés, comme l'ont prouvé de
nombreuses mesures en laboratoire et de nombreux essais sur le terrain effectués dans différentes conditions
de fonctionnement des canaux.

Le systéeme a aussi été congu avec une grande résistance aux brouillages causés par les signaux retardés:
échos provenant du terrain ou des batiments, ou signaux provenant d'émetteurs éloignés dans un réseau
monofréquence. Cette capacité permettra d'améliorer I'efficacité d'utilisation du spectre lors de la
planification des services de télévision numérique dans un spectre encombré comme c'est le cas en Europe.

Le systeme DVB-T posséde un certain nombre de parametres que I'on peut choisir et qui lui permettent de
fonctionner avec une large gamme de rapports C/N et de comportements de canaux: possibilité de réception
fixe, sur appareil portatif, ou mobile, avec compromis sur le débit binaire utilisable. L'étendue des parameétres
permet aux diffuseurs de choisir un mode adapté a l'application projetée. Par exemple, un mode extrémement
robuste (avec, comme conséquence, une diminution de la charge utile) est nécessaire pour la réception sur
appareil portatif. On pourra choisir un mode moyennement robuste, avec une plus grande charge utile, si les
services numériques sont entrelacés avec des services analogiques (par exemple dans les canaux adjacents a
la transmission analogique). Les modes les moins robustes, avec les plus grandes charges utiles, sont a
prendre en compte si I'on dispose d'un canal dégagé pour la diffusion télévisuelle numérique.

On trouvera plus de détails sur le systéme DVB-T au § 1.6 de la Partie 1.

2.6.2.5 ISDB-T

Le systéme ISDB-T (integrated services digital broadcasting — terrestrial) (utilisé au Japon) est congu pour
assurer la diffusion vidéo, sonore et de données de haute qualité avec une grande fiabilité non seulement a
destination de récepteurs fixes mais aussi de récepteurs portables/mobiles. Il est congu pour étre souple et
évolutif et pour présenter une analogie et une interopérabilité avec la diffusion multimédia. C'est un systéme
robuste car il utilise la modulation avec multiplexage par répartition en fréquence orthogonale (MRFO), un
entrelacement bidimensionnel (fréquence/temps) et des codes de correction d'erreur concaténés.

Le systéme ISDB-T utilise la modulation MRFO associée a la segmentation de bande (BST-MRFO). Il
comprend 13 segments MRFO. Chaque segment a une largeur de bande de B/14 MHz (B désigne la largeur
de bande d'un canal de télévision de Terre: 6, 7 ou 8 MHz suivant la région); ainsi, un segment occupe une
largeur de bande de 6/14 MHz (428,57 kHz), 7/14 MHz (500 kHz) ou 8/14 MHz (571,29 kHz). Le systéme
comporte de nombreux parametres de transmission permettant de choisir le systéme de modulation de
porteuse, le taux de codage du code de correction d'erreur interne, la longueur de I'entrelacement temporel,
etc. Chaque segment est affecté a une couche, pour laquelle il est possible de choisir individuellement un
ensemble de paramétres de transmission.

Le systéme prend en charge la transmission hiérarchique d'un maximum de trois couches (couches A, B
et C). Les paramétres de transmission peuvent &tre modifiés dans chacune de ces couches. En particulier, le
segment central de cette transmission hiérarchique peut étre recu par des récepteurs portatifs (appelés a
segment unique). Du fait de la structure commune de chaque segment MRFO, un récepteur a segment unique
peut recevoir «partiellement» un programme transmis sur le segment central d'un signal ISDB-T (on emploie
I'expression «réception partielle» pour désigner le fait qu'un récepteur ne retient quune partie de la largeur de
bande de transmission). Le systéme a trois modes de transmission (modes 1, 2 et 3) avec des intervalles entre
porteuses différents afin de s'adapter a diverses conditions, par exemple la longueur variable de l'intervalle de
garde déterminée par la configuration du réseau et le décalage Doppler en réception mobile.

Le systéme utilise le codage vidéo MPEG-2 et le codage audio évolué (AAC) MPEG-2. De plus, il est fondé
sur la norme MPEG-2 pour 'encapsulation des flux de données. Par conséquent, diverses formes de contenu
numérique (par exemple son, texte, images fixes et autres données) peuvent étre transmises simultanément. Il
présente une analogie et une interopérabilité avec d'autres systémes fondés sur la norme MPEG-2 (par
exemple ISDB-S, ISDB-C et ISDB-Tsgp).

On trouvera plus de détails sur le systéme ISDB-T au § 1.8 de la Partie 2.

2.6.2.6 T-DMB

Pour les services de diffusion multimédia mobile, la République de Corée a élaboré la norme vidéo T-DMB
(terrestrial digital multimedia broadcasting), qui est entierement compatible avec la norme T-DAB. Le
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systtme T-DMB est congu pour la fourniture de services vidéo aux utilisateurs mobiles, la compatibilité
étant assurée avec le systeme A de diffusion sonore numérique (DSB). Le codage AVC MPEG-4 est connu
pour présenter une efficacité de compression deux fois supérieure a celle du codage MPEG-4 Partie 2
(ISO/CEI 14496-2). Le codage BSAC MPEG-4 est connu pour présenter la méme efficacité de compression
que le codage audio évolué (AAC) MPEG-4 et est en outre caractérisé par une modulabilité fine. Le format
binaire pour la description de scénes (BIFS) offre une capacité de composition souple de divers objets
multimédias conjointement avec la couche de synchronisation MPEG-4, ce qui permet une restitution
harmonieuse de différents types d'objets multimédias pour les services interactifs. Pour les services audio, le
systétme A DSB de la Recommandation UIT-R BS.1114 utilise MUSICAM, mais le syst¢eme T-DMB utilise
le codage BSAC MPEG-4 ou AAC MPEG-4 ainsi que MUSICAM pour fournir un service enrichi complété
par des images fixes et des textes.

On trouvera plus de détails dans le Rapport UIT-R BT.2049 et au § 1.9.1 de la Partie 2.

2.6.2.7 FLO

La technologie FLO (forward link only) est une technologie de diffusion numérique mobile congue pour la
diffusion de contenus multimédias sur des téléphones mobiles portatifs tenant compte des limitations
physiques des terminaux portatifs, notamment des contraintes liées a la consommation d'énergie, a la
mémoire, & la mobilité et au format. Les éléments de service FLO comprennent la réception de flux vidéo et
audio diffusés en temps réel, l'accés a des services multimédias ainsi qu'a un contenu local et de zone
étendue sur la méme porteuse. Le systéme FLO est congu pour prendre en charge le contréle d'acces, la
gestion d'abonnement et des services interactifs via IP.

2.6.2.8 ISDB-Tsp

Le systeme ISDB-Tgg, connu sous le nom de systéme multimédia «F» de la Recommandation UIT-R
BT.1833, est congu pour la fourniture de services vidéo, audio de haute qualité et données, qui peuvent étre
configurés de fagon souple. De plus, la prise en charge d'un interpréteur de script pour le format de contenu
riche offre une certaine souplesse en termes de contenu et de service dans la diffusion multimédia a
destination de récepteurs portatifs.

On trouvera plus de détails au § 2.5.1.3.

2.7 Résumé
TABLEAU 2
Norme Canaux Bande Modulation | Normes applicables
ATSC 6 MHz Ondes décimétriques/ BLR-8 A/52,A/53, A/65,
ondes métriques A/153
ChinaDTV 8 MHz Ondes décimétriques/ MRFO GB 20600-2006
ondes métriques
DVB-T 6,7 et 8 MHz Ondes décimétriques/ MRFO EN 300 744
ondes métriques
DVB-H 5,6,7 et 8 MHz Ondes décimétriques/ MRFO EN 302 304
ondes métriques
ISDB-T 6,7 et 8 MHz Ondes décimétriques/ MRFO ARIB STD-B31
ondes métriques segmentée
T-DMB 1,75 MHz Ondes métriques/ MRFO ETSI TS 102 427 et
1,5 GHz ETSI TS 102 428
FLO 5,6,7 et 8 MHz Ondes décimétriques/ MRFO TIA 1099
ondes métriques
ISDB-Tsg 0,43, 0,50, 0,57 MHz | Ondes décimétriques/ MRFO ARIB STD-B29
1,29, 1,50, 1,71 MHz ondes métriques segmentée
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2.8 Evaluation des systémes potentiels de diffusion télévisuelle et sonore numérique
Récemment, plusieurs systémes de diffusion numérique ont été proposés dans différentes régions du monde.

Tous les systémes actuellement mis en ceuvre reposent sur un systéme de codage trés efficace capable de
ramener le débit binaire nécessaire a la transmission du contenu numérique a des valeurs compatibles avec
les caractéristiques des canaux radioélectriques disponibles.

En diffusion télévisuelle, la norme MPEG a été adoptée presque dans le monde entier a un niveau ou a un
autre, méme si de nouvelles normes de décodage qui sont peut-étre encore plus efficaces ont été proposées
récemment.

Les différents systémes de transmission numérique disponibles actuellement n'ont pas tous été proposés en
méme temps, et les plus récents sont censés tirer parti de I'analyse des avantages et des inconvénients de ceux
qui ont été proposés auparavant.

Dans la recherche d'une véritable «application décisive» pour la diffusion numérique, il est extrémement
important que la norme numérique puisse s'adapter aux éventuels services de diffusion évolués. Concernant
la diffusion de télévision numérique, il s'agit notamment de l'interactivité, de la diffusion de données et de la
diffusion sur récepteurs portables et mobiles.

2.8.1  Evaluation de systémes spécifiques de diffusion télévisuelle et sonore numérique de Terre

Les normes de diffusion télévisuelle et sonore numérique disponibles se répartissent en gros en deux
groupes:

- Codes porteuse unique (par exemple BLR-8, utilisé dans la norme ATSC-DTT des Etats-Unis)

Le systeme BLR-8 est fondé sur le codage des informations numériques a transmettre en utilisant
uniquement l'amplitude (8 niveaux). Le signal modulé est ensuite traité a travers un filtre de
Nyquist, pour réduire la largeur de bande de transmission.

- Multiporteuses (diverses évolutions de MRFOC, sur lesquelles sont fondés, entre autres, les codes
DVB-T et DAB (adoptés en Europe et dans les pays concernés par la CRR-06), ISDB-T (adopté au
Japon)).

La méthode MRFOC est fondée sur une répartition des données entre un nombre élevé de porteuses dans le
canal d'exploitation. Les informations numériques associées a chaque porteuse peuvent ensuite étre codées
en amplitude ou en phase (par exemple, MDPQ, MAQ-16, MAQ-64). Ensemble, les données numériques
transmises simultanément et associées aux différentes porteuses constituent un symbole MRFO.

Les codes basés MRFOC permettent la transmission a travers le canal physique d'un multiplex, comprenant
divers contenus qui peuvent ensuite &tre choisis et extraits par le récepteur.

En outre, 1'étalement du signal sur de nombreuses porteuses distribuées sur toute la largeur de canal, avec les
systémes de récupération d'erreur introduits pour sauvegarder l'intégrité des données, font qu'il est également
possible d'envisager des systémes basés MRFOC, comme le systtme DVB-T, pour la mise en ceuvre de
réseaux SFN, dans lesquels la méme fréquence est utilisée pour la transmission sur des zones de couverture
adjacentes et l'évanouissement implicite résultant du brouillage dans le méme canal entre signaux provenant
d'émetteurs qui fonctionnent a la méme fréquence est corrigé grace aux caractéristiques du systeme MRFOC.
Des réseaux SFN (en DVB-T) commerciaux sont déja opérationnels, par exemple, en Australie et en
Espagne.

La méme immunité élevée aux brouillages rend les systémes de diffusion numérique MRFOC appropriés a la
réception mobile également. Les normes publié¢es récemment concernant la réception sur dispositifs portatifs
sont énumérées dans la Recommandation UIT-R BT.1833. Dans ce cas, on attache une attention particuliére
a la préservation de la durée de vie des batteries, au mécanisme de correction d'erreur, etc., afin d'améliorer
la robustesse du systéme.

L'ATSC a mis au point le systtme ATSC-M/H, qui permet aux diffuseurs d'utiliser leur canal DTV existant
pour fournir un service aux dispositifs mobiles et portatifs de maniére compatible avec les nombreux
récepteurs DTV existants.

Pour plus de détails, on se reportera au Chapitre 1 de la Partie 2.
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2.8.2  Systemes hybrides

Certains systémes a satellites utilisent la composante de Terre pour améliorer la qualité de service: XM radio,
Sirius. On trouvera plus de détails concernant le systéeme numérique E dans les Recommandations UIT-R
BO.1130 et UIT-R BS.1547. D'autres systémes utilisent une approche analogue.
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Chapitre 3

3 Application et mise en ceuvre de la diffusion numérique

Traditionnellement, radiodiffusion et télécommunications ont été considérées comme des marchés verticaux
distincts. La convergence des technologies numériques, qui se traduit par la possibilit¢ de transporter le
méme contenu numérique sur l'un ou l'autre de ces réseaux, permet de créer de nouveaux marchés
horizontaux a chaque niveau de la chaine de valeur (contenu, fourniture de services, exploitation du réseau et
terminaux), ouvrant ainsi toutes sortes de nouvelles perspectives économiques. Pour la premiére fois,
n'importe quel service multimédia devrait €tre accessible a partir des différentes plates-formes de
communication (fixes, portables et mobiles) et a un colt acceptable.

Le «passage au numérique», c'est-a-dire le passage de la diffusion analogique a la diffusion numérique, est
un processus complexe ayant des incidences sociales et économiques qui vont bien au-dela de la migration
technique pure. Le développement de la diffusion numérique est positif car il améliore la portée et la qualité
des services, notamment grace a la compression numérique. Cela entraine une augmentation de I'efficacité
spectrale et des charges utiles des réseaux.

Le passage a la radio et a la télévision numériques devrait étre un processus d'ensemble, englobant divers
réseaux, modéles commerciaux et services, y compris la télévision gratuite, une meilleure qualité d'image ou
des services de données et interactifs. L'abandon de l'analogique ne devrait étre effectif que lorsque la
diffusion numérique aura atteint un taux de pénétration quasi universel, en tenant compte de toutes les
possibilités ci-dessus, pour réduire les cotits sociaux au minimum. Une intervention politique devrait avoir
lieu au niveau national d'abord, compte tenu des différences commerciales et politiques entre les Etats
Membres dans le domaine de la diffusion. Toutefois, I'UIT a aussi un rdle a jouer, en particulier en raison des
aspects liés aux marchés intérieurs. Ses contributions pourraient porter notamment sur les sujets suivants:
étalonnage des performances, normes des équipements, information des consommateurs, acces facilité et
encouragé aux services a valeur ajoutée.

Le secteur procéde actuellement a 1'élaboration de technologies grace auxquelles la convergence numérique
sera une réalité. La convergence numérique permet aux fournisseurs de contenus et de services de diffuser
leurs offres par différents moyens. Parallélement, les consommateurs peuvent accéder aux services a 1'aide de
différents terminaux adaptés a la réception de contenus multimédias, et bénéficier d'un nombre accru de
services par un seul et unique terminal; les frontiéres entre les secteurs traditionnels de la diffusion et des
communications électroniques deviennent ainsi plus floues, modifiant profondément les perspectives futures
en matiére de distribution des médias. Il importe donc d'élaborer soigneusement les dispositions
réglementaires futures de fagon a ce qu'elles reflétent ces transformations.

3.1 Considérations touchant a la réglementation

La réglementation doit permettre la fourniture de services multimédias au moyen des différents types de
réseaux de diffusion; les réglements en vigueur doivent garantir pour tous les intervenants I'égalité des
conditions de concurrence sur les nouveaux marchés horizontaux, tout en corrigeant les imperfections du
marché. Afin de faciliter le déroulement de ce processus, il faut adapter les structures politiques et
réglementaires existantes.

Il importe en outre que les décisions de principe relatives au spectre (prenant notamment en compte des
aspects tels que les attributions de fréquence, les assignations et la libéralisation) offrent un accés a tous les
postulants, suivant des modalités harmonisées, ouvertes, transparentes et non discriminatoires et garantissent
des moyens propres a assurer la mise en ceuvre d'une capacité de diffusion suffisante et appropriée. Pour
faciliter 1'organisation d'une prestation de service et d'une diffusion au niveau mondial, ainsi que
l'interopérabilité des équipements et leur production moyennant des économies d'échelle, il convient
d'encourager une utilisation globalement harmonisée du spectre, sans néanmoins éliminer la souplesse
indispensable a la définition d'un contexte concurrentiel et techniquement avancé par le biais des principes de
gestion du spectre et d'octroi de licences. En outre, l'utilisation du spectre doit tenir compte des différences
régionales quant a l'importance des ressources radioélectriques requises pour la diffusion de contenus et la
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mise en place de services interactifs, étant donné que les besoins des usagers et leurs centres d'intéréts
peuvent varier d'une région a l'autre.

Jusqu'a maintenant, les réseaux de télécommunications et de radiodiffusion ont évolué en fonction de normes
et de réglementations distinctes, cloisonnées verticalement. La radiodiffusion concernait la radio et la
télévision, et les télécommunications les communications vocales. Récemment, les communications de
données se sont développées dans le cadre propre aux technologies de l'information. Or, a la faveur du
passage au numérique, les frontiéres entre télécommunications, services de télévision et de radio et
transmission de données disparaissent. De ce fait, il devient de plus en plus difficile de définir ou de
catégoriser les futures structures de diffusion en fonction des types de services acheminés. Il faut donc de
nouvelles définitions en rapport avec les préoccupations de réglementation.

Le nouveau contexte réglementaire devrait également intégrer la fourniture de services multimédias au
moyen des différents types de réseaux de diffusion (radiodiffusion et communications mobiles). En fait,
l'utilisation des réseaux se développe et devient plus souple, sans étre assujettie a la transmission de certains
contenus. Cette évolution renforcera la volonté d'investir dans la construction de réseaux et dans leur
amélioration technique.

3.2 Efficacité d'utilisation du spectre radioélectrique

Le passage de I'analogique au numérique dans le domaine de la diffusion a déja commencé dans certains
pays et doit se poursuivre dans le reste du monde au cours des prochaines années. La durée effective de la
période de fonctionnement paralléle de la diffusion numérique et analogique, autrement dit la date a laquelle
les émissions analogiques auront disparu, variera d'un pays a 'autre (I'année 2010 a été fixée comme objectif
pour un certain nombre de pays européens en ce qui concerne la télévision numérique).

Ce processus de transition comporte différentes étapes:
- la mise en service de la télévision numérique;
— I'abandon de la télévision analogique; et

- la réutilisation du spectre de la télévision analogique.

Autorisant la diffusion de contenus numériques dans une partiec seulement de la largeur de bande
radioélectrique qui serait nécessaire aux émissions analogiques équivalentes, cette évolution entrainera
l'apparition d'une capacité nouvelle importante, disponible pour de nouveaux services. Par conséquent,
l'obtention d'une offre considérablement élargie de programmes de télévision numérique est techniquement
possible, moyennant une utilisation réduite du spectre radioélectrique. En outre, des services et des contenus
numériques nouveaux pourront étre proposés dans ces conditions, au moment du lancement de la technologie
numérique, mais aussi une fois la diffusion analogique disparue, méme lorsque le nombre de programmes de
diffusion télévisuelle (vidéo) aura considérablement augmenté. Il existe donc une réelle opportunité d'essor
de la diffusion télévisuelle et sonore comme de développement de différents services interactifs sur des
terminaux fixes, portables et mobiles (diffusion de données par Internet et services interactifs).

Toutes les potentialités futures de la diffusion numérique ne se concrétiseront pleinement qu'une fois que
I'analogique aura été définitivement abandonné. Le probléme essentiel sera de garantir la disponibilité de
nombreux services différents offerts par toutes sortes de prestataires de service et de veiller a I'ouverture et a
la neutralité, conditions préalables a l'apparition de services novateurs, de nouvelles avancées technologiques
et d'une concurrence vigoureuse au profit des consommateurs comme de I'économie dans son ensemble.

33 Spécifications concernant les services de diffusion sonore et télévisuelle

3.3.1  Aspects réseau

L'avantage de la diffusion numérique de Terre en termes de portabilité, de mobilité, d'intégration des
récepteurs et de la réception au moyen de boitiers décodeurs, justifie pleinement I'extension maximale de la
couverture par le réseau de Terre. Dans de nombreux pays, la plupart des ménages regoivent de cette fagon
les émissions de diffusion analogique. Les ménages exclusivement demandeurs de services numériques
gratuits seront particuliérement désireux de recevoir ces services par le réseau de Terre. L'infrastructure
actuelle du réseau analogique de Terre peut ainsi étre pleinement mise a profit et utilisée a cet effet.
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Le principe des réseaux monofréquence (SFN) fournit une solution efficace pour économiser les ressources
radioélectriques nécessaires a la desserte d'une zone géographique restreinte.

Toutefois, par l'utilisation conjointe des modes 2K et 8K, et de plusieurs intervalles de garde, le systéme
DVB-T offre des instruments efficaces de planification des SFN a différentes fins, notamment la réception
mobile. De plus, et selon une pratique largement connue des diffuseurs, 1'emploi d'émetteurs de complément
ou de répéteurs, peut aisément améliorer les conditions de réception, tout en préservant une parfaite
compatibilité avec des perfectionnements futurs, et renforcer les possibilités de réception au moyen de
terminaux portables et mobiles. Autrement dit, les extensions de réseaux et les modifications destinées a
assurer la réception a l'aide de terminaux mobiles ou portables peuvent étre réalisées moyennant des coflits
acceptables.

Le mode de vie des usagers connait une évolution rapide vers la mobilité. Les technologies 2G, 3G et
suivantes nous ont appris a nous servir des systémes cellulaires mobiles pour nos communications
quotidiennes. Les consommateurs seront en mesure de recevoir de nouveaux types de services a contenu et
bénéficieront d'une interactivité accrue grace aux services mobiles de diffusion de données acheminés par la
technologic DVB-T/H avec une liaison 2G/3G utilisée comme canal de retour. Associée aux réseaux
cellulaires, la technologie DVB-T/H offrira aux consommateurs l'accés a des services personnalisés et
indépendants de la localisation.

3.3.2  Caractéristiques des récepteurs

Il y aura vraisemblablement quatre principaux types de récepteurs:

1) Téléviseur numérique fixe et boitier adaptateur, pour la réception fixe au moyen d'antennes de toit
ou d'antennes intérieures fixes.

2) Récepteurs de télévision ou de radio portables.

3) Terminaux installés a bord de véhicules et terminaux mobiles portatifs, intégrant éventuellement des

fonctions cellulaires 2G/3G.

4) Systémes sans fil large bande mobiles/portables.

Les terminaux de type 3 et 4, c'est-a-dire les terminaux portatifs et portables, fonctionneront sur batterie et
devront donc consommer peu d'énergie. Aussi faut-il veiller tout particuliérement a ce que l'environnement
radioélectrique soit tel que cet objectif puisse étre atteint et que I'utilisation du terminal et des fréquences
radioélectriques soit facile et pratique. En particulier, pour la réception télévisuelle, I'une des principales
préoccupations dans le contexte actuel tient a la répartition des canaux numériques dans tout le spectre des
ondes décimétriques, de telle sorte que des canaux analogiques a puissance élevée sont adjacents a des
canaux numeériques; cette configuration comporte de trés fortes exigences de lin€arité concernant les
¢léments RF des terminaux, et entraine par conséquent une consommation excessive d'énergie. Le fait d'avoir
une partie homogeéne du spectre réservée a la diffusion numérique de données sur des terminaux
portables/mobiles et aux systémes sans fil a large bande contribuerait dans une large mesure a résoudre ce
probléme.

34 Aspects liés a I'interopérabilité des systémes

En ce qui concerne les fonctionnalités plus complexes, telles que les interfaces de programmation
d'application (API), il faut encourager les solutions ouvertes et interopérables en mati¢re de services de
télévision interactifs. Les Etats Membres décideront s'il faut imposer certaines normes afin de renforcer
l'interopérabilité et la liberté de choix des utilisateurs. De fait, ces deux critéres contribueront
vraisemblablement a développer l'intérét de ces derniers pour la diffusion numérique, suivant un scénario de
migration dicté par le marché, réduisant ainsi la nécessité d'une intervention des pouvoirs publics.

L'interopérabilité des systémes est facilitée par I'introduction de nouvelles technologies et la convergence des
services.

Pour plus d'informations, on se reportera a la Partie 2.
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3.5 Equipements de diffusion sonore numérique

3.5.1 Emetteurs

Les émetteurs de radio non linéaires ne peuvent pas étre modifiés et réutilisés pour les systemes numériques.
C'est la raison pour laquelle tous les émetteurs de ce type devront étre remplacés pendant la période de
transition, pendant laquelle il faudra peut-étre installer certains émetteurs capables de diffuser simultanément
en analogique et en numérique, ce qui pose d'importants problémes économiques aux diffuseurs.

Les nouveaux émetteurs destinés a fonctionner dans les bandes d'ondes kilométriques, hectométriques et
décamétriques sont préts pour une diffusion en numérique.

3.5.2 Antennes d'émission

Pendant la période de transition, les antennes large bande destinées a étre utilisées dans les bandes d'ondes
hectométriques, décamétriques et métriques ne posent pas de probléme du point de vue
technique/économique car aucune intervention technique n'est nécessaire.

Les antennes a bande étroite destinées a étre utilisées dans les bandes d'ondes hectométriques, décamétriques
et métriques produisent un affaiblissement et une rotation de phase du signal sur les porteuses numériques se
traduisant par une réduction de la qualité. Dans ce cas, une intervention technique/économique est nécessaire
suivant la puissance appliquée a l'antenne et le type de systéme utilisé.

Pour les émissions dans les bandes d'ondes kilométriques, le vrai probléme est 1ié a la largeur de bande de
'antenne et aux questions économiques et techniques associées.

3.5.3 Récepteurs

L'utilisateur souhaite un terminal abordable et d'utilisation facile, capable de recevoir les services de
diffusion sonore numérique et analogique.

Les premiers terminaux numériques grand public ont été commercialisés fin 2003.

En ce qui concerne le marché du numérique, par exemple en Italie, les utilisateurs s'intéressent aux
terminaux qui fonctionnent dans les bandes d'ondes métriques et dans une partie de la bande L
(1 452-1 492 MHz).

La majorité des efforts qui seront déployés dans un avenir proche dans ce secteur devraient étre concentrés
sur les récepteurs portables et mobiles/portatifs, sous réserve que les bandes de fréquences nécessaires soient
disponibles.

Il faut aussi tenir compte du fait que, pour ce type de terminal, les plates-formes de réseau et de services
doivent étre intégrées alors qu'elles ont toujours évolué de fagon indépendante.

De fait, il convient de noter en particulier que:

- les réseaux de télécommunication acheminent des communications interactives sans fil et filaires
entre individus;

- les réseaux de diffusion diffusent des programmes unidirectionnels au grand public.

Les réseaux de données répondent a la demande croissante de trafic Internet et de téléchargement de fichier
des utilisateurs a titre professionnel ou privé.

Pendant la transition entre l'analogique et le numérique, les antennes large bande destinées a la réception
dans les bandes d'ondes kilométriques, hectométriques, décamétriques, métriques et décimétriques ne posent
pas de probléme du point de vue technique/économique car aucune intervention technique n'est nécessaire.

Les antennes a bande étroite destinées a la réception dans les bandes d'ondes kilométriques, hectométriques,
décamétriques, métriques et décimétriques produisent un affaiblissement et une rotation de phase du signal
sur les porteuses numériques se traduisant par une réduction de la qualité.
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3.6 Equipements de diffusion télévisuelle numérique

En ce qui concerne la diffusion télévisuelle, les normes de télévision numérique peuvent étre considérées
comme finalisées. Il faut maintenant vérifier en détail l'interopérabilit¢ des différents systémes de
transmission et leur compatibilité avec les boitiers-adaptateurs disponibles sur le marché.

3.6.1 Emetteurs

En plus du remplacement du modulateur analogique existant par un modulateur numérique adapté, il faut
aussi examiner trés soigneusement les points suivants:

- Capacité du systeme a fonctionner en «amplification commune», c'est-a-dire a amplifier 'ensemble
du signal, et non ses porteuses séparées (par exemple audio et vidéo).

- Linéarité du systéme, avec une faible intermodulation, qui, dans les systémes numériques, est
exprimée par le niveau des «shouldersy.

- Stabilité et bruit de phase produit par les sources de fréquence de référence.

- Capacité¢ de la logique de commande du systéme a s'interfacer avec les nouveaux éléments
nécessaires pour transformer le systéme en systéme numérique (a savoir le modulateur numérique).

Une grande proportion des équipements analogiques fabriqués récemment (la plupart pour des applications
de télévision dans les bandes d'ondes métriques et décimétriques) sont dits «préts pour le numérique», ce qui
signifie qu'ils pourront étre convertis au numérique. Quoi qu'il en soit, il faut vérifier au cas par cas la
possibilité effective de cette conversion et le colt qu'elle représentera.

3.6.2 Antennes d'émission

Les systémes d'antennes en ondes métriques et décimétriques utilisés pour la diffusion télévisuelle sont
généralement bien adaptés pour fonctionner également avec des signaux numériques sur le méme canal.
Dans ce cas, il ne devrait pas se poser de probléme critique en termes de largeur de bande RF, car la largeur
de canal est la méme que celle qui est utilisée pour la diffusion analogique. Un reréglage de l'antenne
pourrait étre nécessaire si le canal numérique est différent de 1'ancien canal analogique, ou si un nouveau
canal numérique est ajouté aux canaux analogiques existants, sans qu'aucun d'entre eux ne soit remplacé.
Méme si un grand nombre d'antennes présentent des caractéristiques large bande, un changement de
fréquence de fonctionnement dans la méme bande de fréquences (ondes métriques ou Bande IV ou V des
ondes décimétriques) nécessite de vérifier le réglage de l'antenne. Dans de nombreux cas, les éventuels
problémes d'incompatibilité peuvent étre résolus en réglant les caractéristiques d'entrée, généralement au
moyen de dispositifs de réglages spécifiques, et en vérifiant la phase des lignes d'alimentation. Dans d'autres
cas, une nouvelle conception d'antenne est nécessaire pour répondre aux nouvelles conditions de
fonctionnement.

Quant aux services DAB, ils sont transmis a des fréquences complétement différentes (ondes métriques et
bande L), de sorte que des antennes compleétement nouvelles sont nécessaires. Dans la bande d'ondes
métriques, comme la largeur de bande de canal est plus étroite que celle qui est utilisée pour la télévision, les
antennes congues pour la diffusion télévisuelle en ondes métriques semblent également adaptées pour la
diffusion DAB a la méme fréquence.

3.6.3 Récepteurs

On peut conserver les anciens téléviseurs analogiques et leur ajouter un boitier-adaptateur conforme a la
norme utilisée, ce qui permet d'effectuer une transition progressive.

Des téléviseurs numériques intégrés conformes a diverses normes sont disponibles sur le marché.

3.6.3.1 Réseau de distribution

Dans le cas de la réception communautaire, un nouveau réseau de distribution peut &tre nécessaire.

3.6.3.2  Antennes de réception

Il n'est en principe pas nécessaire de modifier I'antenne, sauf dans certains cas, suivant les critéres de
planification appliqués et la zone de service obtenue.



42 Rap. UIT-R BT.2140-1

3.7 Diffusion de données

Il s'agit de la fourniture d'un contenu multimédia directement a un ordinateur et a d'autres dispositifs
numériques. Pour ce faire, on installe une carte de données spéciale dans le dispositif de réception qui regoit
les données et les convertit en un format susceptible d'étre utilisé par l'ordinateur ou d'autres dispositifs
numériques. L'utilisation de l'Internet et I'adoption du protocole Internet ont bouleversé le marché
commercial de la diffusion multimédia dans le monde. Un certain nombre de normes sont en cours
d'élaboration en Europe, aux Etats-Unis et au Japon pour la diffusion multimédia et la normalisation se
poursuit a I'UIT.

Quand on cite les avantages des techniques de diffusion numérique, il est clair que le passage de 1'analogique
au numérique va se généraliser. Les clés du succes des techniques numériques sont la disponibilité d'une plus
grande largeur de bande, des récepteurs moins chers, des bandes de fréquences permettant une utilisation
mondiale efficace et l'interopérabilité avec les réseaux analogiques existants.

Avant de passer de la diffusion analogique a la diffusion numérique, il est toujours indispensable d'identifier
le marché. Le marché et les consommateurs recherchent une technologie et des services utilisables et de
qualité. Or, il est démontré que la radio comme la télévision numériques présentent un certain nombre
d'avantages par rapport a leurs homologues analogiques, a savoir:

- amélioration de 1'image et du son;

- attractivité des nouveaux programmes;
- portabilité;

- interactivité;

— nouveaux Services;

- faible puissance rayonnée par les émetteurs.

Ces facteurs renforcent la viabilité du futur marché numérique. Les techniques numériques offrent des
possibilités de nouveaux services perfectionnés, comme cela a été maintenant démontré par les entreprises
qui ont pu voir le jour grace a I'Internet (cyberentreprises) et un grand nombre d'entreprises apparaissent qui
répondront aux besoins divers et sophistiqués des consommateurs. Les acteurs doivent également étre
attentifs aux consommateurs et toujours préts a les servir ainsi que les utilisateurs des techniques.

Les principaux problémes sont liés au multiplexage et aux débits de données, vidéo et audio, avec une
incidence sur le choix ou l'utilisation d'algorithmes, logiciels et techniques de compression, ainsi qu'au type
de propagation (par exemple propagation ionosphérique).

3.8 Services de diffusion pour la réception mobile

La Commission d'études 6 des radiocommunications a défini des systémes multimédias pour la réception
mobile sur des récepteurs portatifs, décrits dans les Annexes de la Recommandation UIT-R BT.1833
(Diffusion d'applications multimédias et d'applications de données destinées a la réception mobile au moyen
de récepteurs portatifs).

Pour plus d'informations, on se reportera également au Chapitre 2 de la Partie 2.

3.9 Aspects liés aux brouillages

3.9.1 Réception sans brouillage dans un environnement mobile

Habitués qu'ils sont depuis de nombreuses années a la qualité de service de la diffusion de Terre (analogique)
fixe, les futurs utilisateurs des services de diffusion mobile exigeront non seulement que la qualité soit
encore meilleure (images de télévision plus claires, son de meilleure qualité) mais aussi qu'elle soit durable
dans l'environnement mobile ou les réflexions dues a la propagation par trajets multiples et les décalages
Doppler introduisent un taux BER important dans le flux de données diffusé.

11 est important de noter que ces systémes non seulement seront utilisés pour recevoir des contenus diffusés
au sens classique du terme, mais devront aussi permettre de télécharger sans erreur des codes source achetés
et méme des codes exécutables, qui bien sir devront parvenir aux clients sans altération.
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Les modalités concrétes de limitation de ces brouillages ne sont pas simples, mais différentes solutions ont
déja été proposées dans certaines nouvelles normes/spécifications.

3.9.2 Impact des brouillages dans I'environnement des utilisateurs finals

Les récepteurs audio ou vidéo sont généralement affectés par les brouillages locaux causés par le bruit
artificiel et/ou par d'autres services. La réduction de la cause des brouillages permet d'améliorer 1'efficacité
des systémes.

Les PC, téléphones mobiles et appareils domestiques (rasoir électrique, four microonde, etc.) sont les
principaux équipements qui causent des brouillages aux récepteurs audio et vidéo fixes et portables.

L'impact des brouillages causés par la transmission sur lignes électriques est a 1'étude au sein de la
Commission d'études 6 des radiocommunications. Pour réduire cet impact, chaque Administration doit
étudier la possibilité de définir et d'appliquer des valeurs de protection appropriées.
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Chapitre 4

4 Questions liées a la transition

D'une maniére générale, les nécessités et obligations en matiére de spectre, de technologies et de l1égislations
concernant les services de diffusion numérique guident leur mise en ceuvre.

4.1 Spectre disponible
4.1.1  Considérations relatives a la diffusion numérique

4.1.1.1 Convergence technologique

Avec l'introduction de techniques et technologies numériques en diffusion, la différence entre les systémes
de diffusion numérique, les systémes informatiques et les systémes de télécommunications semble
s'amenuiser de plus en plus et la convergence technologique de ces applications devient possible.

Chaque technologie offre des possibilités différentes suivant le type de service (radio, télévision, données
additionnelles, etc.).

Puisqu'en principe les services numériques offrent des programmes de meilleure qualité et/ou plus nombreux
dans la méme largeur de bande, les diffuseurs ont la possibilité¢ d'offrir de nouveaux services attrayants en
plus de la diffusion.

Par ailleurs, les technologies des services de téléphonie mobile permettent d'offrir des services analogues a la
diffusion, mais avec une qualité limitée, pour la réception sur des dispositifs portables.

4.1.1.2 Obligations

Certains pays ont imposé des obligations de transmettre dans certains canaux sur certains réseaux. Certains
diffuseurs estiment que l'extension de ces obligations aux réseaux numériques facilitera le passage a la
technologie numérique car les utilisateurs comptent bénéficier du méme service que celui qui leur est offert
en analogique. Toutefois, les opérateurs de réseau sont préoccupés par I'ampleur de ces mesures et 1'absence
de compensation appropriée. Quoi qu'il en soit, l'obligation devra étre définie clairement.

4.1.1.3 Droits d'auteur

En régle générale, la diffusion simultanée en numérique et en analogique d'un service protégé par des droits
d'auteur donne lieu au paiement de droits d'auteur supplémentaires méme s'il y a peu de téléspectateurs
supplémentaires, voire aucun. Cette obligation peut étre percue comme étant de nature a dissuader de fournir
des services numériques. Les détenteurs des droits, y compris leurs représentants, devraient étre encouragés a
offrir des conditions appropriées pour la transmission simultanée en analogique et en numérique au moyen
du méme mécanisme de fourniture dans le cadre du passage au numérique. Les futures licences de droit
d'auteur devraient aussi faciliter les modifications ou l'enrichissement des services et des données afin
d'améliorer 'accessibilité pour les utilisateurs ayant des besoins spéciaux.

Le développement de la diffusion numérique peut aussi étre limité par l'incapacité des citoyens a obtenir un
acces légal a des programmes de télévision autres que ceux provenant du pays dans lequel ils résident. Bien
que cet accés soit possible techniquement, dans certains cas, il n'est pas autorisé par les détenteurs des droits,
compte tenu de la nature territoriale des droits d'auteurs.

4.1.14 Diversité des services de diffusion numérique

La diffusion numérique attirera différentes catégories de consommateurs si ceux-ci peuvent bénéficier d'une
grande variété de services qui ne sont pas disponibles en analogique ou qui ne le sont que partiellement, par
exemple:

- réception sur dispositif fixe, portable ou mobile;

- meilleure qualité audio et d'image, notamment la télévision haute définition et grand écran;
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- services de données et interactifs, notamment des services de la société de 1'information;

- transmission d'un plus grand nombre de programmes et, par conséquent, plus grande diversité des
programmes et davantage de programmes régionaux et locaux.

Cette diversité des services numériques est utile pour accroitre l'attrait de la télévision numérique au-dela des
services payants multicanaux en accés limité. Ceux-ci ont été les services de télévision numérique
prédominants depuis le début du marché, mais ils ne sont généralement pas déterminants lorsqu'un service
multicanal analogique est disponible. Une grande diversité des services numériques permettra de faire la
différence avec les services analogiques et de répondre aux besoins de catégories de la population et de
marchés qui sont intéressés par d'autres types de services de télévision numérique.

Les autorités publiques peuvent encourager la mise a disposition de contenu a valeur ajoutée sur des réseaux
de télévision de différentes manicres.

Premicrement, garantir une disponibilité¢ de plus en plus grande des informations administratives. La plupart
de ces informations sont trés utiles aux citoyens et peuvent souvent étre obtenues a peu de frais. Il est
possible de tirer parti des travaux réalisés sur 1'administration publique en ligne et de faire en sorte que les
informations aient un format adéquat pour pouvoir étre affichées sur les téléviseurs. Les Etats Membres
peuvent prendre des mesures afin d'atteindre une masse critique et de réduire les cofits grace a des économies
d'échelle. Pour cela, il faut des solutions interopérables et horizontales, aussi indépendantes que possible de
la plate-forme, pour faciliter les échanges entre les administrations.

Deuxiemement, les Etats Membres peuvent, par le biais de diverses initiatives dans les domaines du contenu
électronique, de l'administration publique en ligne, du cyberapprentissage, de la cybersanté, encourager des

partenariats public-privé concernant la fourniture de contenu a valeur ajoutée, se rapportant ou non a
'administration publique, sur les réseaux de diffusion numérique.

Troisiémement, la concurrence entre les services peut étre stimulée par l'application de dispositions
réglementaires nationales et internationales concernant I'accés aux réseaux et installations de
communications électroniques par des tiers. Les services concernés peuvent comprendre les programmes
classiques mais aussi des services interactifs, par exemple un service de messagerie permettant une
interaction entre les utilisateurs, ce qui stimulera leur adoption compte tenu des effets de réseau directs.

Enfin, les formats haute définition et grand écran encourageront les consommateurs a adopter la télévision
numérique.

4.1.1.5 Gestion du spectre

La disponibilité limitée de spectre pour la diffusion de Terre est a la fois une justification importante et un
défi pour le passage au numérique.

Le spectre disponible varie d'une région a l'autre. Dans les régions ou le spectre est trés encombré, la
diffusion simultanée est plus problématique et la pression est plus grande pour abandonner rapidement les
services analogiques.

Traditionnellement, la gestion du spectre est étroitement contrdlée par les pouvoirs publics nationaux. De
plus, cette gestion du spectre fait I'objet d'une coordination internationale étroite au sein de 1'UIT, les deux
principaux objectifs étant:

- d'éviter les brouillages transfrontaliers;

- de promouvoir la disponibilité de services et équipements de communication a I'échelle mondiale
et/ou régionale en encourageant 1'harmonisation des bandes de fréquences utilisées a des fins
spécifiques.

Dans le domaine de la gestion du spectre, il faut faire la distinction entre les questions d'«attributiony,
d'«allotissement» et d'«assignation» (voir respectivement les numéros 1.16, 1.17 et 1.18 du RR).

L'attribution se rapporte aux types de services fournis dans les différentes bandes de fréquences (mobile de
Terre, fixe par satellite, radioastronomie, etc.), les décisions d'harmonisation étant essentiellement prises au
niveau international. Néanmoins, avec l'évolution du marché et les développements techniques, et
notamment avec la convergence numérique, il est de plus en plus difficile de faire la distinction entre les
différents services, d'ou la nécessité de réfléchir a des approches plus souples en matiére d'attribution des
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bandes de fréquences. Cette question est importante pour le passage au numérique, mais en réalité, sa portée
est beaucoup plus large. L'assignation de fréquence désigne I'octroi a une station du droit d'utiliser certaines
fréquences.

L'organisation effective du passage au numérique et le calendrier de 1'abandon de l'analogique sont des
facteurs importants. Dans la Région 1 et dans certains pays de la Région 3, la fourniture de services
analogiques dans un pays peut limiter I'utilisation des mémes bandes de fréquences dans un autre pays. Cette
tension entre les priorités des différents pays est particuliérement marquée pour les signaux de radiodiffusion
en raison des longues distances qu'ils parcourent généralement, du fait de leur forte puissance et qu'ils
utilisent des fréquences basses (bandes d'ondes métriques et décimétriques). Ainsi, le passage au numérique
dans ces pays, et tous les avantages escomptés, peut étre freiné par une migration plus lente dans les pays
voisins.

Les discussions techniques sur les questions de coordination ont commencé il y a quelques années a 1'UIT.
En particulier, une Conférence régionale des radiocommunications de 1'UIT, qui s'est déroulée en deux
sessions et qui concernait I'ensemble de la zone de radiodiffusion européenne, 1'Afrique et les pays contigus,
a été organisée afin de revoir la planification de la coordination des fréquences pour la diffusion de Terre (le
Plan de Stockholm de 1961 et le Plan de Genéve de 1989 et leurs mises a jour ultérieures), de manicre a
faciliter le passage au numérique et a préparer 1'aprés-abandon de 1'analogique. La premicre session a eu lieu
en 2004 et la seconde en 2006. Ces négociations intergouvernementales ont porté sur les aspects techniques
et les décisions n'ont pas nécessairement €té prises sur la base d'objectifs politiques communs. Les résultats
ne sont donc pas nécessairement conformes a I'évolution du marché. Le choix de mécanismes de
coordination en fonction de critéres techniques spécifiques peut aussi déboucher sur l'exclusion d'autres
alternatives, ce qui peut réduire la concurrence sur le marché et 1'intérét des consommateurs.

Dans ce contexte, il semble justifié d'élaborer des orientations politiques sur la gestion du spectre et le
passage au numérique pour atteindre les objectifs du marché interne, en tenant compte en particulier des trois
aspects mentionnés: mécanismes d'assignation, organisation et calendrier de la migration. Cela aiderait a
préciser les vrais enjeux du passage au numérique, en particulier qui en profitera, quand et comment, et
apporterait une certitude a tous ceux qui sont concernés, ce qui faciliterait l'établissement de leurs
responsabilités respectives.

4.1.2  Considérations générales relatives a la planification de la diffusion

Comme nous l'avons déja expliqué, la tendance générale consiste a introduire des techniques numériques
pour remplacer la diffusion analogique. Toutefois, en raison du trés grand nombre de récepteurs existants et
de leur longue durée de vie, il est évident que le passage de la diffusion analogique a la diffusion numérique
ne se fera pas trés rapidement dans tous les pays. De fait, on peut s'attendre a ce que le passage au numérique
prenne de nombreuses années dans la plupart des pays. Il est donc nécessaire d'étudier attentivement
comment gérer ce passage au numérique pour qu'il soit couronné de succes. Il est également nécessaire
d'examiner avec une grande attention la période de transition entre une situation entiérement analogique et
une situation entieérement numérique si on veut éviter que des brouillages préjudiciables se produisent.

Pour la transition, deux phases distinctes doivent étre prises en considération. La premiére phase correspond
a l'introduction des transmissions numériques dans les bandes utilisées par la radiodiffusion, qui sont déja
occupées en totalité ou en partie par des transmissions analogiques qui se poursuivent. La deuxiéme phase
correspond a l'arrét des transmissions analogiques, ce qui permet d'introduire d'autres transmissions
numériques. Les considérations liées a la planification de ces deux phases seront probablement trés
différentes mais on ne dispose pas actuellement d'informations suffisantes pour permettre un examen détaillé
des différentes approches pour la premiére phase.

Lors de la préparation de la premicre session de la Conférence régionale des radiocommunications
(CRR-04), le Groupe d'action 6/8 a élaboré un document décrivant plusieurs scénarios de planification.

La seconde session de la Conférence régionale des radiocommunications (CRR-06) a établi un plan de la
diffusion télévisuelle numérique de Terre (DVB-T) dans la Bande IIl (ondes métriques) et dans les
Bandes IV et V (ondes décimétriques) et un plan de la diffusion sonore numérique de Terre (T-DAB) dans la
Bande III (ondes métriques) dans la Région 1 et dans certains pays de la Région 3: il s'agit du Plan de
Geneve de 2006. Ce texte est accessible sur l'Internet a l'adresse suivante: http:/www.itu.int/ITU-
R/conferences/rre/rrc-06/plan_process/index.html.
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4.2 Principes de planification de la diffusion

4.2.1 Considérations générales

Pour la planification des services de diffusion analogique de Terre pendant les Conférences de Stockholm et
de Genéve, on a utilisé le concept d"assignation' défini au numéro 1.18 du RR comme suit:

«Autorisation donnée par une administration pour l'utilisation par une station radioélectrique d'une
[fréquence ou d'un canal radioélectrique déterminé selon des conditions spécifiées.»

Dans le cadre de 1'¢laboration d'un plan sur la base d'une planification des assignations, une assignation
correspond a un (seul) emplacement d'émetteur (spécifié en termes de longitude et de latitude), avec une
certaine puissance apparente rayonnée (p.a.r.), une certaine hauteur d'antenne effective, un certain
diagramme de rayonnement, etc. Ces paramétres sont choisis de maniére a ce que la réception (ou
couverture) d'un programme prévu soit acceptable dans une zone associée a I'emplacement de 1'émetteur, qui
est généralement une zone environnante. Toutefois, la couverture souhaitée de l'assignation n'est pas
explicitement prise en compte pendant I'élaboration du plan et ne peut en principe pas étre déterminée avant

la mise au point définitive du plan.

Etant donné qu'on accorde maintenant plus d'attention a la nécessité pour un plan d'assurer la protection
d'une zone de couverture connue et que les techniques numériques offrent davantage de possibilités de
planification, le concept de planification des assignations a été examiné de pres et a évolué vers un concept
proche mais plus souple de 'planification des allotissements'. L'allotissement est défini au numéro 1.17 du
RR comme suit:

«Inscription d'un canal donné dans un plan adopté par une conférence compétente, aux fins de son
utilisation par une ou plusieurs administrations pour un service de radiocommunication de Terre
ou spatiale, dans un ou plusieurs pays ou zones géographiques déterminés et selon des conditions
spécifiées.»

Toutefois, pour éviter les difficultés en ce qui concerne la compétence des administrations sur les territoires
autres que ceux de leurs pays, dans le contexte de la planification des services de diffusion de Terre, on peut
considérer que cette définition a le sens suivant:

«Inscription d'un canal donné dans un plan adopté par une conférence compétente, aux fins de son
utilisation par une administration pour un service de radiodiffusion de Terre sur le territoire de son
pays ou dans des zones géographiques de ce territoire, et selon des conditions spécifiées.»

4.2.2 Zone de couverture d'un allotissement

La planification des allotissements peut étre utilisée pour garantir la protection d'une zone donnée contre les
brouillages pendant 1'élaboration du plan. La couverture d'un allotissement peut étre obtenue en utilisant:

- un réseau monofréquence qui consiste en un groupe d'émetteurs dont les emplacements précis et les
autres caractéristiques techniques sont connus au moment de I'établissement du plan parce que
l'infrastructure des émetteurs a déja ét¢ déterminée. Dans ce cas, le potentiel de brouillage du réseau
peut étre représenté par 'ensemble des assignations qui compose le réseau monofréquence;

- un seul émetteur dont les caractéristiques et I'emplacement sont prédéterminés. Le potentiel de
brouillage est représenté par l'assignation;

- un réseau monofréquence qui consiste en un groupe d'émetteurs dont les emplacements précis et les
autres caractéristiques techniques ne sont pas connues au moment de 1'établissement du plan. Dans
ce cas, le potentiel de brouillage du réseau doit étre représenté au moyen d'un réseau de référence;

- dans le cas ou l'on veut couvrir une zone de faible étendue mais ou I'on n'a pas fait le choix des
emplacements précis des émetteurs ni des autres caractéristiques, le potentiel de brouillage peut étre
représenté par un seul émetteur.

Voir la Recommandation UIT-R SM.1050-1.

4.2.3  Points de mesure pour I'allotissement

Une fois que la zone de couverture d'un allotissement a ét¢ déterminée, il faut définir explicitement la limite
de cette zone au moyen de points de mesure. Ces points de mesure ont plusieurs utilités.
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Premiérement, les points de mesure pour l'allotissement définiront la position géographique, la forme et la
taille de la zone d'allotissement, c'est-a-dire la 'limite de la zone d'allotissement':

- A cette fin, il faut spécifier les points de mesure en utilisant, si nécessaire, un ensemble convenu de
frontiéres et cotes nationales (telles qu'elles figurent dans le systéme IDWM de 1'UIT), en termes de
degrés, minutes et secondes de longitude et de latitude.

- Une zone d'allotissement sera représentée par le ou les polygones définis par les points de mesure
spécifiés (qui seront les sommets de chacun des polygones). Etant donné qu'il n'est utile de
considérer qu'un nombre limité de points de mesure, la correspondance entre le ou les polygones et
la couverture souhaitée n'est peut-étre pas exacte; il faut donc choisir avec soin les points de mesure
pour délimiter la zone d'allotissement avec une précision suffisante.

- Les points de mesure correspondant a un polygone donné doivent étre ordonnés de sorte que,
lorsqu'on relie deux a deux les points consécutifs avec des segments de droite, on obtienne un
polygone fermé sans intersection entre les cotés et contenant la zone de couverture souhaitée. Cela
signifie que les coordonnées du premier et du dernier point de mesure du polygone doivent étre
identiques (autrement dit ils représentent le méme point physique) de sorte que le polygone soit
fermé.

Deuxiemement, pour les calculs effectués pendant la planification dans les cas ou le potentiel de brouillage
de l'allotissement est représenté¢ au moyen de réseaux de référence et non par les assignations effectives, les
points de mesure seront utilisés pour les emplacements de la source de brouillage associée a 1'allotissement,
ce qui permet d'évaluer le potentiel de brouillage de 1'allotissement.

Troisiémement, pour les calculs effectués pendant la planification, le niveau des brouillages causés par
d'autres allotissements ou assignations seront calculés aux points de mesure pour l'allotissement, raison pour
laquelle lesdits points doivent étre 'raisonnablement' espacés. Autrement dit, ils doivent donner une 'bonne'
approximation de la zone de couverture souhaitée, l'idée étant que tout brouillage potentiel a l'intérieur du
polygone (& savoir la zone de couverture) ne sera pas supérieur au brouillage potentiel aux points de mesure;
si I'espacement est trop large, cet objectif risque de ne pas étre satisfait. Quant a un espacement trop faible, le
risque est d'avoir un nombre de points excessif et d'occasionner des calculs superflus.

4.2.4  Diffusion sonore numérique dans les bandes d'ondes décamétriques

La CMR-03 a décidé d'encourager l'introduction du systéme de diffusion DRM (Digital Radio Mondiale)
dans les bandes d'ondes décamétriques a condition que les rapports de protection indiqués dans la
Résolution 543 (CMR-03) soient respectés.

Diverses discussions ont eu lieu au sein de groupes de coordination informels et d'unions de radiodiffusion
concernant différentes méthodes de mise en ceuvre des transmissions DRM dans les bandes d'ondes
décamétriques. A présent, aucune méthode ne s'est avérée vraiment avantageuse par rapport aux procédures
existantes de I'Article 12 du RR.

Par conséquent, les transmissions DRM sont actuellement introduites selon la procédure de coordination
informelle de I'Article 12. Les diffuseurs disposent ainsi d'une grande souplesse lors de la planification des
transmissions DRM car ils sont libres de choisir n'importe quelle nouvelle fréquence en utilisant les
procédures existantes et bien connues. Tout probléme de brouillage inattendu causé aux transmissions
analogiques existantes est ensuite résolu au moyen de ces procédures de coordination informelles. De plus,
les diffuseurs ont la possibilité de passer, sur une fréquence analogique existante, a la modulation numérique
pour une partie des transmissions.

Il pourra étre nécessaire d'envisager d'autres stratégies dans l'avenir car le nombre de transmissions
numériques augmente.

4.3 Qualité de service

La garantie de la qualité des diffusions passe pour une grande part par la surveillance des signaux transmis a
l'intérieur de la zone de couverture considérée. Pour cela, on utilise généralement, dans le cas des services
analogiques, un récepteur de haute qualité. L'intensité du signal recu est lue sur un appareil de mesure
étalonné, tout en effectuant une évaluation subjective de la qualité du signal. Historiquement, cette
évaluation était faite dans la zone considérée par une personne qui réglait un récepteur sur la fréquence du
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service concerné puis regardait et/ou écoutait le signal en temps réel. Plus récemment, cette méthode
manuelle a été complétée par l'utilisation de récepteurs automatiques commandés ou programmeés a distance
pour recevoir les signaux et enregistrer leur intensité, conjointement avec un échantillon des signaux regus.
Le passage a un systéme de transmissions numériques permet d'automatiser compleétement la surveillance de
la réception.

4.4 Aspects économiques de I'utilisation du spectre

Pour plus d'informations, il est nécessaire de tenir compte du Rapport UIT-R SM.2012 (Aspects
économiques de la gestion du spectre) et de la Résolution 9 de la CMDT-06 (Groupe commun a I'UIT-R et a
I'UIT-D pour la gestion du spectre).

Voir également la Partie 2.

4.5 Considérations relatives a la santé et a la sécurité et autres considérations d'ordre juridique

Pendant la transition entre la diffusion analogique et la diffusion numérique, il faut veiller tout
particuli¢rement a ce que les systémes de transmission soient conformes a toutes les normes et
recommandations en vigueur concernant les limites des risques de rayonnement €lectromagnétique ainsi que
la santé et la sécurité du personnel et du grand public.

La Recommandation UIT-R BS.1698 indique les précautions a prendre. La Partie 2 contient un résumé d'une
partie importante de cette Recommandation.

4.6 Passage de I'analogique au numérique
4.6.1 Diffusion simultanée de services analogiques et numériques

4.6.1.1  Avantages et inconvénients de la diffusion simultanée

Il existe différents types possibles de diffusion simultanée. Dans le présent rapport, nous considérons
uniquement les types suivants:

- diffusion simultanée monocanal: un méme canal achemine a la fois la version analogique et la
version numérique du méme contenu;

- diffusion simultanée multicanal: le méme contenu est diffusé en analogique et en numérique dans
deux canaux (éventuellement adjacents). Le concept de diffusion simultanée multicanal peut étre
¢élargi a I'utilisation, par exemple, de bandes d'ondes moyennes pour le signal analogique et d'ondes
décamétriques pour le contenu numérique ou le contraire.

Un exemple de diffusion simultanée DRM est donné dans la Partie 2.

4.6.1.2  Avantages et inconvénients des réseaux monofréquence (SFN)

Le principal avantage tient a 'utilisation d'un seul canal RF pour acheminer le méme contenu sur toute une
zone de couverture. Le principal inconvénient est que le contenu doit étre exactement le méme et qu'il est
impossible d'offrir des services locaux ou régionaux.

4.6.1.3 Spectre disponible

Dans certains pays dans lesquels les bandes attribuées a la radiodiffusion sont encombrées, la transition
risque d'étre difficile. Des solutions doivent étre trouvées par les administrations nationales.

4.6.2 Meécanismes possibles pour la mise en ceuvre de la diffusion numérique

Dans le cas de la diffusion MA dans les bandes d'ondes décamétriques, hectométriques et kilométriques,
toutes les fréquences existantes semblent déja occupées. On pourrait alors utiliser pour les transmissions
numériques les mémes fréquences que celles qui sont utilisées pour les transmissions analogiques. Toutefois,
les brouillages causés aux autres stations, ou causés par les autres stations aux stations existantes, ne
devraient pas dépasser les valeurs utilisées dans les plans de fréquences existants. Pour le systéme DRM, la
valeur de —7 dB semble adéquate a titre temporaire.
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Le parametre le plus important pour décider du moment du passage au numérique est la disponibilité de
récepteurs capables de décoder le signal numérique. C'est la raison pour laquelle une période de transition est
nécessaire, pendant laquelle les émissions seront transmises a la fois en analogique et en numérique.

Lorsque, par exemple, plus de 95% des récepteurs seront numériques ou que plus de 95% des auditeurs
auront un récepteur numeérique, les services analogiques pourront étre arrétés.

Pour l'introduction de la T-DAB, Ia situation est un peu plus simple. Pour ce type de service de diffusion
sonore numérique, certains pays prévoient d'utiliser certains canaux de télévision de la Bande III
(essentiellement le canal 12) ainsi que des canaux de la bande L (environ 1,5 GHz).

Pendant la période de transition, les transmissions analogiques se feront toujours dans la bande MF (de
87,5 MHz a 108 MHz dans la plupart des pays européens). Apreés cette période, cette bande pourra étre
utilisée pour les transmissions numériques.

La télévision numérique de Terre semble poser plus de difficultés. Dans une majorité de pays d'Europe de
'ouest, tous les canaux de télévision disponibles sont utilisés pour les transmissions analogiques. Dans
certains pays, il existe des canaux libres dans la bande comprise entre le canal 61 et le canal 69, car une
partie de cette bande était utilisée par d'autres services.

Une autre solution peut consister a utiliser des canaux qui étaient restreints pendant la planification de la
télévision analogique par ce que l'on a appelé les contraintes de planification (par exemple les canaux
«TABO» aux Etats-Unis).

Cependant, la stratégie pourra €tre relativement différente d'une région a l'autre dans la zone de planification
voire d'un pays a l'autre.

D'une maniére générale, lorsqu'on remplacera les transmissions analogiques existantes par des transmissions
numériques avec la méme zone de couverture et avec la méme qualité de service, la puissance rayonnée sera
plus faible.

4.6.3  Vue d'ensemble du passage au numérique

Dans le domaine de la radio et de la télévision (conjointement dénommées «radiodiffusiony), le passage de la
diffusion analogique a la diffusion numérique commence par la mise en ceuvre du numérique et se termine
par la suppression de la diffusion analogique. De nombreuses voies sont possibles en ce qui concerne la
rapidité et la durée du processus, les parties concernées et le degré d'intervention étatique.

Chaque pays suit sa propre voie, souvent influencé par I'héritage de la radiodiffusion locale.

Idéalement, l'abandon définitif de l'analogique devrait avoir lieu lorsque la diffusion numérique sera
largement répandue et qu'il restera trés peu de foyers en analogique, faute de quoi on observerait une
régression sociale, si un grand nombre de foyers étaient tout simplement privés de services de télévision ou
de radio, ou des répercussions économiques négatives, si, pour éviter cette situation, les pouvoirs publics
mettaient en ceuvre des mesures onéreuses ou produisant des distorsions.

Le passage au numérique va au-dela d'une transformation technique. Etant donné le réle de la télévision et de
la radio dans les sociétés modernes, I'impact n'est pas purement économique, il est aussi social et politique.
Le passage au numérique touche tous les segments de la chaine de valeur de la diffusion, a savoir: production
de contenu, transmission et réception, qui nécessitent tous une modernisation technique pour s'adapter aux
programmes numériques. Le principal probléme se situe coté réception: il faut remplacer ou moderniser la
totalité des récepteurs analogiques. Pour ce faire, on peut utiliser des récepteurs de radio et de télévision
numériques intégrés ou des «boitiers-adaptateurs» raccordés aux téléviseurs analogiques. De plus, il faut
souvent adapter aussi les points de connexion (antennes, paraboles, cablage).

Les scénarios de transition pour la télévision et la radio sont relativement différents. La pénétration du
marché de la télévision numérique est beaucoup plus importante. La télévision analogique et la télévision
numérique sont fournies sur divers réseaux, essentiellement par cable, par satellite et de Terre (dans les
bandes d'ondes métriques et décimétriques). Le contenu audiovisuel numérique peut aussi étre diffusé par
I'Internet et, méme si cela reste marginal, par les réseaux de lignes d'abonnés numériques (DSL). Chaque
réseau présente des avantages et des inconvénients spécifiques, de sorte que le passage de la télévision de
l'analogique au numérique est un processus 'multi-réseau’ ou 'multi-plate-forme' et la télévision numérique
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n'est pas synonyme de télévision numérique de Terre. Toutefois, le débat s'oriente souvent vers la télévision
de Terre en raison de la possibilité de récupérer le spectre actuellement utilisé par la télévision analogique de
Terre ainsi que l'intervention traditionnelle des pouvoirs publics dans ce domaine.

La télévision numérique n'est pas non plus équivalente a la télévision interactive. La premiére concerne le
type de réseau de communication et fait l'objet du présent document; la deuxiéme désigne les services
spécifiques qui peuvent étre offerts sur ce réseau. Dans la pratique, le déploiement des réseaux et celui des
services sont liés. Enfin, la télévision numérique n'est pas toujours une télévision payante; il existe aussi des
offres gratuites de télévision numérique dans certains Etats Membres.

Quant aux avantages de la diffusion numérique, certains sont associés au processus de transition proprement
dit, tandis que d'autres ne seront obtenus qu'a la fin, lorsque les émissions analogiques auront cessé. Tous les
avantages découlent de la possibilité de traiter et de compresser des données numériques, ce qui permet
d'utiliser la capacité de réseau beaucoup plus efficacement que dans le cas des signaux analogiques. Cette
efficacité peut étre exploitée de diverses manicres. Premiérement, elle permet d'offrir des services de
diffusion nouveaux ou améliorés: programmes additionnels, programmes améliorés, meilleure qualité de
I'image et du son, services de données et interactifs, y compris des services de la 'société de I'information' et
de type Internet. Deuxiémement, elle permet d'accroitre la concurrence et I'innovation sur le marché, grace a
l'arrivée potentielle de nouveaux entrants a différents niveaux de la chaine de valeur, par exemple de
nouveaux diffuseurs ou développeurs d'applications interactives.

\

De plus, le passage au numérique apporte des avantages spécifiques a certaines catégories de parties
prenantes sur le marché: réduction des cofits de transmission, possibilité d'augmentation des ventes de
récepteurs numériques, stockage et traitement simplifiés du contenu. En réalité, les avantages et
inconvénients potentiels varient suivant les parties prenantes, le contexte local et les réseaux considérés.

Quoi qu'il en soit, a court terme, le passage au numérique engendre des colts et des problémes importants
associés a la nécessité de procéder a des mises a niveau techniques dans tous les segments de la chaine de
valeur et de revoir les mécanismes et méthodes d'utilisation du spectre, de développer des services attrayants
pour augmenter la demande faute de quoi I'ensemble du processus ne serait pas viable financiérement et
politiquement, et de faire face au scepticisme voire a la réticence d'une partie du secteur privé et de certains
citoyens, pour lesquels il semble risqué de changer le statu quo dans le secteur de la radiodiffusion.

Actuellement, le passage a la diffusion numérique est affecté par la situation dans le secteur de I'information
et de la communication, caractérisé par des capitaux disponibles limités, ce qui a pour effet de faire retomber
une partie de la pression qui s'exerce pour accélérer le passage au numérique afin de libérer du spectre. De
plus, il faut du temps pour que le marché potentiel de la télévision interactive et des services convergents se
concrétise et il reste incertain que les consommateurs soient préts a payer pour ces services.

Pour résumer, les progrés sont plus lents que prévu et certains pays expriment des doutes quant au calendrier
d'abandon de l'analogique. Les émissions de télévision et de radio seront entiérement numériques un jour
mais il est difficile de savoir quand et comment. Dans certains pays de 1'UE, le passage au numérique
pourrait étre long et l'issue est incertaine. Par exemple, la quantité de spectre qui sera récupérée et sa
réattribution plus efficace dépendront de considérations politiques et du marché.
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Appendice 1
de la Partie 1

Etudes de cas

Présentation d'études de cas nationales

Cet appendice présente l'approche retenue et la situation actuelle concernant la diffusion télévisuelle
numérique de Terre (DTTB) dans plusieurs pays.

Les paragraphes qui suivent résument les mesures prises dans chaque pays.

On trouvera davantage d'informations dans la Partie 2.

1 Australie

L'Australie est desservie par un grand réseau analogique PAL-B et, plus récemment, par un réseau
numérique DVB-T (mode porteuse 8k, MAQ-64, FEC 2/3 ou 3/4). Les émetteurs de télévision de Terre
fonctionnent dans les bandes d'ondes métriques et décimétriques avec des canaux de 7 MHz et diffusent
actuellement simultanément des signaux analogiques et des signaux numériques. Pour la mise en ceuvre de la
télévision numérique, 1'Australie a prévu sept réseaux dans la plupart des zones — cinq pour remplacer les
réseaux analogiques existants et deux nouveaux réseaux numériques. Des services de télévision numérique
ont débuté dans les grandes zones métropolitaines le ler janvier 2001 et ont progressivement été déployés
dans les autres régions.

Le déploiement des émetteurs en Australie est caractérisé par le fait qu'un grand pourcentage de la
population regoit des signaux provenant d'un petit nombre d'émetteurs «principaux» de forte puissance
couvrant généralement jusqu'a 150 km. Pour les services numériques, les niveaux de puissance rayonnée par
ces émetteurs correspondent a une p.a.r. allant jusqu'a 100 kW en ondes métriques et jusqu'a 1 250 kW en
ondes décimétriques. En plus de ces émetteurs, on utilise de nombreux répéteurs pour couvrir les zones mal
desservies. Ces répéteurs peuvent étre mis en ceuvre dans le cadre d'un réseau multifréquence (MFN) ou
monofréquence (SFN).

La TVHD est une caractéristique essentielle de la télévision numérique de Terre en Australie et a été un
moteur important dans I'adoption de la télévision numérique. Le gouvernement australien s'est engagé a faire
en sorte que la télévision numérique soit aussi abordable que possible. Il a ét¢ demandé aux diffuseurs non
seulement d'offrir suffisamment de programmes de télévision haute définition, pour les téléspectateurs qui
possedent des récepteurs de TVHD, mais aussi de diffuser leurs émissions au format TVDN. La diffusion au
format TVDN permet non seulement aux téléspectateurs d'accéder aux fonctions additionnelles de la
diffusion numérique, mais elle leur permet aussi d'obtenir des services numériques a moindre cofit.

Le Gouvernement australien a annoncé que le dernier émetteur analogique cessera d'émettre le
31 décembre 2013.

2 Brésil

Il convient tout d'abord de noter que la planification nationale des canaux ne repose pas sur une norme
DTTB spécifique. En effet, les particularités de chaque norme DTTB existante sont prises en considération.
La DTTB remplacera la télévision analogique et utilisera des bandes d'ondes décimétriques (canaux 14 a 69).
Les stations DTTB auront des zones de service analogues a celles qu'ont les stations analogiques
actuellement. Pendant la phase de transition, l'approche retenue est celle de la diffusion simultanée en
analogique et en numérique.

En juin 2006, le Gouvernement brésilien a adopté, par la publication du décret N° 5820, la norme de
télévision numérique ISDB-T (syst¢tme C de la Recommandation UIT-R BT.1306) comme base pour la
transmission de Terre. Pour le codage vidéo, on utilise la Recommandation UIT-T H.264 (MPEG-4/AVC) et
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pour le codage des données, on utilise un systéme novateur mettant en ceuvre de fagon harmonieuse des
interfaces de programmation d'application (API) internationales et des intergiciels développés localement.

Pour que le passage au numérique soit possible, jusqu'en décembre 2006, 1 893 canaux numériques ont été
dégagés par I'Agence nationale des télécommunications (Agéncia Nacional de Telecomunicagdes — Anatel).
Ce travail se poursuit et il y aura plus de 6 100 canaux numériques au Brésil en 2013. Etant donné que
chaque canal analogique doit avoir son correspondant numérique, plus de 12 200 canaux (analogiques et
numériques) doivent étre disponibles pendant la période de «diffusion simultanéey.

Le 2 décembre 2007, le premier systtme DTT brésilien officiel a commencé a étre exploité
commercialement dans la ville de Sdo Paulo et, au deuxiéme semestre de 2008, on comptait déja
10 diffuseurs commerciaux dans la ville. Méme si des émissions d'essai étaient diffusées depuis mai 2007, le
gouvernement brésilien a fixé au 2 décembre la date de lancement officiel du systéme.

Le systéme de transmission numérique brésilien offre des caractéristiques importantes (images haute
définition et a résolution normale, transmission de données, communication interactive, services pour
portable et mobile, etc.) et présente la souplesse technique nécessaire pour mieux satisfaire les
téléspectateurs.

Les autorités brésiliennes considérent qu'il est essentiel de conserver le modéle de télévision gratuite et
ouverte pour que la DTTB soit un succes et que toute la société brésilienne profite de ses avantages.

En 2007, plus de 85% des 56,45 millions de ménages brésiliens possédaient des téléviseurs qui recevaient
uniquement un service de télévision hertzienne gratuit, d'ou l'importance d'un mod¢le de télévision gratuite
au Brésil.

3 Bulgarie

La télévision de Terre pourra étre diffusée simultanément en analogique et en numérique mais cette diffusion
simultanée ne sera pas autorisée pendant plus d'un an, sauf dans les zones rurales isolées.

Le passage a la diffusion télévisuelle numérique de Terre se fera progressivement, en deux phases.

Six opérateurs nationaux possédant une licence de réseaux MFN/SFN DVB-T et DVB-H devront desservir
'ensemble de la population dans les quinze zones d'allotissement: les trois premiers d'ici & décembre 2012 et
les trois autres d'ici a juin 2015.

Vingt-sept réseaux SFN régionaux devront desservir entre 90 et 95% de la population dans les quinze zones
d'allotissement: les douze premiers d'ici a janvier 2010 et les quinze autres d'ici a décembre 2012.

Les demandes de licence pour la diffusion de TVHD numérique de Terre devront étre déposées avant
décembre 2011 et les licences pourront €tre octroyées rapidement.

Les applications et services interactifs seront encouragés.
Toutes les émissions de télévision analogique de Terre cesseront définitivement en décembre 2012.

Le passage a la diffusion télévisuelle numérique de Terre sera achevé en juin 2015 et le dividende numérique
sera établi factuellement.

4 Canada

Le Canada a adopté la norme ATSC en 1997. La premieére station DTT commerciale a commencé a diffuser
a Toronto début 2003. Actuellement, environ vingt-quatre stations DTT a travers le pays diffusent sur les
principaux marchés (par exemple Toronto, Montréal, Vancouver et Ottawa). Environ 33% de la population
peut recevoir les émissions d'au moins une station DTT canadienne. Le Conseil de la radiodiffusion et des
télécommunications canadiennes (CRTC) a fixé au 31 aoGt 2011 l'arrét de la télévision analogique au
Canada. En conséquence, la plupart des grands réseaux de télévision planifient activement leur passage au
numérique pour respecter la date limite fixée par le CRTC.

Des essais d'émissions sont réalisés par le Centre de recherche sur les communications (CRC) au moyen de
réseaux de transmission répartis (par exemple des réseaux monofréquence (SFN)), et de répéteurs
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numériques sur le canal (DOCR). Ils ont pour objet de trouver des solutions afin de résoudre les problémes
de couverture dus au terrain et d'étudier les possibilités de réception de services DTT sur des dispositifs
mobiles ou par des piétons.

5 Allemagne

La DTTB a été officiellement lancée le ler novembre 2002 et, fin 2008, toutes les transmissions étaient
complétement numériques (norme DVB-T). Le modéle commercial est celui de la télévision gratuite. La
planification nationale des canaux est fondée sur le cadre des droits de fréquence nationaux émanant de
I'Accord de Genéve de 2006 (GE-06) de I'UIT-R, le concept de service prédominant étant celui de la
réception «portative en extérieur» (CPR-2 conformément au Plan de Genéve, plus une ou plusieurs
assignations par ville pour des émetteurs de forte puissance). Ce concept de service permet généralement une
réception en intérieur dans les agglomérations allemandes (environ la moiti¢ de la superficie totale), dans
lesquelles plus de vingt programmes numériques sont généralement disponibles en qualité définition
normale. En dehors de ces agglomérations, la réception de la DVB-T est une réception «portative en
extérieur» ou se fait au moyen d'antennes directives. En ce qui concerne la TVHD, les premiers essais
d'émission ont eu lieu. Des expérimentations sont également menées concernant la transmission de
programmes de radio dans un multiplex DVB-T.

Divers types de récepteurs sont proposé€s sur le marché: clés USB pour PC et ordinateurs portables, petits
téléviseurs portables pour une réception sur dispositifs portatifs et a bord de véhicules (diagonale de I'écran
généralement comprise entre 5 et 7 pouces), boitiers-adaptateurs et téléviseurs autonomes pour une réception
fixe (généralement avec des écrans plats). En mai 2008, les premiers téléphones mobiles avec récepteurs
DVB-T intégrés sont apparus sur le marché. De plus, les systémes de navigation routiére sont maintenant
équipés de récepteurs DVB-T.

L'abandon de l'analogique a commencé a Berlin-Brandebourg en aolt 2003. Dés la fin 2003, environ six
millions de personnes pouvaient recevoir 26 chaines numériques en qualité définition normale dans la ville
de Berlin et dans 1'état fédéral de Brandebourg. Cet abandon de la télévision analogique de Terre a été le
premier au monde. Cette réussite est attribuable en partie au gouvernement, qui a décrété que le service
devait étre totalement gratuit et qui a offert, uniquement en 2003, des décodeurs gratuits aux ménages les
plus pauvres. Quant a I'achat de récepteurs DVB-T, il n'a pas du tout été subventionné. Fin 2007, plus de
85% de la population allemande (68 millions de personnes) pouvaient déja recevoir la télévision numérique
de Terre et plus de neuf millions de récepteurs avaient été vendus. Le succes de la DVB-T en Allemagne est
di au fait que le grand public pouvait recevoir gratuitement une multitude de programmes germanophones.
En 2008, la DVB-T était utilisée par 16,8% des ménages a Berlin-Brandebourg.

Dans les autres zones métropolitaines, les émissions DVB-T ont commencé en 2004. Un élément essentiel de
l'approche allemande a été la mise en ceuvre du service de diffusion numérique région par région, au départ
apres une période de transition de seulement six mois et ensuite sans aucune période de diffusion simultanée.
Fin 2008, le passage au numérique était complétement terminé (deux années plus tot que prévu initialement).

Fin 2008, environ 15 millions de récepteurs DVB-T devraient avoir ét¢é vendus depuis le lancement du
service. Néanmoins, en ce qui concerne leur téléviseur principal (grand écran plat dans le salon), environ
90% des ménages allemands continuent a recevoir la télévision par cable ou par satellite.

6 Guinée

Les progres dans le domaine de la diffusion par satellite ralentissent le passage de la télévision de Terre de
I'analogique au numérique. Cependant, le lancement de la DTTB est a I'étude. Deux possibilités sont
examinées: soit arréter le systéme analogique et construire un réseau entierement numérique, soit déployer
un systéme hybride (analogique et numérique). Cette deuxieme possibilité semblerait étre la plus adaptée
pour les pays en développement. En ce qui concerne la planification des canaux et les plates-formes, la
norme DVB-T est percue comme étant la moins onéreuse et la plus avantageuse pour les pays en
développement pendant la période de transition et permettra de mener une consultation régionale plus
fructueuse avec les pays limitrophes afin d'harmoniser les installations techniques a utiliser lors de la mise en
place d'équipements de diffusion numérique.
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7 Italie

Les services DTTB programmés ont commencé en décembre 2003. La planification nationale des canaux
repose sur la norme européenne DVB-T. Au niveau national, six multiplexes sont en fonctionnement,
acheminant plus de 42 chaines de télévision. Ces derniéres années, des dizaines de chalnes numériques
locales ont progressivement €té mises en service. Actuellement, les signaux numériques peuvent étre recus
par plus de 70% de la population. Dans le mode¢le, la télévision gratuite coexiste avec des services a la carte,
introduits un an aprés le démarrage du systéme. Fin 2006, quatre millions de boitiers-adaptateurs étaient
installés dans les ménages italiens, ce qui signifie que 20% des ménages italiens disposent de boitiers pour la
télévision numérique.

Les diffuseurs fournissent une grande variété de services interactifs fondés sur la plate-forme MHP (télétexte
numérique, actualités, prévisions météo, sondage des téléspectateurs, guide de programmes électronique,
etc.). En outre, les pouvoirs publics (administration centrale et administration locale) offrent a titre
expérimental des services de «t-administration publique» (services d'administration publique en ligne tirant
parti de l'interactivité sur les téléviseurs) afin de réduire la fracture numérique.

L'abandon de la diffusion analogique sera probablement programmé pour 2012. Un plan national de passage
au numérique a été présenté en septembre 2008 par I'Administration italienne. L'analogique a été
définitivement abandonné avec succes en Sardaigne le 31 octobre 2008. La prochaine région qui passera au
tout numérique sera la région du Val d'Aoste, dans laquelle I'abandon de I'analogique sera proposé pour le
printemps 2009.

8 Japon

La diffusion télévisuelle de Terre est fondamentale au Japon. On compte 48 millions de ménages et
100 millions de téléviseurs. Les diffuseurs de Terre ont établi de nombreuses stations relais pour assurer une
couverture maximale dans tout I'archipel montagneux; il existe plus de 3 000 émetteurs. En raison de la forte
utilisation des canaux en ondes décimétriques par les stations relais analogiques existantes, il est impossible
d'attribuer des canaux numériques sans faire passer les stations analogiques au numérique. Il en résulte que
de nombreux canaux de télévision analogique doivent absolument étre déplacés vers d'autres canaux en
ondes décimétriques. Par conséquent, le passage de la télévision de Terre au numérique est extrémement
importante au Japon.

La planification nationale des canaux pour la diffusion télévisuelle numérique de Terre (DTTB) est fondée
sur les critéres de planification applicables a I'ISDB-T.

Depuis le début de la DTTB en décembre 2003 dans les trois principales zones métropolitaines de Tokyo,
Nagoya et Osaka, la couverture du service a été élargie; en décembre 2007, plus de 90% des ménages étaient
couverts. Des stations relais plus petites seront mises en place jusqu'en 2011 et le passage au numérique sera
complétement achevé la méme année. L'abandon de la diffusion analogique est prévu en 2011,
conformément a la réglementation.

Le systéme ISDB-T, qui est le systéme de transmission de la DTTB au Japon, est un systéme hiérarchique,
ce qui permet d'attribuer une partie de la bande pour la réception fixe (de TVHD principalement) et le reste
pour la réception portative (& segment unique).

Par exemple, les programmes de TVHD purs produits au format 1080i représentent plus de 90% de tous les
programmes diffusés sur la chaine générale de la NHK. De plus, tous les diffuseurs assurent une diffusion de
données acheminant diverses informations sur le mode de vie et des informations supplémentaires sur les
programmes.

Des récepteurs de TVHD pour automobile sont commercialisés depuis 2005 et, en aolt 2008, 1,8 million
avaient été vendus.

Le service a segment unique pour les récepteurs portatifs utilisant le segment central du signal ISDB-T a
commencé en avril 2006. Des récepteurs a segment unique sont commercialisés depuis 2006 et, en
aott 2008, plus de 40 millions avaient été vendus.
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9 Mexique

Au Mexique, la diffusion sonore et télévisuelle est une activité d'intérét public et il faut donc que ces services
soient assurés dans les meilleures conditions techniques, dans l'intérét de la population. C'est pourquoi le
Comité consultatif des technologies numériques pour la diffusion (le Comité) a été créé en 1999, au sein
duquel le secteur privé et le secteur public analysent et évaluent de fagon consensuelle le processus de
développement et de transition mis en ceuvre dans les autres pays. En l'an 2000, le Comité a pris des
engagements et des expérimentations ont été réalisées avec la technologie numérique pour la radio et la
télévision.

En outre, le Comité a participé a diverses réunions de la Commission d'études 6 des radiocommunications,
qui a fourni les informations techniques nécessaires pour évaluer le niveau de développement des normes
numériques analysées a I'UIT. De plus, le Comité a organisé des réunions avec des développeurs techniques
dans le domaine de la télévision numérique afin de faire le point sur les points forts et les points faibles de
chacune des normes directement avec leurs auteurs ainsi que sur tout probléme pendant le processus de
transition 1ié a la disponibilité et au cott des équipements.

Le Comité a estimé qu'il disposait des éléments essentiels pour recommander l'adoption de la norme de
télévision numérique de Terre (DTT) et de la politique de transition associée; 1'accord correspondant,
publié le 2 juillet 2004, portait sur: l'adoption de la norme A/53 de I'ATSC, le processus de transition avec
des garanties juridiques pour toutes les parties concernées, les conditions objectives applicables au suivi du
processus pour évaluer le développement, et les objectifs, buts, exigences, conditions et obligations.

En raison des cotits que la politique de passage a la télévision numérique de Terre engendre pour les
concessionnaires, les détenteurs de licence, les producteurs, les annonceurs et les téléspectateurs en général,
il s'agit d'un processus a long terme. C'est la raison pour laquelle les éléments suivants ont été pris en compte
pour établir un calendrier de transition: installation souple et progressive de stations DTT, possibilité de
revoir les périodes de développement au cours de ce processus et objectifs minimaux fondés sur la densité de
population.

Depuis le 11 avril 2006, l'autorité de réglementation de la diffusion sonore et télévisuelle est la Commission
fédérale des télécommunications, qui a porté une attention particuliere a la supervision et au contrdle du
passage a la DTT. A cette date, 35 stations €émettaient en numérique dans les 10 plus grandes villes du pays.

10 Fédération de Russie

Cinq émetteurs DVB-T sont actuellement en service et un autre sera lancé trés prochainement. Tous sont
utilisés a titre expérimental pour étudier la compatibilité entre la DVB-T et la télévision analogique
(SECAM-K), mais il est également proposé qu'ils assurent des services DVB-T complétement opérationnels.

Pour le passage de la télévision analogique a la télévision numérique en Fédération de Russie, on commence
par remplacer le signal analogique par un signal numérique en préservant la norme existante de
décomposition d'un signal. Ce signal peut étre reproduit non seulement sur un téléviseur couleur, mais aussi
sur un téléviseur noir et blanc doté d'un boitier de réception spécial.

En Russie, avant d'introduire la télévision numérique, il faut mener des expérimentations. Pour cela, des
zones ont été définies (Moscou — 32, 34 TVch; Saint-Pétersbourg — 34 TVch; Nizhniy Novgorod — 50 TVch;
Vladivostok — 51 TVch; Chelyabinsk — 30 TVch).

La diffusion repose sur la norme DVB-T. On étudie maintenant la possibilité d'une réception interactive sur
des téléviseurs mobiles avec écran a cristaux liquides, avec le passage prévu du canal de retour par le
réseau GSM.

En vue de la mise en place de la diffusion télévisuelle numérique, une planification des assignations de
fréquence de la DVB-T, a la fois dans la zone de diffusion européenne et a 1'ouest de la longitude 170 °E, est
réalisée. A I'heure actuelle, la majorité des assignations de fréquence a des stations DVB-T en projet sont
coordonnées avec d'autres Administrations, 37 assignations de fréquence sont inscrites dans le Plan
(Stockholm, 1961) et 4 dans le Fichier de référence international des fréquences.
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Par ailleurs, 24 assignations de fréquence a des stations DVB-T sont coordonnées et seront prochainement
inscrites dans le Plan (Stockholm — 61) et dans les Listes de stations de télévision existantes ou en projet
pour les territoires de la zone de planification étendue.

Des services interactifs fondés sur la plate-forme MHP sont possibles, mais la pénétration des systémes
téléphoniques et de télécommunication — qui ne sont pas encore répandus dans I'ensemble du pays — est un
¢lément essentiel dont il faudra diment tenir compte.

11 Tanzanie

La Tanzanie se trouve dans la Région 1 de I'UIT et I'organe chargé de la réglementation des communications,
de la radiodiffusion et des postes est la TCRA (Tanzania Communications Regulatory Authority)
(représentant la Tanzanie a 1'UIT). La TCRA a représenté le pays a la CRR-04 et a la CRR-06. Deux
documents de consultation publique ont alors été publiés, suivis par des ateliers, des conférences annuelles et
des forums afin d'étudier comment la diffusion numérique de Terre serait mise en ceuvre, gérée et
réglementée. Les consultations ont permis d'établir un cadre initial sur le nouveau paysage de la
radiodiffusion en Tanzanie avec l'introduction de distributeurs de signaux appelés opérateurs multiplex
(MUX). 1II est proposé d'octroyer au départ des licences a deux opérateurs multiplex commerciaux et a un
opérateur multiplex du service public.

Parmi les mesures prises par la TCRA figure la mise en place d'un cadre d'octroi de licences pour les services
issus de la convergence (CLF) avec quatre (4) licences principales:

1) installation de réseau;
2) service de réseau;

3) service de contenu;
4) service d'application;

pour résoudre les problémes complexes d'octroi de licences associés a la convergence et au passage au
numérique, la création d'un Comité technique national chargé de s'occuper du passage au numérique et
d'établir la feuille de route vers une diffusion entiérement numérique, la création d'un Groupe de travail
intérimaire sur la diffusion numérique (WGDB) au sein de la TCRA avec des experts en radiodiffusion,
gestion du spectre, développement des TIC et questions juridiques pour €tudier les questions suivantes:
octroi de licences aux opérateurs multiplex, plan national de diffusion numérique et période de diffusion
simultanée, octroi de licences pour d'autres services (télévision mobile, TVIP, etc.), examen et adoption d'un
document faisant le point sur la disponibilité de boitiers-adaptateurs et édition du document final sur la
diffusion numérique.

En avril 2008, la TCRA a lancé un appel a manifestation d'intérét pour la fourniture de services multiplex
numériques, qui a recu une réponse positive. Les processus de modification de la politique de la Tanzanie en
matiere de TIC de 2003 et d'autres lois applicables menés actuellement par le gouvernement se déroulent
normalement. Des canaux sont disponibles pour la mise en ceuvre de la DTT dans tout le pays aprés le plan
numérique initial et il est initialement proposé de mettre a jour prochainement quatre phases.

12 Etats-Unis d'Amérique

Les Etats-Unis n'ont pas ménagé leurs efforts pour mettre en ceuvre la DTV selon la norme de télévision
numérique ATSC (DTV). A la demande de la FCC, 28 stations situées dans les dix plus grandes villes ont été
proposées pour lancer le service DTT en novembre 1998, six mois avant la date limite fixée par la FCC. Six
mois plus tard (mai 1999), il a ét¢é demandé a toutes les stations situées dans les 10 premiers marchés et
relevant des quatre plus grands réseaux de diffusion de fournir le service, et six autres mois plus tard
(novembre 1999), cette demande a été élargie aux stations relevant des quatre plus grands réseaux et situées
dans les 30 plus grandes villes. Il a ét¢ demandé¢ a tous les diffuseurs commerciaux de commencer leurs
transmissions avant mai 2002 et a tous les diffuseurs non commerciaux avant mai 2003. Début 2006, le
Congrés américain a promulgué une loi visant a demander aux diffuseurs de mettre fin a leurs transmissions
analogiques avant le 17 février 2009. Cette loi prévoyait de subventionner a hauteur de 1,5 milliard de
dollars I'achat par les téléspectateurs de convertisseurs numérique-analogique afin de pouvoir visualiser les
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signaux DTT sur leurs téléviseurs analogiques existants. La FCC a adopté une réglementation visant a
imposer l'intégration de la capacité de réception ATSC selon le calendrier suivant: d'abord dans les
téléviseurs grand écran en 2004 puis dans tous les récepteurs de plus de 13 pouces avant juillet 2007. En
novembre 2005, la FCC a modifi¢ sa réglementation afin d'avancer la date de fin du calendrier au
ler mars 2007 et de rendre applicable ladite réglementation a tous les récepteurs quelle que soit la taille de
I'écran. Ainsi, depuis le ler mars 2007, tous les téléviseurs vendus aux Etats-Unis sont dotés de capacités de
réception et décodage DTT ATSC. La Consumer Electronics Association aux Etats-Unis a estimé que
34 millions de récepteurs DTT ATSC seraient vendus aux Etats-Unis en 2007, avec un total cumulé de 152
millions de récepteurs ATSC en 2009. Les diffuseurs et fabricants procédent maintenant a la planification du
déploiement de services sur dispositifs mobiles et portatifs au moyen du systéme ATSC-M/H.

13 République de Corée

La République de Corée a commencé la diffusion télévisuelle numérique de Terre en 2001, la diffusion
numérique par satellite en 2002 et la diffusion multimédia de Terre en 2005. La télévision par cable offre
également des programmes numériques depuis 2002.

13.1 Télévision numérique pour réception fixe

La République de Corée a adopté le systetme ATSC en 1997 pour le passage de la diffusion télévisuelle
analogique au numérique dans la bande d'ondes décimétriques afin d'obtenir une qualité haute définition avec
des canaux de 6 MHz et a mené des essais sur le terrain en 1999 et en 2000. En 2006, 160 émetteurs ATSC
¢taient installés a travers le pays et couvraient environ 92% du territoire. Il n'a pas été facile de trouver des
fréquences pour les stations de télévision numérique, car la bande d'ondes décimétriques était déja occupée
par la diffusion de télévision analogique. Afin de faciliter les assignations de fréquence, le répéteur
numérique sur le canal avec égalisation et le translateur réparti pour le systétme ATSC sont congus de
maniére a utiliser les mémes fréquences.

13.2 T-DMB pour réception mobile

Pour le service de diffusion multimédia mobile, la République de Corée a mis au point la diffusion
multimédia numérique de Terre (T-DMB). Un essai pilote de services T-DMB a été réalisé dans la Bande II1
dans la zone métropolitaine de Séoul et dans son voisinage et les résultats de cet essai ont montré une bonne
qualité de réception mobile. Ces résultats ont été soumis a la réunion du GT 6M tenue en avril 2004 et inclus
dans le Rapport UIT-R BT.2049 (voir aussi le Doc. 6E/186). En décembre 2005, la République de Corée a
lancé le service commercial T-DMB dans la zone métropolitaine de Séoul puis 1'a élargi a 1'ensemble du pays
en mars 2007.

14 Venezuela

La DTTB va étre mise en place avec l'assistance du régulateur national, a savoir la CONATEL (Commission
nationale des télécommunications). Le processus, en cours de développement, est subdivisé en différentes
étapes: étude de faisabilité, forum et modalités de fonctionnement, essais et adoption d'une norme. Des essais
ont ét¢ réalisés mais il n'existe pas encore d'orientation claire vers une planification des canaux spécifique ou
une norme spécifique.

15 OCDE

La plus grande partie du document de I'OCDE publié en juin 2003 et intitulé: «Implications de la
convergence du point de vue de la réglementation des communications €électroniques», provenant du Comité
de la politique de l'information, de l'informatique et des communications, est consacrée a la place de la
radiodiffusion dans les communications électroniques (Document DSTI/ICCP/TISP (2003)5).
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16 Union européenne

On trouvera des informations sur la question du spectre pour la diffusion vidéonumérique en Europe
(Finlande, France, Espagne, Sué¢de et Royaume-Uni) dans le Rapport de I'UIT-D concernant la
Question 11-1/2.
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Appendice 2
de la Partie 1

Glossaire (abréviations)

codage audio évolué (advanced audio coding)

commutation sur une autre fréquence (alternative frequency switching)

Assemblée des radiocommunications de I'UIT-R

Advanced Television Systems Committee

réception mobile/portative ATSC (ATSC mobile / handheld)

transmission numérique de Terre ATSC (ATSC — digital terrestrial transmission)

taux d'erreurs binaires (bit error rate)

bande latérale résiduelle

filtre passe-bande (band pass filter)

transmission a segmentation de bande (band segmented transmission)

acces conditionnel (conditional access)

Conférence administrative mondiale des radiocommunications

courant continu

Commission électrotechnique internationale

prédiction linéaire a excitation par codes (code excited linear prediction)

télévision numérique de Terre chinoise (China digital television — terrestrial)
Conférence mondiale de développement des télécommunications

Conférence mondiale des radiocommunications

diffusion audio numérique (digital audio broadcasting)

protocole de distribution et de communication (distribution and communications protocol)
conversion numérique avec abaissement (digital down conversion)

droits de propriété intellectuelle

Digital Radio Mondiale

diffusion sonore numérique (digital sound broadcasting)

diffusion vidéonumérique (digital video broadcasting)

diffusion vidéonumérique — réception portative (digital video broadcasting — handheld)
diffusion vidéonumérique — réception de Terre (digital video broadcasting — terrestrial)

Institut européen des normes de télécommunication (european telecommunications
standards institute)

canal a acceés rapide (fast access channel)
correction d'erreur directe (forward error correction)
liaison directe uniquement (forward link only)

service général de radiocommunications par paquets (general packet radio service)



GPS
GSM
HF
HVXC
IBOC
IDS

IP

IRD
ISDB
ISDB-T

ISDB-Tsp

LAN
LF
LMDS
LW
MA
MAQ
MCI
MCS
MDI
MDPQ
MER
MF
MF
MFN
MHP
MLC
MLDS
MMDS
MPEG
MRF
MRFO
MRFOC
MSC
MUX
MW
NTP
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systéme mondial de positionnement (global positioning system)

systéme mondial de communications mobiles (global system for mobile communication)
haute fréquence (high frequency)

codage avec excitation par code harmonique (harmonic vector excitation coding)

dans la bande, sur le canal (in band on channel)

service de données iDAB (iDAB data service)

protocole Internet (Internet protocol)

récepteur-décodeur intégré (integrated receiver and decoder)

diffusion numérique a intégration de services (integrated services digital broadcasting)

diffusion numérique a intégration de services — réception de Terre (integrated services
digital broadcasting- terrestrial)

diffusion numérique a intégration de services — diffusion sonore de Terre (integrated
services digital broadcasting- terrestrial sound broadcasting)

réseau local (local area network)

basse fréquence (low frequency)

systéme de distribution multipoint local (local multipoint distribution system)
onde longue (long wave)

modulation d'amplitude

modulation d'amplitude en quadrature

interface de commande de modulateur (modulator control interface)
diffusion simultanée multicanal (multiple channel simulcast)

interface de distribution multiplex (multiplex distribution interface)
modulation par déplacement de phase en quadrature

taux d'erreurs de modulation (modulation error ratio)

fréquence moyenne (medium frequency)

modulation de fréquence

réseau multifréquence (multi frequency network)

plate-forme résidentielle multimédia (multimedia home platform)

codage multiniveau (multi level coding)

systéme de distribution local multimédia (multimedia local distribution system)
systéme de distribution multipoint multicanal (multichannel multipoint distribution system)
Groupe d'experts pour les images animées (moving picture experts group)
multiplexage par répartition en fréquence

multiplexage par répartition en fréquence orthogonale

multiplexage par répartition en fréquence orthogonale codée

canal de service principal (main service channel)

multiplexeur (multiplexer)

onde moyenne (medium wave)

protocole de temps réseau (network time protocol)
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NTSC
NVIS
NVOD
OCDE
PC
PDA
PFT
QoSAM

RBDS
RDS
RF

RNIS
RRB
RSCI
RT
RTPC
SBR
SCE
SCS
SDC
SDI
SFN
SNR
SOHO
SW
T-DAB
T-DMB
TMCC

UDP
UEP
UIT-D

UIT-R
UIT-T

UMTS
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National Television System Committee

onde ionosphérique a incidence quasi verticale (near vertical incidence sky-wave)
vidéo quasi a la demande (near video on demand)

Organisation de coopération et de développement économiques

ordinateur personnel (personal computer)

assistant numérique personnel (personal digital assistant)

protection, fragmentation et transport (protection, fragmentation and transport)

qualité de service dans les bandes MA numérisées (quality of service in the digitized AM
bands)

systéme de transmission de données par radiodiffusion (radio broadcasting data system)
systéme de transmission de données par radio (radio data system)

fréquence radioélectrique (radio frequency)

phase de la fréquence radioélectrique (radio frequency phase)

réseau numérique a intégration de services

Comité du Réglement des radiocommunications de 1'UIT (radio regulatory board of ITU)
interface d'état et de commande de récepteur (receiver status and control interface)
terminal distant (remote terminal)

réseau téléphonique public commuté

répétition de la bande spectrale (spectral band replication)

codeur de composante de service (service component encoder)

diffusion simultanée monocanal (single channel simulcasf)

canal de description de service (service description channel)

interface de distribution de service (service distribution interface)

réseau monofréquence (single frequency network)

rapport signal/bruit (signal to noise ratio)

professions libérales et télétravailleurs (small business or home business)

onde courte (short wave)

diffusion audionumérique de terre (terrestrial digital audio broadcasting)

diffusion multimédia numérique de Terre (terrestrial digital multimedia broadcasting)

commande de configuration de transmission et de multiplexage (transmission and
multiplexing configuration control)

protocole datagramme d'utilisateur (user datagram protocol)
protection inégale contre les erreurs (unequal error protection)

Union internationale des télécommunications — Secteur du développement des
télécommunications

Union internationale des télécommunications — Secteur des radiocommunications

Union internationale des télécommunications — Secteur de la normalisation des
télécommunications

systtme de  télécommunications  mobiles  universelles  (universal  mobile
telecommunications system)



USB
VOD
VSAT
WAN
WLL
xDSL
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bus série universel (universal serial bus)
vidéo a la demande (video on demand)
microstation (very small aperture terminal)
réseau étendu (wide area network)

boucle locale sans fil (wireless local loop)

ligne d'abonné numérique x (x digital subscriber line)
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Chapter 1

1.1 DRM

1.1.1  Features of the system design for the markets to be served by the Digital Radio Mondiale
(DRM) system

The DRM system, is a flexible digital sound broadcasting (DSB) system for use in the terrestrial
broadcasting bands below 30 MHz. (Recommendation ITU-R BS.1514)

It is important to recognize that the consumer radio receiver of the near future will need to be capable of
decoding any or all of several terrestrial transmissions; that is, narrow-band digital (for <30 MHz RF), wider
band digital (for >30 MHz RF), and analogue for the LF, MF, HF bands and the VHF/FM band. The DRM
system will be an important component within the receiver. It is unlikely that a consumer radio receiver
designed to receive terrestrial transmissions with a digital capability would exclude the analogue capability.

In the consumer radio receiver, the DRM system will provide the capability to receive digital radio (sound,
program related data, other data, and still pictures) in all the broadcasting bands below 30 MHz. It can
function in an independent manner, but, as stated above, will more likely be part of a more comprehensive
receiver — much like the majority of today’s receivers that include AM and FM band analogue reception
capability.

The DRM system is designed to be used in either 9 or 10 kHz channels or multiples of these channel
bandwidths. Differences in detail on how much of the available bit stream for these channels is used for
audio, for error protection and correction, and for data depend on the allocated band (LF, MF, or HF) and on
the intended use (for example, ground wave, short distance sky wave or long distance sky wave). In other
words, there are modal trade-offs available so that the system can match the diverse needs of broadcasters
worldwide. As indicated in the next section, when regulatory procedures are in place to use channels of
greater bandwidth than 9/10 kHz, the DRM system’s audio quality and total bit stream capability can be
greatly improved.

The DRM system employs advanced audio coding (AAC), supplemented by spectral band replication (SBR)
as its main digital encoding. SBR improves perceived audio quality by a technique of higher baseband
frequency enhancement using information from the lower frequencies as cues. OFDM/QAM is used for the
channel coding and modulation, along with time interleaving and forward error correction (FEC) using
multi-level coding (MLC) based on a convolutional code. Pilot reference symbols are used to derive channel
equalization information at the receiver. The combination of these techniques results in higher quality sound
with more robust reception within the intended coverage area when compared with that of currently
used AM.

The system performs well under severe propagation conditions, such as those encountered under long
distance multipath HF sky-wave propagation, as well as under easier to cope with MF groundwave
propagation. In the latter case, maximum use is made of the AAC and SBR source coding algorithms,
leading to much higher quality audio than that achieved by AM, since a minimal amount of error correction
has to be employed. For many HF propagation conditions, the necessity to achieve a high degree of
robustness reduces the audio quality compared to MF digital; nevertheless, the audio quality is still better
than current AM quality.

The design permits the use of the DRM system within a single frequency network (SFN).

It also provides the capability for automatic frequency switching, which is of particular value for
broadcasters who send the same signals at different transmission frequencies. For example, this is done
routinely by large HF broadcasting organizations using AM to increase the probability of at least one good
signal in the intended reception area. The DRM system can enable a suitable receiver to select the best
frequency for a programme automatically without any effort on the part of the listener.
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1.1.2  Brief description of the DRM system
1.1.2.1 Overall design

FIGURE 1
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Figure 1 describes the general flow of the different classes of information (audio, data, etc.) from encoding
on the left of the Figure to a DRM system transmitter exciter on the right. Although a receiver diagram is not
included as a figure, it would represent the inverse of this diagram.

On the left are two classes of input information:
- the encoded audio and data that are combined in the main service multiplexer;

- information channels that bypass the multiplexer that are known as fast access channel (FAC) and
service description channel (SDC)

The audio source encoder and the data pre-coders ensure the adaptation of the input streams onto an
appropriate digital format. Their output may comprise two parts requiring two different levels of protection
within the subsequent channel encoder.

The multiplex combines the protection levels of all data and audio services.

The energy dispersal provides a deterministic, selective complementing of bits in order to reduce the
possibility that systematic patterns result in unwanted regularity in the transmitted signal.

The channel encoder adds redundant information as a means for error correction and defines the mapping of
the digital encoded information into QAM cells. The system has the capability, if a broadcaster desires, to
convey two categories of “bits”, with one category more heavily protected than the other.

Cell interleaving spreads consecutive QAM cells onto a sequence of cells, quasi-randomly separated in time
and frequency, in order to provide an additional element of robustness in the transmission of the audio in
time-frequency dispersive channels.

The pilot generator injects information that permits a receiver to derive channel equalization information,
thereby allowing for coherent demodulation of the signal.

The OFDM cell mapper collects the different classes of cells and places them on a time-frequency grid.

The OFDM signal generator transforms each ensemble of cells with the same time index to a time domain
representation of the signal, containing a plurality of carriers. The complete time-domain OFDM symbol is
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then obtained from this time domain representation by inserting a guard interval —a cyclic repetition of a
portion of the signal.

The modulator converts the digital representation of the OFDM signal into the analogue signal that will be
transmitted via a transmitter/antenna over the air. This operation involves frequency up-conversion,
digital-to-analogue conversion, and filtering so that the emitted signal complies with ITU-R spectral
requirements.

With a non-linear high-powered transmitter, the signal is first split into its amplitude and phase components
(this can advantageously be done in the digital domain), and then recombined (by the action of the
transmitter itself) prior to final emission.

1.1.2.2  Audio source coding

FIGURE 2
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The source coding options available for the DRM system are depicted in Fig. 2. All of these options, with the
exception of the one at the top of the figure (AAC stereo), are designed to be used within the current
9/10 kHz channels for sound broadcasting below 30 MHz. The CELP option provides relatively low bit-rate
speech encoding and the AAC option employs a subset of standardized MPEG-4 for low bit rates (that is, up
to 48 kbit/s). These options can be enhanced by a bandwidth-enhancement tool, such as the SBR depicted in
the figure. Representative output bit rates are noted in the figure. All of this is selectable by the broadcaster.

Special care is taken so that the encoded audio can be compressed into audio superframes of constant time
length (400 ms). Multiplexing and unequal error protection (UEP) of audio/speech services is effected by
means of the multiplex and channel coding components.

As an example of the structure, consider the path in Fig. 2 of AAC mono plus SBR. For this, there are the
following properties:

Frame length: 40 ms

AAC sampling rate: 24 kHz

SBR sampling rate: 48 kHz
AAC frequency range: 0-6.0 kHz
SBR frequency range: 6.0-15.2 kHz

SBR average bit rate: 2 kbit/s per channel.
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In this case, there is a basic audio signal 6 kHz wide, which provides audio quality better than standard AM,
plus the enhancement using the SBR technique that extends this to 15.2 kHz. All of this consumes
approximately 22 kbit/s. The bitstream per frame contains a fraction of highly protected AAC and SBR data
of fixed size, plus the majority of AAC and SBR data, less protected, of variable size. The fixed-time-length
audio superframe of 400 ms is composed of several of these frames.

1.1.2.3 Multiplex, including special channels

As noted in Fig. 1, the DRM system total multiplex consists of three channels: the MSC, the FAC and the
SDC. The MSC contains the services, audio and data. The FAC provides information on the signal
bandwidth and other such parameters and is also used to allow service selection information for fast
scanning. The SDC gives information to a receiver on how to decode the MSC, how to find alternate sources
of the same data, and gives attributes to the services within the multiplex.

The MSC multiplex may contain up to four services, any one of which can be audio or data. The gross bit
rate of the MSC is dependent upon the channel bandwidth and transmission mode being used. In all cases, it
is divided into 400 ms frames.

The FAC’s structure is also built around a 400 ms frame. The channel parameters are included in every FAC
frame. The service parameters are carried in successive FAC frames, one service per frame. The names of the
FAC channel parameters are: base/enhancement flag, identity, spectrum occupancy, interleaver depth flag,
modulation mode, number of services, reconfiguration index, and reserved for future use. These use a total of
20 bits. The service parameters within the FAC are: service identifier, short identifier, CA (conditional
access) indication, language, audio/data flag, and reserved for future use. These use a total of 44 bits.
(Details on these parameters, including field size, are given in the system specification.)

The SDC’s frame periodicity is 1 200 ms. Without detailing the use for each of the many elements within the
SDC’s fields, the names of them are: multiplex description, label, conditional access, frequency information,
frequency schedule information, application information, announcement support and switching, coverage
region identification, time and date information, audio information, FAC copy information, and linkage data.
As well as conveying this data, the fact that the SDC is inserted periodically into the waveform is exploited
to enable seamless switching between alternate frequencies.

1.1.2.4 Channel coding and modulation

The coding/modulation scheme used is a variety of coded orthogonal FDM (COFDM) which combines
OFDM with MLC based on convolutional coding. These two main components are supplemented by cell
interleaving and the provision of pilot cells for instantaneous channel estimation, which together mitigate the
effects of short-term fading, whether selective or flat.

Taken together, this combination provides excellent transmission and signal protection possibilities in the
narrow 9/10 kHz channels in the long-wave, medium-wave and short-wave broadcasting frequency bands.
And it can also be effectively used at these broadcasting frequencies for wider channel bandwidths in the
event that these are permitted from a regulatory standpoint in the future.

For OFDM, the transmitted signal is composed of a succession of symbols, each including a guard interval —
a cyclic prefix which provides robustness against delay spread. Orthogonality refers to the fact that, in the
case of the design of the DRM system, each symbol contains approximately 200 subcarriers spaced across
the 9/10 kHz in such a way that their signals do not interfere with each other (are orthogonal). The precise
number of subcarriers, and other parameter considerations, are a function of the mode used: ground wave,
sky wave, and highly robust transmissions.

QAM is used for the modulation that is impressed upon each of the various subcarriers to convey the
information. Two primary QAM constellations are used: 64-QAM and 16-QAM. A QPSK mode is also
incorporated for highly robust signalling (but not for the MSC).

The interleaver time span for HF transmission is in the range of 2.4 s to cope with time- and
frequency-selective fading. Owing to less difficult propagation conditions, a shortened interleaver with 0.8 s
time span can be applied for LF and MF frequencies.

The multi-level convolutional coding scheme will use code rates in the range between 0.5 and 0.8, with the
lower rate being associated with the difficult HF propagation conditions.
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1.1.3 Transmitter considerations

The DRM system exciter can be used to impress signals on both linear and non-linear transmitters. It is
expected that high-powered non-linear transmitters will be the normal way of serving the broadcasters. This
is similar to current practice which exists for double-sideband amplitude modulation.

Because of this need, over the past few years, using the DRM system and other prototypes, effort has been
spent to determine how these non-linear transmitters can be used with narrow-band digital signals. The
results have been encouraging, as can be seen from recent DRM system field tests.

Briefly, the incoming signal to a Class C (non-linear amplification) transmitter needs to be split into its
amplitude and phase components prior to final amplification. The former is passed via the anode circuitry,
the latter through the grid circuitry. These are then combined with the appropriate time synchronization to
form the output of the transmitter.

Measurements of the output spectra show the following: the energy of the digital signal is more or less
evenly spread across the 9/10 kHz assigned channel; the shoulders are steep, and drop rapidly to 40 dB or so
below the spectral density level within the assigned 9/10 kHz channel, and the power spectral density levels
continue to decrease at a lower rate beyond +4.5/5.0 kHz from the central frequency of the assigned channel.

1.1.4 Over the air

The digital phase/amplitude information on the RF signal is corrupted to different degrees as the RF signal
propagates. Some of the HF channels provide challenging situations of fairly rapid flat fading, multipath
interference that produces frequency-selective fading and large path delay spreads in time, and
ionospherically induced high levels of Doppler shifts and Doppler spreads.

The error protection and error correction incorporated in the DRM system design mitigates these effects to a
great degree. This permits the receiver to accurately decode the transmitted digital information.

1.1.5  Selecting, demodulation and decoding of a DRM system signal at a receiver

A receiver must be able to detect which particular DRM system mode is being transmitted, and handle it
appropriately. This is done by way of the use of many of the field entries within the FAC and SDC.

Once the appropriate mode is identified (and is repeatedly verified), the demodulation process is the inverse
of that shown in the upper half of Fig. 1, the diagram of the transmitter blocks.

Similarly, the receiver is also informed what services are present, and, for example, how source decoding of
an audio service should be performed.

1.1.6  Ongoing case study in Italy since 2006: DRM daytime MW Tests for frequencies below 1 MHz

The transmission site located near Milan was used to provide for an initial field test on frequency (693 kHz).
The DRM signal is being broadcast by a station in Siziano, located 20 kilometres south of Milan. The same
site is used to broadcast RAI’s regular analogue MW signals.

The analogue transmitter (working on 200 kW at 900 kHz) was combined with the digital transmitter
(working on 34 kW at 693 kHz) and radiated by the same antenna structure.

On the basis of acquired data for the DRM transmission we can reach the following conclusions.

The whole north-west part of Italy is completely covered with a signal strength with a level greater than the
minimum one indicated in Recommendation ITU-R BS.1698 for the adopted configuration transmission
parameters (38,6 dBuV/m). Moreover minimum SNR of 14,1 dB was exceeded in each measurement point,
also in deep valleys. The extension of coverage area can be identified with national border (Sestriere,
Ceresole Reale, Domodossola and Bormio). On the east direction the DRM signal is available up to Trieste
on which seacoast the field strength is 48,5 dBuV/m with a SNR of 21,7 dB. Due to particular topography
and poor ground conductivity the Brennero valley was covered only before the town of Trento. In south-east
direction DRM is available up to just before Ancona. In south direction DRM reaches all Liguria coast, and a
part of Tuscany coast up to Grosseto town. The cities of Genova, Savona, La Spezia and Livorno are also
covered.
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The whole coverage results are indicated on Map 1. The inner contour shows the coverage area in which
both commercial and professional receivers were able to decode DRM signal. The outer contour shows the
coverage area in which only professional receiver was able to decode DRM signal.

MAP 1
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The service area shown on Map 2 is computed on the basis of 45 dBuV/m for towns below 1,000 living

persons and of 53 dBuV/m for towns with more than 1 000 living persons.

At the moment, about 150 static measurement points were verified.

Some data analysis was done in order to identify locations where reception was not available because of

local particular situations:

- in the centre town of Turin, 125 km far from the transmitter, in 1 of 12 measurement points the
performance of DRM signal has been damaged by an electric feeder for public transport. At that
point was recorded a SNR of 13,4 dB with a signal strength of 52,1 dBuV/m and no audio

decoding;

- northern from Milan, at the beginning of Valtellina valley (93 km far from the transmitter) some
topographical situations and poor ground conductivity cause low signal strength (35,7 dBuV/m) and
SNR (8,5 dB). Travelling along the valley route the signal and SNR come back to increase up to

Bormio city, 170 km far from the transmitter.
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MAP 2

Predicted coverage area (according to Recommendation ITU-R P.368-7)

During day time no discernable broadcasting interference situations were recorded in the whole predicted
and measured coverage area.

As can be easily noted, measured and predicted area match quite well.

1.2 T-DAB general

The multi-carrier T-DAB system as adopted by the majority of countries in Europe and also in some
countries outside the European continent, has been designed with a bandwidth of about 1.5 MHz. Frequency
blocks have been fit in to the 7 MHz VHF channel scheme. A mean rate of about 1.15 Mbit/s is available for
the delivery of high quality CD-like sound services in conjunction with text, data and images, for fixed,
portable and mobile receivers.

1.2.1  Frequency bands

1.2.1.1 General

The Plan to be established by the second session of Regional Radio Conference (RRC-06) should contain
assignments and/or allotments for digital broadcasting stations in the following bands:

- Band III (174 to 230 MHz);
- Bands IV and V (470 to 862 MHz).

The European countries after evaluating the other possible options have finally adopted the T-DAB system
for Band III.
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1.2.1.2 Frequencies for sound channels in the planning area

It is to be noted that whilst the frequency band from 174 to 216 MHz is primarily used for terrestrial
analogue television, there are also some T-DAB allotments in this band. The frequency band 216-230 MHz
(240 MHz in some countries) is mainly allocated to T-DAB in European countries; nevertheless there is still
widespread use of part of this band for television.

Ultimately, a flexible approach will be required as regards the use of T-DAB, or DVB-T, in specific channels
in Band III because of the different situations and time-frames all over the planning area, or even within one
country. Sharing criteria and clear procedures for both kinds of use are therefore required.

1.2.2  T-DAB in Band II1
Band I1I is seen as the optimum solution for a T-DAB band to provide a terrestrial T-DAB service.

The band does not suffer from a number of the anomalous propagation characteristics which are a problem in
Band I such as sporadic E and F2 layer propagation. Man-made noise is significantly lower in Band III than
in Band I, and Band III frequencies are still sufficiently low that the Doppler shift created by moving
vehicles at motorway speeds will not create a problem for operation in Mode 1 of the digital system A
specification.

This is made possible by a rugged system design that allows seamless and fade-free reception even in highly
disruptive conditions, largely dominated by multipath propagation.

It has to be noted that Band II was also considered for T-DAB, but this turned out not to be viable due to the
congested situation in many areas.

1.2.3 Location of transmitters

It should be noted that in the case of an SFN the separation distance between transmitters influences the
choice of guard interval, which in turn determines the size of the network. The separation distance and the
effective height influence the effective radiated power. In the implementation of T-DAB existing
transmitting site infrastructures have been used where possible, with the addition of some new
supplementary sites. The latter have been adopted in order to fulfil the SFN requirements.

1.3 IBOC
1.3.1 IBOC Overview

The IBOC system was designed for regions where limited spectrum prevents the allocation of new spectrum
for digital broadcasting. The IBOC system allows broadcasters to simultaneously transmit an analogue and
digital signal without the need for additional spectrum for the digital signal. The IBOC system takes
advantage of unused portions of the spectrum on either side of the analogue carrier (as defined by the service
frequency allocation “mask”) and implements frequency re-use by including digital carriers in quadrature to
the existing analogue carrier. In either case, the analogue signals are in close proximity to the digital signals
and great care must be taken to prevent unwanted interference between them.

The IBOC system offers a number of advantages for broadcasters, consumers and regulators. The IBOC
system replicates the existing coverage patterns of each radio station thereby retaining the existing economic
value of the station. Broadcasters can convert to digital broadcasts with a modest investment and retain the
vast majority of their existing physical plant. In addition, the introduction of the digital signal in the existing
channel allows the broadcaster to retain the station’s existing dial position. Because the system supports
simulcast of the analogue and digital signals, consumers are able to upgrade to digital over an extended
period and taking into account normal equipment replacement cycles. Regulators benefit because there is no
need for spectrum allocations or licensing of new stations.

The IBOC system offers the following features:
- CD quality audio in the VHF-band and VHF quality audio in the MF band.

- Digital coverage equivalent to existing analogue coverage. In areas where the digital signal is lost,
the system automatically blends to the analogue back-up signal to ensure digital coverage is never
less than existing analogue coverage.

- Advanced coding technologies and time diversity between the analogue and digital signals ensure a
robust signal.



78 Rap. UIT-R BT.2140-1

- The VHF system has demonstrated significant robustness in the presence of severe multipath, and
the MF system has demonstrated significant robustness in the presence of impulse noise.

- The VHF system offers options for introducing new audio and data services ranging from 1 to
300 kbit/s depending on the mode of operation.

The IBOC system has been tested in North and South America, Europe and Asia. It is currently in operation
in approximately 1 800 stations throughout the United States of America. This has added more than 900 new
multicast audio streams using existing VHF stations. The system has been used for demonstrations, testing
and/or ongoing operations in Brazil, China, France, Indonesia, Mexico, the Philippines, Switzerland,
Ukraine, Vietnam.

The IBOC system has been standardized by the National Radio Systems Committee (NRSC), a standards
setting organization sponsored by the National Association of Broadcasters and the Consumer Electronics
Association in the United States. The current version of the standard, NRSC-5-B is available from the
NRSC at www.nrscstandards.org.

Currently, there are commercially available IBOC receivers in most market segments. OEM receivers are
available in the United States as standard equipment or a factory installed option for many major auto
manufacturers. More than sixty models of aftermarket automobile receivers, tabletop receivers, home HiFi
receivers and car converter products are available from national and local retailers throughout the United
States. As the cost of components and the power consumption levels are reduced in the near future, it is
anticipated that mobile receivers will become available.

1.3.2  The IBOC System Technical Design

The IBOC system is designed to permit a smooth evolution from current analog modulation to a fully digital
system. This system can deliver digital audio and data services to mobile, portable, and fixed receivers from
terrestrial transmitters in the existing Medium Frequency (MF) and Very High Frequency (VHF) radio
bands. The system is designed to allow broadcasters to continue to transmit analog MF and VHF
simultaneously with new, higher-quality and more robust digital signals, allowing broadcasters and their
listeners to convert from analog to digital radio while maintaining each station’s current frequency
allocation.

The IBOC system allows a broadcast station to offer multiple services. A service can be thought of as a
logical grouping of application data identified by the IBOC system. Services are grouped into one of two
categories:

1 Core Services:
a) Main Program Service (both Audio (MPA) and Data (PAD))
b) Station Information Service (SIS)
2 Advanced Application Services (AAS)
The flow of service content through the IBOC broadcast system is as follows:

a) Service content enters the IBOC broadcast system via Service Interfaces;
b) Content is assembled for transport using a specific protocol;
c) It is routed over logical channels via the Channel Multiplex.

It is waveform modulated via the Waveform / Transmission System for over-the-air transmission.

The system employs coding to reduce the sampled audio signal bit rate and baseband signal processing to
increase the robustness of the signal in the transmission channel. This allows a high quality audio signal plus
ancillary data to be transmitted in band segments and at low levels which do not interfere with the existing
analog signals.

1.3.2.1 Services
1.3.2.1.1 Main Program Service (MPS)

The Main Program Service is a direct extension of traditional analog radio. MPS allows the transmission of
existing analog radio-programming in both analog and digital formats. This allows for a smooth transition
from analog to digital radio.
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Radio receivers that are not IBOC enabled can continue to receive the traditional analog radio signal, while
IBOC receivers can receive both digital and analog signals via the same frequency band. In addition to
digital audio, MPS includes digital data related to the audio programming. This is also referred to as Program
Associated Data (PAD).

1.3.2.1.2 Station Information Service (SIS)

The Station Information Service provides the necessary radio station control and identification information,
such as station call sign identification, time and location reference information. SIS can be considered a
built-in service that is readily available on all IBOC stations. SIS is a required IBOC service and is provided
dedicated bandwidth.

1.3.2.1.3  Supplemental Program Service (SPS)

The Supplemental Program Service allows broadcasters to introduce up to seven new digital audio channels
depending on the throughput devoted to the SPS. The SPS includes support for Program Associated Data for
each program stream.

1.3.2.1.4 Advanced Application Services (AAS)

AAS is a complete framework in which new applications may be built. In addition to allowing multiple data
applications to share the Waveform / Transmission medium, AAS provides a common transport mechanism
as well as a unified Application Programming Interface (API). On the transmission side, broadcasters utilize
the common AAS interface to insert service(s) into their signal; receiver manufacturers utilize the AAS
‘toolkit’ to efficiently access these new services for the end-user. AAS includes separate audio programming
such as reading services and other secondary audio and data services.

1.3.3  System components

1.3.3.1 Codec

The IBOC DSB system uses the HDC codec supplemented by SBR. This delivers high quality “FM-like”
stereo audio within the bandwidth constraints imposed on operations below 30 MHz. To further enhance the
robustness of the digital audio beyond that provided by FEC and interleaving, special error concealment
techniques are employed by the audio codecs to mask the effects of errors in the input bit-stream.
Furthermore, the audio codec bit-stream format provides the flexibility of allowing future enhancements to
the basic audio coding techniques.

1.3.3.2 Modulation techniques

The IBOC DSB system uses QAM. QAM has a bandwidth efficiency that is sufficient for transmission of
“FM-like” stereo audio quality as well as providing adequate coverage areas in the available bandwidth.

The system also uses a multi-carrier approach called OFDM. OFDM is a scheme in which many QAM
carriers can be frequency-division multiplexed in an orthogonal fashion such that there is no interference
among the carriers. When combined with FEC coding and interleaving, the digital signal’s robustness is
further enhanced. The OFDM structure naturally supports FEC coding techniques that maximize
performance in the non-uniform interference environment.

1.3.3.3  FEC coding and interleaving

FEC coding and interleaving in the transmission system greatly improve the reliability of the transmitted
information by carefully adding redundant information that is used by the receiver to correct errors occurring
in the transmission path. Advanced FEC coding techniques have been specifically designed based on detailed
interference studies to exploit the non-uniform nature of the interference in these bands. Also, special
interleaving techniques have been designed to spread burst errors over time and frequency to assist the FEC
decoder in its decision-making process.

A major problem confronting systems operating below 30 MHz is the existence of grounded conductive
structures that can cause rapid changes in amplitude and phase that are not uniformly distributed across the
band. To correct for this, the IBOC DSB system uses equalization techniques to ensure that the phase and
amplitude of the OFDM digital carriers are sufficiently maintained to ensure proper recovery of the digital
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information. The combination of advanced FEC coding, channel equalization, and optimal interleaving
techniques allows the IBOC DSB system to deliver reliable reception of digital audio in a mobile
environment.

1.3.3.4 Blend

The IBOC DSB system employs time diversity between two independent transmissions of the same audio
source to provide robust reception during outages typical of a mobile environment. In the hybrid system the
analogue signal serves as the backup signal, while in the all-digital system a separate digital audio stream
serves as the backup signal. The IBOC DSB system provides this capability by delaying the backup
transmission by a fixed time offset of several seconds relative to the main audio transmission. This delay
proves useful for the implementation of a blend function. During tuning, blend allows transition from the
instantly acquired back-up signal to the main signal after it has been acquired. Once acquired, blend allows
transition to the back-up signal when the main signal is corrupted. When a signal outage occurs, the receiver
blends seamlessly to the backup audio that, by virtue of its time diversity with the main signal, does not
experience the same outage.

Digital systems depend on an interleaver to spread errors across time and reduce outages. Generally longer
interleavers provide greater robustness at the expense of acquisition time. The blend feature provides a
means of quickly acquiring the back-up signal upon tuning or re-acquisition without compromising full
performance.

1.3.4  Operating modes
1.3.4.1  Hybrid MF mode

In the hybrid waveform, the digital signal is transmitted in sidebands on either side of the analogue host
signal as well as beneath the analogue host signal as shown in Fig. 3. The power level of each OFDM
subcarrier is fixed relative to the main carrier as indicated in Fig. 3. The OFDM carriers, or digital carriers,
extend approximately +14.7 kHz from the AM carrier. The digital carriers directly beneath the analogue
signal spectrum are modulated in a manner to avoid interference with the analogue signal. These carriers are
grouped in pairs, with a pair consisting of two carriers that are equidistant in frequency from the AM carrier.
Each pair is termed a complementary pair and the entire group of carriers is called the complementary
carriers. For each pair, the modulation applied to one carrier is the negative conjugate of the modulation
applied to the other carrier. This places the sum of the carriers in quadrature to the AM carrier, thereby
minimizing the interference to the analogue signal when detected by an envelope detector. Placing the
complementary carriers in quadrature to the analogue signal also permits demodulation of the
complementary carriers in the presence of the high level AM carrier and analogue signal. The price paid for
placing the complementary carriers in quadrature with the AM carriers is that the information content on the
complementary carriers is only half of that for independent digital carriers.

The hybrid mode is designed for stations operating at MF in areas where it is necessary to provide for a
rational transition from analogue to digital. The hybrid mode makes it possible to introduce the digital
services without causing harmful interference to the existing host analogue signal.

To maximize the reception of the digital audio, the IBOC DSB system uses a layered codec where the
compressed audio is split into two separate information streams: core and enhanced. The core stream
provides the basic audio information whereas the enhanced stream provides higher quality and stereo
information. The FEC coding and placement of the audio streams on the OFDM carriers is designed to
provide a very robust core stream and a less robust enhancement stream. For the hybrid system the core
information is placed on high-powered carriers 10 to 15 kHz from the analogue carrier while the enhanced
information is placed on the OFDM carriers from 0 to 10 kHz.

To protect the core audio stream from interference and channel impairments the IBOC DSB system uses a
form of channel coding with the special ability to puncture the original code in various overlapping partitions
(i.e., main, backup, lower sideband and upper sideband). Each of the four overlapping partitions survives
independently as a good code. The lower and upper sideband partitions allow the IBOC DSB system to
operate even in the presence of a strong interferer on either the lower or upper adjacent, while the main and
backup partitions allow the IBOC DSB system to be acquired quickly and be robust to short-term outages
such as those caused by grounded conductive structures.
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FIGURE 3
Hybrid MF IBOC DSB power spectral density
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In the hybrid system the core audio throughput is approximately 20 kbit/s while the enhanced audio
throughput adds approximately 16 kbit/s.

1.3.4.2 All-digital MF mode

The all-digital mode allows for enhanced digital performance after deletion of the existing analogue signal.
Broadcasters may choose to implement the all-digital mode in areas where there are no existing analogue
stations that need to be protected or after a sufficient period of operations in the hybrid mode for significant
penetration of digital receivers in the market place.

As shown in Fig. 4, the principal difference between the hybrid mode and the all-digital mode is deletion of
the analogue signal and the increase in power of the carriers that were previously under the analogue signal.
The additional power in the all-digital waveform increases robustness, and the “stepped” waveform is
optimized for performance under strong adjacent channel interference.

The same layered codec and FEC methods, with identical rates (i.e. ~20 kbit/s for the core audio and
~16 kbit/s for the enhanced audio), are used in the all-digital system as is used in the hybrid system. This
simplifies the design of a receiver having to support both systems.
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FIGURE 4
All-digital MF IBOC DSB power spectral density
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1.3.4.3 Hybrid VHF mode

The digital signal is transmitted in sidebands on either side of the analogue FM signal. Each sideband is
comprised of ten frequency partitions, which are allocated among subcarriers 356 through 545, or —356
through —545. Subcarriers 546 and —546, also included in the sidebands, are additional reference subcarriers.
The amplitude of the subcarrier within the sidebands is uniformly scaled by an amplitude scale factor.

FIGURE 5

Spectrum of the hybrid waveform—service mode
(The level of the digital subcarriers is such that the total power of these carriers
is 20 dB below the nominal power of the FM analogue carrier)
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1.3.4.4 All Digital VHF mode

The All Digital waveform is constructed by removing the analogue signal, fully expanding the bandwidth of
the primary digital sidebands, and adding lower-power secondary sidebands in the spectrum vacated by the
analogue signal. The spectrum of the All Digital waveform is shown in Fig. 6.

FIGURE 6

Spectrum of the all digital waveform
(The level of the digital subcarriers is such that the total power of these carriers is no more than 10 dB
below the nominal power of the FM analogue carrier that it replaces)
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1.3.5  Generation of the signal

1.3.5.1 Transmission Subsystems

A basic block diagram representation of the system is shown in Fig. 7. It represents the IBOC digital radio
system as three major subsystems.

- Audio source coding and compression
- Transport and Service Multiplex

— RF/Transmission.

1.3.5.1.1 Audio Source Coding and Compression

The Audio subsystem performs the source coding and compression of the sampled digitized Main Program
Service (MPS) audio program material. “Source coding and compression” refers to the bit rate reduction
methods, also known as data compression, appropriate for application to the audio digital data stream. In
hybrid modes the MPS audio is also analog modulated directly onto the carrier for reception by conventional
analog receivers. Several categories of data may also be transmitted on the digital signal including station
identification, messages related to the audio program material, and general data services.

1.3.5.1.2 Transport and Service Multiplex

“Transport and service multiplex” refers to the means of dividing the digital data stream into “packets” of
information, the means of uniquely identifying each packet or packet type (data or audio), and the
appropriate methods of multiplexing audio data stream packets and data stream packets into a single
information stream. The transport protocols have been developed specifically to support data and audio
transmission in the MF and VHF radio bands.
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FIGURE 7
IBOC digital radio broadcasting model
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1.3.5.1.3 RF/Transmission System

“RF/Transmission” refers to channel coding and modulation. The channel coder takes the multiplexed bit
stream and applies coding and interleaving that can be used by the receiver to reconstruct the data from the
received signal which, because of transmission impairments, may not accurately represent the transmitted
signal. The processed bit stream is modulated onto the OFDM subcarriers which are transformed to time
domain pulses, concatenated, and up-converted to the VHF band.
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FIGURE 8

RF/Transmission function in context of overall system
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1.3.6  Reception of the signal

A functional block diagram of an MF IBOC receiver is presented in Fig. 9. The signal is received by a
conventional RF front end and converted to IF, in a manner similar to existing analogue receivers. Unlike
typical analogue receivers, however, the signal is filtered, A/D converted at IF, and digitally down converted
to baseband in-phase and quadrature signal components. The hybrid signal is then split into analogue and
DSB components. The analogue component is then demodulated to produce a digitally sampled audio signal.
The DSB signal is synchronized and demodulated into symbols. These symbols are deframed for subsequent
deinterleaving and FEC decoding. The resulting bit stream is processed by the audio decoder to produce the
digital stereo DSB output. This DSB audio signal is delayed by the same amount of time as the analogue
signal was delayed at the transmitter. The audio blend function blends the digital signal to the analogue
signal if the digital signal is corrupted and is also used to quickly acquire the signal during tuning or
reacquisition.

Noise blanking is an integral part of the IBOC receiver and is used to improve digital and analogue
reception. Receivers use tuned circuits to filter out adjacent channels and intermodulation products. These
tuned circuits tend to “ring”, or stretch out short pulses into longer interruptions. A noise blanker senses the
impulse and turns off the RF stages for the short duration of the pulse, effectively limiting the effects on the
analogue “listenability,” of ringing. Short pulses have a minimal effect on the digital data stream and
increases “listenability of the analogue signal” (see Note 1).

NOTE 1 — The data paths and the noise blanker circuit are not shown for simplicity.
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FIGURE 9
Hybrid MF IBOC typical receiver block diagram
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14 ISDB-Tsp
1.4.1 Features of ISDB-Tsg
14.1.1 Ruggedness of ISDB-Tgg

The ISDB-Tsg system uses OFDM modulation, two-dimensional frequency-time interleaving and
concatenated error correction codes. OFDM is a multi-carrier modulation method, and it is a multipath-proof
modulation method, especially adding a guard interval in the time domain. The transmitted information is
spread in both the frequency and time domains by interleaving, and then the information is corrected by the
Viterbi and Reed-Solomon (RS) decoder. Therefore a high quality signal is obtained in the receiver, even
when working in conditions of severe multipath propagation, whether stationary or mobile.

1.4.1.2 Wide variety of transmission

The ISDB-Tsg system adopts BST-OFDM, and consists of one or three OFDM-segments. That is single-
segment transmission and triple-segment transmission. A bandwidth of OFDM-segment is defined in one of
three ways depending on the reference channel raster of 6, 7 or 8 MHz. The bandwidth is a fourteenth of the
reference channel bandwidth (6, 7 or 8 MHz), that is, 429 kHz (6/14 MHz), 500 kHz (7/14 MHz), 571 kHz
(8/14 MHz). The bandwidth of OFDM-segment should be selected in compliance with the frequency
situation in each country.

The bandwidth of single-segment is around 500 kHz, therefore the bandwidth of single-segment transmission
and triple-segment transmission is approximately 500 kHz and 1.5 MHz.

The ISDB-Tsg system has three alternative transmission modes which allow the use of a wide range of
transmitting frequencies, and four alternative guard interval lengths for the design of the distance between
SFN transmitters. These transmission modes have been designed to cope with Doppler spread and delay
spread, for mobile reception in presence of multipath echoes.
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1.4.1.3  Flexibility

A multiplex structure of the ISDB-Tgg system is fully compliant with MPEG-2 systems architecture.
Therefore various digital contents such as sound, text, still picture and data can be transmitted
simultaneously.

In addition, according to the broadcaster’s purpose, they can select the carrier modulation method, error
correction coding rate, length of time interleaving, etc. of the system. There are four kinds of carrier
modulation method of DQPSK, QPSK, 16-QAM and 64-QAM, five kinds of coding rate of 1/2, 2/3, 3/4, 5/6
and 7/8, and five kinds of time interleaving length from 0 to approximately 1 s. The TMCC carrier transmits
the information to the receiver indicating the kind of modulation method and coding rate that are used in the
system.

14.14 Flexibility Commonality and interoperability

The ISDB-Tgp system uses BST-OFDM modulation and adopts MPEG-2 systems. Therefore the system has
commonality with the ISDB-T system for digital terrestrial television broadcasting (DTTB) in the physical
layer, and has commonality with the systems such as ISDB-T, ISDB-S, DVB-T and DVB-S which adopt
MPEG-2 Systems in the transport layer.

1.4.1.5  Efficient transmission and source coding

The ISDB-Tgp system uses a highly-spectrum efficient modulation method of OFDM. Also, it permits
frequency reuse broadcasting networks to be extended using additional transmitters all operating on the same
radiated frequency.

In addition, the channels of independent broadcasters can be transmitted together without guardbands from
the same transmitter as long as the frequency and bit synchronization are kept the same between the
channels.

The ISDB-Tsg system can adopt MPEG-2 AAC. Near CD quality can be realized at a bit rate of 144 kbit/s
for stereo.

1.4.1.6 Independency of broadcasters

The ISDB-Tsg system is a narrow-band system for transmission of one sound programme at least. Therefore
broadcasters can have their own RF channel in which they can select transmission parameters independently.

1.4.1.7 Low-power consumption

Almost all devices can be made small and light weight by developing LSI chips. The most important aspect
of efforts to reduce battery size is that the power consumption of a device must be low. The slower the
system clock, the lower the power consumption. Therefore, a narrow-band, low bit rate system like single-
segment transmission can allow for the receiver to be both portable and lightweight.

14.1.8 Hierarchical transmission and partial reception

In the triple-segment transmission, both one layer transmission and hierarchical transmission can be
achieved. There are two layers of A and B in the hierarchical transmission. The transmission parameters of
carrier modulation scheme, coding rates of the inner code and a length of the time interleaving can be
changed in the different layers.

The centre segment of hierarchical transmission is able to be received by single-segment receiver. Owing to
the common structure of an OFDM segment, a single-segment receiver can partially receive a centre segment
of full-band ISDB-T signal whenever an independent program is transmitted in the centre segment.

Figure 10 shows an example of hierarchical transmission and partial reception.
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FIGURE 10

Example diagram of hierarchical transmission and partial reception
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1.4.2  Transmission parameters

The ISDB-Tsg system can be assigned to 6 MHz, 7 MHz or 8§ MHz channel raster. Segment bandwidth is
defined to be a fourteenth of channel bandwidth, therefore that is 429 kHz (6/14 MHz), 500 kHz (7/14 MHz)
or 571 kHz (8/14 MHz). However, the segment bandwidth should be selected in compliance with the
frequency situation in each country.

The transmission parameters for the ISDB-Tsg system are shown in Table 1.

TABLE 1
Transmission parameters for the ISDB-Tgg
Mode Mode 1 ‘ Mode 2 Mode 3
Total number of segments(l) (Ny=ny+n.) 1,3
Reference channel raster (BWf') (MHz) 6,7,8
Segment bandwidth (BWs) (kHz) BWf x1000/14
Used bandwidth (BWu) (kHz) BWs X N, + C;
Number of segments for differential modulation ny
Number of segments for coherent modulation n,
Carrier spacing (Cy) (kHz) BWs/108 BWs/216 BWs/432
Total 108 X N;+ 1 216 X Ny + 1 432 X Ny + 1
Data 96 X N; 192 X N 384 x N;
Number of Sp® 9 X n, 18 X n, 36 X n,
carriers cp? ng+ 1 ng+1 ng+1
T™CC® ne+5Xny 2xn.+10xn; | 4xn.+20xn,
AC1® 2 % N, 4+ N, 8 X N,
AC2W 4% ny 9 X ny 19 X ny
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TABLE 1 (end)

Mode | Mode 1 Mode2 |  Mode3 | Mode
Carrier modulation DQPSK, QPSK, 16-QAM, 64-QAM
Number of symbol per frame 204
Useful symbol duration (7,) (Us) 1 000/C;

Guard interval duration (7y) 1/4,1/8,1/16 or 1/32 of T,
Total symbol duration (75) T,+T,
Frame duration (7 T, % 204
FET samples () Spoh | aoed | a0m ooy
FFT sample clock (F,.) (MHz) F.=FJ/T,
Inner code Convolutional code
(Coding rate = 1/2, 2/3, 3/4, 5/6, 7/8)
(Mother code = 1/2)
Outer code (204,188) RS code
Time interleave parameter (/) 0,4,8,16, 32 ‘ 0,2,4,8,16 ‘ 0,1,2,4,8
Length of time interleaving Ix95xT;

FFT: fast Fourier transform.

() The ISDB-Tgp system uses 1 or 3 segments for sound services, while any number of segments may be used for
other services such as television services. (Compare with System C of Recommendation ITU-R BT.1306.)

@ SP (scattered pilot), and CP (continual pilot) can be used for frequency synchronization and channel estimation.
The number of CP includes CPs on all segments and a CP for higher edge of whole bandwidth.

) TMCC carries information on transmission parameters.

@ AC (auxiliary channel) carries ancillary information for network operation.

1.4.3  Source coding

The multiplex structure of the ISDB-Tgsp system is fully compliant with MPEG-2 systems architecture,
therefore MPEG-2 transport stream packets (TSPs) containing compressed digital audio signal can be
transmitted. Digital audio compression methods such as MPEG-2 Layer II audio specified in ISO/IEC
13818-3, AC-3 (Digital Audio Compression Standard specified in ATSC Document A/52) and
MPEG-2 AAC specified in ISO/IEC 13818-7 can be applied to the ISDB-Tgp system.

1.4.4  Multiplexing

The multiplex of the ISDB-Tgp system is compatible with MPEG-2 TS ISO/IEC 13818-1. In addition,
multiplex frame and TMCC descriptors are defined for hierarchical transmission with single TS.

Considering maximum interoperation among a number of digital broadcasting systems, e.g. ISDB-S
recommended in Recommendation ITU-R BO.1408, ISDB-T recommended in Recommendation ITU-R
BT.1306 (System C) and broadcasting-satellite service (sound) system using the 2.6 GHz band
recommended in Recommendation ITU-R BO.1130 (System E), these systems can exchange broadcasting
data streams with other broadcasting systems through this interface.

1.44.1 Multiplex frame

To achieve hierarchical transmission using the BST-OFDM scheme, the ISDB-Tsg system defines
a multiplex frame of TS within the scope of MPEG-2 systems. In the multiplex frame, the TS is a continual
stream of 204-byte RS-TSP composed of 188-byte TSP and 16 bytes of null data or RS parity.

The duration of the multiplex frame is adjusted to that of the OFDM frame by counting RS-TSPs using a
clock that is two times faster than the inverse FFT (IFFT) sampling clock in the case of single-segment
transmission. In the case of the triple-segment transmission the duration of the multiple frame is adjusted to
that of the OFDM frame by counting RS-TSPs using a clock that is four times faster than the IFFT sampling
clock.
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1.4.5

This section describes the channel coding block, which receives the packets arranged in the multiplex frame
and passes the channel-coded blocks forward to the OFDM modulation block.

Channel coding

1.4.5.1
Figure 11 shows the functional block diagram of channel coding of the ISDB-Tsg system.

Functional block diagram of channel coding

The duration of the multiplex frame coincides with the OFDM frame by counting the bytes in the multiplex
frame using a faster clock than IFFT-sampling rate described in the previous section.

At the interface between the multiplex block and the outer coding block, the head byte of the multiplex frame
(corresponding to the sync-byte of TSP) is regarded as the head byte of the OFDM frame. In bit-wise
description, the most significant bit of the head byte is regarded as the synchronization bit of OFDM frame.

For the triple-segment layered transmission, the RS-TSP stream is divided into two layers in accordance with
the transmission-control information. In each layer, coding rate of the inner error correction code, carrier-
modulation scheme, and time-interleaving length can be specified independently.

FIGURE 11

Channel coding diagram
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1.4.5.2

RS (204,188) shortened code is applied to each MPEG-2 TSP to generate an error protected TSP that is
RS-TSP. The RS (208,188) code can correct up to eight random erroneous bytes in a received 204-byte
word.

Outer coding

p)=x"+x'+ X+ ¥+ 1
g() = (x = A)(x = AN = M) x =A%) = (x = A)

Field generator polynomial:
Code generator polynomial:
where A =02,

It should be noted that null TSPs from the multiplexer are also coded to RS (204,188) packets.

MPEG-2 TSP and RS-TSP (RS error protected TSP) are shown in Fig. 12. RS error protected TSP is also
called transmission TSP.
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FIGURE 12
MPEG-2 TSP and RS-TSP (transmission TSP)
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1.4.5.3 Energy dispersal

In order to ensure adequate binary transitions, the data from the splitter is randomized with pseudo-random
binary sequence (PRBS).

The polynomial for the PRBS generator shall be:
g) =x"+x"+1
1.4.6  Delay adjustment

In the byte-wise interleaving, the delay caused in the interleaving process differs from stream to stream of
different layer depending on its properties (i.e. modulation and channel coding). In order to compensate for
the delay difference including de-interleaving in the receiver, the delay adjustment is carried out prior to the
byte-wise interleaving on the transmission side.

1.4.6.1 Byte-wise interleaving (inter-code interleaving)

Convolutional byte-wise interleaving with length of /=12 is applied to the 204-byte error protected and
randomized packets. The interleaving may be composed of / = 12 branches, cyclically connected to the input
byte-stream by the input switch. Each branch j shall be a first-in first-out (FIFO) shift register, with length of
J %X 17 bytes. The cells of the FIFO shall contain 1 byte, and the input and output switches shall be
synchronized.

The de-interleaving is similar, in principle, to the interleaving, but the branch indices are reversed. Total
delay caused by interleaving and de-interleaving is 17 X 11 X 12 bytes (corresponding to 11 TSPs).

1.4.6.2 Inner coding (convolutional codes)

The ISDB-Tsg system shall allow for a range of punctured convolutional codes, based on a mother
convolutional code of rate 1/2 with 64 states. Coding rates of the codes are 1/2, 2/3, 3/4, 5/6 and 7/8. This
will allow selection of the most appropriate property of error correction for a given service or data rate in the
ISDB-Tsg services including mobile services. The generator polynomials of the mother code are G; = 1714
for X output and G, = 133, for Y output.

1.4.7 Modulation

Configuration of the modulation block is shown in Figs. 13 and 14. After bit-wise interleaving, data of each
layer are mapped to the complex domain.
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FIGURE 13

Modulation block diagram
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FIGURE 14

Configuration of carrier modulation block
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14.7.1 Delay adjustment for bit interleave

Bit interleave causes the delay of 120 complex data (/ + Q) as described in the next section. By adding
proper delay, total delay in transmitter and receiver is adjusted to the amount of two OFDM symbols.

1.4.7.2 Bit interleaving and mapping

One of the carrier modulation schemes among DQPSK, QPSK, 16-QAM and 64-QAM is selectable for this
System. The serial bit-sequence at the output of the inner coder is converted into a 2-bit parallel sequence to
undergo m/4-shift DQPSK mapping or QPSK mapping, by which n bits of I-axis and Q-axis data are
delivered. The number » may depend on the hardware implementation. In the case of 16-QAM, the sequence
is converted into a 4-bit parallel sequence. In 64-QAM, it is converted into a 6-bit parallel sequence. After
the serial-to-parallel conversion, bit-interleaving is carried out by inserting maximum 120-bit delay.

1.4.7.3 Data segment

Data segment is defined as a table of addresses for complex data, on which rate conversion, time
interleaving, and frequency interleaving shall be executed. The data segment corresponds to the data portion
of OFDM segment.

1.4.7.4 Synthesis of layer-data streams

After being channel-coded and mapped, complex data of each layer are inputted every one symbol to pre-
assigned data-segments.

The data stored in all data segments are cyclically read with the IFFT-sample clock; then rate conversions
and synthesis of layer data streams are carried out.

1.4.7.5 Time interleaving

After synthesis, symbol-wise time interleaving is carried out. The length of time-interleaving is changeable
from 0 to approximately 1 s, and shall be specified for each layer.

1.4.7.6  Frequency interleaving

Frequency interleaving consists of inter-segment frequency interleaving, intra-segment carrier rotation, and
intra-segment carrier randomization. Inter-segment frequency interleaving is taken among the segments
having the same modulation scheme. Inter-segment frequency interleaving can be carried out only for triple-
segment transmission. After carrier rotation, carrier randomization is performed depending on the
randomization table.
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1.4.7.7 OFDM segment-frame structure

Data segments are arranged into OFDM segment-frame every 204 symbols by adding pilots such as CP, SP,
TMCC and AC. The modulation phase of CP is fixed at every OFDM symbol. SP is inserted in every
12 carriers and in every 4 OFDM symbols in the case of coherent modulation method. The TMCC carrier
carries transmission parameters such as carrier modulation, coding rate and time interleaving for the receiver
control. The AC carrier carries the ancillary information.

1.5 ATSC
1.5.1 Overview of the ATSC Digital Television System

The ATSC Digital Television (DTV) standard ushered in a new era in television broadcasting. The impact of
DTV is more significant than simply moving from an analog system to a digital system. Rather, DTV
permits a level of flexibility wholly unattainable with analog broadcasting. The ATSC Digital Television
Standard describes a system designed to transmit high quality video and audio and ancillary data within a
single 6 MHz terrestrial television broadcast channel. The design emphasis on quality resulted in the advent
of digital HDTV and multi channel surround-sound. The ATSC system pioneered a layered architecture that
separates picture formats, compression coding, data transport and digital transmission as shown in Fig. 15.

FIGURE 15
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A block diagram of the system is provided in Fig. 16.
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RF Transmission
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1.5.1.1 Video Formats

Note: PSIP refers to ATSC
Standard (A/65) which

was dev eloped
subsequent to ATSC
Standards (A/52), (A/53)
and to this Guide. For
details regarding PSIP
refer to ATSC Standard
(A/65).
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The source video formats for the ATSC standard were carefully selected for their interoperability
characteristics with film (wide aspect ratio and 24 fps), computers (square pixels and progressive scanning),
and legacy television systems (480 lines and ITU-601 sampling), as illustrated in Fig. 3. In addition, the
HDTYV formats and the square pixel SDTV format are related by simple 3:2 ratios, allowing high quality, yet
economical conversion among these formats. ATSC system.

1.5.1.2 Video Compression

The ATSC DTV Standard specifies the MPEG-2 video stream syntax (Main Profile at High Level) for the
coding of video. The ATSC DTV Standard defines the video formats for HDTV and SDTV (Table 2).



96 Rap. UIT-R BT.2140-1

TABLE 2

Digital Television Standard Video Formats*

Vertical lines | Pixels | Aspect ratio Picture rate
1080 1920 16:9 601, 30P, 24P
720 1280 16:9 60P, 30P, 24P
480 704 16:9 and 4:3  |60P, 601, 30P, 24P
480 640 4:3 60P, 601, 30P, 24P

*Note that both 60.00 Hz and 59.94 (60x1000/1001) Hz picture
rates are allowed. Dual rates are allowed also at the picture rates
of 30 Hz and 24 Hz.

ATSC consumer receivers are designed to decode all HDTV and SDTV streams providing program service
providers with maximum flexibility.

ATSC also provides the ability to utilize Advanced Video Coding (AVC) within an ATSC DTV
transmission. Part 1 of ATSC A/72, “Video System and Characteristics of AVC in the ATSC Digital
Television System," and "Part 2 “AVC Video Transport Subsystem Characteristics". The standard details
the methodology to utilize Advanced Video Coding (AVC) within an ATSC DTV transmission. AVC which
was developed by the ITU-T Video Coding Experts Group together with the ISO/IEC Moving Picture
Experts Group is also known as H.264 and MPEG-4 Part 10. The A/72 Standard defines constraints with
respect to AVC, compression format restraints, low delay and still picture modes, and bit stream
specifications.

1.5.1.3 Audio Compression

The ATSC DTV Standard utilizes “Digital Audio Compression (AC-3)” for the coding of audio as based
upon the ATSC A/52 Standard.

1.5.1.4 Transport

Transport defines the methodology of dividing each bit stream into “packets” of information. The ATSC
system employs the MPEG-2 transport stream syntax for the packetization and multiplexing of video, audio,
and data signals for digital broadcasting systems.

The ATSC A/65 Program and System Information Protocol (PSIP) describes the information at the system
and event levels for all virtual channels (channel numbers are not tied directly to the actual RF channel
frequency) carried in a particular TS. Additionally, information for analog channels as well as digital
channels from other Transport Streams may be incorporated.

There are two main categories of information in the ATSC PSIP Standard (A65), system information and
program data. System information allows navigation and access of the channels within the DTV transport
stream, and the program data provides necessary information for efficient browsing and event selection.
Some tables announce future events and some are used to locate the digital streams that make up an event.
The PSIP data are carried via a collection of hierarchically arranged tables, repeated in the packet stream at
frequent intervals.

1.5.1.5 RF Transmission

“RF Transmission” refers to channel coding and modulation. The channel coder takes the packetized digital
bit stream, reformats it and adds additional information that assists the receiver in extracting the original data
from the received signal, which due to transmission impairments may contain errors. In order to protect
against both burst and random errors, the packet data is interleaved before transmission and Reed-Solomon
[isn’t a reference needed?] forward error correcting codes are added. The modulation (or physical layer) uses


http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
http://en.wikipedia.org/wiki/Moving_Picture_Experts_Group
http://en.wikipedia.org/wiki/Moving_Picture_Experts_Group
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the digital bit stream information to modulate a carrier for the transmitted signal. The basic modulation
system offers two modes: an 8-VSB mode and a 16-VSB mode. The 8-VSB mode was designed for spectral
efficiency, maximizing the data throughput with a low receiver carrier-to-noise (C/N) threshold requirement,
high immunity to both co-channel and adjacent channel interference, and high robustness to transmission
errors. The attributes of 8-VSB allow DTV channels to co-exist in a crowded spectrum environment that
contains both analog and digital television signals. In addition, the lower power requirements (typically, 12
dB lower than analog NTSC) of 8-VSB allow ATSC DTV stations to exist on channels where analog stations
cannot due to interference constraints. The spectral efficiency and power requirement characteristics of 8-
VSB are essential to the conversion of terrestrial broadcast transmission from analog to digital since new
spectrum is not allotted during the transition phase.

1.5.2 ATSC-M/H System Overview

The ATSC Mobile/Handheld service (M/H) shares the same RF channel as a standard ATSC broadcast
service described in ATSC A/53. M/H is enabled by using a portion of the total available 19.4 Mbit/s
bandwidth and utilizing delivery over IP transport. A block diagram representation of the broadcast system is
shown in Fig. 17.

Central to the M/H system are additions to the physical layer of the ATSC transmission system that are
easily decodable under high Doppler rate conditions. Extra training sequences and forward error correction
(FEC) are added to assist reception of the enhanced stream(s). Consideration has also been given to the many
system details that make such a signal compatible with legacy ATSC receivers, particularly audio decoder
buffer constraints; but also such constraints as MPEG transport packet header standards, requirements for
legacy PSIP carriage, etc. These changes do not alter the emitted spectral characteristics. The ATSC-M/H
system broadcast protocol stack is illustrated in Fig. 17.

FIGURE 17
ATSC-M/H broadcast protocol stack
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1.5.2.1 Description of A/153 Parts

The following sections provide an over view of the Parts that make up the ATSC-M/H system.

1.5.2.1.1 Part 2 - RF/ Transmission

M/H data is partitioned into Ensembles, each of which contains one or more services. Each Ensemble uses an
independent RS Frame (an FEC structure), and furthermore, each Ensemble may be coded to a different level
of error protection depending on the application. M/H encoding includes FEC at both the packet and trellis
levels, plus the insertion of long and regularly spaced training sequences into the M/H data. Robust and
reliable control data is also inserted for use by M/H receivers. The M/H system provides bursted
transmission of the M/H data, which allows the M/H receiver to cycle power in the tuner and demodulator
for energy saving.

1.5.2.1.2 Part 3 - Service Multiplex and Transport Subsystem

In the ATSC-M/H physical layer system, the M/H data is transferred by a time-slicing mechanism to
improve the receiver’s power management capacity. Each M/H Frame time interval is divided into 5 sub-
intervals of equal length, called M/H Subframes. Each M/H Subframe is in turn divided into 4 sub-divisions
of length 48.4 ms, the time it takes to transmit one VSB frame. These VSB frame time intervals are in turn
divided into 4 M/H Slots each (for a total of 16 M/H Slots in each M/H Subframe).

The M/H data to be transmitted is packaged into a set of consecutive RS Frames, where this set of RS
Frames logically forms an M/H Ensemble. The data from each RS Frame to be transmitted during a single
M/H Frame is split up into chunks called M/H Groups, and the M/H Groups are organized into M/H Parades,
where an M/H Parade carries the M/H Groups from up to two RS Frames but not less than one. The number
of M/H Groups belonging to an M/H Parade is always a multiple of 5, and the M/H Groups in the M/H
Parade go into M/H Slots that are equally divided among the M/H Subframes of the M/H Frame.

The RS Frame is the basic data delivery unit, into which the IP datagrams are encapsulated. While an M/H
Parade always carries a Primary RS Frame, it may carry an additional Secondary RS Frame as output of the
baseband process. The number of RS Frames and the size of each RS Frame are determined by the
transmission mode of the M/H physical layer subsystem. Typically, the size of the Primary RS Frame is
bigger than the size of Secondary RS Frame, when they are carried in one M/H Parade.

The Fast Information Channel (FIC) is a separate data channel from the data channel delivered through RS
Frames. The main purpose of the FIC is to efficiently deliver essential information for rapid M/H Service
acquisition. This information primarily includes binding information between M/H Services and the M/H
Ensembles carrying them, plus version information for the M/H Service Signaling Channel of each M/H
Ensemble.

In ATSC-M/H, an “M/H Service” is similar in general concept to a virtual channel as defined in ATSC
A/65C [10]. An M/H Service is a package of IP streams transmitted through M/H Multiplex, which forms a
sequence of programs under the control of a broadcaster which can be broadcast as part of a schedule.
Typical examples of M/H Services include TV services and audio services. Collections of M/H Services are
structured into M/H Ensembles, each of which consists of a set of consecutive RS Frames.

In general, there are two types of files that might be delivered using the methods described in this standard.
The first of these is content files, such as music or video files. The second type of file that may be
transmitted is a portion of the service guide. This includes long- and short-term keys for service protection,
logos, and SDP files. In either case, the delivery mechanisms are the same and it is up to the terminal to
resolve the purpose of the files.

1.5.2.1.3 Part 4 - Announcement

In an M/H system, the Services available on that system (or another system) are announced via the
Announcement subsystem. Services are announced using a Service Guide. A Service Guide is a special M/H
Service that is declared in the Service Signaling subsystem. An M/H receiver determines available Service
Guides by reading the Guide Access Table for M/H (GAT-MH). This table lists the Service Guides present
in the M/H broadcast, gives information about the service provider for each guide, and gives access
information for each guide.
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The ATSC-M/H Service Guide is an OMA BCAST Service Guide, with constraints and extensions as
specified in this standard. A Service Guide is delivered using one or more IP streams. The main stream
delivers the Announcement Channel, and zero or more streams are used to deliver the guide data. If separate
streams are not provided, guide data is carried in the Announcement Channel stream.

1.5.2.1.4 Part 5 - Application Framework

The primary objective for the M/H platform is to deliver a set of audio and/or video services from a
transmission site to mobile or portable devices. The Application Framework for enables the broadcaster of
the audio-visual service to author supplemental content to define and control various additional elements to
be used in conjunction with the M/H audio-visual service. It enables one to define auxiliary (graphical)
components, layout for the service, transitions between layouts and composition of audio-visual components
with auxiliary data components. Furthermore, it enables the broadcaster to send remote events to modify the
presentation and to control presentation timeline. The Application Framework further enables coherent
rendering of the service and its layout over a variety of device classes and platforms, rendering of action
buttons and input fields, and event handling and scripting associated with such buttons and fields.

1.5.2.1.5 Part 6 - Service Protection

Service Protection refers to the protection of content, be that files or streams, during its delivery to a receiver.
Service Protection assumes no responsibility for content after it has been delivered to the receiver. It is
intended for subscription management. It is an access control mechanism, only.

The ATSC-M/H Service Protection system is based on the OMA BCAST DRM Profile. It consists of the
following components:

— Key provisioning

— Layer 1 registration

— Long-Term Key Message (LTKM), including the use of Broadcast Rights Objects (BCROs) to deliver
LTKMs

— Short-Term Key Messages (STKM)

— Traffic encryption.

The system relies on the following encryption standards:
— Advanced Encryption Standard (AES)

— Secure Internet Protocol (IPsec)

— Traffic Encryption Key (TEK)

In the OMA BCAST DRM Profile there are two modes for Service Protection—interactive and broadcast-
only mode. In interactive mode, the receiver supports an interaction channel to communicate with a service
provider, to receive Service and/or Content Protection rights. In broadcast-only mode, the receiver does not
use an interaction channel to communicate with a service provider. Requests are made by the user through
some out-of-band mechanism to the service provider, such as calling a service provider phone number or
accessing the service provider website.

1.5.2.1.6 Part 7 - AVC and SVC Video System

The M/H system uses MPEG-4 AVC and SVC video coding as described in ISO/IEC 14496 Part 10, with
certain constraints.

1.5.3.1.7 Part 8 - HE AAC Audio System

The M/H system uses MPEG-4 HE AAC v2 audio coding as described in ISO/IEC 14496 Part 3, with certain
constraints. HE AAC v2 is used to code mono or stereo audio. HE AAC v2 is the combination of three audio
coding tools, MPEG-4 AAC, Spectral Band Replication (SBR) and Parametric Stereo (PS).

1.5.3  System Configuration Signaling

Recognizing that the mobile sector of the economy is subject to rapid technology change, the needs for
continued viability of the system in the face of change were formalized. As there are many technological
elements of the system, they were grouped into functional units called elementary subsystems.
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1.6 DVB-T

1.6.1 DVB-T variants

The DVB-T standard allows for different levels of modulation and different code rates to be used to trade bit
rate versus ruggedness. As some variants can be selected as representative of the much larger set of all
variants, it will be necessary to select such a sub-set for the planning Conference. This sub-set is useful to
avoid too many options that would otherwise need to be displayed.

The non-hierarchical variants are chosen as being typical of some expressed requirements and are close to
others; for the DVB-T example, it is to be expected that channel requirements for a variant with a code rate
of 2/3 will be similar to those for a variant with a code rate of 3/4, for the same modulation.

A2: QPSK, 2/3: this variant provides a low data capacity of only 6 to 8 Mbit/s but it does provide a
very rugged service.

B2: 16-QAM, 2/3:  the data capacity is moderate at 13 Mbit/s to 16 Mbit/s and this variant may be of
interest for providing reasonably rugged services especially for portable or mobile
reception.

C2: 64-QAM, 2/3:  this variant has a high data capacity, 20 Mbit/s to 24 Mbit/s but provides less rugged
services and is particularly sensitive to self-interference effects in large area SFNs.

1.6.2 Hierarchical variant

Hierarchical DVB-T system variants mean that the MPEG-2 bit stream is divided into two parts: the high
priority stream and the low priority stream. The high priority stream is the rugged part of the hierarchical
system and uses QPSK modulation and an appropriate code rate to provide the necessary protection against
noise and interference. Because of the type of modulation, the data capacity is low (about 5 to 6 Mbit/s).
However, the C/I ratio is worse than that for a non-hierarchical QPSK system although the data capacity is
the same as that of a QPSK system of the same code rate.

The low priority stream is the more fragile part of the hierarchical system and may be either 16-QAM or
64-QAM. Not much consideration has been given to a low priority stream using 16-QAM because the data
capacity of the low priority stream is about the same as that of the high priority stream. A low priority stream
using 64-QAM provides about twice the capacity of the high priority QPSK stream. Its exact capacity
relative to that of the high priority stream depends on the relative code rate of the two streams.

The hierarchical system variants could be used in several ways. One example would be for a combination of
fixed and mobile services in the same area, where the high priority stream gives robust mobile coverage and
the low priority stream provides fixed antenna reception.

1.6.3 Guard interval

OFDM, as used in DVB-T, exhibits relatively long symbol periods due to its multi-carrier nature. This long
symbol period provides a degree of protection against inter-symbol interference caused by multipath
propagation. This protection can, however, be greatly enhanced by use of a guard interval. The guard interval
is a cyclic extension of the symbol. In simplistic terms, a section of the start of the symbol is simply added to
the end of the symbol.

For MFNs, small guard intervals are used while for SFNs, larger guard intervals are required. There is a
trade-off between the length of the guard interval and the data capacity. For a given DVB-T variant, a larger
guard interval length implies a lower data capacity.

1.6.4 DVB-T in Band III

There are indications that the use of Band III (174-230 MHz) is being considered for DVB-T in some
countries. Band III propagation is particularly suitable for portable and mobile reception, because of the
uniform field strength distribution that can be achieved in that band, together with the possibility of
achieving large area coverage with lower power than would be needed using UHF frequencies. However, in
some parts of the planning area (eastern Mediterranean area and Gulf area) the situation is different due to
propagation anomalies such as ducting and super-refraction.



Rap. UIT-R BT.2140-1 101

A challenge to be faced within Band III is the existence of several channelling arrangements, including the
use of 7 MHz and 8 MHz bandwidth channels. Any possible move to a uniform channel raster presents a
long-term challenge due to the existing complex non-uniform situation.

The following advantages have led to an increased interest in DVB-T in VHF Band I1I:
- coverage for large areas is achieved with fewer transmitters than are required at UHF;

- mobile reception (reduction of Doppler effect).

At VHF, propagation conditions are different from UHF; therefore suitable networks may also be different.
Furthermore the Doppler shift for mobile reception is less at VHF than at UHF due to the lower frequencies.
This is a clear advantage for VHF when administrations consider deploying mobile DVB-T.

1.7 DVB-H

1.7.1  Building and validating an open and scalable network architecture

The interworking points between the different domains and actors will also be identified with the objective
of defining interworking units whenever required. System engineering rules will be articulated in order to
cope with scalability issues. This in particular requires identifying the parameters that are key when scaling
up the system. This is crucial to allow the successful progressive introduction of open systems with
distributed management functions.

Field trials that include testing of an open operational architecture composed of several broadcast cells will
give final input on the viability of the overall system. The novelty will consist in having an open
demonstrator addressing the complete/commercial-like architecture. Roaming will be tested between
different partners' sites, for instance. Feedback from a panel of users will determine whether the services
have sufficiently user-friendly interfaces and will qualify the technical and commercial viability of the
services.

Technology development in the project is articulated around three domains that intend to make particularly
innovative contributions on:

- content, services and applications,
- user devices,

- networks.

1.7.2  Content, services and applications

The business motivation in this area is to increase content/service creation productivity because of the
increasingly diverse means of accessing services in terms of networks and terminals. This productivity is
enhanced only at the expense of making common as many steps as possible in the content/service creation
process.

In content generation and production, the migration from the more or less autonomous production workflows
of separate departments to workflows where content is created in a multitude of formats to be transmitted via
a number of platforms and channels to different terminals will be planned. Content will be produced,
generated and edited from a number of sources. A central server architecture connected to a content
management system will be implemented allowing for quick, cost-efficient and automated content editing. A
mechanism will be established for ensuring that user privacy and security is kept in a common digital
environment.

1.7.3 User devices

The main user-device-related objective is to pave the way for the commercial introduction of end-user
devices able to provide intuitive access to mobile/portable broadcast and broadband services in collaborating
networks. The eEurope 2005 action plan recognizes that the development of such terminals is crucial to
social inclusion.

1.7.4 Networks

Assuming that national regulations will evolve according to EC recommendations, the opportunity exists to
deploy new networks specifically targeting broadcast-based mobile and indoor reception, with better
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geographical granularity (i.e. smaller cells). This will lead to the definition and field validation of
deployment rules for a cellularized DVB-T/H system. Because of the potential co-location of low power
DVB-T/H transmitters with 2G/3G base stations, co-existence rules will be defined, depending on the
identified interference scenarios.

Digital Video Broadcasting Handheld (DVB-H) is a new standard for digital terrestrial TV broadcasting to
handheld portable/mobile terminals.

It has been standardised in 2004 by ETSI EN 302 304: “Digital Video Broadcasting (DVB); Transmission
System for Handheld Terminals” (DVB H).

The introduction of DVB-H implied to modify slightly few DVB standards. DVB-T has been improved with
the introduction of a 4 K carriers mode, a depth interleaver, new time stamps (TPS) and a 5 MHz RF
bandwidth. Some people are thinking to introduce 1,5, 3 and 4,5 MHz RF bandwidth in order to fit with the
frequency grid in the L band in region 1 and 3 (RRC). 5 MHz RF channel is used in USA in the L band.

FIGURE 18
DVB-H standards family
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The main objective is to deliver various content (video and audio) compressed with MPEG4 encapsulated in
IP bursts. One of the main challenges was to reduce the power consumption of the handheld devices (mobile
phones, PDA or portable PC) and to allow the reception in various conditions.

In the future, it could be large power transmitter in order to cover a great number of users at once (one to
many) with a dedicated format of content and even to be able to deliver interactive services in small cells
with low power transmitters compatible with GSM or UMTS cells.
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There are two options in term of frequency usage:

- UHF for large coverage areas, from one DVB-H service up to a full channel filled with DVB-H
services (see figure hereafter which shows a DVB-T service + several DVB-H services in the same

channel. The DVB-T transport stream (service 4 ) has a constant bitrate the other services (1, 2 and
3) are DVB-H IP bursts) .

- L bands for small coverage areas with full channel filled with DVB-H services.

FIGURE 19
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In one 8 MHz channel, it is possible to broadcast up to 50 different programs with an average of 400 kbits/s
MPEG#4 streams.

The definition of the image is fitting with the size of the display of the handheld device which means (CIF or
QVGA).

DVB-H benefits of the advantages of OFDM modulation scheme combined with IP slicing.

In term of usage, DVB-H is a relevant example of converging technology: Convergence between
Broadcasting and Telecommunication. However, the introduction of that technology has to be managed
carefully in term of frequency allocation and/or sharing.

1.8 ISDB-T

1.8.1 ISDB-T Transmission Parameters

ISDB-T consists of 13 OFDM segments. One OFDM segment corresponds to a frequency spectrum having a
bandwidth of B/14 MHz (B means the bandwidth of a terrestrial TV channel: 6, 7 or 8 MHz), so one segment
occupies bandwidth 6/14 MHz (428.57 kHz), 7/14 MHz (500 kHz) or 8/14 MHz (571.29 kHz). Television
broadcasting employs 13 segments with a transmission bandwidth of about 5.6MHz, 6.5 MHz or 7.4 MHz.

ISDB-T has three transmission modes having different carrier intervals in order to deal with a variety of
conditions such as the variable guard interval as determined by the network configuration and the Doppler
shift occurring in mobile reception. In Mode 1, one segment consists of 108 carriers, while Modes 2 and 3
feature two times and four times that number of carriers, respectively. Table 2 lists the basic parameters of
each mode in ISDB-T system.

A digital signal is transmitted in sets of symbols. The active symbol duration is the reciprocal of the carrier
spacing — this condition prevents carriers in the band from interfering with each other. The guard interval is a
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time-redundant section of information that adds a copy of the latter portion of a symbol to the symbol’s
“front porch” with the aim of absorbing interference from multi-path-delayed waves. Accordingly,
increasing the guard-interval duration in the signal decreases the information bit rate. An OFDM frame
consists of 204 symbols with guard intervals attached regardless of the transmission mode. The time
interleaving duration in real time depends on the parameters set at the digital-signal stage and on the guard-
interval duration, and consequently the values shown in Table 3 for these parameters are approximate.

The error-correction scheme uses concatenated codes, namely, Reed-Solomon (204,188) code for the outer
code and convolutional code for the inner code. The information bit rate takes on various values depending
on the selected modulation scheme, inner-code coding rate, and guard-interval ratio. The range shown in
Table 2 reflects the minimum and maximum values for 13 segments.

TABLE 3
Basic parameter of ISDB-T system
Transmission parameter Mode 1 ‘ Mode 2 Mode 3
Number of segments 13

Bandwidth

5.57 MHz (6M*)
6.50 MHz (7M*)
7.43 MHz (8M*)

5.57 MHz (6M*)
6.50 MHz (7TM*)
7.43 MHz (8M*)

5.57 MHz (6M*)
6.50 MHz (7M*)
7.43 MHz (8M*)

Carrier spacing

3.968 kHz (6M*)
4.629 kHz (TM*)
5.271 kHz (8M*)

1.948 kHz (6M*)
2.361 kHz (TM*)
2.645 kHz (8M*)

0.992 kHz (6M*)
1.157 kHz (7TM*)
1.322 kHz (8M*)

Number of carriers

1405

2809

5617

252 us (6M*)

504 us (6M*)

1008 us (6M*)

216 us (7M*) 432 us (TM¥) 864 us (TM*)
189 us (8M*) 378 us (8M*) 756 us (8M*)
1/4, 1/8, 1/16, 1/32 of active symbol duration
QPSK, 16-QAM, 64-QAM, DQPSK

Active symbol duration

Guard interval duration

Carrier modulation

Number of symbols per

frame 204

Time interleaving

duration 0, 0.1s, 0.2s, 0.4s

Convolutional coding (1/2, 2/3, 3/4, 5/6, 7/8)
RS(204,188)

3.65-23.2 Mbit/s (6M*)
4.26-27.1 Mbit/s (TM*)
4.87-31.0 Mbit/s (8M*)

Inner code

Outer code

Information bit rate

Hierarchical

N Maximum 3 levels (Layer A, B, C)
transmission

* Bandwidth of a terrestrial TV channel.

1.8.2 Hierarchical Transmission

A mixture of fixed-reception programs and handheld reception programs is made possible through
hierarchical transmission achievable by band division within a channel. “Hierarchical transmission” means
that the three elements of channel coding, namely, the modulation scheme, the coding rate of convolutional
error-correcting code, and the time interleaving duration, can be independently selected. Time and frequency
interleaving are each performed in their respective hierarchical data segment.

As described above, the smallest hierarchical unit in a frequency spectrum is one OFDM segment. Referring
to Fig. 20, one television channel consists of 13 OFDM segments, and up to three hierarchical layers (Layers
A, B, and C) can be set with regard to these segments. If the OFDM signal is transmitted using only one
layer, the layer is A. If the signal is transmitted using two layers, the center “rugged” layer is A and the outer
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layer is B. If the signal is transmitted using three layers, the center “rugged” layer is A, the middle layer is B,
and the outer layer is C. Taking the channel-selection operation of the receiver into account, a frequency
spectrum segmented in this way must follow a rule for arranging segments. In addition, one layer can be set
for the single center segment as a partial-reception segment for handheld receivers of one-segment services.
In this case, the center segment is Layer A. Using the entire band in this way is called ISDB-T. Audio
broadcasts and one-segment services feature a basic one-segment format as well as a three-segment
expanded format, both referred to as ISDB-Tsp.

FIGURE 20
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1.8.3 Outline of ISDB-T

Figure 21 shows ISDB-T system configuration. This system uses MPEG-2 Video coding and MPEG-2
advanced audio coding (AAC) for source coding. Moreover, it adopts MPEG-2 Systems for encapsulating
data streams. Therefore, various digital content such as sound, text, still pictures, and other data can be
transmitted simultaneously. For channel coding, transmission parameters may be individually set for each
layer, making for flexible channel composition. Furthermore, to achieve an interface between multiple
MPEG-2 Transport Streams (TSs) and the Channel coding, these TSs are re-multiplexed into a single TS. In
addition, transmission control information, such as channel segment configuration, transmission parameters,
etc., are sent to the receiver in the form of a transmission multiplexing configuration control (TMCC) signal.
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FIGURE 21
ISDB-T system configuration
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1.9 T-DMB

1.9.1 T-DMB General

Terrestrial Digital Multimedia Broadcasting (T-DMB) system, is the extended system compatible with
Digital Sound Broadcasting System A, which enables video services by using T-DAB networks for handheld
receivers in mobile environment. This system uses frequency bands of band Il and L-band, which T-DAB
networks are in operation.

T-DMB provides multimedia services including video, audio, and interactive data. For audio services
it uses MUSICAM as specified in DSB System A and for video services MPEG-4 standards. ITU-T
H.264 | MPEG-4 AVC standard is used for video, MPEG-4 ER-BSAC or MPEG-4 HE AAC for the
associated audio, and MPEG-4 BIFS and MPEG-4 SL for interactive data. Outer channel coding of Reed-
Solomon code applies to guarantee the good performance of video reception.

Field test results and the summary of T-DMB specification are included in the Report ITU-R BT.2049. The
specification of T-DMB was standardized by ETSI in 2005. ETSI TS 102 427 and ETSI TS 102 428 describe
error protection mechanism and the A/V codec of the T-DMB system, respectively. A variety of receivers
are in the market: PC (laptop) type, vehicular type, and PDA type as well as mobile phone.

1.9.2  System architecture

The system for the T-DMB video services has the architecture that transmits MPEG-4 contents encapsulated
using “MPEG-4 over MPEG-2 TS” specification as illustrated in Fig. 21.

Video service is delivered through the stream mode of DSB System A transmission mechanism. In order to
maintain bit error rates extremely low, this service uses the error protection mechanism described in ETSI TS
102 427. This video service is composed of three layers: contents compression layer, synchronization layer,
and transport layer. In the contents compression layer in ETSI TS 102 428, ITU-T H.264 | ISO/IEC 14496-
10 AVC is employed for video compression, ISO/IEC 14496-3 ER-BSAC/HE-AAC for audio compression,
and ISO/IEC 14496-11 BIFS for auxiliary interactive data services.

To synchronize audio-visual contents both temporally and spatially, ISO/IEC 14496-1 SL is employed in the
synchronization layer. In the transport layer specified in ETSI TS 102 428, some appropriate restrictions are
employed for the multiplexing of compressed audiovisual data.
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FIGURE 22

Conceptual architecture for the video services
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1.9.3 Video service transmission architecture

The conceptual transmission architecture for video services is shown in Fig. 23. The video, audio, and
auxiliary data information for a video service are multiplexed into an MPEG-2 TS and further outer-coded
by the video multiplexer. It is transmitted by using the stream mode specified in DSB System A.
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The conceptual architecture of the video multiplexer for a video service is shown in Fig. 24.

Conceptual transmission architecture for the video services
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FIGURE 23
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FIGURE 24

Architecture of the video multiplexer
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1.9.5 T-DMB specifications
The list of specifications for T-DMB is shown in Table 4.
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TABLE 4
T-DMB specifications

Physical Layer Recommendation ITU-R BS.1114 System A

ETSI EN 300 401
ETSI TS 102 427
ISO/IEC 13818-1
ISO/IEC 14496-1
ETSI TR 101 497
ETSI TS 101 759
ETSI ES 201 735
ETSI TS 101 499
ETSITS 101 498-1
ETSI TS 101 498-2

Encapsulation and protocols for
transmission of content

Multimedia ETSI EN 301 234
Content Format ISO/IEC 14496-11
MPEG-2 Layer II
. . MPEG 4 ER BSAC/MPEG 4
Audio Coding HE-AAC

ETSI TS 102 428

ITU-T Rec. H.264 / MPEG-4 AVC
ETSITS 102 428

Video Coding

1.10 LMDS (Local Multipoint Distribution System)

Since the very preliminary applications of digital terrestrial broadcasting, interactive and multimedia
applications seemed bound to play an important role in the take-off of the new broadcasting standard. Later
on, the availability of MHP standard and of MHP-compatible set-top boxes definitely opened the doors to
interactive and multimedia applications.

Interactive and multimedia terrestrial TV became a key part of the service in Finland, where are operational
in MHP standard since 2002 and interactivity is currently tested also on the Digital Terrestrial TV networks
of Spain, Germany, and Singapore (other countries are invited to send a contribution on this). With the
current launch of Digital Terrestrial Television in Italy, multimedia applications are getting a considerable
interest, also for what concerns interaction with public administration (T-government) and education.

Some countries have started a field trial of IP over digital TV broadcasting.
1.10.1 Use of LMDS systems
1.10.1.1 The LMDS technology approaching the market of multimedia delivery

LMDS at 42 GHz is now a mature technology in terrestrial digital video broadcasting with the capability to
have a great amount of band to offer services to the customers. For example multichannel LMDS and
MPEG2 compression coding system - allowing multiple digital time-shifted programs inside the same
33 MHz video channel - permit NVOD (Near Video On Demand) services, without any "return connection"
between the customer and the Service Provider.

Services with a low interactivity level like Video on Demand (VOD), Games or Home Shopping
applications, can be achieved over LMDS with telephone return channel: most of the commercial DVB Set
Top Boxes (decoders) already include internal telephone modem. Also Internet access with telephone return
channel is achievable, deserving some LMDS down-link channels to deliver Internet traffic.

(All sub-sections describe the situation in European Union. Other administrations are invited to provide
further information on their own scenarios.)
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LMDS technology is rapidly evolving and the introduction of higher levels of interactivity, will move
applications from pure entertainment to Wireless Local Loop (WLL) services. In-band return channels offer
attractive independence from PSTN (Public Switching Telephone Network) for Service Providers.
Interactivity is pushing LMDS and WLL applications into a merge whose continuous technology evolution
will contribute extending profitable business penetration.

Some WLL services promise profitable commercial businesses for Small Business or Home Business
(SOHO) subscribers; in particular high speed Internet surfing seems to be a valuable service for most of the
users.

1.10.2 Some key factors in the technology

The choice of the complete system architecture requires a deep analysis of communication scenarios,
network scenarios and traffic characteristics. The required capacity of a network depends on a large number
of parameters, including the number of users, the applications they use, the protocol efficiency and the
frequency re-use strategy. Access protocols must be able to cope with traffic loading near saturation.

1.10.3 Technological trends and objective constraints

Technology improvements, especially in the millimetre component field, will contribute to extend interactive
LMDS services into large commercial business but, on the other hand, millimeter-wave Remote Terminal
(RT) transceiver architecture must be maintained as simple as possible in order to be cost effective.
Available throughput rate per customer must be traded-off with RT architecture complexity, Base Stations
content feeding, modulation schemes, RT output power and return path link budget.

The design of application oriented LMDS network services in real environments appears to be an issue to be
solved on a case by case basis. Besides automatic design procedures can help in the design producing an
optimised network topology and architecture, cost and infrastructure implications must be carefully
evaluated for each situation.

The main arguments in favour of the LMDS technology are increased data rates available to the user, the
possibility to deliver both general content services and to customise dedicated services within well delimited
geographical areas. Moreover it’s considerable the opportunity for the operators to expand their network over
a few years in terms of number of customers and services offered.

One of the most important factors affecting the success of Broadband Wireless Access Operators is the initial
amount of spectrum licensed per Operator by the Administration. Another important factor is the availability
of additional spectrum to meet demand as Broadband Wireless Access systems rollout. In fact, whilst a
modest amount spectrum may be available in the short term, it will not be sufficient in a long term
perspective where an increasing number of competitors and services will face the market.

1.10.4 Target market foreseen for LMDS

Due to the propagation limitation, line of sight users are mandatory. The target market for Broadband
Wireless Access systems could be a single or multi-tenant building within the coverage area of the cell with
clear line of sight to the base station, and sufficient traffic volume to economically support the cost of the
network infrastructure. There is also the need of a wired building in order to allow the distribution of forward
and return channel, needed if a high interactivity level is requested, to each user from the RF terminal on the
rooftop.

1.11 Forward Link Only (FLO)

1.11.1 Introduction

Video and other rich multimedia services on a cellular phone have been primarily delivered via existing 3G
wireless networks. Until recently this delivery was primarily via unicast wireless networks, although the
availability of multicast methods within the existing unicast networks is increasing. The broadcast-multicast
mechanisms of these 3G networks are basically added onto the existing unicast physical layer. For
simultaneous wide distribution of content, typically beyond a few users per sector, it is generally accepted as
economically advantageous to transition to broadcast-multicast delivery.
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While the cost reduction that can be achieved by a broadcast mode within a unicast framework can be
significant, even greater efficiencies can be achieved by a dedicated broadcast-multicast overlay. This is the
underlying philosophy behind the Forward Link Only technology for broadcasting of multimedia data to
handheld mobile devices.

1.11.2 Forward Link Only system architecture

A Forward Link Only system is comprised of four sub-systems namely Network Operation Centre (NOC —
which consists of a National Operation Centre and one or more Local Operation Centres), Forward Link
Only Transmitters, IMT-2000 networks, and Forward Link Only-enabled devices. Figure 25 shown below is
a schematic diagram of an example of Forward Link Only system architecture.

FIGURE 25

Forward Link Only system architecture example
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1.11.3  Forward Link Only system overview
1.11.3.1 Content acquisition and distribution

In a Forward Link Only network, content that is representative of a linear real-time channel is received
directly from content providers, typically in MPEG-2 format, utilizing off-the-shelf infrastructure equipment.
Non real-time content is received by a content server, typically via an IP link. The content is then
reformatted into Forward Link Only packet streams and redistributed over a single or multiple frequency
network (SFN or MFN). The transport mechanism for the distribution of this content to the Forward Link
Only transmitter may be via satellite, fibre, etc. At one or more locations in the target market, the content is
received and the Forward Link Only packets are converted to Forward Link Only waveforms and radiated
out to the devices in the market using Forward Link Only transmitters. If any local content is provided, it
would have been combined with the wide area content and radiated out as well. Only users of the service
may receive the content. The content may be stored on the mobile device for future viewing, in accordance
to a service programme guide, or delivered in real-time for live streaming to the user device given a linear
feed of content. Content may consist of high quality video (QVGA) and audio (MPEG-4 HE-AAC)? as well
as [P data streams. An IMT-2000 cellular network or reverse communication channel is required to provide
interactivity and facilitate user authorization to the service.

2 High Efficiency AAC (HE AAC) audio profile is specified in “ISO/IEC 14496-3:2001/AMD 1:2003” and is
accessible through the ISO/IEC website. The performance of the HE-AAC profile coder is documented in the
publicly available formal verification test report WG 11 (MPEG) N 6009.
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1.11.3.2 Multimedia and data applications services

A reasonable Forward Link Only-based programming line-up for 25 frames-per-second QVGA video, with
stereo audio, in a single 8 MHz bandwidth frequency allocation, includes 25 to 27 real-time streaming video
channels of wide area content including some real-time streaming video channels of local market specific
content. The allocation between local and wide area content is flexible and can be varied during the course of
the programming day, if desired. In addition to wide area and local content, a large number of IP data
channels can be included in the service delivery.

1.11.3.3 Power consumption optimization

The Forward Link Only technology simultaneously optimizes power consumption, frequency diversity, and
time diversity. The Forward Link Only air interface employs time division multiplexing (TDM) to transmit
each content stream at specific intervals within the Forward Link Only waveform. The mobile device
accesses overhead information to determine which time intervals a desired content stream is transmitted. The
mobile device receiver circuitry powers up only during the time periods in which the desired content stream
is transmitted and is powered down otherwise.

Mobile users can channel surf with the same ease as they would with digital satellite or cable systems at
home.

1.11.3.4 Wide and local area content

As shown in Fig. 26, Forward Link Only supports the co-existence of local and wide area coverage within a
single Radio Frequency (RF) channel. When utilizing a SFN, it eliminates the need for complex handoffs for
coverage areas. The content that is of common interest to all the receivers in a wide area network is
synchronously transmitted by all of the transmitters. Content of regional or local interest can be carried in a
specific market.

FIGURE 26
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1.11.3.5 Layered modulation

To provide the best possible quality of service, Forward Link Only technology supports the use of layered
modulation. With layered modulation, the Forward Link Only data stream is divided into a base layer that all
users can decode, and an enhancement layer that users with a higher signal to noise ratio (SNR) can also
decode. The majority of locations will be able to receive both layers of the signal. The base layer has
superior coverage as compared to non-layered mode of similar total capacity. The combined use of layered
modulation and source coding allows for graceful degradation of service and the ability to receive in
locations or speeds that could not otherwise have reception. For the end user, this efficiency means that a
Forward Link Only network can provide a better coverage with good quality services, especially video,
which requires significantly more bandwidth than other multimedia services.

1.11.4 FLO Specification

Standardizing of the Forward Link Only technology has been achieved in the Telecommunications Industry
Association (TIA) as Standard TIA-1099 and is further coordinated through the FLO Forum,
www.floforum.org.

Other informative references related to the Multimedia system “M” performance include:

- TIA-1102: Minimum Performance Specification for Terrestrial Mobile Multimedia Multicast
Forward Link Only Devices.

- TIA-1103: Minimum Performance Specification for Terrestrial Mobile Multimedia Multicast
Forward Link Only Transmitters.

- TIA-1104: Test Application Protocol for Terrestrial Mobile Multimedia Multicast Forward Link
Only Transmitters and Devices.
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Chapter 2

2.1 Aspects related to interoperability of systems

2.1.1  Digital reception

Ensuring that most users are equipped with digital receivers is the main challenge for switchover and a pre-
condition for switch-off. Finding a solution for all receivers in the home, not just the main receiver, just adds
to the challenge. The two basic options are digital converters or set-top-boxes connected to analogue
receivers, and integrated digital receivers. Moreover, additional reception facilities such as cabling, antennas,
dishes, etc are often necessary.

There must be a large range of digital reception solutions to suit various user segments. This means choice of
functionality, price and commercial formulas. Equipment cost is not a major barrier to the consumer of pay-
TV services since some pay-TV operators subsidise it, having already deployed millions of set-top-boxes.
However, pay-TV will not achieve the widespread penetration of digital TV only. Now the main challenge
concerns the creation of “horizontal” markets for unsubsidized receivers supporting free-to-air digital TV
services, where consumers pay the full cost from day on Co-existence of the two business models is
important for wide-spread digital TV market penetration.

Availability of cheap receivers is essential to minimize entry barriers for consumers. Most of them must be
equipped before the switch-off can take place. Equipment costs should not be much higher than in analogue
and services at least comparable, thus offering a cheap entry point to digital TV. This is the way the market
seems to go now. Of course consumers should also have options to buy expensive equipment supporting
sophisticated services. Service and equipment diversity also contributes to wide-spread digital TV market
penetration.

2.1.2  Encouragement to deployment of digital receivers

Free movement of goods within the internal market requires that national authorities do not impose
administrative constraints for commercializing digital broadcasting equipment and compulsory technical
requirements.

Some ITU Member States envisage public subsidies for digital equipment through schemes aimed at the
whole population or just specific groups. The risk with the first scheme is discouraging purchases, including
purchases of more sophisticated equipment than the one subsidized. The risk with the second scheme is
trading of devices between subsidized and unsubsidized population groups.

Several other forms of incentives have been considered by some Member States, roe instance temporary and
digressive reduction of the license fee for homes with digital equipment to encourage fast digital migration,
etc. Some Member States allow a reduced rate of VAT on pay-per-view and subscription broadcasting
services. The financial implication and parties affected are different, so each option should be carefully
analyzed and implemented.

2.1.3  Consumer information on digital equipment and switchover

Consumer information is crucial to drive digital equipment sales in a market-led approach to switchover.
Consumers should be empowered to plan their own migration rather than being forced and thus deprived by
this process. They should be well informed of the timing and consequences of switchover so as to take their
own decisions on services and equipment from a wide range of choices. They must be aware of what various
devices can offer, what are the prospects of analogue equipment obsolescence and the possibilities for
upgrading. Information and labelling should also be available in accessible formats for consumers with
disabilities.

Informing consumers is the responsibility of equipment manufacturers, retailers and service providers, who
need to co-ordinate their action and send clear messages whilst respecting competition law. Labelling
schemes for analogue and digital equipment, with explanatory notices and/ or logos, based on voluntary
industry commitment, would be particularly useful. The goal would be to send consumers positive and
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negative signals about, respectively, digital-compliant and analogue-only receiver equipment. This
information should mirror national switchover policies, including indicative national or regional switch-off
dates. Especially as an analogue switch-off date approaches in a particular Member State, its consumers
should be clearly warned about the risks of equipment obsolescence.

Policy intervention in this area has been proposed in some ITU countries. However, Member States cannot
impose de jure or de facto compulsory labelling schemes without prior notification. Notification enables a
compatibility assessment of such measures with internal market rules to be undertaken. Where necessary, a
certain degree of harmonization could be envisaged so that the approach to labelling would be common
whilst tailoring its implementation to local circumstances, such as national switch-off dates. Labelling
specifications could be approved by consumer and standardization bodies.

2.1.4  Integrated digital television receivers

The prohibition of selling analogue-only television receivers according to a staggered calendar was approved
and is now fully implemented in the United States. It is being debated in some EU Member States. All EU
countries would have to implement the obligation more or less simultaneously to preserve homogeneity
within the internal market. This would have greater impact in countries where digital penetration remains
low and strain the principle of subsidiarity traditionally applied in broadcasting policy.

Another potential drawback of compulsory integrated digital receivers would be the extra cost for consumers
which, depending on the exact technical requirements, could however be partly offset by economies of scale.
The impact would be greater in those countries where digital TV is less developed. Concerns can be also
raised as to the technological neutrality of the measure. If only one type of digital tuner were to be mandated,
this would presumably favour the dominant analogue TV network, often terrestrial.

2.1.5 Digital connectivity

Currently, digital TV signals are almost always displayed on analogue TV sets connected to a digital set-top-
box, which decodes those signals, through the analogue ‘SCART’ socket or connector. That means digital
signals are converted into analogue signals before being displayed. This is acceptable for today’s television
receivers, based on cathode ray tubes and small screen sizes. However, the quality penalty is more
perceptible on big screens using new digital display technologies. Moreover, the lack of systematically
implemented and enabled digital connectors prevents the transfer of digital information between digital TV
receivers and other digital devices in the home. But digital connectivity raises copyright security concerns, in
particular that insufficiently protected digital content could be illegally copied or distributed. The
possibilities for implementing digital connectors should be further explored as an incentive to consumer
equipment switchover. A number of options exist to interconnect digital TV equipment, fulfilling different
requirements but it is still unclear which way the market will go.

2.1.6  Access for users with special needs

Access to digital broadcasting should include citizens with special needs, notably people with disabilities and
older persons. However, while digital broadcasting offers greater possibilities than analogue in this area,
these are not yet supported by digital equipment on the market. Harmonized approaches can reduce costs
through economies of scale, thus facilitating the marketing of relevant functionalities.

2.1.7 Removal of obstacles to the reception of digital broadcasting

Infrastructure competition stimulates market development, increasing consumer choice, quality of service
and price competition. This may be constrained in some areas by legal, administrative or contractual
restrictions on the deployment of infrastructure or reception facilities. Authorities will need to arbitrate
between promoting digital broadcasting and the fundamental freedom to receive information and services,
therefore facilitating network competition, and other policy objectives on town planning, environmental
protection or other areas. With that proviso, national authorities should encourage network competition. By
way of example, some Member States have already adopted measures in support of this objective, for
instance by requiring the provision of multi-network reception facilities in new apartment blocks, facilitating
their installation in existing blocks (for instance by reducing the required threshold of tenants’ votes), or by
removing restrictive clauses in property or renting contracts. Co-ordination between national and local



Rap. UIT-R BT.2140-1 117

authorities is important since local authorities are often responsible for the practical implementation of this
type of measure.

2.1.8 Effects on citizens

In all transition periods there are a lot of actors, but the past has shown the principal actors are the users. The
decision of the users is in all cases oriented by market forces that, driven politically by Administrations and
Manufacturers with the support of Broadcasters, can promote the opinion for change to oldest analogical
systems and buy the new digital equipment. What is very important and urgent is the coordination among the
different actors. In fact if the users are ready to buy new equipment and the manufacturers have produced the
equipment, is very important to have a “frequency planning” program prepared by Administrations and, at
the same time, a sufficient number of programs emitted, with interesting contents attract the attention of
users and promote the change.

The users are moving fast towards a mobile 2G/3G lifestyle and future technologies have taught us to use
mobile technology in our everyday communication. By receiving mobile broadcasting services in
conjunction with 2G/3G as a return channel, consumers will be able to receive a new kind of content service
and have increased interactivity. Joint utilization of digital broadcasting and existing and new
cellular/cellular-type network technologies will provide consumers with location-independent and
personalized services. Additionally, the delivery of digital media content via several distribution channels
strengthens the availability of information society services, as they could be provided in various manners, via
different network transmission methods. The use of more extensive and diverse communication networks
promotes the availability of additional services and the development of content and receivers at affordable
prices. This will mean information society services, including public services, can be made more accessible
and cheaper than ever for all citizens by combining the usage of different types of distribution
communication networks or by offering them via one communication network.

For digital television and radio the crucial conditions for success require a public that is informed on the
facilities and benefits offered by the new digital services, including technical enhancements, additional
programmes and services. The public must be aware of the additional service opportunities digital
broadcasting and consumer electronics will offer. (For example, initiatives in this direction (i.e. to raise the
public's awareness) are already ongoing in some European countries.) In addition, geographical access to
digital services should be maximized and the new services should be accessible on the shortest time-scale.

Open access to public services of the information society should be encouraged, and directly developed
whenever possible. This will support and speed up the implementation and success of digital broadcasting
and additional datacast services. The lifetime of consumer products is in general expected typically to be
from 5 to 10 years, and in some instances more. This requires stable systems, open access and the possibility
of upgrading. This can only be assured when there are common, widely adopted standards jointly agreed
among market players.

2.2 Mobile services
2.2.1 Sound

Mobile sound service consists of traditional Audio programs. The small devices and low price are requested.
One important problem is Long battery lives.

Compared to stationary reception of broadcasting, the portable broadcast receiver is introducing this new
user requirement, which can only be met, if the broadcasting link system allows for low power consumption
of the receiving handheld terminals.

This has been taken into account through different means in some of the standards/specifications, which have
already been elaborated on a regional/national basis.

2.22  Mobile TV

Mobile TV services consist of traditional TV programs or TV-like programs. TV type of services presented
to mobile handheld devices with small screens is predicted to be designed different from content offered to
large screen receiving terminals in a stationary broadcasting environment.
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Instead of users watching a two-hour movie on the smaller screen of a handheld terminal, a more typical
usage scenario would be to watch news flashes, sports features, music videos, weather forecasts, stock
exchange reports and other such content, which is suitable for “ad hoc” consumption during smaller time
slots.

2.2.3 Enhanced mobile TV

Online TV shopping, chat, gaming and quiz plus voting are examples of functionalities, which may be
introduced as enhancements to the mobile TV to allow a true interactive mobile broadcasting experience.

2.2.3.1 The Electronic Service Guide (ESG)

Especially in the mobile environment it is important for the user to be able to navigate through the various
broadcast service offerings in an easy and formalized way. Electronic Service Guide (ESG) contains
information of the available services and how those can be accessed. The concept of the ESG has been found
to be a well-accepted way for the user on the move to discover, select, and purchase the broadcasted services
he/she is interested in.

2.2.3.2 Data

The mobile TV programs may be supplemented by auxiliary data associated with the basic service. Such
information could be part of the broadcast or can be accessed on demand via the interactivity link.

The additional background information may include links to the service provider’s web pages, video clips,
sound tracks, games, etc.

In Table 5, an overview of currently known mobile broadcasting transmission mechanisms is provided.
The technical characteristics shown are subject to change and are by no means exhaustive but provided
for comparison only.

TABLE 5

Mobile digital broadcasting transport mechanisms

RF .
Terminal
Standard or Transport channel | Int. power Regional
Modulation (MUX) Broadcast . : . .
Spec. stream . reduction national origin
suze bands methodolo
(MHz) 8y
DVB-H QPSK or IP/MPE-FEC/ o Region 1
16-QAM MPEG2 TS 8 IVand V Time slicing (Europe)
COFDM P
ISDB-T QPSK or . .
16-QAM MPEG2TS  |0433  |IVandV Bhar‘i‘fmdth geg“:g 3
COFDM ¥ £ apa
T-DMB DQPSK Optimised .
COFDM MPEG2TS | 1.75 Mand 1 row Region 3 (Rep.
1.5 GHz . of Korea)
bandwidth

2.2.3.3 Implementation of interactivity

It is therefore natural for the mobile user community to expect interactivity as a basic characteristic of future
mobile broadcasting services, an expectation that several ongoing trials have confirmed.
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2234 The interaction channel implementation

2.2.3.4.1 Digital mobile telephony

As the major part of the world standards of digital mobile telephony including IMT-2000 offer two-way data
services, one approach to implement interactivity seem to be the incorporation of such mobile technology in
the user terminals.

Apart from offering the user all state-of-the-art mobile telephone services, this way of implementation of
interactivity with the broadcasting service offerings provide immediately a reliable control link for all such
broadcasting services. It allows the user to respond and interact with the broadcasting system and to receive
control codes through a secure environment.

This approach may also take advantage of the global roaming characteristics of many mobile technologies as
well as of the wide-area coverage characteristics of mobile telephone technology throughout the world.

2.2.3.4.2 Interaction channel making use of the broadcast spectrum

This approach has been studied in the past, but major difficulties with global circulation of user equipment
capable of transmitting into the broadcast spectrum have so far been a substantial hurdle. The development
of a new two-way data transport standard may also delay the progress.

2.2.3.4.3 Summary of interaction channel methodologies

TABLE 6

Interaction channel methodologies for interactive mobile broadcasting systems

Reference . .
Methodology standards/ Carrier service Link peak bit rate
ificati (bps)
Specifications
Mobile telephony IMT-2000 HSDPA (Device | 14 Mbit/s
Category 10)
HSUPA 3.84 Mbit/s
(E-DCH)

Global system for | GPRS (Device 85.6 kbit/s

mobile Category 10)

communications EGPRS 236.8 kbit/s
(GSM)

Other

Broadcasting in-band NA NA NA
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Chapter 3

3.1 Report of TG 6/8

The report of TG 6/8, in Chapter 3 - Planning principle, methods and approach, § 3.4.2.3 to the first session
of the RRC gave considerable information about four planning scenarios which were intended to indicate
that any general planning philosophy wish expressed by an administration could be satisfied. There is, of
course, no intention to imply that the detailed requirements submitted by administrations can all be satisfied.
In fact, it is extremely unlikely that all requirements can be satisfied because there are natural limitations on
the capacity of the available spectrum and it is to be expected that the initial requirements from
administrations will exceed that natural capacity. Compromises will therefore need to be made by
administrations in order to achieve a satisfactory plan.

The planning scenarios in the TG report are intended to respond to a wider range of planning options than are
likely to be required by administrations. This is necessary if there is to be certainty that all general planning
philosophies can be dealt with. However, it means that only very limited attention needs to be given
to planning scenario 1 which seems unlikely to be needed in practice as it can be replaced by planning
scenario 2 with no loss of generality.

This is because the intention of planning scenario 1, which was to allow for the case where an analogue
station remains operational for an indefinite period, can be achieved by planning scenario 2, which allowed
for continued protection of an analogue station with a subsequent change to digital operation in the same
channel at the end of a transition period. If an administration does decide not to convert an existing analogue
station to digital operation, it just means that the transition period for that station is extended indefinitely.

It may also be the case that scenario 4, which allowed for the planning of digital stations with no constraints
imposed by reuse of existing analogue channels, is unlikely to be of general value. This is because if there is
no reuse of existing (or planned) channels, it becomes almost impossible to ensure protection of both
analogue and digital stations during the transition period, especially in the case where the administrations of
neighbouring countries have different timetables for effecting the transition from analogue to digital.

However, there is one situation in which the application of scenario 4 could become very important. This is
where there is part of the spectrum in which there is no current analogue broadcasting, and preferably no
planned analogue broadcasting either. Under these circumstances, the channels for digital broadcasting
stations can be planned to make fully efficient use of the spectrum. The latter is not possible in the case
where there is considerable reuse of the channels of the existing analogue stations, as the optimum distance
spacing between a pair of analogue stations and that between the same pair of stations operating digitally
may be different. This necessarily introduces some inefficiency in the use of the spectrum. On the other
hand, reuse of channels makes it possible to plan for a transition from analogue to digital with a reasonable
hope of controlling interference levels and the possibility for viewers and broadcasters to make use of the
existing infrastructure to a large extent.

It will have been noted that in the limited discussion of the two planning scenarios above, there is an
assumption that different scenarios can be adopted by different administrations and also in different parts of
the planning area. The adoption of different scenarios can be considered at an even more detailed level, that
is at the level of individual broadcasting stations. One example would be where an administration considers
that a particular analogue station needs to be maintained in operation for a long period while some other
analogue station (or stations) can be changed to digital operation in the very short term. The converse is also
true. An administration can decide that for some specific reason, and there can be many such reasons, an
analogue station should be changed to digital operation as early as possible while other stations can be left as
analogue for a much longer time.

3.2 UMTS/GSM and DVB-T Convergence

The ad hoc group DVB-UMTS/GPRS/GSM has classified the co-operation of DVB-T and
UMTS/GSM/GPRS for commercial applications in different scenarios. This classification typically uses the
broadcast channel for the down-load (unidirectional way), and the telecommunication channel (PSTN,
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xDSL, GSM, GPRS, UMTS, and...) for the up/down-load (unidirectional/bi-directional way). Particularly
are addressed the user view for services built on Telco/Broadcast convergence.

There are many scenarios that can be considered for a co-coordinated use of UMTS/GPRS/GSM and DVB
networks. These range from the simple sharing of content to the sharing of spectrum. A basic assumption for
a co-operation of mobile network is that terminals are able to access both networks (DVB and
UMTS/GPRS/GSM). Such a co-operation of both networks will improve the capabilities and varieties of
services, the economics for the user and, hopefully, the ease of handling. It combines the network service
modes of both network and thus enables new solutions for applications. Of course, there will still be services,
which need only one network. Some applications like interactive TV can use also separate terminals, e.g. a
set top box (IRD) of a UMTS/GPRS/GSM mobile terminal. Furthermore, the co-operation of networks
enables the use of the UMTS/GPRS/GSM operator’s services like customer relationship management and
billing for all services.

Initially, the work of DVB-UMTS/GPRS/GSM group has focused on the provision of services using the
DVB-T and UMTS/GPRS/GSM platforms. The specifications will be developed in different stages,
corresponding to the availability of present hardware and software products and the development time
required for new solutions mainly:

a) Interactive Broadcast services (video, data); use of UMTS/GPRS/GSM as a return channel for
interactive TV. UMTS shall be able to substitute GSM as a return channel for these services for
dial in access and further for Internet based access.

b) Integration at the terminal level. No definitive co-operation of networks is required. The
specification covers only the terminal, which is able to switch between the two networks and
related services. The user has the choice to select the service of DVB or UMTS/GPRS/GSM to get
requested information.

c) Integration at terminal and network levels. Co-operation of networks with applications using
both co-operating network resources. Terminals are firstly portable PCs, PDAs etc combined with
a UMTS/GPRS/GSM “modem” for interactive services, which run on a co-operative software
platform, e.g. in a domestic or car environment. The mobile handset and the broadcast receiver can
connect (for example) into the PC via USB ports. The data allocation in the DVB Transport
Stream can be used for IP data carousel play out and multicasting/unicasting; UMTS/GPRS/GSM
will operate as an interaction channel for Internet services.

d) Mobile operation: full mobility and range of co-operative services within a single handset
(terminal). Delivery of DVB content and services over UMTS/GPRS/GSM will be supported.
Content can be delivered via IP over the DVB-T platform, in all or part of the multiplex or
(suitably re-purposed) over UMTS/GPRS/GSM.

The co-operation platform will incorporate all functions that enable inter-working between legacy domains
(broadcast, cellular), or new functions that are not available in any legacy domain.

3.3 DRM simulcast

Simulcast is an option of particular interest to broadcasters who have to continue to satisfy existing analogue
listeners for several years to come, but wish to introduce DRM services as soon as possible. In many cases
these broadcasters are restricted in the ways in which the digital service can be introduced. For example they
may have a single MF assignments and no prospect of receiving an additional frequency assignment to start a
digital only version of their service. They may also be keen to avoid having to make a short-term investment
in an additional transmitter and/or antenna and site to start a digital service on a new frequency.

These broadcasters would like to be able to transmit simultaneously both the existing analogue service and a
new DRM service, with the same content, whilst using the existing transmitter and antenna. This option is
probably most applicable to broadcasters with LF or MF assignments, where there is generally less freedom
to use new frequencies, although there may be similar SW applications where NVIS is used for domestic
radio coverage. In an ideal world these broadcasters would like to be able to transmit a service using single
channel simulcast (SCS), so that both the analogue and digital signals are contained wholly within the
assigned 9 or 10 kHz channel.
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Strictly the term simulcast can be taken to describe the simultaneous transmission of more than one signal
carrying the same programme content. In this context it often describes the simultaneous transmission of
analogue and digital versions of the same programme from the same transmitter and therefore from a
common location. However, it could also mean that only the antenna is common, as well as that both
transmitter and antenna are common to the two services. In some cases it could be more economic to add a
new lower powered transmitter for the DRM service, feeding the same antenna, rather than making extensive
modifications to an older less suitable transmitter, currently carrying the analogue service.

DRM supports a number of different simulcast options. Currently the supported simulcast modes require the
use of additional spectrum outside an assigned 9 or 10 kHz channel (Multi-Channel or Multi-frequency
Simulcast, MCS). The DRM signal can be located in the next adjacent upper or lower channel and can
occupy a half or whole channel depending on the bandwidth option chosen. Significant testing, both in the
laboratory and in the field, has been carried out to determine the optimum level of DRM signal needed to
provide a good quality DRM service, whilst avoiding significant impact on the continuing analogue service.
The conclusion is that a satisfactory compromise can be obtained when the DRM power level is around
14-16 dBs below the adjacent analogue signal. In an ideal world it would also be possible to transmit both an
analogue and a digital signal within the same channel (9 or 10 kHz) so that the analogue service could be
received, without interference from the digital signal, on any analogue receiver. At the same time the digital
service could be received in high quality audio on a digital receiver. However, although promising proposals
for a SCS option are currently being evaluated, certain compromises will almost certainly need to be made.
Amongst these are likely to be a reduced digital service data rate, which will adversely impact on audio
quality, and a reduced service area compared to the analogue service if interference to the analogue service is
to be avoided. In the case of the analogue service there is likely to be some impact on the background noise
level due to the presence of the digital signal, and the impact is likely to be dependent on the design of the
analogue receiver. Nevertheless, there is optimism that most of these problems will be overcome, or
significantly reduced, as a result of the ongoing development work.

Even if single channel simulcast may prove a difficult goal to achieve, the other options mentioned above,
which require wider bandwidths, can already be implemented. These options will still allow some reduction
in transmission equipment investment by allowing the use of the existing antenna and/or transmitter that
already carries the current analogue service.

34 Service planning

3.4.1 DRM overview

Planning procedures within the AM broadcasting bands below 30 MHz need to be considered in two parts.
Within the AM bands contained in the LF and MF part of this spectrum, there are pre-existing regional plans
which lay down the fixed assignments or allotments to be used for transmissions by each member country of
the ITU. In the HF bands, planning is done on a much more flexible basis, which takes into account the
diurnal, seasonal and solar variations in propagation when the allocation of spectrum is determined. In the
case of MF and LF spectrum two agreements are in force, the Geneva 1975 Agreement, which covers ITU
Regions 1 and 3 and employs a 9 kHz frequency grid, and the Rio Agreements of 1981 and 1988, which
cover Region 2 and employ a 10 kHz frequency grid. In the case of HF planning, all three regions use the
same frequency grid of 10 kHz and planning, for most countries, is carried out through the auspices of the
informal HFCC/ASBU/ABU-HFCC coordination process, with the resultant twice-yearly plan being
registered at the ITU by administrations.

34.1.1 Regions 1 and 3 — LF and MF planning

Within these two Regions only Region 1 currently has assignments for and uses the LF band. Therefore the
majority of assignments for both regions are in the MF band. Under the existing GE75 Plan, existing
assignments are listed with their power, antenna details and transmitter location. Any change to this
situation, for a particular assignment, requires a recalculation of the transmission parameters to ensure that
the protection ratios for other assignments in the Plan, which might be adversely affected by the change, do
not deteriorate by more than 0.5 dB. This is also the means by which new assignments have been and can be
introduced into the Plan. In September 2002 the ITU Radiocommunication Bureau published Circular Letter
CCR/20 under which the RRB with Rules of Procedure to provide the possibility to introduce DRM
transmissions into the MF band in Regions 1 and 3 and the LF band in Region 1. Until this issue is agreed by
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a competent conference the following course of action may be taken by administrations on a provisional
basis.

In the case of existing assignments already within the GE75 Plan the ITU-R Letter allows these to be
converted to DRM assignments on the basis that they operate with an average DRM power at least 7 dB
below that of the currently assigned analogue DSB service carrier power.

In the case of new assignments, which it is proposed should be introduced under the existing GE75 Plan,
planning is carried out as if it were to be a new analogue DSB Assignment. If such a new analogue
assignment is allowable within the plan, then it may be introduced as a DRM service, provided it is operated
at an average power level at least 7 dB below the allowable new analogue assignment.

In both the above cases it is important to note that only DRM Modes A and B using 9 kHz bandwidth are
approved for use under this change in the Rules of Procedure.

3.4.1.2 Region 2 — MF planning

The introduction of DRM services in the MF band in Region 2, within the confines of the Rio 1981 (R81)
Agreement, is much more problematical. This is due to a stipulation to the effect that § 4.2 of Annex 2 to this
Agreement imposes on the classes of emission, other than A3E (that is DSB with full carrier), the condition
of being receivable by receivers employing envelope detectors. The later Rio 1988 (R88) Plan, which
extends the allowable extent of the MF band in this Region, does not impose such a similar condition.
However the ITU RRB did not currently feel able to make a determination for a draft change in the Rules of
Procedure for either agreement and so DRM services are not currently envisaged as feasible within the MF
band in Region 2. This does not entirely preclude the use of DRM transmissions in this band should an
Administration wish to authorise its use within its territory on a non-interference and non-protected basis.

The RRB discussed in its determination the question of whether simulcast systems might be allowable under
the R81 plan, as they were receivable on a receiver employing an envelope detector. However the Board
expressed concern about the bandwidth requirements of such systems, as they generally required between 20
and 30 kHz of spectrum to accommodate both the analogue DSB signal and the digital counterpart.

Except for a single channel simulcast version of the DRM system (see § 3.3), which was not specified at the
time of the RRB’s determination, all other DRM simulcast proposals involve the use of between 20 and
30 kHz of spectrum. In some Region 2 territories such a system option would be potentially allowable within
the terms of locally applied spectrum masks with which broadcast services in the MF band must comply.
These spectrum masks are generally more relaxed than the ITU-R transmission spectrum mask and envisage
lowered but significant levels of energy being radiated up to 10 or 15 kHz away from the assigned channel
centre frequency. In such cases the DRM hierarchical transmission modes could be operated in conjunction
with an analogue DSB signal to occupy a total of 20 or 30 kHz of spectrum. The analogue signal, at full
assigned power, could occupy 10 kHz of spectrum with the base and enhancement DRM transmissions
occupying 5 or 10 kHz of spectrum immediately above and below the analogue signal.

34.13 Regions 1, 2, and 3 — HF bands

Due to the diurnal (day/night-time), seasonal and sun spot related variations in propagation which take place
in the SW bands, planning requires that frequency schedules are generally valid for only a six month period.
For the majority of international SW broadcasters and operators this requires that intended transmissions are
coordinated informally through the HFCC/ASBU/ABU-HFC in order to reduce the potential for interference
to a minimum. This procedure is equally being observed for the introduction of DRM transmissions into
these bands. Under current coordination procedures DRM transmissions may be introduced under similar
principles to that in the MF bands. That is the service is first coordinated as if it were an analogue DSB
service and then a DRM transmission substituted with a power level at least 7dB lower than the allowable
analogue transmission. The provisional protection ratios adopted during WRCO03, for the protection of
analogue DSB transmissions from DRM transmissions, show small variations according to DRM mode and
modulation. However, in all cases, these variations are smaller than the precision of the propagation
prediction tools and can be discounted for the purposes of coordination.
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34.14 The 26 MHz SW/HF band

The 26 MHz broadcasting band allocation is seldom used for traditional short-wave broadcasting. This is due
to the frequency being too high for reliable sky-wave propagation during most of the 11-year sunspot cycle
in most parts of the world. To a lesser degree, the same is true for the 21 and 19 MHz bands. These bands,
particularly the 26 MHz one, could easily be used for DRM broadcasting to a more local audience. Tests in
Europe have produced very encouraging results. In the UK tests were part of a local single frequency
network of 3 transmitting stations for which the power used was only 10 watts per transmitter. Another test
using a single 100-200 W transmitter at a high altitude site close to Geneva showed excellent coverage and
quality around the city.

For the line-of-sight services, which are proposed within these bands, Modes A, or B are likely to offer the
optimum results. It may sometimes be possible, in some countries and with regulatory approval, to employ
the wideband 20 kHz option to improve the audio quality still further. To obtain the best performance from
this type of service, it is likely that it will need to be planned in a similar way to an FM service. That is with
the antenna at a high level, with respect to the coverage area, and with average powers in the range of 100 to
200 W. It must be recognised, however, that for a period of the sunspot cycle around its maximum,
significant interference may be experienced to the local service area. This interference is most likely to be
caused by high power international 26 MHz transmissions, as conditions will then make these possible.
There may also be interference from other, more local, low powered transmissions, if efforts are not made to
minimise sky-wave radiation from them.

3.4.1.5 Near vertical incidence sky-wave (NVIS)

This type of propagation is typically used for in-country SW coverage in tropical zones. The "near vertical"
geometry causes multiple reflections between ground and the reflecting ionospheric layers. The result is
illustrated in Fig. 27, where several significant reflections are seen to arrive at the receiver antenna. It has
been observed during transmissions that at certain times of day, such as dawn and dusk, these reflections can
have similar energy and be spread over a period of several milliseconds. In order to prevent destructive
interference it is important to ensure that these reflections arrive inside the guard interval otherwise the
system will fail.

FIGURE 27
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At the same time as these multiple impulses are observed they can also be subject to high values of Doppler
spread. This is due to the constant movement of the reflecting layers and is more significant compared to
long path reflections, due to the fact that for NVIS the movement represents a greater proportion of the
ground to ionospheric distance. The result of the conjunction of these two phenomena is simultaneously high
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values of delay and Doppler spread. This can only be overcome by the use of a long guard interval in
conjunction with wider frequency spacing for the OFDM carriers. However, because the signal strength can
be quite high due to the short paths, signal to noise ratio is often not the limiting factor in NVIS and so 64-
QAM may be useable for the MSC. Even so, due to the frequent need to use Mode D because of its higher
resistance to Doppler and delay spread, the usable data rate of this mode, in a 10 kHz channel, will be quite
low. This low data rate may force the use of CELP+SBR audio coding, rather than AAC, unless it is possible
to use the 20 kHz wideband option. In this case AAC+SBR becomes possible providing near mono FM, or
even stereo quality in good conditions.

3.4.1.6 Single Frequency Networks (SFNs)

Although analogue synchronous networks are often used to provide extended coverage, there will always be
problems with mutual interference in at least some parts of the overlap areas. This usually requires the use of
additional frequencies to supplement coverage in these areas. With careful design, this problem can be all but
eliminated in the case of a DRM SFN. Figure 28 shows a much-simplified arrangement for a DRM SFN,
using 6 transmitters. In the area of overlap between areas 1 to 4 it can be seen that signals may be received
from all four transmitters at the same time. Provided these signals all arrive within the guard interval they
will reinforce each other and reception should be improved in this area over that obtainable from any one
transmitter. It is important to note that the transmitted signals must be identical for reinforcement, rather than
interference, to occurrence.

FIGURE 28

Single Frequency Network for ground-wave only propagation

Care will need to be taken however to ensure that the network continues to work effectively after dark. Then
sky-wave propagation may allow more distant transmitters in the network to contribute signal into the local
service area of parts of the SFN. If the propagation path is of sufficient length, and the signal strength is high
enough, it may cause interference due to the sky-wave signal being delayed by more than the guard interval.
Preventative measures to be taken could include ensuring that sky-wave radiation is minimised by suitable
antenna design and changing to a more robust transmission mode, with a longer guard interval, during times
of sky-wave propagation.

SFN operation is, in principle, possible using two or more MF or SW transmitters providing service entirely
using sky-wave propagation. However the technical requirements are quite onerous, since each of the signals
must be timed to arrive simultaneously over the whole of the coverage area. Otherwise they will cause
mutual interference rather than reinforcement. This may require real-time monitoring of signals received at
several points in the intended coverage area.
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Without this, predicting the propagation transition time from transmitter to receivers in the coverage area
may prove difficult to achieve sufficiently accurately in advance.

3.4.1.7 Coverage planning

At the time of writing there are no planning tools available which have been specifically designed to
calculate coverage and availability for DRM transmissions. However a number of DRM Members plan to
rectify this situation by setting up a new project to design software planning tools which takes into account
the additional propagation parameter needs of the DRM system. For the moment though, it remains
necessary to make a calculation of field strength in the target coverage area based on an analogue DSB
transmission. This can then be related to the required signal strength for a DRM transmission using a
particular combination of robustness Mode, MSC constellation and code rate to provide the necessary SNR
for service. For ground-wave services, this method can be expected to provide results close to observed
measurements, as the path is simple, and little, if any, multi-path is introduced to cause signal distortions.

For sky-wave services the prediction is much more complex, as the resultant service will depend not only
upon the delivered signal strength but on the level of Doppler and Delay spread to which the signal will be
subject. Most software based prediction tools either do not estimate these parameters or, if they do, do not
produce reliable results. Nevertheless, for the time being, the existing analogue prediction tools will continue
to be used, as they are all that is available. However, it is anticipated that new tools will be developed in the
near future, which will aim to provide an estimate of these additional propagation parameters. These tools
will be designed to recommend the combination of transmission parameters that best meet the needs of a
broadcaster for a specific transmission path and target zone.

In general the average power requirements of a DRM transmission will be less than that of the equivalent
analogue transmission. In part this is due to the fact that a DRM transmission will have a higher peak to
mean ratio than an analogue DSB signal.

A simple analogue DSB signal will consist of a single carrier at zero modulation whilst at 100% modulation
there will be the addition of two sidebands which together will increase the power output of the transmitter to
1.5 times the carrier power. The use of power saving, where the carrier level depends on the modulation
level, will modify this relationship, so that the average power output and consumption of the transmitter will
be lowered compared to the absence of such a system. Because the DRM signal has a peak to mean power
ratio of approximately 10 dB the transmitter must be operated in a backed off condition in order to avoid the
digital signal being clipped within the various stages of the transmitter. Should excessive signal clipping
occur within the transmitter, it would cause the generation of in channel intermodulation products. These
products would cause inter-symbol interference and this can impact adversely on the receiver performance.

34.1.8 DRM reception monitoring

An important part of assuring the quality of any radio transmission comes from monitoring the transmitted
signals within the target coverage area. In the case of analogue services, this has generally been
accomplished by using a high quality receiver for signal reception. The signal strength is then read from a
calibrated meter, whilst making a subjective assessment of the audio quality. Such an assessment has
historically been made by someone in the target area tuning a receiver to the required service and then
listening to it in real time. More recently, this manual method has been supplemented by using unmanned
remotely controlled or scheduled receivers to receive the signals and record the signal strength, together with
a sample of the audio. The move to using a digital transmission system enables the monitoring of reception
to be completely automated. To this end DRM has developed a specification and protocol for the control
interface (RSCI). If manufacturers of professional receivers use this specification it will ensure that an
operator can use monitoring receivers of more than one manufacturer to build a monitoring network, but use
the same software to control and download data from all these receivers. Furthermore this opens the
possibility for several operators or broadcasters to share the same receivers, if they so wish.

Because a DRM transmission uses digital coding it facilitates the recording of data that can characterise the
reception quality. This information can include not only the signal strength and audio quality, which can be
assessed from the audio bit error rate, but also continuous parameters describing the quality and nature of the
transmission channel. Over time the accumulation of this information should lead to an improved
understanding of the propagation behaviour of the ionosphere.
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Data acquired by the monitoring receiver can be stored locally and downloaded from the reception site on a
regular basis, to provide evidence of the performance of a particular transmission, or accessed in near real
time. In either case the most likely method of transmitting this information back to the broadcaster will be by
means of the Internet, or if that is not available, by directly dialling the receiver using a telephone line and
modem connection.

In some cases it may be possible to permanently connect to the monitoring receiver(s) either via the Internet,
using broadband, or a local network connection or, perhaps, via VSAT terminals. In any of these cases it
becomes possible to acquire information about the quality of the service in the target coverage area on a near
real-time basis. In this case, by providing a real time method for collating and analysing the reception data, it
becomes possible to optimise the transmission parameters of the service(s) in real time. This optimisation
process requires the employment of a computer system, which amalgamates the reception data from a
number of monitoring receivers in the coverage area. Based on this data, the analysis and prediction
algorithm within the computer makes near real-time adjustments to transmission parameters, such as the
transmission Mode, MSC modulation and code-rate, to achieve a pre-defined quality of service.

A validation of that concept has been done in the framework of the Q0SAM project in 2003 and 2004.

3.5 Market impact
3.5.1 Market complexity; plurality of scenarios and stakeholders

There is no single switchover pattern or formula. Experiences vary according to the local circumstances and
from one network to another. Consequently, the general analysis provided here could only be a
simplification. The switchover debate tends to focus on terrestrial TV for two reasons: greater difficulties for
a market-led digitisation than other networks; and higher political stakes and government involvement,
mainly because of the pressure to recover spectrum, and a wide-spread perception associating terrestrial with
universal free-to-air broadcasting services.

Switchover is a complex and long process involving many variables and affecting more or less directly many
parties, namely: users/ consumers, industry and public authorities. Each group can be further subdivided into
smaller segments. For instance, users can be categorised according to their attitude towards digital TV:
current or potential pay-TV subscribers, assuming that all pay-TV will be digital sooner or later; current or
potential free-to-air digital TV viewers, who have bought or are ready to buy a digital receiver; viewers who
will be always reluctant to adopt any form of digital TV, pay or free-to-air, for various reasons. The
switchover strategies adopted will obviously determine, and be determined by, the respective percentage of
each user category. In particular, the extent to which market forces alone can achieve digitisation will depend
on the number and resilience of consumers reluctant to migrate to digital TV.

Switchover also concerns many industry players, such as content creators, service providers, network
operators or equipment manufacturers. Some were already active in the analogue broadcasting market, others
look for new business opportunities. Likewise, various departments in national and international
administrations are interested in switchover insofar as it affects the achievement of policy objectives.

3.5.2  The case for public intervention

A key question is whether public authorities should intervene to accelerate switchover and/ or otherwise
influence the process. That would be justified under two premises: first, the extent to which general interests
are at stake; that is, how far there are potential benefits and/ or problems for the society as a whole, rather
than just for certain groups or individuals. Secondly, market failure; that is, market forces alone fail to
deliver in terms of collective welfare. In other words, market players’ behaviour does not fully internalise
switchover costs. Assessing the existence and intensity of both premises is largely a matter of political
judgement by the competent authority, which, in the case of broadcasting, tends to be national and/ or
regional authorities. In any case, such judgement should not be arbitrary but supported by sound market
analysis.

As to general interests, potential benefits from digitisation can be oriented towards various policy goals:
social, cultural, political, economic, etc. Usually there are trade-offs to make between them. For instance,
part of the spectrum released by analogue switch-off could be redistributed in order to transfer this resource



128 Rap. UIT-R BT.2140-1

to operators who would use it to support different services or ‘reinvested’ in broadcasting to improve and
extend the service.

The broadcasting sector is not comparable to any other sector, as it plays a central role in modern democratic
societies, notably in the development and transmission of social values. Broadcasting offers a unique
combination of features. Its widespread penetration provides almost complete coverage of the population
across different broadcasting networks; provision of substantial quantities of news and current affairs
together with cultural programming mean that it both influences and reflects public opinion and socio-
cultural values. Switchover may affect these general interests. It will be important to ensure the continuing
availability of a variety of television services, without discrimination and on the basis of equal opportunities,
to all parts of the population. In particular, this is a pre-condition for public service broadcasters to fulfil their
special obligations.

The likelihood of market failure is linked to the complexity of the environment where switchover takes
place, and the interactions between the main parties involved. All have interests to defend and seek to
influence the main variables: introduction or not of digital terrestrial TV, speed of the migration and switch-
off timing, convenience and type of public intervention. However, coordinated action from the main
stakeholders, rather than confrontation of individual strategies, is likely to lead to the collective optimum: a
swift and efficient switch-off, with the minimum negative social and economic implications.

At least in the case of terrestrial television and radio, a series of structural failures hinder market co-
operation and slow down switchover, notably (free riding) behaviour, oligopoly situations and ‘chicken and
egg’ deadlocks. More specifically, the parties benefiting the most from switchover (equipment manufacturers
or potential beneficiaries of released spectrum, including new broadcasters) may be different from those
likely to bear the costs (final users or current broadcasters). So the latter have little incentive to internalise
the costs and contribute to the switchover. Overcoming this kind of situation would require setting up co-
ordination mechanisms to share benefits and costs between all parties involved, ideally with little or no
public intervention. In this regard, public authorities, especially those responsible for competition law, must
make careful judgements as to the right balance between market competition and cooperation between
relevant parties. Those judgements must be based on clear understanding of both market dynamics and
policy goals pursued.

3.5.2.1 Modalities

If the need for public intervention is established, decisions must be taken about its modalities, within a
coherent switchover strategy. Any intervention should be transparent and proportionate as to the policy
objectives pursued, market obstacles, and implementing details. This would provide certainty for all parties
to prepare themselves and would limit the scope for arbitrary or discriminatory measures.

Five principles and guidelines for regulatory action can be established. Regulation should:
- Be based on clearly defined policy objectives.

- Be the minimum necessary to meet those objectives.

- Further enhance legal certainty in a dynamic market.

- Aim to be technologically neutral.

- Be enforced as closely as possible to the activities being regulated.

A key area in national switchover strategies is the approach to digital broadcasting licensing and regulatory
obligations attached thereto. This involves policy choices on network competition versus complementarity,
number of operators, roll-out calendar and map, etc. Otherwise, there is a variety of possible intervention
instruments and measures to encourage switchover, ranging from encouragement measures, like information
campaigns, to compulsory ones, like analogue turn-off dates, or mandatory standards for equipment
including digital tuners. They can also vary according to the parties targeted (consumers, equipment
manufacturers, broadcasters, potential users of released spectrum, others). The impact of the planned
measures should be evaluated through prospective economic analysis to ensure that the expected cost and
benefits are fairly distributed; public policy should not lead to situations where some parties will be forced to
bear most switchover costs whilst others will enjoy the benefits.
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Timing is a key element of any intervention on switchover. Premature or late action can be useless and even
counterproductive insofar as it introduces market distortion. Timely intervention requires good knowledge of
market status and evolution, and therefore regular monitoring and analysis. In principle, an early switch-off
is likely to be more controversial, but a more distant date may reduce any beneficial impact. In this
connection, three main phases can be identified in TV switchover: the take-up phase driven by pay-TV,
where sooner or later operators convert subscribers to digital; the consolidation phase, starting now in the
countries where digital TV is the most advanced, where some consumers decide to equip themselves with
digital devices to receive free-to-air digital TV; the closure phase, where users still not interested in any type
of digital TV are forced to adopt it, with or without public support for the acquisition of a digital receiver.

Public intervention can support digital TV penetration in all three phases but stronger measures should be
confined to the closure stage, after industry has made all possible efforts to increase consumer uptake. This
requires that authorities ensure a favourable and predictable regulatory environment, and intensify their
action when the market cannot deliver further. That may be the case when it is considered that digital
broadcasting is not progressing quickly enough to achieve policy targets.

3.5.2.2 Risks

Broadcasting has a stronger tradition of policy intervention than other information and communication
sectors like telecommunications, where the impact of liberalisation has been greater. This is justified by the
political and social relevance of broadcasting content, which calls for the enforcement of minimum quality
and pluralism requirements. Policy intervention is even greater in the case of terrestrial broadcasting because
of its heavy use of spectrum, a scarce public resource, and the already-cited perception associating terrestrial
with universal free-to-air TV services.

However, the contexts surrounding the introduction of analogue and digital broadcasting are very different.
When analogue broadcasting was introduced, only the terrestrial option existed; there was no competition
and the market was entirely shaped by regulatory intervention. Now, there are various types of networks,
high market competition and faster technological change. Under these circumstances, the transition to digital
broadcasting represents a big industrial challenge that must be led by the market. Intervention from public
authorities to facilitate and supervise the process could be justified insofar as general interests are at stake.

The risks from both public intervention or absence of it must be assessed. Non-intervention can result in
market failure and jeopardise general interest goals in the sense explained above. As to the risk from public
intervention, it includes policy-driven approaches captured by industrial parties seeking to offset commercial
risk, thus reducing competition and pressure to innovate. This could result in perverse effects, like ‘moral
hazard’ or market inaction, and ultimately slow the switchover process down. In practice, these parties may
exaggerate the advantages from digital broadcasting, mixing private and collective benefits. Then, they
might persuade authorities to support them (legally, financially or otherwise) in the name of general interests
to gain a competitive edge over rivals. If not transparently justified, this could distort the market.

Moreover, public intervention, or the simple announcement of it, that turns out to be inappropriate for any
reason (disproportionate, discriminatory, untimely, etc) can be counterproductive. It can create additional
obstacles to digital broadcasting uptake, by stimulating an appetite for more public intervention than would
have been necessary otherwise. For instance, if a government announces too early that digital receivers will
be offered to all remaining analogue users shortly before analogue switch-off, there will be little incentive for
those users to buy receivers. Also, untimely imposition of technical standards that are immature or require
costly implementation may discourage investment. Finally, all intervention by national authorities must be
compatible with existing law.

3.5.2.3  Policy orientations

As explained, market forces must drive the switchover process focusing on users. The challenge is to
stimulate demand so that it is a service-led process rather than a simple infrastructure change with no
perceived added-value for citizens. Consequently, the various consumer segments must be offered packages
of services and equipment that are attractive to them; that is, stimulating, user-friendly and affordable. This is
primarily a task for market players.

There is however also scope for policy intervention considering the social and industrial general interest at
stake, and that some key elements of the process are the responsibility of public authorities. Such
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intervention must be conducted in the first instance by national and/ or regional authorities, which are the
most directly responsible for broadcasting content policy and licensing.

3.6 General strategy and co-ordination
3.6.1 Transparent strategy and monitoring

As indicated, policy transparency improves certainty for market players (including consumers), encourages
co-ordinated action, and ultimately facilitates the switchover. Therefore will be important calls upon Member
States to publish by end 2003 their intentions regarding a possible switchover. This could cover, in
particular, the way they organise and monitor the process, stakeholders’ involvement, and policy instruments
intended to promote switchover.

At ITU level, comparison of national experiences and regular monitoring would provide useful information
on policy and market status. This would help identifying possible actions to develop internal market
synergies.

3.6.2  Regulation allowing for business autonomy and co-operation

Developing digital broadcasting markets is a complex process requiring significant investment from many
players to: roll-out networks, develop enabling technologies, sell terminals, offer compelling services, and
encourage user uptake. Industry must have incentives to invest and autonomy to search for winning
formulas. This requires a stable regulatory environment, including licensing terms for service operators with
a duration that enables an appropriate return on investment, taking into account the additional costs caused
by the transition and with the possibility of licence renewal so as to provide an adequate incentive. Licensing
terms should also facilitate provision of sufficient network capacity to support a variety of services.

However, authorities should monitor market evolution, consult with industry, and be ready to review or
flexibly interpret conditions relevant to switchover where justified, for example conditions concerning the
calendar for roll-out and territorial coverage, technical choices on transmission and terminals, ownership
thresholds, price caps, taxes, simulcast extent and timing, or obligations to provide certain programming.
Authorities may have trade-offs to make between a faster switchover and other policy objectives, for
instance regarding the degree of pluralism, and they need to consider the impact of policy choices on market
competition. The challenge is to find the right balance between different policy objectives while respecting
legal requirements, in order to maximise collective welfare. For instance, as argued below, co-ordination and
cooperation between different industries is important for switchover. While various public policy objectives
can be taken into consideration in this context, competent authorities must ensure maximum transparency
regarding such objectives and the necessary means to achieve them. This should go beyond vague references
to the goal of digital switchover and/or the Information Society.

Co-ordinated and synchronised action may be necessary to achieve critical mass. Co-operation between
industry players at various levels of the value-chain must be therefore facilitated, especially in the initial
market stages, which imply trial and error testing. This can be organised through joint investment and risk
sharing schemes for technological research, launch of new equipment and services, and promotion.
Authorities may contribute through financing or regulation, as is done in some Member States for both
digital TV and radio.

Co-ordination is particularly relevant in horizontal markets, such as free-to-air broadcasting. Unlike pay
broadcasting, no dominant party controls the value-chain and ‘free-riding’ behaviour can result in collective
business failure. Sharing responsibility for commercial promotion and consumer after-sale service, notably in
face of difficulties with signal reception or receiver equipment, is particularly important.

In the case of digital radio, apart from favourable regulatory frameworks in the Member States, it appears
that synchronised implementation across the ITU Member States is important to increase market synergies.

3.6.3  Proportionate and technologically neutral regulation

In terms of political feasibility, switch-off in a given territory can only take place when nearly all households
receive digital services. In order to promote the fast and efficient achievement of this objective, all
transmission networks should be taken into account (primarily cable, satellite or terrestrial). This approach
recognises that network competition contributes to the roll-out process. This implies a regulatory level
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playing field. In principle, each network should compete on its own strengths. Any public support for one
particular option cannot be excluded but should be justified by well-defined general interests, and
implemented in a proportionate way. Otherwise it would appear discriminatory and could jeopardise
investments in other networks. In particular, each individual network should not necessarily enjoy the same
position in the digital landscape as in the analogue landscape. The objective should be to achieve a fast and
efficient switchover. Efficiency should include preserving the general interest missions of broadcasting,
while limiting public expense.

Finally, any public financial support to digital broadcasting needs to be compatible with State aids rules and
in line with national laws.

3.7 Problems related to the interoperability of systems
In Europe the scenario is as follows.
3.7.1 Digital reception

Ensuring that most users are equipped with digital receivers is the main challenge for switchover and a pre-
condition for switch-off. Finding a solution for all receivers in the home, not just the main receiver, just adds
to the challenge. The two basic options are digital converters or set-top-boxes connected to analogue
receivers, and integrated digital receivers. Moreover, additional reception facilities such as cabling, antennas,
dishes, etc are often necessary.

There must be a large range of digital reception solutions to suit various user segments. This means choice of
functionality, price and commercial formulas. Equipment cost is not a major barrier to the consumer of pay-
TV services since some pay-TV operators subsidise it, having already deployed millions of set-top-boxes.
However, pay-TV will not achieve the widespread penetration of digital TV only. Now the main challenge
concerns the creation of ‘horizontal’ markets for unsubsidised receivers supporting free-to-air digital TV
services, where consumers pay the full cost from day one. Co-existence of the two business models is
important for wide-spread digital TV market penetration.

Availability of cheap receivers is essential to minimise entry barriers for consumers. Most of them must be
equipped before the switch-off can take place. Equipment costs should not be much higher than in analogue
and services at least comparable, thus offering a cheap entry point to digital TV. This is the way the market
seems to go now. Of course consumers should also have options to buy expensive equipment supporting
sophisticated services. Service and equipment diversity also contributes to wide-spread digital TV market
penetration.

3.7.2  Encouragement to deployment of digital receivers

Free movement of goods within the internal market requires that national authorities do not impose
administrative constraints for commercialising digital broadcasting equipment and compulsory technical
requirements.

Some ITU Member States envisage public subsidies for digital equipment through schemes aimed at the
whole population or just specific groups. The risk with the first scheme is discouraging purchases, including
purchases of more sophisticated equipment than the one subsidised. The risk with the second scheme is
trading of devices between subsidised and unsubsidised population groups.

Several other forms of incentives have been considered by some Member States, for instance temporary and
digressive reduction of the licence fee for homes with digital equipment to encourage fast digital migration,
etc. Some Member States allow a reduced rate of VAT on pay-per-view and subscription broadcasting
services. The financial implications and parties affected are different, so each option should be carefully
analysed and implemented.

3.7.3  Consumer information on digital equipment and switchover

Consumer information is crucial to drive digital equipment sales in a market-led approach to switchover.
Consumers should be empowered to plan their own migration rather than being forced and thus deprived by
this process. They should be well-informed of the timing and consequences of switchover so as to take their
own decisions on services and equipment from a wide range of choices. They must be aware of what various
devices can offer, what are the prospects of analogue equipment obsolescence and the possibilities for



132 Rap. UIT-R BT.2140-1

upgrading. Information and labelling should also be available in accessible formats for consumers with
disabilities.

Informing consumers is the responsibility of equipment manufacturers, retailers and service providers, who
need to co-ordinate their action and send clear messages whilst respecting competition law. Labelling
schemes for analogue and digital equipment, with explanatory notices and/ or logos, based on voluntary
industry commitment, would be particularly useful. The goal would be to send consumers positive and
negative signals about, respectively, digital-compliant and analogue-only receiver equipment. This
information should mirror national switchover policies, including indicative national or regional switch-off
dates. Especially as an analogue switch-off date approaches in a particular Member State, its consumers
should be clearly warned about the risks of equipment obsolescence.

Policy intervention in this area has been proposed in some EU and third countries. However, Member States
cannot impose de jure or de facto compulsory labelling schemes without prior notification. Notification
enables a compatibility assessment of such measures with internal market rules to be undertaken. Where
necessary, a certain degree of harmonisation could be envisaged so that the approach to labelling would be
common whilst tailoring its implementation to local circumstances, such as national switch-off dates.
Labelling specifications could be approved by consumer and standardisation bodies.

3.74 Integrated digital television receivers

The prohibition of selling analogue-only television receivers according to a staggered calendar has been
completely implemented in the United States and debated in some EU Member States. All countries would
have to implement the obligation more or less simultaneously to preserve homogeneity within the internal
market. This would have greater impact in countries where digital penetration remains low and strain the
principle of subsidiarity traditionally applied in broadcasting policy.

Although a potential drawback of compulsory integrated digital receivers would be the extra cost for
consumers but the increase is likely to be minimal because of economies of scale.

3.7.5 Digital connectivity

Digital connectivity raises copyright security concerns, in particular that insufficiently protected digital
content could be illegally copied or distributed. A number of options exist to interconnect digital TV
equipment, fulfilling different requirements but it is still unclear which way the market will go in the long
term as home networking strategies are implemented.

3.7.6  Interoperability of services

Regarding more sophisticated functionalities such as Application Programme Interfaces (API), interoperable
and open solutions for interactive TV services must be encouraged. The Member States will decide whether
it is necessary to mandate certain standards to improve interoperability and freedom of choice for users.
Indeed, these two criteria will likely contribute to consumer uptake of digital broadcasting in a market-led
switchover scenario, thus minimising the need for public intervention.

3.7.7  Access for users with special needs

Access to digital broadcasting should include citizens with special needs, notably people with disabilities and
older persons. However, while digital broadcasting offers greater possibilities than analogue in this area,
these are not yet supported by digital equipment in some markets. Harmonised approaches can reduce costs
through economies of scale, thus facilitating the marketing of relevant functionalities.

3.7.8  Removal of obstacles to the reception of digital broadcasting

Infrastructure competition stimulates market development, increasing consumer choice, quality of service
and price competition. This may be constrained in some areas by legal, administrative or contractual
restrictions on the deployment of infrastructure or reception facilities. Authorities will need to arbitrate
between promoting digital broadcasting and the fundamental freedom to receive information and services,
therefore facilitating network competition, and other policy objectives on town planning, environmental
protection or other areas. With that proviso, national authorities should encourage network competition. By
way of example, some Member States have already adopted measures in support of this objective, for
instance by requiring the provision of multi-network reception facilities in new apartment blocks, facilitating
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their installation in existing blocks (for instance by reducing the required threshold of tenants’ votes), or by
removing restrictive clauses in property or renting contracts. Co-ordination between national and local
authorities is important since local authorities are often responsible for the practical implementation of this
type of measure.

3.8 Precautions to control the direct health effects of RF radiation

Recommendation ITU-R BS.1698 contains the precautions to be taken into account. Two groups of people
are considered in terms of the precautions that can reasonably be taken. The first group is employees at, or
regular official visitors to, transmitting stations. Whilst this group may be at a more frequent risk, the extent
to which control measures can be applied is much greater than that for the second group, being members of
the general public.

3.8.1 Employee (occupational) precautionary measures
3.8.1.1 Physical measures

Some form of protective barrier must be provided to restrict access to any area where either the basic
biological limits are exceeded or contact with exposed RF conductors is possible. Access to such areas must
only be possible with the use of a key or some form of tool. Mechanical or electrical interlocking should be
provided to enclosures where access for maintenance is needed. Screening of equipment should be
sufficiently effective to reduce the level of RF radiation.

Other physical measures such as warning lights or signs should also be used in addition to, but not instead of,
protective barriers.

The risk of shock or burns from RF voltages induced on conducting objects, such as fences and support
structures, should be minimized by efficient and properly maintained RF earthing arrangements. Particular
attention should be paid to the earthing of any temporary cables or wire ropes, such as winch bonds, etc.

Where such objects need to be handled in a RF field, additional protection from shocks or burns should be
provided by the wearing of heavy-duty gloves and through effective labelling.

3.8.1.2 Operational procedures

RF radiation risk assessments must be carried out by suitably trained and experienced staff at regular
intervals and also when any significant changes are made to a transmitting station. The initial objective must
include the identification of the following:

- The areas where people may be exposed to “derived” or “investigation” levels.

- The different groups of people, e.g. employees, site sharers, general public etc., who may be
exposed.

- The consequences of fault conditions, such as leakage from RF flanges, antenna misalignment or
operational errors.

An initial check on the RF radiation levels can be done by calculation or mathematical modelling, but some
sample measurements should also be carried out for verification purposes. In most cases, however,
measurements will be needed to determine RF radiation levels more accurately. The actual quantities to be
measured (E field, H field, power flux-density, induced current) should be determined based on the specific
circumstances. These include station frequencies, field region (near/far field) being measured and whether it
is proposed to check compliance with basic restrictions (SAR) or only “derived/investigation” levels. These
circumstances will also largely determine whether the three individual field components should be measured
separately or whether an isotropic instrument should be used. RF radiation surveys should then be carried out
by staff trained in the use of such instruments, following prescribed measurement procedures, and recording
results in a specified format.

A nominated competent person should be made responsible for the identification and provision of suitable
types within any organization or company. Such measuring instruments must always be used in accordance
with manufacturers’ instructions and be subject to regular functional testing and calibration. Labels showing
expiry dates must be fixed to instruments following such tests or calibration. Records of calibration should
be kept, including whether adjustments and/or repairs were needed on each occasion. This information
should then be used to determine the interval between calibrations.
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Systems of work should be implemented that not only ensure that RF radiation limits are not exceeded, but
also minimize exposure in terms of time and number of employees. Maintenance work, in areas subject to
access restrictions due to high RF radiation levels, should be planned around scheduled transmission breaks
or radiation pattern changes where possible. However, there should always be a balance between exposure to
RF radiation and other risks, such as working on masts at night, even when floodlit. Where necessary,
transmitters should be switched to reduced power or turned off to allow safe access for maintenance or repair
work.

Prohibited areas on transmitting stations must be clearly defined and marked, and “permit to work” systems
should be implemented. Appropriate arrangements should be put in place for any systems, antennas,
combiners or areas shared by other organizations. All staff who regularly work in areas with high levels of
RF radiation should be issued with some form of personal alarm or RF hazard meter.

Records must be kept of exposure above specified RF radiation levels. Companies or organizations
responsible for operating transmitting stations should monitor the health of staff who regularly work in areas
with high levels of RF radiation and take part in epidemiological surveys, where appropriate.

Details of general policies and procedures relating to RF radiation safety should be included in written safety
instructions and given to all appropriate staff. In addition, local instructions for each transmitting station
should be issued to ensure compliance with such policies and procedures.

Safety training should also include the nature and effects of RF radiation, the medical aspects and safety
standards.

3.8.2  Precautionary measures in relation to the general public
3.8.2.1 Physical measures
Similar considerations apply to the general public, as those detailed in § 3.8.1.1 for employees.

Particular attention should be given to areas where RF radiation limits could be exceeded under fault
conditions. Protective barriers should be provided in the form of perimeter fencing, suitably earthed where
needed. Additional hazard warning signs will probably be necessary.

3.8.2.2 Operational procedures

Risk assessments, carried out under § 3.8.1.2 above, must take into account the possibility of members of the
public having medical implants. A procedure for providing health hazard information to such potential
visitors should be adopted with appropriate restricted access procedures. Basic RF safety instructions should
be provided for regular site visitors.

The need to carry out RF radiation surveys beyond site boundaries must be considered, in particular where
induced voltages in external metallic structures (cranes, bridges, buildings etc.) may cause minor burns or
shock. In carrying out such surveys the possibility of the field strength increasing with distance, usually due
to rising terrain, should be taken into account. Where necessary, a procedure for monitoring planning
applications or other development proposals should be implemented.

An example which illustrates the text above is given in § 3.10 and Figs. 29 and 30 of this Report.

3.9 Precautions to control the indirect RF radiation hazards

Indirect effects of RF radiation, such as ignition hazards to flammable substances, may occur at levels well
below the “derived/investigation™ levels particularly at MF/HF. This is because flammable substances may
be stored on a site having associated conducting structures, such as pipe work, that could act as a fairly
efficient receiving antenna. Actual risks are, however, rare, but may include industrial processing plants, fuel
storage facilities and petrol filling stations. Detailed evaluation is, however, far from simple. The general
procedure recommended below is, therefore, based on progressive elimination. The detailed precautions
adopted will however need to take account of any national standards or legislation in the country concerned.

An initial assessment should be carried out, based on practical, worst case estimates, of the minimum
separation needed between a particular type of transmitter and a conducting structure to avoid such a hazard.
The first step in doing this is to determine the minimum field strength that might present an ignition hazard
for the particular transmitter frequencies in use. This is a function of the type of flammable substance and the
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perimeter of any loop formed by metallic structures, usually pipe work, and can most easily be determined
from tables or graphs. The vulnerable area should then be determined from this minimum field strength by
calculation, mathematical modelling or from tables/graphs.

If the vulnerable area, as determined above, contains any such sites on which flammable substances are
stored, or if any are being planned, a more detailed assessment should then be made. This should be based on
the actual dimensions of any metallic structures, the gas category of the flammable substance(s) being stored
and the measured field strength. This detailed assessment should be carried out by calculation of the
extractable power from the metallic structure to determine whether this exceeds the minimum ignition
energy of the flammable substance. Should this be the case, then the extractable power should be measured
and any necessary modifications to the structure and/or other safeguards implemented.

In a similar category to ignition hazards, is the possible detonation of explosive materials. This will very
rarely be encountered but detailed guidance is available from national standards, such as BS 6657 in the
United Kingdom. Other indirect effects that should be considered include interference to the safety systems
of vehicles, machines, cranes etc. close to, or within the boundaries of, transmitting stations. The immunity
of these systems is covered by electromagnetic compatibility (EMC) regulations and CISPR.

Where necessary, precautions similar in principle to those described above may need to be applied.

3.10 Field-strength values to be determined

Preliminary, using data given by a number of international and national authorities concerned with the health
aspects of EMFs, the range of electrical and magnetic field strengths are shown in Figs. 29 and 30,
respectively.

These curves/graphs should not be used as a basis for an administration’s regulatory requirements. They
represent a composite view of the limits currently depicted and are certain to evolve over time. As such, they
are merely illustrative of the methodology that could be applied to develop useful standards within an
administration.

Also, it must be recognized that results of independent studies of the subject are not entirely consistent and as
a result the interpretation of the results by responsible authorities has in the past and will continue in the
future to result in differing requirements in different countries.

FIGURE 29

The range of the electrical field strengths derived from the tables given by international
and national authorities concerned with the health aspects of EMFs
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The curves “a” and “b” represent the upper and lower boundaries respectively of some known, existing
recommendations for RF exposures levels (presented in this section, as example). All curves from authorities
making such recommendation lie between these boundaries, and any curve between curves “a” and “b”
should allow adequate broadcasting services.

FIGURE 30

The range of the magnetic field strengths derived from the tables given by international and national
authorities concerned with the health aspects of EMFs
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The curves “a” and “b” represent the upper and lower boundaries respectively of some known, existing
recommendations for RF exposures levels (presented here, as example). All curves from authorities making
such recommendation lie between these boundaries, and any curve between curves “a” and “b” should allow
adequate broadcasting services.

The differences between the suggested maximum levels at the same frequency (Figs. 29 and 30) depend on
different conditions considered by the various sources suggesting the limits.

3.11 Additional evaluation methods
3.11.1 Deosimetry

The application of dosimetric concepts enables the link to be established between external (i.e. outside the
body) field strengths and internal quantities of electric field strength, induced current density and the energy
absorption rate in tissues. The development of experimental and numerical dosimetry has been
complementary. Both approaches necessitate approximations to the simulation of human exposure; however
the development of tissue equivalent materials and minimally disturbing probes in the experimental domain
and the use of anatomically realistic models for computational purposes have improved the understanding of
the interaction of RF fields with the body.

Whereas current density is the quantity most clearly related to the biological effects at low frequencies, it is
the specific energy absorption rate (SAR), which becomes the more significant quantity as frequencies
increase towards wavelengths comparable to the human body dimensions.

In most exposure situations the SAR can only be inferred from measured field strengths in the environment
using dosimetric models. At frequencies below 100 MHz non-invasive techniques have been used to measure
induced current, and in extended uniform fields, external electric field strengths have been related to induced
current as a function of frequency. In the body resonance region, exposures of practical significance arise in
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the reactive near field where coupling of the incident field with the body is difficult to establish owing to
non-uniformity of the field and changing alignment between field and body. In addition, localized increases
in current density and SAR may arise in parts of the body as a consequence of the restricted geometrical
cross-section of the more conductive tissues.

Dosimetric quantities can be calculated by use of suitable numeric procedures and calculational models of
the human body. On the other hand such quantities can be measured using suitable physical models
(phantoms).

3.11.2 Specific Absorption Rate (SAR) measurement

The Specific Absorption Rate, SAR (W/kg), is the basic limit quantity of most RF exposure regulations and
standards. SAR is a measure of the rate of electromagnetic energy dissipated per unit mass of tissue.

The Specific Absorption Rate (SAR) may be specified as the value normalized over the whole body mass
(sometimes referred to as the “whole body averaged SAR”) or the localized value over a small volume of
tissue (“localized SAR”).

SAR can be ascertained from the internal quantities in three ways, as indicated by the following equation:

GAR_OE: _o 4T _J?
p L dt op

where:
E:  value of the internal electric field strength in the body tissue (V m™')
o: conductivity of body tissue (S m™)

p: density of body tissue (kg m™)
C.: heat capacity of body tissue (J kg °C™)

d7/ds:  time derivative of temperature in body tissue (C s™)

J:  value of the induced current density in the body tissue (A m?).

The local SAR in an incremental mass (dm) is defined as the time derivative of the incremental absorbed
energy (dW) divided by the mass:

SAR = d/df (dW/dm)

This quantity value is important from two standpoints; the resulting non-uniform distribution of energy
absorption when exposed to a uniform plane wave, and the localized energy absorption arising from non-
uniform fields in close proximity to a source of exposure.

Exposure regulations or standards contain derived electric and magnetic field limits. The underlying
dosimetric concept assures that compliance with the (external) derived levels will assure compliance with the
basic SAR limits. However, external or internal SAR measurements can also be used to show compliance.
For partial-body near-field exposure conditions, the external electromagnetic fields may be difficult to
measure, or may exceed the derived limits although the local SAR is below the basic limits. In these cases
internal SAR measurements in body models have to be conducted. The most important methods to measure
SAR will be described below.

3.11.3 Electric field measurement

The SAR is also proportional to the squared RMS electric field strength £ (V/m) inside the exposed tissue:
SAR = 6 E%/

where 6 (S/m) is the conductivity and p (kg/m’) is the mass density of the tissue material at the position of

interest. Using an isotropic electric field probe, the local SAR inside an irradiated body model can be

determined. By moving the probe and repeating the electric field measurements in the whole body or in a

part of the body, the SAR distribution and the whole body or partial-body averaged SAR values can be
determined. A single electric field measurement takes only a few seconds, which means that three-
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dimensional SAR distributions can be determined with high spatial resolution and with a reasonable
measurement time (typically less than an hour).

3.11.4 Temperature measurement
The SAR is proportional to initial rate of temperature rise d7/d¢ (C/s) in the tissue of an exposed object:
SAR=c AT/At

where c is the specific heat capacity of the tissue material (J/kgC). Using certain temperature probes, the
local SAR inside an irradiated body model can be determined. One or more probes are used to determine the
temperature rise A T during a short exposure time A ¢ (typically less than 30 s to prevent heat transfer). The
initial rate of temperature rise is approximated by A 7/A¢, and the local SAR value is calculated for each
measurement position. By repeating the temperature measurements in the whole body or in a part of the
body, the SAR distribution and the whole-body or partial-body averaged SAR values can be determined.

Three-dimensional SAR-distribution measurements are very time consuming due to the large number of
measurement points. To achieve a reasonable measurement time the number of points has to be limited. This
means that it is very difficult to measure strongly non-uniform SAR distributions accurately. The accuracy of
temperature measurements may also be affected by thermal conduction and convection during
measurements, or between measurements.

3.11.5 Calorimetric measurement

The whole-body average SAR can be determined using calorimetric methods. In a normal calorimetric
measurement, a full-size or scaled body model at thermal equilibrium is irradiated for a period of time. A
calorimeter is then used to measure the heat flow from the body, until the model is at thermal equilibrium
again. The obtained total absorbed energy is then divided by the exposure time and the mass of the body
model, which gives the whole-body SAR. The calorimetric twin-well technique uses two calorimeters and
two identical body models. One of the models is irradiated, and the other one is used as a thermal reference.
This means that the measurement can be performed under less well-controlled thermal conditions than a
normal calorimetric measurement.

Calorimetric measurements give rather accurate determinations of whole-body SAR, but do not give any
information about the internal SAR distribution. To get accurate results a sufficient amount of energy
deposition is required. The total time of a measurement, which is determined by the time to reach thermal
equilibrium after exposure, may be up to several hours. Partial body SAR can be measured by using partial-
body phantoms and small calorimeters.

3.11.6 Body current measurement

Measurement devices for body current may be carried out in two categories:
- Measurement devices for body to ground current.

— Measurement devices for contact current.

3.11.6.1 Induced body currents

Internal body currents are induced in persons occur from partial or whole-body exposure of the body to RF
fields in the absence of contact with objects other than the ground.

The two principal techniques used for measuring body currents include clamp-on type (solenoidal) current
transformers for measuring current flowing in the limbs, and parallel plate systems that permit the
measurement of currents flowing to ground through the feet.

Clamp-on current transformer instruments have been developed that can be worn.

The meter unit is mounted either directly on the transformer or connected through a fibre-optic link to
provide a display of the current flowing in a limb around which the current transformer is clamped. Current
sensing in these units may be accomplished using either narrow-band techniques, e.g., spectrum analysers or
tuned receivers (which offer the advantage of being able to determine the frequency distribution of the
induced current in multi-source environments, or broadband techniques using diode detection or thermal
conversion.
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Instruments have been designed to provide true r.m.s. indications in the presence of multiple frequencies
and/or amplitude-modulated waveforms.

The upper frequency response of current transformers is usually limited to about 100 MHz however air cored
transformers (as opposed to ferrite-cored), have been used to extend the upper frequency response of these
instruments. Whilst air-cored transformers are lighter and therefore useful for longer term measurements,
they are significantly less sensitive than ferrite cored devices.

An alternative to the clamp-on device is the parallel plate system. In this instrument, the body current flows
through the feet to a conductive top plate, through some form of current sensor mounted between the plates,
and thereby to ground. The current flowing between the top and bottom plates may be determined by
measuring the RF voltage drop across a low impedance resistor. Alternatively, a small aperture RF current
transformer or a vacuum thermocouple may be used to measure the current flowing through the conductor
between the two plates.

Instruments with a flat frequency response between 3 kHz and 100 MHz are available.

There are several issues that should be considered when selecting an instrument for measuring induced
current.

Firstly, stand-on meters are subject to the influence of electric-field induced displacement currents from
fields terminating on the top plate. Investigations have shown that apparent errors arising in the absence of a
person are not material to the operation of the meters when a person is present.

Secondly, the sum of both ankle currents measured with clamp-on type metres tends to be slightly greater
than the corresponding value indicated with plate type meters. The magnitude of this effect, which is a
function the RF frequency and meter geometry, is not likely to be material. Nonetheless, the more accurate
method of assessing limb currents is the current transformer. The precise method of measurement may
depend upon the requirements of protection guidelines against which compliance assessments are made.

Thirdly, the ability to measure induced currents in limbs under realistic grounding conditions such as found
in practice need to be considered. In particular, the differing degree of electrical contact between the ground
and bottom plate of the parallel plate system and the actual ground surface may affect the apparent current
flowing to ground (Ref.).

Measurements can be made using antennas designed to be equivalent to a person. This enables a
standardized approach to be used and permit current measurements to be made without the need for people to
be exposed to potentially hazardous currents and fields.

3.11.7 Contact current measurement

The current measurement device has to be inserted between the hand of the person and the conductive object.
The measurement technique may consist of a metallic probe (definite contact area) to be held by hand at one
end of the probe while the other end is touched to the conductive object. A clamp-on current sensor (current
transformer) can be used to measure the contact current which is flowing into the hand in contact with the
conductive object.

Alternative methods are:

- the measurement of the potential difference (voltage drop) across a non-inductive resistor
(resistance range of 5-10 Q) connected in series between the object and the metallic probe holding
in hand;

- a thermocouple milliammeter placed directly in series.

The wiring connections and the current meter must be set up in such way that interference and errors due to
“pick-up” are minimized.

In the case where excessively high currents are expected an electrical network of resistors and capacitors can
simulate the body’s equivalent impedance.

3.11.8 Touch voltage measurement

The touch voltage (no-load-voltage) is measured by means of a suitable voltmeter or oscilloscope for the
frequency range under consideration. The measurement devices are connected between the conductive object
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charged by field induced voltage and reference potential (ground). The input impedance of the voltmeter
must not be smaller than 10 kQ.

3.12 Legal consideration

The legal and health aspects connected with the safety for R.F. services are strategic for the project of one
transmitting centre. The values of the field strength should be compatible with the security of neighbouring
living people and with the house TV set, telephones, and household appliances. Not only the medical aiding
equipment but also the pacemaker, hearing aid systems and other personal aids, may suffer from radio-
frequencies interference.

The levels indicated in Fig. 29 of § 3.10 are accepted levels to be maintained at the border of the
transmission centre land. The above levels are considered suitable for a radioservice and are to be considered
valid also for the quality of a radioservice. Consequently, from the above levels one derives the extension of
the controlled area and the location of one transmission centre. Naturally, a transmitter centre located inside
a city has much more constraints in comparison with a transmitter centre located in the countryside. Each
administration or broadcaster may choose the values of the e.m. reference field (Fig. 29), but, if the value is
too low: either the radio services do not have the necessary quality (e.g. because the E.R.P. cannot reach the
necessary values), or the necessary land extension is too large with consequent high cost for the construction
of the transmission centre.

Currently the sensitivity of the people living near the transmitter centres, is very high for possible problems
caused by the radio frequency. For legal consideration one clear indication of the perimeter and extension of
the controlled area (where the values of e.m.f. are higher or equal to the values of Fig. 29) should be clearly
indicated: one fence, one wall or, at least some appropriate signposting, with indication of e.m.f. value, need
to be installed.

From urbanization point of view the construction of residential buildings must be forbidden inside the
controlled area. The above aspects connected with the e.m.f. must be treated in the same manner as the
ambient ecologic, landscape and panorama problems.
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Appendix 1
to Part 2
1 Australia
1.1 Digital terrestrial television broadcasting in Australia

Australia is served by an extensive network of PAL-B analogue, and more recently by DVB-T digital,
terrestrial television broadcasting transmitting sites. A feature of the transmitter deployments in Australia is
that a very large proportion of the population receives signals from a relatively small number of high power
“main station” transmitters that have large coverage areas, typically 100-150 km in diameter. Radiated power
levels at main station VHF Band Il transmitters can be up to 500 kW e.r.p for analogue and up to 100 kW
e.r.p. for digital. The radiated power levels at main station UHF Band IV and V transmitters can be up to 2
000 kW e.r.p for analogue and up to 1 250 kW e.r.p. for digital.

As a consequence of the sparse distribution of terrestrial transmitter sites, analogue main station assignments
in Australia were generally planned on the basis of noise-limited reception rather than interference limited
reception. This has meant that the so-called analogue taboo channels (e.g. adjacent channels, image channels
and local-oscillator channels) are usually unencumbered by other (out-of-area) TV signals. Most of the
population of Australia has access to five free-to-air analogue TV services.

In introducing digital television, Australia has planned for seven digital television networks in most areas - a
digital network for each of the existing analogue networks plus two new digital networks. Australian digital
television services commenced in metropolitan regions on 1 January 2001 and subsequently have been
progressively deployed in regional areas. The relevant federal government legislation stipulated a simulcast
period of eight years. During the simulcast period, existing analogue television transmissions have continued
and an additional digital signal has been brought into service. The digital service is required to carry a
standard definition (SDTV) digital version of the programmes being provided on the analogue service.

In December 2007 the Australian government changed the simulcast period, announcing that 31 December
2013 will be the date by which the last analogue transmitter will be switched off.

1.2 DTTB System Selection

The first step in the DTV conversion process was a comparative assessment process that led to the selection
of DVB-T (8k carrier mode) as the preferred digital television transmission standard and the determination of
system planning parameters such as interference protection ratios and minimum required signal levels. The
availability of this information permitted the conduct of a preliminary study of possible DTV channel
allocations. The conclusions of this preliminary study showed that it would be possible to allocate a complete
TV channel (7 MHz wide in Australia at both VHF and UHF) to each existing analogue service to permit its
conversion to DTV as well as provide additional channels for new digital-only services.

In 1998 legislation that set the framework for the establishment of DTV services was passed by the
Australian Parliament. In that legislation the government determined that each broadcaster would be loaned
spectrum to provide a digital service that matched the coverage of the analogue service as closely as
possible. Further legislation was also enacted to establish the detail of the regulatory regime to apply to the
provision of digital television and datacasting.

1.3 Simulcast of SDTV and HDTYV programmes

The Australian government has been committed to ensuring that digital television would be as affordable as
possible. Although broadcasters have been required to provide at least a minimum amount of high definition
television programming for those who can afford HDTV sets, they have also been required to provide their
broadcast in SDTV format. SDTV programming provides viewers with a picture quality that is generally
superior to the analogue television service. Currently two additional SDTV digital-only programme streams
are transmitted on national broadcaster networks and three more commercial SDTV programme streams
could be available from 1 January 2009. The transmission of SDTV format programming not only provides
viewers with the ability to access the additional features of digital broadcasting, but also provides consumers
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with a digital conversion path that is cheaper than the alternative approach of purchasing a HDTV set or a
HD set top box.

HDTYV is a key feature of digital terrestrial television in Australia. Broadcasters are required to transmit
HDTYV programmes for a minimum of 1 040 hours per year. The government has not specified any particular
technical parameters for HDTV, and broadcasters have been able to adopt and use of theMPEG-2 MP@HL
format for transmission (i.e. 576/50p, 720/50p, 1080/501). However, Australian broadcasters have expressed
a preference that programme production and exchange should be based on 10801 line formats.

By requiring both SDTV and HDTV programming, viewers have been given a choice in digital television
products but at the same time allowed broadcasters scope to demonstrate the appeal of HDTV.

1.4 Use of Single Frequency Networks (SFNs)

Digital television services have been introduced in Australia, using either a multi-frequency network (MFN)
or a single frequency network (SFN) approach. In either case, the digital television service is provided from a
network that consists of a high-powered central (or parent) transmitter that may be supported by, or
contribute signal to off-air feed, a number of low-powered in-fill or area-extension re-transmitters.

In the MFN case, the re-transmitters operate on a different channel (or channels) from the parent transmitter
while, in the SFN case, the re-transmitters may either operate on the same channel as the parent transmitter
(if not an off air feed); or on another channel in one or more SFN re-transmission networks, which can be off
air feed from the parent3,

In the later case, the parent transmitter is operated in the MFN mode, albeit with SFN timing information
embedded into the signal for use by the SFN re-transmission network(s). In a few cases more than one parent
transmitter, together with their re-transmitters operate as an SFN.

1.5 Planning parameters and interference threshold limits

Australia’s planning for digital television services takes into account a legislated requirement that “... in
SDTV digital mode in that area should achieve the same level of coverage and potential reception quality as
is achieved by the transmission of that service in analog mode in the same area”. Following this approach,
Australia’s digital services are typically planned with a maximum e.r.p. of 6 dB less than same band
analogue television services.

Planning guidelines in Australia also specify minimum median field strengths (referred to a measurement
height of 10 m above local terrain) of 44, 50 and 54 dBuV/m for Band III, IV and V digital television

services respectively4. To minimise the “cliff-effect”, digital television services are planned to achieve the
required protection ratio for better than 99% of the time, irrespective of whether the interference is
considered to be continuous or tropospheric in nature.

1.6 Comparison of ITU-R and Australian television planning parameters

The following text summarises differences between Australian television planning parameters, including
minimum field strengths and protection ratios and the corresponding Recommendation ITU-R BT.1368
parameters for the protection of DVB-T digital television services.

Australian planning for both analogue and digital terrestrial television is based on an assumption of fixed
reception using outdoor receiving antennas. Therefore protection ratios relevant to Ricean channels are used
where available. The DVB-T mode 64-QAM with 2/3 FEC and a 1/8 guard interval has been adopted as the
basis for digital television planning, however to achieve a higher picture quality for the SD/HD simulcast,
most broadcasters have selected 64-QAM with 3/4 FEC and 1/16 guard interval.

3" In a limited number of cases a parent station may feed several SFNs that may each operate on a different channel.
4 Refer http://www.acma.gov.au/WEB/STANDARD/pc=PC_91853.
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1.7 Digital television minimum median field strengths

Australian digital television planning is based on provision of minimum median field strength levels of 44,
50 and 54 dBuV/m in Bands III, IV and V respectively. These values are reasonably close to the values that
can be derived from the sample calculation value provided in Table 44 of Recommendation ITU-R
BT.1368-75. The Australian values are, respectively, 0.1, 0.9 or 2.8 dB higher than values that would be
derived from the Recommendation. The differences are due to: inclusion of a 1 dB higher receiver noise
figure allowance in Bands III and V; use of 6.7 rather than 7.6 MHz for the receiver bandwidth; inclusion of
a 1 dB allowance for man-made noise in VHF Band IlI; different combinations of antenna gain/feeder loss in
Bands III and IV; and, use of frequencies at the top rather than the middle of each band as the reference
frequency for the calculation. The Australian minimum field strength calculations also include a 1 dB
‘Interference Margin’ for the support of co-channel, frequency re-use planning.

1.8 Digital television protection ratios

Protection ratios for digital-digital and digital-analogue co-channel and adjacent channel interference from
other television broadcasting services were first defined in July 1999. Only minor changes have been made
to those original values. The values used in Australian planning are the same as the 64-QAM, 2/3 FEC
values set out in Recommendation ITU-R BT.1368-76.

The relevant protection ratios are not to be exceeded for more than 1% of the time. That is,
the E(50,1) value is used for the interfering field strength.

2 Brazil

The digital terrestrial television broadcasting channel planning and the deployment of the DTTB in Brazil.

2.1 Introduction

This chapter presents the work that has been conducted by the National Telecommunications Agency
(Agéncia Nacional de Telecomunica¢des - Anatel) related to channel planning regarding the introduction of
the Digital Terrestrial Television Broadcasting (DTTB) in Brazil and the stages for its deployment. The text
consolidates three contributions (RGQ11-1/2/93-E, 95-E and 185-E) submitted by the Brazilian
Administration to the Rapporteur’s Group on Question 11-1/2 during the meetings held on September 8"
2003 and May 31% 2004, both in Geneva. The Rapporteur’s Group Meeting of September 2003 “proposed
that the contributions of Brazil should be documented on the ITU Web site as a case study on the
introduction of digital terrestrial TV broadcasting”(2/REP/012-E). This proposal was approved in the Plenary
Session of the Study Group 2 on September 11™ 2003. As a result of these decisions, this Annex presents the
methodology, the results and the current work Anatel is undertaking on the completion of the DTTB channel
planning. In addition, it is important to observe that the country’s channel planning is not related to any
specific DTTB standard, since it contemplates the particularities of each existing DTTB standards.

2.2 Methodology applied for digital terrestrial television channel planning and its respective
results

This section describes the methodology applied by Brazil to prepare its channel planning for the deployment
of the DTTB in the country and its results. The applied methodology is independent of the DTTB standard
adopted. A working group under the coordination of Anatel and representatives from the Brazilian TV
networks has been working on digital terrestrial television channel planning since 1999.

2.2.1 Digital television channel planning strategy
When it comes to coverage, Brazilian TV networks present quite different characteristics among themselves.

5 Australian planning is based on provision of a service at 80% of locations within 200 m by 200 m areas. A 4.5 dB
correction factor is applied to convert from a 50% of locations to an 80% locations field strength value.

6 The original 1999 values were adopted following protection ratio measurements made in 1998 using the “traditional”
wanted-to-wanted protection ratio measurement approach, rather than the more recent C/(/+N) approach that
appeared in Recommendation ITU-R BT.1368-1 (and later revisions).
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They can be either regional networks or national networks, which encompass regional networks, or
eventually independent full TV station with strict local penetration. Figure 31 indicates the distribution of
full TV stations (in stars) and relay stations (in circles) of a particular Brazilian network with distributed
generation and national penetration.

The preparation of the Basic Plan for DTTB began in September 1999. Since then, specific premises have
been established. They are as follows:

- digital television will replace existing analogue TV by using UHF (channels 14 to 69) frequency
bands;

- the main objective of channel planning is to assure that digital television stations will have service
areas similar to their corresponding analogue stations service areas;

- during the initial stage called the ‘transition period’, analogue and digital channels will perform
simultaneous broadcast (simulcasting);

- digital television planning will be carried out in three phases: “Phase 1” only for those cities where
active full TV stations are in place and, in a later stage; “Phase 2” for those cities whose population
is over one hundred thousand inhabitants with only television relay stations; and “Phase 3” for others
cities with television relay stations;

- whenever is possible, digital stations will have to operate on the maximum power of its class’.

7 Brazilian TV Stations are classified into Special, A, B or C Class according to the ERP (Effective Radiated Power)
that they are authorized to transmit by Anatel. The ERP limits for each class are defined in the national technical
regulation for television broadcasting.
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FIGURE 31

Network with distributed generation and national penetration (Phases 1 and 2)
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Because of the preparation for the Basic Plan for Digital Television Channel Distribution (PBTVDS3), Anatel
has suspended, from October 1999 to April 2005, allocation of new analogue channels, and changes of the
technical characteristics in the existing channels in regions of Brazil under heavy spectrum usage. From
February 2002 to April 2005, the same policy was applied to the remaining regions. After the publication of
the PBTVD, item 1.3.3, Anatel resumed activities on the analogue channels allotment plan, proceeding with
the inclusion of new analogue channels. It’s important to observe that PBTVD will continue to use the
frequency band currently allocated to analogue transmission.

2.2.2  Phases of digital television channel planning

The channel plan studies were divided in three phases. The first phase focused on making digital channels
available to broadcast simultaneously with a specific and already existing analogue channels, those
authorized to provide television service on municipalities where at least one generator station covers.

The second phase focused on the availability of digital channels for simulcasting in municipalities with
population above one hundred thousand inhabitants and that are covered only by relay stations. This phase
also included a review of the first phase, in order to meet the demand in all municipalities to which
authorizations to install new television operating networks were granted after the beginning of the first
phase.

In the year of 2006, Brazilian government initiated the third phase of digital channel planning studies. This
phase deadline is June 2011. It includes the allotment of digital channels for the relay stations on the
remaining cities and a digital channel revision on the previous phases allotment plan.

2.2.3  Channel planning results

The first phase, concluded in September 2002, made available 1 151 digital channels in 164 municipalities,
as presented in Fig. 32.

FIGURE 32

Digital channels available after Phase 1
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The second phase, concluded in March 2003, made further allocation of 742 digital channels in
132 municipalities. As a result of the conclusion of both Phases 1 and 2, 1893 channels were made available
for the introduction of Digital Terrestrial Television Broadcasting (DTTB) in Brazil as presented in Fig. 33.

8 Basic Plan for Digital Television Channel Distribution (PBTVD) is the official name designated for the Digital
Television Allotment Plan in Brazil.
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FIGURE 33

Results obtained after the conclusion of Phase 2
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After the conclusion of the third phase, which is currently in progress, it’s planned 6 144 digital channels in
Brazil, as presented in Fig. 34.

FIGURE 34
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The Basic Plan for Digital Television Channel Distribution (PBTVD) has been successful in assuring that the
service areas of digital television stations is similar to its related analogue stations. The PBTVD
encompasses 296 Brazilian municipalities, whose total population is approximately 110 million inhabitants.
These municipalities are either covered by a generator television station service or their population is over
one hundred thousand inhabitants and there is, at least, one operating relay station in the city. Only in service
analogue channels were taken into account for the channel planning. Therefore, up to August 2008,2 157
digital channels have been made available by the National Telecommunications Agency (Agéncia Nacional
de Telecomunicagdes - Anatel) and there will be more than 6 100 digital channels in Brazil until 2013. Thus,
more than 12 200 channels, analogue or digital, will be available during the “simulcast” period from 2013 to
2016.

2.3 Legislation and Regulatory adjustments for the deployment of Digital TV in Brazil
In order to deploy the Brazilian System of Digital TV (SBTVD), adjustments to the legislation and to the
regulatory framework were needed. This process had five important stages, as listed below.

2.3.1  Stage 1: Creation of the Brazilian System of Digital Television (SBTVD)

The first stage: the creation of the Brazilian System of Digital TV (SBTVD), was initiated by the
Decree 4.901, of 26 of November of 2003, which:

- Established the aims of the Brazilian System of Digital Television (SBTVD).

- Created the Development Committee of the SBTVD with the scope of studying and elaborating a
report’ with proposals for:

1 The definition of the reference model for the Brazilian system of digital television.
2 The standard of television to be adopted in the Country.
3 The form of exploitation of the digital television service
4 The period and framework of the transition from analogue to digital system.
- Created an Advisory Committee and a Steering Group, which jointly compose the SBTVD, along
with the Development Committee.

2.3.2  Stage 2: Digital Technology updates in regulatory documentation

The Stage 2, which was based on digital technology updates in the regulatory framework, was approved by
Anatel Resolution N. 398, on April 7" 200510, This Regulatory document presents technical aspects of
sounds and images broadcasting and television retransmission, with the purpose of:

- Ensuring the quality of the signal in the coverage area.

- Preventing harmful interferences over currently authorized, and already installed,
telecommunication stations.

- Establishing the technical criteria of viability projects designing, especially those regarding to
inclusions in channel allotment plans, and modifications on technical installations.

The revision of the technical regulation for television broadcasting also included the procedure for
calculation of viability involving channels of Digital TV!! and the adoption of Recommendation UIT-R
P.154612.

2.3.3  Stage 3: Creation of Basic Plan for Digital Channel Distribution (PBTVD)

The Stage 3 startup occurred with the publication of Anatel Resolution 407, on June 10™ 200513, This
document approved the Brazilian Digital Television Channel Allotment Plan, officially named as Basic Plan

9 http://sbtvd.cpqd.com.br/cmp_tvdigital/divulgacao/anexos/76 146 _Modelo Ref PD301236A0002A RT 08 A.pdf
10 http://www.anatel.gov.br/Portal/documentos/biblioteca/resolucao/2005/res_398_2005.pdf

11 http://www.anatel.gov.br/Portal/documentos/biblioteca/resolucao/2005/anexo_res 398 2005.pdf

12 http://www.anatel.gov.br/Portal/documentos/biblioteca/resolucao/2005/anexoii_res_398 2005.pdf.

13 http://www.anatel.gov.br/Portal/documentos/biblioteca/resolucao/2005/res_407 2005.pdf
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for Digital Channel Distribution - PBTVD!4, referred to in item 1.2.3, Fig. 33. It also allocated, considering
the guidelines discussed on item 1.2.1, 1893 digital television channels in 306 localities. In sum, in 2005, the
Basic Plan of Distribution of Television Channels (PBTV) contained a total of 473 generator TV stations
(analogue stations), 9845 relay TV stations and 1207 stations in cities where its populations is more than one
hundred thousand inhabitants

2.3.4  Stage 4: Definition of the Digital Terrestrial Television system and the transition period
guidelines

The Stage 4 started with the Decree No 5,820, on June 29" 200615, defining that the SBTVD-T would adopt,
as a base, the standard of signals designed by ISDB-T (Integrated Services Digital Broadcasting), also
incorporating the technological innovations approved by the Development Committee. Beyond those
definitions, the document presented the guidelines for the transition period from analogue to digital TV. The
Decree also laid down the following points:

- Creation of the SBTVD Forum!6;
- Made possible:
- Simultaneous fixed, mobile and portable transmission.
- Interactivity.
- High Definition (HDTV) and Standard Definition Television (SDTV).

- Defined the consignation of one digital channel for each existing analogue channel, regarding the
transition period. The preference is for the digital channel allocation in the UHF band (channels 14 -
59), rather than in the VHF band - high (channels 7 - 13).

- Deployment sequence, first starting with the TV stations.

- Established that, after signing the assignment contract, the installation projects must be submitted by
the broadcasting companies to the Ministry of Communications within 6 months. Afterwards, the
digital transmissions should start within 18 months.

- Defined that, after July 1* 2013, only digital technology television channels will be granted by the
Ministry of Communication for television broadcasting.

- Defined the date of June 29" 2016 as the switch-off date of analogue transmission.
Creation of 4 (four) digital public channels for the national Government.

2.3.5 Stage 5: Establishment of conditions for assignment contract of the additional channel for the
digital and analogue simultaneous transmission

The Ministry of Communication (MC) ordinance N° 65217, which has been published on the 10™ of October,
2006, initiated Stage 5 by establishing the assignment contract conditions for the additional channel, which
shall be used during the digital and analogue simultaneous transmission period (Simulcast). It has also
included the schedule for the transition, as defined below:

- The assignment contract will observe the PBTVD.
- The digital channel will have to:
I Provide the same coverage as its analogue counterpart;
I Provide efficient management of the analogue and digital transmissions;

III  Prevent interferences.

14 http://www.anatel.gov.br/Portal/documentos/biblioteca/resolucao/2005/anexo_res_407_2005.pdf
15 http://www.planalto.gov.br/ccivil/_At02004-2006/2006/Decreto/D5820.htm

16 http://www.forumsbtvd.org.br

17 http://www.me.gov.br/sites/600/695/00001879.pdf.
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FIGURE 35

Transition period in Brazil (analogue to digital television)
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their commercial deployment.!8
TABLE 7

Schedule for the assignment contract and commercial deployment of Digital TV

Phase of . Assignment Commercial
R Station TV .
planning tvpe Cities (Group) contract deployment
(Item 1.2.3) yp schedule schedule
. - Upto
Phase 1 TV stations Sao Paulo (SP) 12/29/2006 12/29/2007

. Belo Horizonte, Brasilia, Rio de Janeiro, Salvador € Up to

Phase 1 TV stations Fortaleza (G1) 11/30/2007 Up to 01/31/2010
. Belém, Curitiba, Goidnia, Manaus, Porto Alegre e Recife Up to

Phase 1 TV stations (G2) 03/31/2008 Up to 05/31/2010
. Campo Grande, Cuiabd, Jodo Pessoa, Maceio, Natal, Sao Up to

Phase 1 TV stations Luis ¢ Teresina (G3) 07/31/2008 Up to 09/31/2010
. Aracaju, Boa Vista, Floriandpolis, Macapa, Palmas, Porto Up to

Phase 1 | TV stations Velho, Rio Branco e Vitoria (G4) 117302008 | UPto 01312011
. - . . Up to

Phase 1 TV stations Other Cities with TV Stations (G5) 03/31/2009 Up to 05/31/2011
Relay Cities of the Groups SP, G1, G2, G3, G4 (Capitals and Up to

Phase 2 stations Federal District) 04/30/2009 Up to 06/31/2011
Phases 2 and Relay . . . Up to

3 stations Other Cities with Relay Stations 04/30/2011 Up to 06/30/2013

According to the plan, migration priority is given to generator TV stations and, later, to the relay stations
located in Capitals and the Federal District. The signing of assignment contracts by relay station operators in
the remaining cities will take place at the last stage.

After the assignment contract is signed, the TV Broadcaster may start to test and then commercially deploys
the system.

2.4 The Brazilian Digital Television System (SBTVD) Forum

After the release of Presidential Decree 5,820, the role of private organizations in the development of DTT
was intensified, mainly because of the SBTVD Forum.

The Forum is a nonprofit entity, whose main objectives are supporting and fostering the development and
implementation of best practices to the Brazilian digital television broadcasting success. The most important
participants of broadcasting, reception-and-transmission-equipment-manufacturing, and software industries
are part of this Forum.

18 hitp://www.forumsbtvd.org.br/cronograma.php.
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The Forum’s main tasks are: to identify and harmonize the system’s requirements; to define and manage the
technical specifications; to promote and coordinate technical cooperation among television broadcasters,
transmission-and-reception-equipment manufacturers, the software industry, and research-and-education
institutions; to propose solutions to matters related to intellectual property aspects of the Brazilian DTT
system; to propose and develop solutions to matters related to the development of human resources; and to
support and promote the Brazilian standard in the country and overseas.

Besides the private sector, federal government representatives also participate in the Forum. And such
participation is considered very important, since it allows those representatives to closely follow the
discussions taking place, while strengthening the relationship between forum members and public regulators.

2.4.1  Objectives

The Forum of Brazil’s Terrestrial Digital TV Broadcasting System was formally instated in December 2006.
The Forum’s mission is to help and encourage the installation or improvement of the digital sound and image
transmission and receiving system in Brazil, promoting standards and quality that meet the demands of the
users.

The purpose of this Forum is to propose voluntary or mandatory technical norms, standards, and regulations
for Brazil’s terrestrial digital television broadcasting system, and, in addition, to promote representation,
relations, and integration with other national and international institutions.

2.4.2  Structure and Composition

There are three membership categories: Full Members, Effective Members, and Observers. The full
members, who have the right to vote and the obligation to pay annual dues, belong to the following sectors:

a) Broadcasting stations.

b) Manufacturers of receiver or transmitter equipment.

c) Software industry.

d) Teaching and research institutions that carry out activities directly involving Brazil’s digital TV
system.

Effective members come from sectors that are different from those mentioned previously, but they must also
pay annual dues. The observer members are those who, when formally invited by the Council, accept to enter
the Forum, without any voting rights and without the obligation to pay annual dues.

The Deliberative Council is comprised of 13 councilor members elected by the General Assembly. The
Council shall be able to draw up general policies of action, strategies, and priorities, adopt the results of the
work, and refer them to the Development Committee of the Federal Government.

FIGURE 36
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2.4.3 Modules Assignments

The Forum is comprised of four modules that address different aspects of the Digital TV implementation
effort.
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2.4.3.1 Market Module

The market module must identify the needs, wishes, and opportunities of the market, defining functional
requirements, time limits for availability, and costs, and coordinating the relationship between the various
sectors represented in the Forum.

This module checks conformity with the technical specifications and requirements that are drawn up and
analyzes and proposes solutions to issues related to planning the implementation of terrestrial digital
television.

2.4.3.2 Technical Module

The technical module coordinates the efforts relative to the technical specifications of Brazil’s digital TV
system and research and development activities, identifies specification needs, and defines the availability of
technical solutions referring to the generation, distribution, and receiving of the digital TV system, including
high definition, standard definition, mobility, portability, data services, interactivity, content protection, and
conditional access.

This module also coordinates the efforts to harmonize technical specifications with other national and
international institutions.
2433 Intellectual Property Module

The intellectual property module must coordinate efforts in the search of solutions regarding intellectual
property, drawing up policies and practices to be adopted among the members and proposing the legal
approach to these issues to the competent institutions.

This module also helps and monitors the negotiation of royalties linked to the incorporation of technologies
along with their holders and informs the council about the costs involved in the techniques being adopted or
incorporated.

2.434 Promotion Module

The promotion module coordinates efforts to promote, distribute, and disseminate Brazil’s system. This
module must promote seminars and courses; publish newspapers, bulletins, and other carriers of information.
The Promotion Module is also responsible for organizing the common activities of broadcasters and
industries aimed at increasing the awareness about the advantages of the Digital TV system.

2.4.4 Outline of the Technical Standards

Standardization activities, performed by the Technical Module, are divided among eight subgroups of
specialist volunteer members, which work in the sectors of the broadcasters, consumer electronics,
transmitters and software industries and universities. The working groups are organized as in Fig. 37.

The standards for the digital terrestrial television, showed in the Fig. 37, are listed below:!9

- ABNT NBR 15601:2007 — Transmission system

- ABNT NBR 15602:2007 — Video coding, audio coding and multiplexing

- ABNT NBR 15603:2007 — Multiplexing and service information (SI)

- ABNT NBR 15604:2007 — Receivers

- ABNT NBR 15605:2007 — Security issues (under approval)

- ABNT NBR 15606:2007 — Data coding and transmission specification (partial)

- ABNT NBR 15607:2007 — Interactive channel (partial)

- ABNT NBR 15608:2007 — Operational guidelines

- ABNT NBR 15609:2007 — Middleware test suit (internal working document)

- ABNT NBR 15610:2007 — Tests for receivers (internal working document).

19 hitp://www.abnt.org.br/tvdigital/ TVDIGITAL.html
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FIGURE 37

Brazilian standardization structure
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2.5 Current Status of the DTT deployment

On December 2™, 2007, the first official implementations of the Brazilian DTT system began commercial
operations in the city of Sdo Paulo and, by mid-2008, there were already 10 commercial broadcasters
operating in this city. Although tests were already being conducted since May, 2007, the government chose
the December date as the official date of the system launch.

According to the schedule established by the government, all analog TV broadcasters must also be
transmitting digital until 2013. Furthermore, the switch-off of the analog systems is schedule to take place in
2016.However, in 2008, the actual deployment of DTT transmissions in Brazil was moving ahead of the
schedule. Stimulated by the increasing interest in the new technology, many broadcasters have been
investing earlier than required by law and have been starting digital transmissions sooner than expected. The
accelerated implementation was also due to the tax-reduction incentives offered by the government, and to
the new applications made possible by the DTT system, such as portable reception.

In the first six months after the official commercial launch, DTT transmissions in Brazil is a reality in Sdo
Paulo, Rio de Janeiro, Belo Horizonte and Goiania, and 10 other cities were scheduled to get digital
broadcasting yet in 2008. By the third quarter of this year, DTT signals already covered over 21 million
people, and were expected to reach 30 major cities and state capitals by the end of 2009.

The robustness of DTT signals, as well as the superior video and audio quality provided by the technology,
represents a big step forward in the technical quality on content access of lower income population. The
market penetration of television devices in Brazil and its close relationship with the general population are
clues to enable us to devise the huge market that DTT will offer in the next few years.

2.5.1 DTT market in 2008

In the third quarter of 2008, there were already over 30 different DTT receivers available in the market, with
functionalities and designs aimed to different economic segments and user preferences. Among those
models, there could be found portable reception devices (1-Seg), including portable TVs, computer USB
tuners and cell phones. For fixed reception, consumers could choose between standard definition and high
definition devices, although all broadcasters have been transmitting in high definition (1080i). There were
already over 50 h a week of original HDTV programming, and a growing demand from viewers.

Since the commercial start of DTT in Brazil, consumers were able to see a significant fall in the prices of
reception devices, with the proliferation of additional manufacturers and models. As an example, by the third
quarter of 2008, portable one-seg receivers for computers could be found for prices around US$ 100, while
high-definition fixed-reception set-top devices could be found in the US$ 180 to US$ 300 price range. It was
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not unusual to find special offers to lower income consumers that split the price of the receiver in up to 12
monthly payments.

By that same time, the industry had already provided many solutions for the high-end DTT market, such as
full-HD displays with integrated digital tuners. Many manufacturers offered displays with integrated
receivers, with sizes ranging from 32 to 52 inches, for a price to the consumer starting at around US$ 1.500.

Since the beginning of transmissions, market prices for DTT receivers have been falling gradually, as the
market moves from the early adopters to the ordinary consumers. That expected movement has been
regarded by broadcasters and industry as proof of the successful introduction of DTT. It’s a trend that is
expected to intensify with the beginning of transmissions in other cities. As of mid-2008, manufacturers have
been preparing for Christmas, when a surge in demand for reception devices is expected. The general
expectations are that the demand for DTT receivers and integrated TVs will grow steadily over the following
years.

2.6 Conclusion

The opinion of the majority of the concerned entities is that the introduction of digital TV in Brazil has been
very successful. The better images and sound quality, the portable TV with in-band “one-seg” technology,
the future interactivity with the user and the digital convergence are the most evident benefits of the new
technology. Nonetheless, keeping terrestrial television a free and open service, providing ways for the social
inclusion of a growing number of citizens, as well as offering them an important mean of entertainment,
education and cultural integration, at local, regional, and national levels, are not less important objectives for
system that has been prepared to serve a vast country such as Brazil, both in territorial and demographic
senses.

One of the first steps on the transition process was the development of the Digital Television Channel Plan,
that has been conducted by the National Telecommunications Agency (Agéncia Nacional de
Telecomunicagdes - Anatel) since 1999. At the end of the channel planning process, not later than 2013, it is
expected that more than 6 100 digital channels have been assigned. In the full “simulcast” period, from 2013
to 2016, more than 12 200 analogue and digital channels are supposed to be in operation. This fact illustrates
the magnitude of the task that has been assigned to Anatel, and that has been so far successfully executed by
the Agency.

An important cornerstone of the successful introduction of the digital terrestrial TV in Brazil was the
creation of the Brazilian Digital Television System Forum, or SBTVD Forum, in 2006. The Forum, whose
members are TV network operators, equipment manufacturers, the software industry, education and research
institutions, plus some other invited institutions and individuals, has had an important role in supporting and
fostering the development and implementation of digital television in the country. It is also responsible for
defining the best practices for the deployment of the system. By working close with the Japanese experts on
the ISDB-T standards, the Forum has created a vast knowledge base about the implementation of
DTT, and has contributed to the formation of a large number of professionals with competence on
the subject.

3 Bulgaria

With due consideration of the complexity and far reaching consequencies of the transition from analogue to
digital, relevant Strategic Plan for Introduction of Terrestrial TV Broadcasting (DVB-T) in the Republic of
Bulgaria has been elaborated and approved at session of the Council of Ministers of 31 January 2008
(Reference: Protocol No 5 by decision on Agenda item 24). Its main considerations and key aspects are
provided herewith.

3.1 Background of country TV broadcasting market

3.1.1 TV Programme licences

As of January 2008, a total of 203 TV programmes have been licensed for delivery to the population of this
country by cable television, terrestrial broadcasting and via satellite.

3.1.1.1 The terrestrial broadcasting component ensures analogue delivery of the total of seven TV
programmes as follows:
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a) Three nation-wide TV programmes, namely:

“Channel 1” of the Bulgarian National Television (BNT) with population coverage of 98,3%
achieved by 677 high power main transmitters, relay transmitters and low power fill-in
transmitting stations in Frequency Bands II, III, IV and V;

—  “bTV” with population coverage of 97% achieved by 676 high power main transmitters, relay
transmitters and low power fill-in stations in Frequency Bands III, IV and V; and

—  “Nova” exceeding 70% population coverage achieved by total of 143 transmitters, with
comparatively lesser number of high power main transmitters and with a growing network of
relay transmitters and low power fill-in transmitting stations, all operating in Frequency Bands
IVand V.

b) In addition there are four regional TV programmes licensed to be on air in the towns of
Blagoevgrad, Plovdiv, Russe and Varna.

3.1.1.2 Remaining 196 licenses are issued for TV programme delivery via cable or satellite.

3.1.2  Public/Commercial/Temporary licensed operators

Seventeen licenses are issued to public broadcasting operators and 169 licenses to commercial broadcasting
operators totalling 186 regular licenses. Furthermore, the said regular licenses are supplemented by
additional 42 specific licenses (temporary in nature but still in force) for terrestrial analogue broadcasting.

3.1.3  Cable/Satellite/Terrestrial delivery

It is estimated that predominantly around 63% of the country population is served by cable network delivery,
7% of the population by satellite and about 30% of the population receives TV programming via terrestrial
broadcasting channels. While every country town is served via cable TV network delivery only about 28% of
the villages of this country are served by cable TV. It is expected that cable TV network delivery would
reach its saturation limit at 75% of the population coverage.

The country population having access to terrestrial TV broadcasting only is estimated to be within 10 to
11% range.

3.1.4  Digital terrestrial TV broadcasting

Only one digital terrestrial TV broadcasting operator has been licensed to serve the area of Sofia City since
2004.

3.2 Purpose and mission of the analogue to digital terrestrial TV transition

The said Plan for introduction of digital terrestrial broadcasting aims not only at retaining the number of
users who, in spite of having access to cable, terrestrial and satellite delivery, have already chosen to use
analogue terrestrial delivery, but also has set the target of increasing the number of digital terrestrial delivery
users in nearest future. Indeed the Plan has the objective of creating an enabling competitive environment
thus effectively preventing the monopolistic cable and satellite delivery operators’ grasp at the market.

Towards this end, the digital terrestrial broadcasting shall be deployed under certain conditions as follows:

- free of charge delivery to users (not more than one encrypted programme per multiplex be
permitted);

- initial number of programmes delivered shall be not less than 15;

- programmes delivered be composed of an attractive-to-viewers blend of national, regional and local
origin;

- HDTYV programme delivery license applications be allowed by 2011;

- better quality and offer of additional/interactive e-services and applications, in consistency with
Directives 2002/21/EC (Framework Directive) and 2002/19/EC (Access Directive) of the European
Parliament and the Council of 7 March 2002; and

- mobile outdoor reception predominantly for cars and portable reception inside of buildings expected
to be used for the purpose of second and third household receivers.
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The said Transition Plan has defined the strategic aspects of:
- population coverage objectives and criteria;

- Multiple Frequency Network (MFN) approach dedicated only to nation-wide coverage, while
Single Frequency Network (SFN) approach will be applied explicitly to allotment zones;

- initial build-up of SFN network broadcast coverage of densely populated towns and areas (Island
Coverage) within any allotment zone followed by further gradual network extension until the entire
allotment zone coverage has been achieved;

- optimization of number of multiplexes within allotment zones;

- granting license or temporary permission to any new analogue terrestrial broadcasting operator
applicant will be severely restricted,;

- parallel broadcasting of both the analogue and the digital (simulcast) being limited to one year
duration upon the expiry of which the concerned analogue broadcasting license/s will be terminated.
Thus the reuse of liberated spectrum of analogue broadcasting is provided for further build-up of
digital terrestrial TV broadcasting networks as per the Plan;

- establishing criteria for switch-off of analogue TV broadcasting, but not later than end 2012;

- nation-wide coverage by digital terrestrial broadcasting to be completed in all zones by end 2015;
- factual digital dividend definition; and

- timely supply of Set Top Boxes (STB) to the population at affordable prices and risks involved.

33 Impact of the digital terrestrial broadcasting Plan of RRC-06 and GE 06 Agreement

RRC-06 and GE 06 Agreement guarantee to the Bulgarian Administration to have at its disposal and use at
its discretion 10 nation-wide networks for terrestrial digital TV broadcasting, supplemented by 34 regional
networks and by 23 networks dedicated to the regions of Sofia and Varna.

3.4  Transition to digital terrestrial TV broadcasting

The said transition will be executed into two phases as follows:
3.4.1  First phase-start of the transition

34.1.1 Three nation-wide digital terrestrial TV networks

Three nation wide MFN/SFN networks, all DVB-T, will be licensed to operators for deployment in allotment
zones of Burgas, Plovdiv, Ruse, Sofia, Stara Zagora, Varna and Vidin by June 2008.

Licensed operators shall start “Island Coverage” broadcast within said allotment zones as from January 2009
and they must achieve at least 75% population coverage within said allotment zones by December 2012.

Exactly one year later, after the simulcast expiry, new licenses will be granted to operators with obligation to
start “Island Coverage” broadcast within allotment zones of Blagoevgrad, Kurdzhali, Pleven, Smolyan and
Shumen and they must achieve at least 75% population coverage by December 2011.

Furthermore, relevant licensees must ensure full population coverage inclusively for the above-mentioned
twelve allotment zones by December 2012.

34.1.2 Twelve regional digital terrestrial TV networks

Twelve regional SFN networks will be licensed to operators within allotment zones of Burgas, Plovdiv, Sofia
and Varna (three SFN networks each) by June 2008. Licensees shall start “Island Coverage” broadcast
within said allotment zones by January 2009 followed by ensuring of full population coverage for the said
four allotment zones by January 2010.
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3.4.2  Second phase of the transition

3.4.2.1 Additional three nation-wide digital terrestrial TV networks

Furthermore, three nation-wide MFN/SFN networks, two of them DVB-T plus one DVB-H, will be licensed
to operators for deployment in the allotment zones of Burgas, Plovdiv, Ruse, Sofia, Stara Zagora, Varna and
Vidin by July 2010.

Licensed operators shall start “Island Coverage” broadcast within said allotment zones as from January 2011
and they must ensure at least 75% population coverage of said allotment zones by December 2013.

Exactly one year later, after the simulcast expiry, new licenses will be granted to operators by July 2011 with
obligations to start “Island Coverage” broadcast within the allotment zones of Blagoevgrad, Kurdzhali,
Pleven, Smolyan by January 2012, being followed by obligations to ensure at least 75% population coverage
by July 2014.

Furthermore, relevant licensees must ensure full population coverage inclusively for the above-mentioned
twelve allotment zones by July 2015.

3.4.2.2 Additional fifteen regional digital terrestrial TV networks

Fifteen regional SFN networks will be licensed to operators for deployment in the allotment zones of
Blagoevgrad, Burgas, Kardzhali, Pleven, Plovdiv, Ruse, Smolyan, Sofia, Sofia-City, Stara Zagora,
Strandzha, Shumen, Varna, Varna-City and Vidin by July 2010.

These licensees will be obliged to start “Island Coverage” broadcast within said allotment zones as from
January 2011 and they will be required to ensure 90-95% of population coverage in the above-mentioned
allotment areas by December 2012.

3.4.3 Allotment zones

Figure 38 defines the distribution of allotment zones on the map of Bulgaria as per RRC-06.

344 HDTV

Subject to license application/s for digital terrestrial HDTV broadcasting network/s being submitted latest by
December 2011 to competent regulatory authorities, or upon initiative of competent regulatory authority,
license/s may be granted to relevant operator/s for deployment and operation of digital High Definition TV
terrestrial broadcasting network/s.

3.4.5 One Year Simulcast Limitation

The period of parallel broadcasting of both analogue and digital terrestrial TV broadcasting (simulcast) is
limited to one year after the start up of digital terrestrial broadcasting within relevant “Island”. Upon expiry
of this one-year period all analogue terrestrial TV broadcasting transmitters within the “Island” territory
coverage will be switched-off as a principle, however exceptions may be granted spectrum permitting, in
particular for remote rural areas.

Appropriate measures will be taken to ensure adequate spectrum allocation/s in order to guarantee the
practical implementation of this key requirement.

3.4.6  “Must carry” obligation

The Electronic Communications Law, May 2007, Article 47(2).1 stipulates that any digital terrestrial
broadcasting network, be it radio or television, must carry two Bulgarian programmes. It is within the
purview of the Electronic Media Council (EMC), empowered by this Law, to decide on the programme
allocation within any network. Furthermore, it is the EMC who decides on the network to broadcast the
programme/s of Bulgarian National Television, but within the said limitation of two Bulgarian programmes
per network.

Taking into account the existing spectrum constraints, the Second Phase of the Transition Plan (see § 2.4.2)
may be implemented only on condition that relevant spectrum indeed be liberated by the already licensed
operators for analogue terrestrial digital TV broadcasting with nation-wide coverage networks. In this regard
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and in order to ensure that the above-mentioned requirement of the Electronic Communications Law will be
met, either the said licensed operators must have new licenses granted for nation-wide network coverage of
digital terrestrial TV broadcasting during the First Phase of Transition (see § 4.1), or alternatively, in
consistency with the decision of the EMC on the network assigned to carry the programme/s of Bulgarian
National Television (BNT) a “must carry” obligation be imposed on relevant operator/s, being licensed as
First Three Nation-wide digital terrestrial TV Broadcaster during the First Phase of Transition to carry
obligatorily the programme/s of Bulgarian National Television.

FIGURE 38
Allotment zones for the Republic of Bulgaria defined by RRC-06

Blagoevgrad

Varna City

3.477  Analogue switch-off

Switch-off of any analogue TV terrestrial broadcasting transmission in the country will be imposed by
December 2012 at the latest.

3.4.8 Digital dividend

The switchover from analogue to digital broadcasting will create new distribution networks and expand the
potential for wireless innovation and services. The digital dividend accruing from efficiencies in spectrum
usage will allow more channels to be carried with variety of fast data transmission rates and lead to greater
convergence of services.

The inherent consistency of data flows over long distances and flexibility offered by digital terrestrial
broadcasting will support mobile reception of video, internet and multimedia data, making applications,
services and information accessible and usable anywhere and at any time. Along with the introduction of
innovations such as Handheld TV Broadcast (DVB-H) and High-Definition Television (HDTV), it will
provide greater bandwidth which, in full consistency with “European Parliament resolution Towards a



Rap. UIT-R BT.2140-1 159

European policy on the radio spectrum” {2006/2212(INI)}, could increase the widespread availability of
affordable mobile/wireless broadband, including in rural areas.

Services ancillary to broadcasting (wireless microphones, talk back links), planned on a national basis, could
also be extended.

Because of the complex and interleaving reasons, associated inter alia with the said purpose and mission of
the introduction of digital TV terrestrial broadcasting in this country, it will be very difficult in the mid-term
future to quantify the spectrum which will be available for use of services other than broadcasting. Therefore
it is foreseen that the factual quantitative balance of the spectrum liberated will be done not earlier than the
complete analogue switch-off at the end of 2012 and not later than end 2015, in full conformity with the
decisions taken at the WRC-07.

4 Canada

4.1 National planning strategies and policy considerations
4.1.1 Introduction

For almost 25 years Canada has carried-out, research, demonstrations, put in place a Task Force, Working
Groups, Industry Associations, Regulatory initiatives with minimal government involvement and with a
policy firmly based on the market place for the transition to digital terrestrial television. Although the core of
all of this work has focussed on terrestrial television transition, there have been some notable diversions
along the way including the Advanced Broadcasting Systems of Canada (ABSOC), which dealt with video
compression issues for standard digital terrestrial television, cable and satellite.

ABSOC recommended that a digital Task Force look at all the issues surrounding the implementation of
Digital Television (DTV) in Canada and the Government set one up in late 1995. It included all industry
segments and completed its work in late 1997 with a report presented to the Ministers of Canadian Heritage
and Industry Canada.

Following the Task Force report Industry Canada responded by accepting the recommendation to adopt the
American Television Systems Committee (ATSC) transmission standard for terrestrial DTV services and
made spectrum available to all licensed terrestrial television broadcasters for digital services. The
broadcasters, distributors and manufacturers set up an industry association to manage and facilitate the
transition realizing another recommendation, Canadian Digital Television (CDTV).

Over the next eight years CDTV working with the industry and the relevant interest groups and government
departments, provided a platform for testing the technology, educating both the industry and the consumer,
demonstrating HDTV services, and encouraging the production and distribution of HDTV programs and
services. Over this period, the Canadian Radio-television and Telecommunications Commission (CRTC)
also provided a regulatory framework for terrestrial television broadcasters and pay and specialty services to
make the transition to digital High Definition service. The important point to note is that the emphasis of all
of these initiatives was not just the introduction of DTV service but that service providing HDTV programs.
The benefit for the citizen/consumer was defined both informally and formally as improved video and audio
as characterized by HDTV.

In 1999, the industry defined Canada’s DTV transition strategy as a fast follow by two years of the US roll
out of DTV services. This strategy was consistent with the market place approach and ensured that the high-
end costs associated with early adoption of new technology were avoided for both broadcasters and
consumers.

A lot has changed in the broadcast environment since the beginnings of HDTV in the eighties. Broadcasters
have lost market share to viewing in both in real terms to pay and specialty services as well as viewers
receiving their service directly from the transmitter in favour of distributed cable and satellite. More than
30% of all viewing was from terrestrial transmitters in the eighties where today that figure hovers around
10% or even lower in some markets. Consequently, broadcasters have been reluctant to build digital
transmission infrastructure noting that there simply is not a business case to do so. There are currently
12 DTV transmitters on the air concentrated in Toronto, Vancouver and Montreal, even though more than
40 temporary licenses have been granted.
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Over this time, progress was made in creating digital HD infrastructure in network operations of the major
networks and the production community is just now beginning to embrace HD production. However, for the
most part the Canadian terrestrial television broadcast system remains a standard definition one (as do the
pay and specialty services) and in many regional centres an analogue throwback.

It is against this background that the CRTC is conducting a television policy review and the Minister of
Heritage requested an examination of the impact of new technology on the Canadian Broadcasting System.
A lot has changed since the Task Force reported 9 years ago. Internet delivery, Video on Demand, mobile
television and consumer empowering personal video recorders and devices have and will have an increasing
impact on the traditional broadcast model and in fact on the fundamentals of the Canadian Broadcasting
system as Canadians have historically understood it. Decisions made by the CTRC, Government and the
interests of the Broadcasting system over the coming 12 months will have a profound impact on the future of
broadcasting generally and the roll out of conventional terrestrial broadcast services in particular.

The remainder of the paper will look more closely at the history, present circumstances and future options.

4.2 DTV/HDTYV History
4.2.1 The Early Years

Canadian engagement with digital television is rooted in the industry’s early interest in High Definition
Television (HDTV) as far back as 1982. In that year, the Canadian Broadcasting Corporation (CBC) and the
Department of Communications and its research centre organized a Colloquium in Ottawa that drew
delegates from all over the world to discuss HDTV and how to develop it as a future service. For almost a
decade, there were follow up conferences, demonstrations and debate.

It is probably fair to say that the Department of Communications led a lot of Canada’s participation through
the eighties and into the nineties. In 1987, a major public demonstration of the Japanese MUSE system of
HDTV was done with the cooperation of government, a number of Canadian industry players and the
Japanese. It was successful but not practical for terrestrial display in North America because of the amount
of bandwidth needed for broadcast, although the Japanese used the MUSE technology from the late eighties
through to today via Satellite DTH. At the same time, the CBC produced the first North American High
Definition program series, Chasing Rainbows.

As the eighties drew to a close the Canadian Government was involved in that process testing proponents of
five different systems in 1991/92 and then the eventual successful effort in the mid nineties. Canada worked
closely with US industry and agencies in this process. At the same time Canadian industry recognized the
need to become involved in the digital initiatives became apparent and in 1990 ABSOC was set up to
perform that role.

From 1990 through to 1997 ABSOC played an important role of both informing the industry on digital
developments and recommending standards and practises for MPEG 2 compression technologies as it
effected production and distribution of standard digital television. Representing a cross section of the
broadcast and distribution community with government liaison and support ABSOC brought a practicality
and application to the new digital technologies as they developed.

As the initiative matured and accepted a new digital transmission technology capable of delivering High
Definition signals within MHz of spectrum or multicast digital delivery of standard television, ABSOC came
to realize that Canada needed to focus on what this new technology meant for Canadian viewers and the
broadcast industry. They recommended a Task Force to examine the elements required to implement digital
television in Canada and the government responded by naming a Task Force in November of 1995.

It is important to understand the environment that Canadian broadcasters enjoyed in the mid nineties.
Although conventional broadcasters faced increasing market fragmentation, they still enjoyed a transmitted
market share of their viewers of over 20%. Although pay and specialty services were growing, they had not
fragmented the audience share to the degree that would develop and is seen today. The internet as a delivery
mechanism, video on demand and other platforms that define today’s multi platform broadcast world were
barely a dream very much on the horizon but in a business sense not a huge blip on anyone’s radar screen.
By the end of the nineties, the view of the broadcast world was rapidly disintegrating. What was real was
MPEG 2 compression, which made possible digital standard television satellite and cable delivery. Providing
for more pay and specialty services with cheaper delivery to Broadcasting Distribution Undertaking (BDU)
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head ends and production facilities, and the prospect of better quality pictures and sound with HD services
very far down the road.

For the newly announced Digital Task Force these problems were all in the future and it focussed on its
mandate to recommend the best way to implement digital television for Canada.

Digital Television Task Force

The Task Force was truly representative of all industry interests plus the production and consumer
manufacturers’ community. Over ninety people were on the Task Force or committees and many more were
consulted throughout the Task Force’s work. It has been noted that Canada does Royal Commissions and
Task Forces very well, as they are often vehicles for inaction. However, they also do some remarkable work
from time to time and by the time the Task Force reported in late 1997 an industry had been somewhat
educated, consulted and had arrived at a consensus; albeit kicking, screaming and probably thinking that
many of it’s recommendations were so far down the road that there was nothing really to worry about.

The seventeen recommendations were rooted in the work of four committees who recommended the
substance to the Task Force members. The committees included; technology, production, policy and
regulation, and economics, consumer services and products. It is interesting to note as Canada moved to an
implementation stage those areas of work continue to provide guidance and direction. While it is not useful
to review the entire Task Force report and recommendations, it is useful to recognize that much was
achieved and many recommendations were acted on:

The ATSC transmission standard, A53, was adopted by Canada and a subsequent allotment plan was adopted
providing digital spectrum for all licensed analogue conventional broadcasters. Broadcasters were to make
the transition to digital transmission while retaining their analogue spectrum for simulcast until the transition
was complete. This was important since it provided a secure business basis for broadcasters to begin the
transition.

Many of the policy and regulatory recommendations have found their way into CRTC licensing and carriage
frameworks. Again, this was to provide stability during the transition for the industry business models, as
they were understood at the time.

A period was suggested for the digital transition with an end date that would be a year to 18 months behind
the US. While not acted upon in Canada, virtually every other country in the world has either a notional or a
firm target date for analogue shutdown. The Canadian transition has lacked clarity and definition in the
absence of such an initiative.

Initiatives concerning the production community for training and HDTV content were never acted upon and
regrettably this industry sector has lagged behind many in the global community and Canada has a lack of
HD production.

The recommendation to set up an industry organization to help manage, facilitate and advise government on
the transition was put into place and will be discussed later in this paper.

Some recommendations like that calling for a universal box which would work for terrestrial television and
distributed BDU services were not realized and probably too idealistic.

One recommendation calling for universally available terrestrial services is worth noting:
“Recommendation Fourteen”

Basic terrestrial broadcast television services that are freely and universally available are central to achieving
the objectives of the Canadian broadcasting system. This must continue in future digital terrestrial
distribution packages.

Freely available broadcast television services are the foundation of the Canadian broadcasting system. This
universality of access must be preserved in the emerging digital system.”

This was fundamental to the system in 1997 but in today’s environment terrestrial broadcasters are not
committed to this principle given the change in how viewers receive there television services. In fact, the
costs associated with this recommendation and the lack of any kind of business case will characterize the
discussions of future policy hearings. This issue has also characterized the industry reluctance to move ahead
with the digital transition in a timely way.
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In looking back, the Task Force got many things right as evidenced by the overwhelming number of
recommendations implemented. It set the agenda for the transition for terrestrial services and coincidently
the pay and specialty services. However, it did not anticipate the rapid change in the broadcast environment;
its multi platform distribution opportunities and the availability of the devices, which would empower
consumers with both choice and schedule. Combined with a market place approach these factors inhibited a
timely transition to digital High definition services.

Implementation 1998 to 2006

Following the Task Force report the broadcasting and distribution industry, along with manufacturers and
producers came together to create CDTV, as recommended by the Task Force. In September of 1998 the
organization was formally created as a not profit association, with by-laws, a Board of Directors based on
industry sectors and a work plan. Relevant Government Departments and the CRTC were welcome to
participate and contribute to committee work and observe in Board meetings.

The Board created Working Groups in the technology, policy and regulation, economics and marketing,
communication and education and production. This was not very different from the original Task Force
committees. These working groups were a part of the association to a greater or lesser extent through the life
of the association responding to the approved work plans from the Board and the changing environment

The work of the association was totally funded by the industry with both direct and indirect funding. Industry
Canada provided funds to test the frequency allotments at the CDTYV test transmitter in Ottawa in 1998/99.

For eight years, CDTV represented the industry in helping manage and facilitate the transition. The early
years focussed on testing, education, and understanding the standards. As time passed demonstrations,
seminars, policy, regulation and business models dominated the agenda. Over the last few years CDTV
focussed on operational implementation, the creation of HDTV programming, consumer education and
awareness, and the impact of new technology including; improved compression technology, IPTV and
mobile service. Throughout its mandate, CDTV participated with ATSC committees and on the Board,
bringing back to the Canadian broadcasters and relevant government departments and agencies changes and
improvements to the ATSC family of digital standards and Canadian input to those discussions.

An industry association that tries for consensus on issues, or at the very least an overwhelming majority is
not the easiest of vehicles to manage in an environment of competing interests and agendas. The consensus
and goodwill, which characterized the Task Force was not always seen as CDTV grappled with some of the
business and regulatory issues where the interests of the principals were seen to be on the line. Yet for all of
that the achievements were many over the life of the association and in fact defined the steps of the transition
to digital terrestrial television to date.

Test transmitters were set up and operated in Ottawa, Toronto and Montreal. These gave the broadcasters
and distribution communities the opportunity to work with the new digital transmission standard, understand
its properties, coverage areas and delivery to BDU head ends.

The transmitters were used to test the frequency allotments (funding from Industry Canada), coverage reach,
receiver strength and signal strength. This work became increasingly important, as improvements were made
to off air receiver reception.

Canada was also called upon by consumer electronic manufacturers and the ATSC to test improvements and
additions to the ATSC family of transmission standards.

Demonstrations for both the public and the industry of HDTV programming and delivery on the Canadian
broadcasting system.

Seminars and workshops were held to explain to and educate the industry on the full range of the issues
surrounding the production and distribution of digital High Definition programs.

A great deal of time and effort was spent on attempting to develop business models that digital terrestrial
television in terms of program and non program related data and multi channel delivery. It was hoped that
these models could lead to additional resources to help fund the transition. While the process certainly
educated the industry there was not a consensus on the right model or an agreement between the
conventional broadcasters and the distributors over revenue sharing of distributed terrestrial data and
services.
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Costs for the transition were also carefully calculated and included transmission, master controls, editing and
production all in high definition. Suggestions for upgrading as equipment became obsolete were made
available so that the capital costs of conversion would not be an overnight hit and distort budgets. Again, the
identification and process were helpful but no overall industry plan was adopted.

Very early in the transition the Board of Directors of CDTV created the policy of a two-year lag behind the
US in Canada’s transition to digital television. This built on a recommendation in the Task Force report that
suggested a year to 18 months. Given the Government’s view that Canada’s transition to digital high
definition broadcasting should be driven by the market this two-year lag policy was sensible and virtually
adopted by all parties. It was successful in saving the industry and consumers a great deal of the costs
associated with the early adoption of new technology.

Education and consumer awareness was a major focus of the transition work. This work involved not only
the broadcast and distribution industry but the consumer electronic manufacturers and the retail sector as
well. Several editions of pamphlets aimed first at the retailers and then directly at the consumers were
prepared and delivered through retail outlets and reprinted in consumer electronic magazines. They
explained digital television and all the choices and variables in services, programs and consumer equipment.
This work was recognized as an effective tool in education and adopted by other countries as part of their
transition work.

From the work done on consumer education it was decided that a web based information source of
information would be a useful tool. CDTV resourced and created a bilingual consumer section open to
everyone on its website. Since its creation a couple of years ago hundreds of thousands of Canadians have
used it to gather more information about HDTV. In addition a 15-minute infomercial and several 30 s
promos were produced and aired to both provide HD information and push people to the website. Similar
efforts will be required in the future, as analogue shutdown becomes a reality in Canada.

The education, training and development of the independent production on HD production were the final
major projects taken on by CDTV to aid the transition. Again, a bilingual website was created that contained
information and practical experience about, equipment, facilities, production and editing of HD material.
Originally conceived as a series of training modules that may be adapted to workshop environments, the
website has proven a valuable tool for Canada’s content creators. It is sad to note that additional funding
could not be achieved to run workshops in all regions of the country to work with the production and
broadcast community to create a better understanding of the challenges associated with HD production and
how to meet these practically and efficiently. The production of HD content is still very modest in Canada
but this is beginning to change and it should be encouraged.

While the core mission was on terrestrial broadcasting a great deal of time and effort was spent on assisting
pay and specialty services to make the transition and supporting their needs for effective policies and
regulation, facilities and capacity, and education.

During this period CDTV became the principle source of HD information in Canada for both trade press and
general media. In the late nineties and in the early part of the two thousands the interest tended to be more
industry related but today the Canadian consumer is engaged and very hungry for relevant information.
Importantly, it is not about digital television that engages the consumer but it is High Definition, which is
capturing their interest.

It is probably fair to ask if a transition association like CDTV was working so well, why it ceased its work a
few months ago. Probably for two basic reasons:

The environment in 1998 was very different than it is today. There was less concentration in the broadcast
industry and generally more reliance on associations to represent the industry sectors in designated areas.
Emerging platforms and new technologies like IPTV and mobile applications were not a huge market factor
in 1998, yet they are increasingly dominating discussions today.

At the core broadcasters, who were to make the transition from analogue to digital transmission platforms,
drove CDTV. As markets fragmented and viewing reception for transmitter received services declined, the
consensus achieved by the Task Force to transit to digital transmitted services began to break down and
eventually eroded the support for an association whose mandate was to see the transition through.

With the above in mind, the industry members felt the association had gone as far as it could and its mandate
was complete from their perspective given the new environmental realities. Many elements of this 8-year
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phase of Canada’s DTV transition were done well and made substantial contributions to the process. Issues
of timeliness, a focus on what the Canadian broadcast system should be when the transition is complete, and
an end date for analogue needs to be urgently answered before the transition may proceed.

The Present
The Current Players and the Issues

Canadian broadcasters have demonstrated reluctance to build transmission infrastructure and thus there are
only transmitters in Toronto, Montreal and Vancouver as noted earlier in this text.

Conventional broadcasters have invested in considerable digital HD equipment in their network centres but
very little in regional locations across the country. To date they have depended on cable and satellite delivery
of their HD signal to locations across the country. In some cases because of cable and satellite bandwidth
constraints and the strict application of the carriage rules, this national coverage is not as good as the
broadcasters would like.

There are no French language networks, which are providing digitally transmitted HD or SD services aside
from SRC. Most of the transition developments have been within English services. While there have been
more than 40 temporary licenses issued there have been relatively few actually act upon. Most of these are
English services. With some 12 transmitters on the air and broadcasters reluctant to build out their digital
transmission infrastructure the future of conventional terrestrial television, has we have historically
understood it, seems to be poised for a change.

Digital HDTV set penetration is projected to be over 3 million by year-end in Canada and most of the sets
now coming to market have built in tuners.

Hook ups to HD services from a BDU are still modest in Canada with numbers approaching 600K by year-
end in Canada. This figure is expected to dramatically increase over the next few years.

It is difficult to asses IPTV, mobile, and multi platform delivery and their impact on the terrestrial digital
transition. All industry sectors are coping with these challenging issues and they are increasingly becoming
central issues in developing future business models. However, it is a difficult to suggest that conventional
broadcasters have not made the transition to transmitted digital services because of these emerging
technologies. At this stage, they are just too peripheral to the core business. The only apparent reason is the
declining viewing to terrestrial services directly from the transmitter and the costs of duplicating the existing
analogue system with digital transmitters for a decreasing audience return. In simple terms, there is no
business case.

Although this paper focuses on terrestrial television it is important to understand the steps taken by the BDU
industry to increase capacity that provides both more choice and HDTV capacity. Cable has worked to
upgrade its capacity in recent years and has migrated its customer base to digital delivery with demonstrable
success. The end of analogue conventional television would ease the bandwidth crunch that is clearly
apparent in a transitional environment. Measures to speed up this process would benefit both the consumer
and the industry interests. By necessity, these measures must be part of an agreed overall transition plan with
a firm analogue shut off date.

Satellite DTH providers are already all digital but face similar capacity issues in this transitional phase which
must be addressed. Likewise, Satellite carriers will face increasing demand and capacity issues as more
services move to digital HDTV demanding more bandwidth in a finite satellite universe. Delivery to BDU
head end, collection and backhaul in a HD environment puts tremendous pressure on the carrier and cost for
the service provider whether conventional or pay and specialty. New compression technology and new
Satellites may well be part of the solution for DTH providers and Carriers but a definable end to the digital
transition would provide some certainty in the market place for all the players.

The above discussion provides some of the background that the recently held Television Review and the
Canadian Government Directive concerning the impact of new technology on the future of broadcasting has
considered. The reports and decisions, which arrive from it, will be very important to the future digital
transition of the industry.

In reviewing the many submissions for consideration in this process, it was clear that most conventional
broadcasters do not want duplicate their entire analogue transmitter structure and many see little or no future
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in transmitted services at all. The difficulty of these submissions is there seems to be no clear alternative or
plan for what a new conventional broadcast system would look like in a non-analogue world.

Virtually every country in the world, which has embarked on a Digital Transition plan for terrestrial services,
whether it includes HDTV or not, has a definable plan including scope and timeframe. The Canadian
situation has suffered from this lack of definition and this now needs to be addressed.

Action Required

In order to expedite the transition of Digital Television, the regulatory process would have to address the
following issues:

A policy decision about the future of terrestrial television.

If transmitted terrestrial services are to remain in the digital world do they mirror the current analogue
coverage, a part of that coverage or not at all?

If there are Canadians disenfranchised by a decision to reduce transmitter coverage how do they receive their
basic service?

Coincidental with this decision an analogue shut off date needs to be established with definable and
measurable milestones.

A plan for informing the public and ensuring that all Canadians can receive a television signal with analogue
shut off needs to be established.

The digital benefit for consumers needs to be defined (HDTV and/or enhanced choice) and realized by
conventional and pay and specialty broadcasters.

Attention needs to focus on the new technologies; how they can both challenge and enhance the core
conventional services in a multi platform environment.

Capacity needs to be assessed in the distribution system to ensure that all services that need to transit to
digital HDTV can do so in a timely cost efficient manner. There will be a capacity crunch and it cannot be a
barrier to transition.

A plan for regional and local participation in the digital transition needs to be addressed, including local HD
production and services.

A plan for the creation of Canadian HDTV content in all program genres to service Canadian HD services
that now rely largely on foreign produced HD product.

It is worth repeating that a great deal of good work has been accomplished in the last decade and it is
important to see these suggestions in light of that work and building upon it. At the same time, the current
transition to digital HDTV is in crisis and needs to be firmly put on track, particularly for conventional
terrestrial broadcasters. Canada has gained a lot of first hand experience and knowledge of other countries
and their challenges and triumphs. It is now time to take that experience and knowledge and resolve the
future of the Canadian Broadcasting System in the digital HD world.

The Future

Given the changes to the broadcast environment in the last decade, it is difficult if not foolhardy to try to
predict the future. None the less there is some givens that can shape our environment over the next few years.

High Definition programming will become the new norm over the coming years throughout most of the
developed world.

All the new emerging technologies and platforms will have a business impact that will benefit and challenge
the core conventional broadcast business in a multi platform environment characterized by quality, choice,
and consumer empowerment.

Content will need to be created at the highest possible level of quality for shelf life and conversion for multi
platform delivery. The 1080 progressive production standard will be the international HDTV program
exchange standard. HD delivery will be either 720p or 1080 depending on spectrum availability and the
nature of the service distributed

The ATSC family of standards will evolve to an advanced compression codec which will enhance the value
of terrestrial television spectrum, this is already happening with the DVB-T standard. Future digital receivers
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will be capable of receiving both MPEG 2 and MPEG 4 signals (France is currently rolling out these boxes
as part of their DTV transition).

Further work on the development of improvements in the ATSC system and receiver sensitivity with
emphasis on work which may lead to solutions for wireless services and broadcast services in remote
communities. This could be a part of the answer for bringing transmitted digital services to rural Canada.

A plan for analogue shutdown with a responsible agency or group who may be held accountable by the
viewer and citizen will be critical to analogue shut off.

The Canadian Broadcasting System will continue to enjoy a balance of cable and satellite delivery along
with the internet, and telecommunications services all providing real time, video on demand, and streaming
services to the viewer. Consumer devices will enhance the viewer as programmer but for the foreseeable
future conventional television will continue to drive the industry in terms of content and national, regional,
and local reflection. Wireless delivery of these services has a role to play within this system.

Conclusion

Canadian distribution and collection of programming via satellite led the world in using this new technology
to the benefit of broadcasting. Canada built the longest stereo FM network in the world. And Canada’s
television production industry has thrived in the most competitive market in the world producing indigenous
product for Canadians, while producing and selling for the rest of the world. Not bad! Canada has done so
with the right balance of policy, regulation, incentives, creativity and entrepreneurial skill.

Canada is again at another critical point in its broadcast history. The environment has rapidly changed and
yet the issue of valued Canadian services for all Canadians in all parts of the country remains as the constant
core issue. Decisions made over the coming year will provide the framework that will define Canadian
success in completing the digital transition to HD service for conventional broadcasting and in turn the rest
of the system. These are important decisions that require a timely response. Not to respond will leave the
current system in disarray and less relevant for both the Canadian viewer and the global community in which
it has been a player.

ATSC-DTYV distributed transmission network

Introduction

Distributed transmission (DTx) network is a network of transmitters that covers a large service area with a
number of synchronized transmitters operating on the same TV channel. DTx offers interesting possibilities
for digital TV transmission systems.

As explained in the ATSC Recommended Practice for Design of Synchronized Multiple Transmitter

Networks20, DTx networks have a number of benefits over the single central transmitter approach, which has

so far been the usual way of covering a large service area with analogue TV transmission. These benefits

include:

- More uniform and higher average signal levels throughout the coverage area

- More reliable indoor reception

- Stronger signals at the edges of the service area without increasing interference to neighboring
stations

- Less overall effective radiated power (ERP) and/or antenna height resulting in less interference.

DTx networks can also reduce the number of channels used to cover a large service area and can free

spectrum for other applications such as interactive TV, multimedia broadcasting, or any other application
that may come up in the future.

20 Advanced Television System Committee (ATSC), Recommended Practice — A/111, “Design of Synchronized
Multiple Transmitter Networks.”
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As a trade-off for these benefits, implementation of a DTx network requires a very careful design
when a DTV adjacent channel is operating in the same market area?!. A more serious limitation on the
DTx operation is that in the possible presence of NTSC adjacent channels operating within the same market
area. In such cases, implementation would be very challenging if not impossible. This is due to the higher
protection ratios required by NTSC, as opposed to DTV, from an adjacent channel DTV. However, such
limitation will not exist after the transition period from NTSC to DTV.

Another important issue affecting the design of a DTx network is the ATSC-DTV receivers’ performance
with respect to their multipath handling capabilities. Better receivers, capable of handling stronger pre- and
post-multipath distortions (pre- and post-echoes) on a wider range of delays, make DTx network design more
flexible and simpler. On the other hand, receivers with weaker multipath handling capabilities put more
restrictions on the design and implementation of DTx networks.

In addition to providing many guidelines for designing a DTx network and managing its internal and external
interference under different conditions, the above mentioned Recommended Practice proposes three methods
(or their combinations) for implementing a DTx network.

DTx Methods

The first method is distributed transmitter network, commonly known as single frequency network (SFN),
consisting of a central studio that sends baseband signal or video-audio data stream to the SFN transmitters
via studio-transmitter-links (STL). STLs can be fiber optics, microwave links, satellite links, etc. The SFNs
may be costly to implement and operate. The SFN transmitters in this configuration require subtle (and rather
complex) processes for their frequency and time synchronization with each other.

The second method is called distributed translator network in which the transmitters contributing to the SFN,
which are some coherent translators all operating on the same channel, translate the frequency of an over-
the-air signal received from a main DTV transmitter to a second RF channel. This eliminates the need for a
costly Studio to Transmitter Links (STL). On the other hand, frequency and time synchronization for this
configuration is quite simpler than the first method. During the translation process to the designated output
channel, necessary corrections may also be applied to the signal. In this configuration, however, the main
transmitter feeding the coherent translators is operating on another channel and is not part of the SFN. But
one may consider this as a sort of frequency diversity in the overlapping coverage area of the main
transmitter and the SFN.

The third method consists of digital on-channel repeaters (DOCR) that can differ from each other in the way
that they process the signal through the path from their input to their output antennas. The DOCRs
contributing to the SFN again pick up their inputs from a main transmitter, eliminating the need for any STL,
and transmit on the same channel as they receive. Each DOCR can work on the basis of direct RF operation,
conversion to IF or to baseband and up-convert again to the same channel as it receives. In order to form an
SFN, however, all the repeaters’ outputs should be synchronized with each other and also with the main
transmitter feeding them.

With this approach, two limiting factors exist on the operation of the network. First, the main transmitter
signal can create advanced multipath (pre-echo) in the overlapping coverage areas between the main
transmitter and the repeaters. For creating pre-echo, the repeater’s signal must be dominant in such
overlapping areas. This may be problematic to the ATSC legacy receivers that are vulnerable to pre-echoes.
Second, depending on the amount of feedback from DOCR transmitting to receiving antenna, there is a
power limitation on the repeaters’ output.

The Communications Research Centre (CRC) of Canada has already studied, by performing various field
tests, different applications of direct RF operation OCRs and their performance under different conditions,
and has published the results22 23, The below study focuses on the second configuration of distributed
transmission network, which is “distributed translators”.

21 Advanced Television System Committee (ATSC), Recommended Practice — A/111, “Design of Synchronized
Multiple Transmitter Networks.”

22 SALEHIAN, K., GUILLET, M., CARON, B. and KENNEDY, A: On-channel repeater for digital television
broadcasting service. I[EEE Trans. Broadcast., Vol. 48,2, p. 97-102.
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Setup and Methodology

The distributed transmission network under consideration by the CRC consisted of three coherent translators.
The translators received their input signal on channel 67 (788-794 MHz) from a medium power DTV
transmitter having a tower height and EHAAT of 209 and 215.4 meters, and located at about 30 km south of
Ottawa, Canada. This DTV transmitter covers Ottawa and its surroundings with an average ERP of 30 kW
through a horizontally polarized omni-directional antenna system.

The translators converted the received channel 67 to channel 54 (710-716 MHz) through direct RF to RF
operation. They were all frequency synchronized and their timing was adjusted to make them transmit with
no delay with respect to each other.

The translators were installed on the top of three high-rise buildings in downtown Ottawa. They covered a
common rectangular target area of approximately 1.66 by 1.14 km, and their output powers, which were
between 15 to 25 W ERP (enough to cover the small rectangular target area), were adjusted to produce equal
signal strengths at the centre of the target area. Figure 39 shows the relative locations of the three
synchronized translators along with their overlapping target area. Also shown is the direction of transmission
of the three translators’ output antennas and their 60° beam width. The main DTV station, which covers the
whole Ottawa area including its downtown in which the DTx target area is located, is outside the map in the
bottom right direction at a distance of 25 km from the centre of the target area.

Receiving conditions

The receiving conditions for these tests were intentionally selected to make a worst case scenario for the
study. A single target area was selected for all three translators (see Fig. 39). In this way, the translators
could create a lot of artificial multipaths (active echoes) in the target area. On the other hand, the downtown
canyon, in which such target area was located, made the situation worse by creating additional static and
dynamic multipath through reflections of each of the translator’s signal from high-rise buildings and moving
vehicles (passive echoes).

FIGURE 39

Ottawa distributed translator network. The rectangular target area is 1.6 x 1.14 km

23 SALEHIAN, K., CARON, B. and GUILLET, M. Using on-channel repeater to improve reception in DTV
broadcasting service area. IEEE Trans. Broadcast., Vol. 49, 3, p. 309-313.
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The measurement points were at the corners of the grids of a lattice covering the target area. A total of 59
points, at distances between 100 to 200 m from each other were measured. For the measurements, which
were made on the street sidewalks at about 1.5 m above ground level (AGL), two types of antennas were
used, an omni-directional antenna and a low gain directional antenna (usually used for indoor reception) with
about 5 dB gain and 60° beam width.

Both antennas were made active by connecting them to a low noise amplifier (LNA) of about 1.2 dB noise
figure and 20 dB gain, and also a band pass (BP) filter installed on the same stand as the antennas.

Characteristics of the receivers used for the tests

For these tests, two types of receivers were used, a new prototype, and an older generation receiver. The new
prototype receiver, as compared with the older generation, was capable of handling pre-and post-echoes with
a much wider delay range.

Figure 40 shows the relative attenuation of a single static echo at different delays, at which the receivers are
at the threshold of visibility (TOV). As it is seen, the older generation receiver (Receiver G in the figure)
could operate with about —5 dB echo in the range of —3 to +40 ps. The new generation receiver (Receiver V
in the figure), on the other hand, could handle pre and post echoes over a wider range. It was capable of
handling —10 dB pre- or post-echo with a delay spread of —50 to +50 us, or —5 dB echo in the range of —25 to
+25 ps.

FIGURE 40

Echo handling capabilities of the two receivers used for the tests
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Test results

In the first phase of the tests, the feasibility of implementation of such a network was verified. In the next
phase of the study, measurements were performed in 59 points inside the target area. Table 8 shows the
percentage of locations in which successful reception was achieved.

TABLE 8
Percentage of reception points with successful reception
DTx (CH-54)

New Prototype Rx.  |Older Generation Rx.
Directional Rx. Ant 97% 54%
Omni-directional Rx. Ant. 71% 19%

Main Tx (CH-67)

New Prototype Rx. Older Generation Rx.
Directional Rx. Ant 93% 36%
Omni-directional Rx. Ant. 44% 10%
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Table 8 shows the results for DTx (CH-54) and also for the single distant transmitter (CH-67), using the new
prototype and the older generation receivers, and also using directional and omni-directional antennas. As it
is seen, the results are somehow better, under all circumstances, with the DTx network as compared to the
single transmitter configuration.

Comparison of the results, however, can be made based on the type of the receiver, type of the receiving
antenna, or type of coverage. What is quite evident is that under any condition, the reception situation is
remarkably improved when the new generation receiver is used instead of the older generation receiver.
Another major improvement can also be seen with using directional antenna instead of omni-directional
antenna for both DTx and single transmitter. This has probably been due to the attenuation effect of the
antenna on signals coming from the directions other than the main signal and acting as multipath.

Another important result that can be highlighted from this table is the fact that the DTx network, as
compared to single transmitter configuration, has improved the situation also for the older generation
receiver under all conditions (although not significant in all cases). The most significant improvement is
when directional receiving-antenna is used. Under this condition, distributed transmission could improve the
percentage of points with successful reception from 36% for single transmitter configuration to 54% for DTx
network.

Conclusion

For the study in this section, a distributed transmission (DTx) network, consisting of three coherent
translators, was used to cover parts of the coverage area of a single transmitter. Two types of receivers and
two types of receiving antennas were used and measurements were made in both channels corresponding to
the DTx network and the single distant transmitter. The reception conditions were made very tough by
choosing overlapping coverage area located in the hostile downtown environment for the DTx network, and
also by making the measurements at 1.5 m AGL on the street sidewalks.

The results showed that the DTx network had better reception availability than the single transmitter,
especially when omni-directional receiving antenna was used.

The results also showed remarkable improvement in the performance of a new prototype receiver in the SFN
environment, as compared to an older generation receiver that was used in the tests. This was because of the
major improvement in the multipath handling capabilities of the new prototype receiver, which makes the
implementation and operation of ATSC distributed transmission networks possible and reliable.

Another important result was the impact of even small directivity of the receiving antenna on reception.
Directional receiving antenna, as compared to the omni-directional one, could provide successful reception
for a greater percentage of the measurement points.

The test results also demonstrated reception improvement for the older generation receiver under SFN
operation. However, because that receiver was only one generation older than the new prototype one, more
tests are required to investigate the performance of the legacy receivers in a distributed transmission
environment.

5 Germany

DTTB was officially launched on 1 November 2002 and, by the end of 2008, all transmissions were
completely digital, using the DVB-T standard. The business model is free-to-air broadcasting. The country’s
channel planning is based on the framework of the national frequency rights resulting from the ITU-R
Geneva Agreement 2006 (GE-06), using predominantly the service concept "portable outdoor" (RPC-2
according to the Geneva Plan plus one or several assignments per city for high-power transmitter). This
service concept generally enables indoor reception in the German agglomerations, which makes up one half
of the total area, where typically more than twenty digital programmes are available in standard definition
(SD) quality. Outside of these agglomerations, DVB-T can either be received as "portable outdoor" or by
using directive antennae. With respect to HDTV, first test transmissions have taken place. Trials are also
carried out concerning the transmission of sound radio programmes within a DVB-T multiplex.

There are various types of receivers on the market, ranging from USB dongles for PC and laptops over small
portable TV sets for handheld and in-car reception (screen size typically between 5 and 7 inch of diameter)
to set-top boxes and stand-alone TV sets for stationary reception (typically with flat-screen displays). In May
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2008, the first mobile phones with integrated DVB-T receivers appeared on the market. In addition, car
navigation systems are nowadays equipped with DVB-T receivers.

The switch-off started in Berlin-Brandenburg in August 2003. Already by the end of 2003, some six million
people were able to receive 26 digital channels in SD quality in the city of Berlin and the federal member
state of Brandenburg. This was the first switch-off of terrestrial analogue television worldwide. This success
can be ascribed in part to the Government, which decreed that the service was to be totally free of charge,
and which provided, only in 2003, free decoders to the poorest households. Under no other circumstances,
the purchase of DVB-T receivers was subsidised. By the end of 2007, more than 85% of the German
population (68 million people) could already receive digital terrestrial television. More than nine million
receivers had been sold by that data. The success of DVB-T in Germany was due to the fact that the
reception of a multitude of German-speaking programmes was available to the general public free-of-charge.
In 2008, DVB-T is used by 16,8% of the households in Berlin —Brandenburg.

In other metropolitan areas, DVB-T transmissions started in 2004. One key element of the German approach
was the implementation of the digital broadcasting service region by region, initially after an announced
transition period of as little as six months and later on without any simulcast period. By the end of 2008, the
switch-over will definitely have been completed (two years earlier than originally planned).

By the end of 2008, some 15 million DVB-T receivers are expected to have been sold since the launch of the
service. Nevertheless, for their primary TV service in the households (large flat screen in the living room)
approximately 90% of the Germans still rely on cable TV or satellite distribution.

Detailed information could be found at following links:
http://www.alm.de/fileadmin/forschungsprojekte/GSDZ/digitalisierungsbericht2008D.pdf

and

http://www.ueberallfernsehen.de/

6 Guinea
Legal and regulatory aspects

It has to be acknowledged that analogue radio and television broadcasting are not very developed in certain
African countries, for example the Republic of Guinea, where radio broadcasting was introduced only in
1952, and television in 1977.

The transmission medium initially used was the radio-relay network, constructed in 1977.

Today, this network, operated by the Department of Posts and Telecommunications and digitized to the tune
of 85%, does not carry television and radio signals owing to the advance of satellite broadcasting, which is
favoured by the Government. However, we are convinced that the rapid development of radio and television
broadcasting will of necessity involve digitization through liberalization of the audiovisual sphere.

Legal and regulatory framework for DTT

In the Republic of Guinea, the tools and infrastructures conducive to the rapid opening up of digital radio and
television broadcasting are to be found in different sectors, with much of the equipment (radio and television
transmitters, studios) being administered by the Ministry of Information, while other equipment (shortwave
and medium wave radio transmitters and terrestrial radio-relay transmission facilities) is administered by the
Ministry of Posts and Telecommunications. The Government would be better advised, with support from the
development partners, to group the various communication media under the same authority, pending the
opening up of the audiovisual sphere.

Technical aspects

Two alternatives may be envisaged for the migration from analogue broadcasting to DTT:
- close down the analogue system and construct an entirely digital network, or

- deploy a hybrid system (analogue and digital).

The second option would seem to be the most appropriate for developing countries. It involves using the
existing analogue network with a certain amount of refitting and the construction of a number of sites.
However, the paramount requirement for making the DTT network more operational is a redistribution
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(replanning) of the frequencies used, this being the task of the regional radiocommunication conference
(RRC) over the coming months.

Furthermore, the fact that our States currently use the radio-relay network for their radio and television
signals leads us to recommend, for those countries that share a common border, that they jointly replan their
frequencies and select the same digital television system, namely DVB-T, which is technically more
adaptable than the ATSC(A) and ISDB-T(C) standards. The B(DVB-T) standard is less costly and more
advantageous to developing countries during the transition period. This will allow for more fruitful regional
consultation aimed at harmonizing the technical facilities to be used when introducing digital broadcasting
equipment.

7 Italy

7.1 Legal Framework

The bodies involved in Italy in the spectrum management and planning are:

- Ministry of communication (MIN COM): entitled for spectrum allocation and for private and public
services frequency assignment for civil utilisation as well as the elaboration of the assignment plans
apart of broadcasting services. The Ministry is also in charge of representing Italy in relevant
international bodies, such as, ITU, CEPT, EC.

- Authority of telecommunications (AGCOM): entitled of frequency planning for broadcasting
services. The Authority was appointed in 1997.

The main AGCOM tools are Plans and Resolutions for broadcasting services. During last years different
Plans were defined:

- 1998: Analogue TV Plan
- 2002: DAB Plan for VHF-Band and L-Band
- 2003: DTT Plan.

Up to now none of these Plans has been implemented. Probably the difficulties are related to the actual use
of the very overcrowded Italian radio electric spectrum:

- 10 National Analogue broadcasters (Rail, Rai2, Rai3, Canale 5, Italia 1, Rete 4, La 7, MTV,
ReteA-Allmusic, Rete Capri)

- 7 National Digital broadcasters (Rai-MuxA; Rai-MuxB; Mediasetl, Mediaset2; PrimaTV-Dfree;
TIMB-MBOne; ReteA-AllMusic)

- 584 local broadcasters (divided in two politically strong associations).

A total of 24 000 transmitters/frequencies are today used in Italy.

7.2 Laws and Provisions for DTT

In 2001 Italian Parliament approved a law (n. 66/01 updated in 2007), which envisages the complete
transition from analogue to digital terrestrial television by the end of 2012 (the previuos term for A.S.O. was
2008).

In 2004 a further law (n. 112/04), under the co-ordination of the Ministry of Communications, fixed a
number of pre-operating activities which have been undertaken by the public and private Italian broadcasters.
In this context RAI obligations were to implement 2 DTT Multiplexes which had to reach:

- 50% of national population coverage by the end of 2003.
- 70% of national population coverage by the end of 2004.

7.3 DTT at Present

The coverage of the digital national broadcasters is reported in Table 9 (source: MinCom —2007).
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TABLE 9
DTT national broadcaster coverage
Broadcaster Mux Transmitters C(,‘;v:gé:)g.)e
RAI Rai DVB A 66 71%
RAI Rai DVB B 75 71%
RTI Mediaset 1 373 79%
RTI Mediaset 2 278 78%
Prima TV Dfree 261 78%
TIMB (La7) MBOne 155 65%
Rete A Rete A All Music 32 50%

7.4 The “Italia Digitale” Committee

A solution to the complexity in the process of Italian digitisation, seems to be emerging from the work which
has been carrying out by the “Italia Digitale” committee. In August 2006 the Minister for Communications
set this national committee bringing together: broadcasters (national and local), network operators, Ministry,
Authority, universities.

The goal is to define the way to achieve the national switch off for the transition to DTT service according to
the results of GE06 Plan trying, where possible, to release frequencies in order to create a digital dividend.

The Committee is divided in two different groups:
- The “Steering Group” (with address purpose), chaired by the Italian Minister for Communications.

- The “Technical Group” (a group for the technical support), divided in different working groups:
communication to users, data and research, assistance to users, network development and
monitoring, regulatory aspects, contents and programs (for digital television).

The main task assigned to the Working Group “Network development and monitoring” (of the Technical
Group), is the definition and scheduling of the so named “All digital” Areas (in which the analogue switch
off has been accomplished).

7.5 The “Technical Area” Concept

The best approach to identify the “All digital” areas appeared to be taking into account the present
broadcasting network architecture. This has been done introducing the “Technical Area” concept: part of the
country not necessarily limited by administrative boundaries.

In Fig. 41 is illustrated a comparison between the Italian Administrative Regions (Fig. 41a)) and Technical
Areas geographies (Fig. 41b)).
FIGURE 41

The Technical Areas

a) The Administrative Italian Regions b) The Technical Areas
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7.6 The A.S.O. Plan

The full plan for national switchover was presented on 10 September 2008 by Ministry of Communication; it
is subdivided in 8 semesters as detailed in Fig. 42.

Analogue switch-off has been completed in Sardinia on 31 October 2008. In the Val d'Aosta region it will
begin in the spring of 2009. The next steps will concern the provinces of Turin and Cuneo and the regions of
Trentino and Alto Adige.

FIGURE 42
The 8 semesters of the A.S.O. Plan
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The advantages of this approach are:
- ease in industrial decoder distribution;

- ease in direct communication to users due to the fact that the cities involved in switch off are exactly
defined;

- minimization of the area with analogue-digital simulcast encouraging the technological renewal
trend similarity to the allotment attribution of the GE06 Plan.

7.6.1  Development of the Plan

On 15 October 2008 at 0830 hours. Sardinia, and with it Italy, has finally entered the new era of digital
television. That was the beginning of a process that ended in 310ctober when the whole island of Sardinia
moved into digital broadcasting. Sardinia, with its 1 600 000 habitants and more than 640 000 households is
now one of the largest areas in Europe that has converted to digital television.

On 10 September 2008, the Italian government, with a decree signed by the Minister of Economic
Development, Claudio Scajola, and presented by the Secretary with special responsibility for
Communications, Paolo Romani, presented the timetable for the final passage of the whole country to digital
terrestrial television. The decree provides for a division of the gradual transition of the various Italian regions
into 16 areas, which will make the transition to digital television from the second half of 2009 to the second
half of 2012.

The positive experience of Sardinia confirms that switching to digital terrestrial operation benefits
broadcasters, but especially users. Citizens of Sardinia, that had received 26 analogue television channels
(10 national and 16 local), can now choose from a new offer of 59 free digital television channels
(29 national and 30 local), well structured and accessible to all citizens.

The Val d’Aosta region in its entirety will make the transition to digital terrestrial television on May 2009. It
is a historical step, which the telecommunications industry is following with great interest, and it will also be
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a test case because Val d’Aosta will be the first Italian region where the switch off will be done in full
compliance with international spectrum coordination provisions.

The transition to digital television will free a large number of valuable frequencies in the UHF band, and
these will become available to new entrants. The Italian government expects to release more frequencies in
Val d'Aosta than they did in Sardinia. This will be possible because of the characteristics of the region,
where the migration to digital terrestrial television is easier, as the Alps protect against interference

In the Val d’Aosta region it should be possible to use all the 55 digital terrestrial television frequencies and,
and addition, a frequency dedicated to digital terrestrial radio services. In fact, the transition in the Val
d’Aosta region runs ahead of schedule, since the RAI 2 and the Rete 4 networks have already made the
transition to digital television in the spring of 2007. This step has encouraged the audience to purchase the
decoders required to watch those networks. The same technical approach may be adopted in other regions so
that the audience is prepared for the analogue television switch off.

The Italian government, at the request of the European Union, is committed to deliver a dividend in the
digital TV transition from analog to digital, which will provide operators of new entrants five multiplexes,
each one with the availability of 5-6 channels.

RAI and Mediaset have created a new company (48% each) and a minority stake in the hands of Telecom
Italia Media. The task of the new company is to promote the development of digital terrestrial television
through cooperation among the various broadcasters, but also to give birth, in June 2009, to a satellite
platform called “TV Sat”, that will be open to all broadcasters. This platform will re-broadcast the
programmes already broadcasted by the digital terrestrial television service, in order to cover those areas that
cannot be reached by the terrestrial service.

7.7 The DTT Receivers Penetration

According to the latest estimates at the end of May 2008 the number of DTT households (with at least one
DTT receiver in the main family home) has risen to 5.912.000, with a net growth of 130 thousand (+2.2%)
units in April (“Digital TV Monitor” survey by Makno).

Between April and May the overall number of DTT receivers increased from 6.288.000 to 6.427.196
implying a monthly growth of 140 thousand units.

7.8 40% DTT Capacity

The 2001 law n. 66 obliges Rai, Mediaset and Telecom Italia Media to handover 40% of transmission
capacity to third parties. Thanks to this law in august 2008 AGCOM has received 25 programme applications
from 17 different companies wishing to gain access to DTT. A special commission has to draw-up the list of
channels to which AGCOM will allocate transmission capacity.

The applicants include international companies such as Disney; NBC Universal, with two requests; Swedish.

Airplus with six requests; ESPN; Turner Entertainment Networks; the English Top Up TV, and Qvec,
specialized in teleshopping. There are also regional TV networks such as Telelombardia and Antenna 3 Nord
Est as well as other national broadcasters: Sitcom, Class Editori, AnicaFlash (Coming Soon) and Rete Blu.
Other national applicants include Infront Italy (with two requests), Archimede and finally Consorzio
Alphabet, which will only be officially set-up if their application is successful.

7.9 The Italian DTT Offer

Italian DTT offer includes 28 FTA national channels (including 9 terrestrial analogues) as well as Pay
services. There are 6 all-news channels; 3 channels each for the entertainment, music and sports areas; kids’
programmes have two thematic channels: Boing and Rai Gulp. Pay offers, including PPV, generally cover
the areas of film, fiction, sports and kids (with Disney Channel’s recent entry).

Moreover since June 2008 Rai has been broadcasting HD programs in the areas of Rome, Turin, Milan,
Sardinia and Valle d’Aosta. The European Football Cup and the Peking Olympics were broadcasted through
DTT in high quality 16:9 format on RAI 2 and on RAI Sport Piu.
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FIGURE 43
The Italian DTT offer (source: e-Media Institute)
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7.10 Historical Considerations
Introduction

Digital Terrestrial Television in Italy existed only in project plans and in technical laboratories until late
2003. Scheduled DTT services were started in December 2003. Six multiplexes at national level are in
operation, conveying in excess more than 42 TV channels. At the moment this report is being written, tens of
interactive services are already available on top of audio-video services. Tens of local digital channels have
become progressively available. The current coverage of population, in terms of reach of digital signals, is
more than 70% in complex. Pay-per-view services, via prepaid (possibly rechargeable) smart-cards have
been introduced one year after the start-up of the system, with virtually no breaking of the free-to-air,
interoperability characteristics of the set top box. Four millions set top boxes are installed in the Italian
households as of end of year 2006. This means that 20% of Italian households are provided of digital TV
boxes. By all benchmarks this appears as a major success story, so far.

This contribution aims at describing some key factors of the Italian way to Digital Terrestrial Television:
The new value chain and the new stakeholders

Deployment of digital networks

The spread of set top boxes

The availability of audio-video contents

The challenge of interactivity, as a means to achieve t-government

The challenge of interactivity, as a means to attract revenue into the new DTT market

Cooperation and coordination of actors at national level.
The challenges at stake

The go-ahead to digital terrestrial television has given a decisive jolt to the reorganisation of television
broadcasting by designing new scenarios that are modelling attractive business opportunities, new content
and technological innovation on the part of all the players involved in the transition from analogue to digital.

A variety of problems have yet to be confronted and solved, as may well be imagined for an experimentation
of a profoundly structural nature both in terms of the investment needed and the numbers involved. But there
is great enthusiasm for the new challenge and a desire to find ample space for sharing experiences and
comparing notes, as long as the switch-off date, year 2012 is reached with everything in order.

The stakes in digital are high, ranging from content to the technological capacity to create infrastructures
able to sustain the change.

The passage to digital and the abandonment of analogue broadcasts will transform the traditional television
set into a new, practical, interactive consumer appliance in which traditional TV functions will converge with
computing and the latest applications of remote communication technologies. Remote medical consultation
and distance teaching, T-government are just some examples of what digital television will be able to offer
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ordinary citizens. And all this will allow Italians direct access to new services directly from their own homes,
instead of having to suffer long queues in public and private offices.

While television consumption used to be passive, with digital TV public interaction will become more
dynamic. With analogue TV the user has to use the remote control and change programmes, while digital TV
will shift the user towards a higher, more complete composition of genres.

Digital terrestrial television is therefore set for integration with new forms of social globalisation, creating
new codes for the time consumed in front of the TV set. It will take on the appearance of a new medium able
to guarantee connection to information and interactivity.

Feedback from viewers will become an integral part of content planning, development and organisation. And
the commercial spin-off, expected to be substantial, should not be forgotten if the packaging of more
complex products, with its effect on the production system, changes distribution as well.

With the introduction of digital TV also the traditional professional figures will be caused to change, such as
the installers, who will tend rather to become sellers of entertainment and bits. But the broadcasters will also
change, and will have the opportunity to choose whether to become just a seller of band and megabytes or to
keep also the role of producers of content, which will have a knock-on effect on the entire industrial fabric
and on its potential for development.

Brief history before start of scheduled DTT services

The history of DTT in Italy starts in the early Nineties, with active participation of technical experts from
Italian broadcasting operators and industry in the works of the international DVB group, since the time of its
formation. Digital techniques are first applied on satellite systems, where there is a more dramatic needs of
optimising spectrum use, given the cost of satellite payload and the need to definitely improve quality of
reception. Along the Nineties the transition from analogue to digital satellite TV takes place. Similar needs,
for a more rational use of spectrum and for better quality of reception, arise for terrestrial television, leading
to studying the feasibility of introduction of DTT in Italy.

In 1997, the Parliament act 249/97 establishes the Authority on communications (AGCOM), which is given
the task — among others — of drafting a national frequency assignment plan. For the first time in Italian
legislation, DTT is mentioned, by foreseeing an ad hoc frequency reservation for trials of this new technique.
Such plan is actually issued in 1998.

In 1999 the AGCOM sets up a DTT National Committee, i.e. a Forum bringing together broadcasters,
network operators, industry, universities and R&D institutes. The results of the work, carried out by four
Study Groups on service requirements, network and frequency planning, architectural and costs evaluation,
planning of the launching phase, are reported in the White Book published in September 2000 and submitted
by the AGCOM to the Parliament. The White Book also suggests the opportunity of financial incentives for
local broadcasters to free up frequencies.

In 2001 the Italian Parliament approved act n. 66/01, which, in conjunction with subsequent Acts and
amendments, envisages the complete transition from analogue to digital terrestrial television (switch-off)
after a predefined period of coexistence of both systems. According to this law the AGCOM elaborates and
publishes at beginning of February 2003 the plan for digital television broadcasting named planning of first
level.

During the following years, under the co-ordination of the Ministry of Communications, a number of pre-
operating activities are undertaken by the public and some private Italian broadcasters in all Italian territory.
Concertation activities and joint demonstrative trials are carried out to ascertain the feasibility of transition
from several viewpoints: technical, economical, regulatory and marketing.

It is during this time that the Italian Administration, in agreement with major players in the broadcasting
arena, gives a strong push to go for fully interactive digital terrestrial television (see specific paragraphs in
the sequel). Interactivity has since then become a major watermark of the Italian way to digital terrestrial
television.

The value chain of DTT

The analogue terrestrial television market is vertically structured, i.e. one single stakeholder, owner of the
licence to transmit, covers the entire chain of production, transport, distribution and broadcasting.
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In the Italian DTT market, a single stakeholder role is replaced by three roles:
- content provider, which is responsible for the production of audio/video services;

- network operator, which uses a set of frequencies to operate a network of transmission sites,
through which a set of audio/video services and multimedia/data services is broadcast on a national
or local level;

- service provider, which provides conditional access services or information services (data services).

Content providers and service providers need an authorization from the State in order to operate. Network
operators need a licence.

In Italy, special emphasis has been given to interactive services, which foresee communication, through
connection of the set top box to a telecom network, with servers belonging to service providers (possibly
third-parties with respect to the network operator and the content provider), to exchange data of specific,
personal or private interest upon request by the user. Therefore, the value chain of DTT completes with the
role of telecom operator, as the provider of the so-called return channel. Interactive service provision
requires the set up of a (possibly distributed) system called service center, relaying information among the
broadcaster playout center, the application and data repositories in the domain of the service provider and the
user set top box.

The above described value chain revolutionises the traditional television business model and opens up the
market place to a number of newcomers, not only broadcasters, but also third-party service providers like
public administrations, public utilities, healthcare establishments, schools, and so on.

The transition from analogue to digital terrestrial

Since year 2000, it was understood in Italy that an orderly and effective transition process from the analogue
to the digital system could only be possible by coordinated effort of a number of stakeholder roles. In fact the
process involves the following phases, to be achieved concurrently and in parallel: deployment of digital
networks with progressive coverage of the population; adaptation of existing receiving antennas whenever
necessary; provisioning of digital receivers in all households, availability of audio-video, multimedia and
interactive contents.

Deployment of digital networks

The overcrowded Italian analogue system (the result of several stratified provisions, across more than twenty
years, often introduced as patches to intricate problems) did not allow to have a given number of VHF and/or
UHF channels consistently reserved in all transmission sites for implementation of as much Single
Frequency Networks (SFN) as needed to broadcast DTT services. Therefore, a pragmatic approach was
taken: digital broadcasting was allowed from transmission sites where frequencies would be available or
could be made available by reclaiming them from the analogue domain. To this purpose, i.e. for the sake of
converting usage of frequencies from analogue to digital, legal provisions have been made for frequency
trading. Otherwise said, to build a digital network (multiplex) the broadcasters have two options: (a) buy
licensed frequencies from other broadcasters; (b) convert to digital operations the so-called redundant
frequencies, i.e. channels used in several areas just for little improvement of the analogue coverage.

The Parliament Act n. 66/2001 and the related regulatory package 435/01/CONS of AGCOM, plus the
Parliament Act n. 112/2004 do provide the legal framework for fair trade of frequencies in the evolution
towards an “all digital” scene. In this perspective, and according to the orientation of the other Member
Countries of the European Union (at the moment this report is being written the furthest term for the
transition from analogue to digital transmissions in Europe is established in year 2012), that legal framework
is still evolving.

The situation of digital networks as of end of year 2006

By following the approach described above, national broadcasters have been able to set up digital networks,
covering more than 70% of the population. By visiting the website www.dgtvi.it TV viewers can check
whether their town is covered by digital signals and find out which multiplexes and from which transmission
sites are available in their area. In major areas even 5 or 6 multiplexes are available.
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From the side of RAI only six months after the starting date of the digital transmissions, 80 DVB-T
transmitters were already operating in the greatest Italian cities. At the moment this report is being written,
more than 150 DVB-T transmitters have been achieved by RAI and are operating, for a coverage of more
than 70% of the population. Two multiplexes are radiated.

Mediaset is strongly committed in experiments on DVB-T systems to accelerate the introduction of digital
terrestrial television. Mediaset has 93 DVB-T transmitters operating and covers a significant percentage of
the Italian population with one multiplex. All these transmitters are obtained from conversion from existing
analogue ones. A similar number of digital transmitters is also planned in the near future, to further enlarge
the coverage. The existing multiplex includes MHP interactive applications.

As regards other broadcasters, Home Shopping Europe is using 17 DVB-T transmitters, Rete A is using
163 DVB-T transmitters, LA7 is using 121 DVB-T transmitters and Prima TV is using 58 DVB-T
transmitters.

A significant number of local broadcasters have been able to trade frequencies to be devoted to the digital
exercise. Those that could not purchase such frequencies, have only one option: keep analogue broadcasting,
until availability of set top boxes in their area of coverage guarantees a digital audience greater than the
analogue one. Since transition regulations impose that actual digital emissions do take place, for an analogue
broadcaster be enabled to apply for a long-term licence in the DTT market, the most common solution for
minor local broadcasters is to reserve some lowest-audience hours of the 24hour-day for digital trials. It must
be said, that the most recent transmission systems are dual, i.e. are able to toggle from analogue to digital
mode.

It is obvious that for any analogue broadcasting station that closes down, the system will be able to activate
at least five DTT channels. Therefore, at some stage, there should be a landslide effect in the availability of
frequencies.

Adaptation of receiving antenna installations

On-field experience has shown that receiving antenna installations are, in most cases (70-80% according to
different sources), directly reusable to receive the digital signals. Most interventions are related to re-
adaptation of centralised installations (one single antenna serving a number of apartments), where some
VHF-UHF channels may have been filtered out (to avoid interference) or ad-hoc selections of channels have
been designed (like for instance in hotel installations).

Provisioning of set top boxes for the households

By encouragement from the Ministry of communications and voluntary concertation and commitment by all
major stakeholders, the Italian DTT STB:

is broadcaster-independent: no hard pre-setting or customisation in the STB by any particular broadcaster;
is interoperable, i.e. works with any channel or service from any broadcaster;
has no subscription associated with it;

accommodates CA for pay-services, while remaining interoperable. CA is embedded in smart cards and in
ad-hoc software add-on’s that can be downloaded as OTA upgrades.

The STB model selected in Italy, by concerted voluntary agreement among all market players, is conformant
to the “interactive broadcasting profile” of DVB-MHP specification version 1.0.3 (endorsed as
ETSI TS 101 812). This standard defines a hardware-independent middleware for digital broadcast services,
allowing the consumer to choose their own MHP device (set-top box, digital TV set, multimedia PC, etc) and
plug it in to work with their preferred digital video service operators. The conformance to the MHP platform
allows users to purchase any MHP-compliant device (STB or iDTV, from any manufacturer) and receive TV
programmes and interactive services from any MHP-compliant broadcaster.

Interactive services are implemented via software applications that are delivered to the client MHP-
compliant device via the broadcast DVB-T channel, and they run on the middleware. Interactivity is
supported through an interactive TCP/IP-based channel; the presence and the support of this auxiliary
channel, at present implemented mostly as a PSTN modem, is mandatory for interactive decoders in the
Italian market.
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Significant is the “new” usage introduced for the remote control, since in this new context it allows the user
to make with a single touch operations that actually requires the involvement of a plurality of tools and
means: phones, PCs, mail, etc. The convergence over a single device opens new and interesting scenarios,
since it makes more simple and intuitive for the TV user to interact at various levels and in real-time with the
TV programme: it allows the TV user to navigate across an enriched and interactive TV content.

Navigation is also expedited by the association between contexts which the user can move across and related
standardized colours of buttons of the remote control. Common actions are associated to standardized
colours too.

Finally, the MHP platform enables the user to navigate without loosing contact with the current TV
programme: this feature is provided by overlapping A/V content and graphics.

Availability of digital contents

Current availability of digital contents (audio-video services and interactive services) is reported at the
www.dgtvi.it site. At the time of writing, almost 42 TV channels are available on a national basis (11 of them
are simulcast of analogue ones, but most often enhanced with multimedia and interactive services; 20 are
brand-new channels not available in any other platform; others are re-broadcast of satellite channels). Among
these 42 TV channels, 31 are Free-To-Air channels, while 11 are for payment (usually a pre-paid event-
based purchase model is applied).

Some tens of superteletext services are already available. The development of EPG, super-teletext and
interactive advertising applications is ongoing, based on the DVB-MHP open API platform. Each major
broadcaster has his own EPG, although there are plans for a system-wide EPG service.

Some interactive services with exchange of personal data are in place. Transactive services are in the focus
of several t-government projects (see below): worth of note are some trials of t-banking services.
T-government applications (information regarding Public Administrations, payment of taxes, retirement
funds) are being developed in the framework of the DTT Commission, under the auspices of the
Communication Ministry.

The challenge of interactivity

Since the year 2000 the European Council has introduced the concept of e-government, as inclusion of public
administrations and citizens in the information society. The digital terrestrial platform, powered with
interactivity, has been seen as a new candidate access path to services for citizens, in addition and in
complement to Internet browsing via pc and via cellular phones. The Italian government has promoted
interactive digital terrestrial television as a means to overcome the divide between citizens endowed with
digital multimedia devices and computers for Internet access and citizens that can only rely on traditional
appliances (among which, the TV set virtually available in every household).

At the moment of writing, the Italian government is strongly committed to support the spread of connectivity
and interactivity nationwide, through different media: broad band access and digital terrestrial television
infrastructures are in the focus of public investments.

Service classification

Services of the information society were classified in three categories:

- informative services, conveying information along with audio-video programs (just like in
teletext). Obviously, the only information that can be conveyed in this way, is that of general
interest for the viewers. The user can “browse” through pages, by interacting by means of the
remote control.

- interactive services, enabling users to access and manipulate data of their own specific interest,
although neither private nor sensitive. Access to such data requires connecting, through a return
path, to a service center, which in turn accesses data repositories of service providers to fetch
(deliver) data requested (supplied) by users.

- transactive services, enabling users to access and manipulate data of their own specific interest that
should be protected from unauthorised viewing and usage, either for the sake of privacy or for
financial security.
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Examples of informative services are Superteletext, the natural multimedia evolution of plain old teletext,
and the Electronic Program Guide (EPG). Another category of informative services is broadcast by some
network operators under agreement with some Public Administrations, regions or municipalities, wishing to
offer portals with news of relevance for the local communities, announcement on available facilities, useful
contacts and addresses, charities, etc.

An example of an interactive service is retrieving data related to a motor vehicle, from the public registrar of
ACI (Automobil Club Italia): users input a plate number via the remote control and the system replies with
public data such as the owner, his/her address, power of the engine, annual payable traffic fee, etc.

Speaking of transactive services, we can refer to the reservation of a medical visit, or the reading of a
medical diagnose. In this case, the user should not only input his/her health insurance number but also be
authenticated and authorised by the system. We can also refer to financial transactions, like in the case of on-
line purchases or operations on one’s own bank account. Not only for immediate and safe input of personal
data, but also for the sake of data protection and security a smart-card could be used. The ability to use
transactive services will enable the decoder to be a simple but powerful terminal for on-line reservations,
purchase of theatre tickets, air-tickets, delivery of administrative documents, tax payment and e-commerce.

Business models for interactivity

Interactivity can boost considerable turn-over, if proper charging model and revenue sharing models (among
the different stakeholders roles contributing the provision of interactive services) are devised.

As regards charging models, the prevailing attitude of service consumers in Italy is clear: services should be
convenient to use and should be payable on a mere per-use base (no scheduled bills, possibly). The huge
success of prepaid rechargeable SIM cards in cellular telephony is a clear proof of this statement. The
success of the SMS is another example: users’ willingness to pay is related to the perceived usefulness of a
service in front of a nominal (micro)payment requested (although price is very high compared with the real
cost of providing the service). Considering, by instance, that in 2003, the total revenue from SMS collected
by Italian mobile operators was in the order of a few billion euro, it is reasonable to foresee that a
comparable pattern (in frequency of usage and in the charging model) for interactive services over the DTT
platform might generate a revenue figure that can compare with the current annual amount of investment on
advertising through TV. Interactivity becomes then a means to inject definitely more significant resources
on the new DTT system, compared with the analogue system. Even for t-government services the payment of
nominal fees (in the order of a few tens of cents) for each usage might generate a cash-flow that would
probably make service provision self-sustainable.

As regards revenue sharing models, one could think of the sharing model used in relation with premium-rate
numbers in telephony or other similar schemes. In this case the sharing of revenue should involve the service
provider, the content provider (hosting pointers to the service from within its audio-video programs), the
network operator and the telecom operator.

Digital terrestrial television comes along in a special historical moment. Just after the success of GSM and
SMS, just when Internet services are taking up, just when pre-paid models for charging are more and more
acceptable to people. Interactive DTT inherits several assets from its analogue predecessor: user
friendliness, easy of use, amount of time the average viewer spends in watching TV. It can also inherit some
assets from the usage of internet, micropayment and prepaid cards.

Opportunities for local broadcasters

Local broadcasters will keep their role of providers of TV contents of local or topical interest. They can
evolve into network operators at local level. The can also “go aboard” a multiplex operated by other parties
and become mere content providers.

However, the area where most opportunities are offered to local broadcasters is the area of interactive
services, for several reasons.

Most services are intrinsically of local scope. Imagine, e.g., reservations of museum, shows and restaurants
and administrative operations with the municipalities or with the utility companies.

Local broadcasters, when operating a multiplex, are not likely to fill it with audio-video contents. They will
have a huge percentage of available bandwidth in the multiplex that can be used for data services.
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Interactive services already on air

According to the above framework, new services have been designed and realized to exploit the potentials of
DTT based on the MHP platform. A first range of services is:

- enrichments of news services;

- more versatile animation and graphics;
- polling applications;

- games and quiz;

- interactive advertising.

These services, that keep a strong relationship with the TV content, are called content-related services. In
Fig. 44 some shots from real TV screens are provided as examples.

FIGURE 44

Examples of content-related (left picture, courtesy from RAI; courtesy from Mediaset)
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In Fig. 45, an example of a non content-related service is reported. It is an Electronic Programme Guide
(EPQG) service, that provides the user with information over the whole TV offer.

FIGURE 45
Example of EPG (Courtesy from RAI)
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The EPG designed for DTT allows the operator to unify the presentation layout of its offer at the bouquet
level, and to customize it in respect to the other operators. It enables also the enrichment with enhanced
graphics and images, and the adoption of specific creative solutions for each class of users.

Of course, in the non content-related range of services T-Government services are included (examples
of screen shots are provided in Figs. 46 and 47). This new level of interactive enables the user to gain
access to services provided by a plenty of public institutions (hospitals, schools, local and central
administration, ...) while staying at home. Private entities, like banks, travel agencies, ... are also reachable.

FIGURE 46

Examples of T-Government services offered through DTT (courtesy from RAI )

el | i, S <4 rstel;\ﬂll per
S SEIT. & ieetisaiiiy ey o utente
1 T i ;'%n P71 17 Rai C|“Qd|r|Q
Fr— Centro Ricerche
Pubblica(@mministrazione e
Servizi per il Cittadino A e
@ LN_.&S, @ M Codice Fiscale Codice PIN

Info |l INPS ,
Usa il tasto EXIT per uscire

Usa i tasti colorati per accedere ai servizi, il tasto EXIT per uscire

FIGURE 47

Examples of T-Government services offered through DTT (left picture: courtesy from La7.
Right picture: courtesy from Mediaset )
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Interactive services of the near future

The Research Centre of RAI has developed a prototype portal for T-government services to be offered
through the DTT infrastructure, based on MHP platform. In particular, the present effort is focused on the
user interface and on a user assistance service, including audio and video, that shall help the user in using the
“new” digital TV and shall provide her information and interactivity.

Figure 48 shows a picture spilled from a demo of this new services, realized with the courtesy of a well
known Italian anchorwoman.

In the effective MHP implementation of this application, A/V clips shall be delivered to the receiver through
the broadcast channel, together with application code. Timing and bandwidth considerations strictly suggest
to investigate the possibility of caching data on the STB, reducing consequently bandwidth allocation for this
service. Present memory availability of commercial STB is not appropriate for this kind of demand, neither
it’s envisaged future implementation will meet the requirements whether not equipped with large capacity
devices like Hard Disks.

FIGURE 48

User assistance services with a set of predefined A/V clips (courtesy from RAI)

Sanita - Alimentazione

Another interesting perspective for the evolution of DTT is offered by its integration in the context of digital
home networks. A new scenario the Research Centre of RAI is exploring in the scope of some international
research project is the integration of the MHP STB with the home automation network. Thus, the TV set
offers a very intuitive, easy-to-use interface for handling and interacting with domestic devices while staying
on the sofa. This kind of service is particularly targeted to senior citizens or people with special needs.

Still open, in particular from the point of view of mass feasibility, is the problem of interfacing MHP STBs
and commercial available home automation systems. There is a lack of standardization that must be fulfilled
before a mass deployment of this solution be possible, but lot of efforts are currently spent in this directions.
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An important part of the Italian project for DTT is the use of DTT receivers to provide T-Government
services to the citizens. For that purpose, the receivers will need to be able to interact with different smart
cards issued or to be issued by the Authorities, such as:

- national electronic ID card;
- national local government service cards;

- health service cards.

The level of access to the contents of those cards is determined by:

- the security of the reader terminal (in this case the receiver);

- the security of the circumstances in which the terminal is used;

- the security of the interaction channel when a distant interaction is expected;
- the exact level of service that will be provided to the citizen.

Furthermore it is envisioned that the receiver shall also be used as a banking terminal for program
acquisitions, e-commerce transactions and financial/banking transactions. The security requirements for
those services are evolving, and the European Union — to foster trust in e-services - is supporting different
projects to produce unified recommendations and solutions.

National level recommendations for smart cards

The protocols for those cards, and the exact security requirements for the services, are not yet fully defined.
Different solutions exist at European and International levels, some standardized and other proprietary.

As a minimum, the receiver shall be compatible with:
- citizen’s service cards;

— conditional access smart cards.

This compatibility can be reached by different means:
a single smart card reader (ISO 7816) with the different protocol stacks implemented;
a smart card reader and a Common Interface slot;

a Common Interface slot populated with a smart card reader module.

In case A, switching between service card and conditional access card shall not require rebooting of the
receiver or a multi-menu navigation Selection of the active conditional access may be done through the set-
up menu. In case C, the smart card reader shall be provided as a default. In all cases mentioned above (A, B
and C), it is recommended that the smart card reader be compatible with the EMV specification for banking
terminals.

For non-CA services, the receiver shall implement the SATSA proposal by Sun Microsystems Inc., which is
supported by the current MHP specification.

Public promotion of T-government projects

To encourage the uptake of T-government, the Ministry of communications and the Ministry for Innovation
Technologies have launched a funding scheme for projects presented by public administration, as well as
service and utility providers. Financing, overall management and supervision of projects have been assigned
to Fondazione Ugo Bordoni and CNIPA. Two categories of projects are funded: (a) those privileging
simplicity and effectiveness of use, by as many citizens as possible; (b) those targeting innovative solutions
like authentication, authorisation of users, on-line payments (based on use of smart-cards) and always-on
return path (xDSL, GPRS, UMTS). Projects are entitled to funding after passing an evaluation procedure.
Real-time broadcast of developed services with real user panels is required as a working commitment for
successful projects.

At the moment of writing, more than 34 millions of Euros of public funds have been assigned as
co-financing to projects enforced by local administrations in cooperation with broadcasters and third parties.

RAL is actively participating, in cooperation with local administrations (Regione Emilia Romagna, Comune
di Roma, Regione Lombardia and Comune di Reggio Calabria), to four projects that received a very high
ranking in the evaluation procedure from the Public Authority, and for which the planned total investments
(from partners and from the Government) amounts to about 6 millions of Euros.
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Cooperating while competing

A key factor for the success of DTT in Italy so far has been close cooperation among all stakeholders, from
the same and from different categories (service providers, content providers, network operators, telecom
operators).

Cooperation has been strongly encouraged by the Government, by mandating Fondazione Ugo Bordoni (an
independent research and consultancy institute closely cooperating with the Ministry of Communications for
several decades), to set up the following collaborative initiatives:

- DGTVi, the association of digital terrestrial broadcasters;

- Ambiente Digitale, the association of interactive content providers and interactive application
developers;

- Sistema Digitale, the association of equipment manufacturers, of middleware providers and system
integrators.

It is worth noting that the above initiatives put together in excess of 100 stakeholders, thus showing that
Interactive Digital Terrestrial Television has got the focus of the entire ICT sector and is considered a good
business potential by a high number of enterprises in Italy.

Dgtvi (www.dgtvi.it)

This association includes four national digital broadcasters (RAI, Mediaset, Telecom Italia, D-Free), a long-
established association of national and local analogue broadcasters (FRT) and Fondazione Ugo Bordoni.
The main mission of the association is to promote the uptake of DTT in Italy by harmonising potentially
diverging approaches, by ensuring interoperability of decoders, conformance to standards and security of
OTA applications/services, and by communicating with all stakeholders of the value chain and with final
users. The activity of the association results in the publication of technical specs (like for instance, the
D-Book, a localised consolidation of DVB and MHP specifications for set top boxes) and in the organisation
of communication events of major impact for policy makers and opinion leaders.

Ambiente Digitale (www.ambientedigitale.it)

This association includes network and telecom operators, CE manufacturers, software corporations and
public bodies; and its network relies on more than 160 companies active in the digital weaving factory.

The goals of the association include the development of an application service market, new ways of
interacting and browsing, the definition of best practices in DTT service design, development and offering.
The association is also willing to harmonise services, applications and software platforms and user interfaces
to services for better usability. Stressing the specificity of interactive DTT with respect to the WEB (too
complex for most citizens) is also within the goals of the association.

Sistema Digitale (www.sistemadigitale.it)

The association aims at promoting the development of DTT devices and equipment, in the interest of the
users and in respect of competition and fair interest of stakeholders. Monitoring evolution of technology,
planning roll-out of new technologies, interacting with public institutions and monitoring the ICT
multimedia and interactive market are also activities within the scope of the association.

Boosting the switch-over process

To boost the switch-over process, anticipated switch-off is being planned in selected areas of the country
(Sardinia, March 2008, and Aosta Valley, October 2008), identified in regions that are “islands” from a
geographical or an e.m. viewpoint. In these areas, named also “all digital zones” all broadcasters (national
and local) will use their best endeavour to show that digital TV is within everybody’s reach and users are not
going to regret analogue TV. In January 2007, the active operators in the main towns of these regions are
going to definitely and simultaneously turn into digital one of their analogue TV channel each. Complete
switch-off will be synchronously applied by all stakeholders. At the moment of writing, the purchase of
STBs by residents of these areas is being encouraged with special provisions.

Technological evolution and perspectives beyond switch-off

High definition TV. This is no longer a dream, thank to digital encoding and transmission technology and to
flat display technology. In digital technology and with MPEG-2 an HDTV channel will use 10-15 Mbit/s,
thus saturating between 50 and 75% of the capacity of a multiplex. Obviously, in Italy, where there is already
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trouble in claiming frequencies to be converted to the digital mode, there is little chance for adoption of
HDTYV before switch-off. Thereafter, there should be enough bandwidth available for HDTV services.At the
moment of writing, at least an HDTV trial has started on a local basis (at RAI labs in Torino, for Winter
Olympics in 2006). Meanwhile, the introduction of MPEG-4/H.264 will make it possible to fit an HDTV
signal in the same bandwidth that is nowadays necessary for an MPEG-2 encode SDTV signal. High
definition may then become “the television” of tomorrow.

Mobile TV in handheld devices. Mobile TV via IP streaming not in GPRS/EDGE/UMTS mode, but in
DVB-H mode, appears an attractive solution.With the adoption of DVB-H a major step towards full
convergence of TV, mobile telephony and Internet will be achieved. The terminal has two radio interfaces,
in the GPRS/EDGE/UMTS spectrum range and in the DVB-H range. Reception of broadcast audio-video
programs occur through DVB-H, while reception of video on demand and specific and private data exchange
occur through UMTS. DVB-H experiments have been launched in late 2004 in Italy (primarily, at RAI
research labs in Torino). At the moment of writing, DVB-H technology-based consumer services have been
made commercially available from major mobile phones operators.

From the viewpoint of business we will experience a further widening of the value chain. Video content
providers will not intervene only in the broadcast chain, but also in the return channel. Mobile operators may
become content providers on the DVB-H interface too. Digital right management will become a major issue,
in order to preserve motivation in the production of contents of good quality.

8 Japan
8.1 History in Brief

The digital broadcasting system was discussed in Japan by the Telecommunications Technology Council
(TTC) of the Ministry of Post and Telecommunications — MPT (current MIC: Ministry of Internal Affairs
and Communications), and detailed technical matters have been discussed at the Association of Radio
Industries and Businesses (ARIB).

ISDB (Integrated Services Digital Broadcasting) is an emerging digital broadcasting concept. With ISDB,
everything is handled digitally. The three kinds of systems, ISDB-S (Satellite), ISDB-T (Terrestrial) and
ISDB-C (Cable) were developed in Japan to provide flexibility, expandability and commonality for the
multimedia broadcasting services using each network.

Based on the results of field trials, ISDB-T system was found to offer superior reception characteristics; and
consequently, the ISDB-T system was adopted in Japan as the digital terrestrial television broadcasting
(DTTB) system and digital terrestrial sound broadcasting (ISDB-Tsg) system in 1999.

8.2 Time schedule for digital terrestrial television

Figure 49 shown below presents the time schedule for Digital Broadcasting in Japan.

FIGURE 49
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Digital terrestrial broadcasting was launched in December 2003 in Tokyo, Osaka and Nagoya metropolitan
areas. In addition, digital terrestrial broadcasting has started at the main cities in all other prefectures as of
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the end of 2006. The service areas become wider step by step. Analog terrestrial television broadcasting will
be terminated in 2011.

8.3 Frequency Situation

Analog terrestrial broadcasting utilizes MFN (Multi-Frequency Network), a transmission scheme that uses a
different transmitting frequency in each service area. MFN with many transmitting stations is a solution for
delivering programs to the national audience without causing harmful radio interference among service
areas. Approximately 15,000 transmitting stations for analog terrestrial television broadcasting were
constructed throughout Japan. So there are not enough frequencies for digital television broadcasting.

The Japanese Government is undertaking a huge program which will cost around 180 billion Yen (approx.
1.8 billion US $) to move a quantity of analog television stations to the upper part of the spectrum in order to
free up the frequencies for digital television.

FIGURE 50
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8.4 TV channels in Tokyo

Nine digital TV channels are transmitted from Tokyo tower.

8.5 Transmission Antennas

In the Tokyo area, broadcasters have placed new antennas at a height of 250 m on Tokyo Tower. A
transmitter room was built under the tower's large observatory. In the Nagoya area, a new facility with a
246-m steel tower and a broadcasting station has opened in Seto city. In the Osaka area, broadcasters
installed antennas on their own towers. An overview of these facilities is shown in Fig. 52.
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FIGURE 51
Nine ISDB-T channels in Tokyo area

FIGURE 52
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Tokyo/Nagoya/Osaka digital transmitting facility overview

8.6 Shipments of ISDB-T receivers in Japan

Although digital terrestrial broadcasting started only approximately 4 years ago (December 2003), over
25 million ISDB-T receivers have been shipped to date (50 million households in Japan).
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FIGURE 53
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8.7 Technical Characteristics of ISDB-T

The system compatibility between digital television and digital sound broadcasting is taken into
consideration in ISDB-T. ISDB-T with full segments serves digital terrestrial television broadcasting and
ISDB-Tsg using one segment or three segments serves digital terrestrial sound broadcasting.

ISDB-T is also capable of providing data broadcasting consisting of text, diagrams, still pictures, and video
image for handheld devices, in addition to high quality pictures and stereo sound. In contrast with digital
satellite broadcasting, it is able to feature detailed local interest information. Furthermore, it has great
potential to diffuse information to mobile multimedia terminals, such as car radios and pocket-sized
receivers.

The following requirements were considered in the development of ISDB-T.
It should:
- be capable of providing a variety of video, sound, and data services;

- be sufficiently robust to any multipath and fading interference encountered during portable or
mobile reception,

- have separate receivers dedicated to television, sound, and data, as well as fully integrated receivers,

- be flexible enough to accommodate different service configurations and ensure flexible use of
transmission capacity,

- be extendible enough to ensure that future needs can be met,
- accommodate single frequency networks (SFN),
- use vacant frequencies effectively, and

- be compatible with existing analog services and other digital services.

To comply with all the specified requirements ISDB-T made use of a series of unique tools such as the
OFDM modulation system associated with band segmentation, which gives the system great flexibility and
the possibility of hierarchical transmission, time interleaving which contributes to achieving the necessary
robustness for mobile and portable reception besides giving the system powerful robustness against
impulsive noise and TMCC (Transmission and Multiplex Configuration Control) which allows dynamic
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change of transmission parameters in order to set the system for optimized performance depending on the
type of broadcasting (HDTV, mobile reception, etc).

These unique characteristics make ISDB-T able to provide a wide range of applications such as those
presented in the next chapter.

8.8 Applications on ISDB-T

In this section some examples of applications on ISDB-T are shown.
HDTYV program in 6 MHz

A HDTYV program requires 6 MHz bandwidth.

FIGURE 54

Multi SDTV programs in 6 MHz

Three SDTV programs require 6 MHz bandwidth.

FIGURE 55
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EPG (Electronic Program Guide)

An Electronic Program Guide which presents program guide information in table form enables a user to
quickly and seamlessly go from a TV channel selection mode to a TV program selection mode.

FIGURE 56
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Data broadcasting

Data broadcasting provides a variety of information such as anytime news, weather forecast, traffic
information and program related data.
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Internet access

All ISDB-T receivers can access to the Internet.

FIGURE 58
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HDTYV Mobile reception

HDTYV program broadcasted through the ISDB-T system can be received even in mobile reception. Several
car receivers are on the market.

FIGURE 59
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One-Seg service : TV service for handheld/portable receivers

One-Seg TV service for cellular phones or portable TV receivers was launched in April 2006 in Japan. Such
a terminal with a communications link is able to receive network-linked data broadcasting.

FIGURE 60

Human-friendly broadcasting services

Digital broadcasting has a variety of forms, from textual data and diagrams to regular video and audio data.
It is intended to exploit this diversity to provide human-friendly broadcasting services that would be

accessible to everyone, including the elderly and people with physical impairments.

FIGURE 61
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8.9 Outline of ISDB-T transmission scheme, and related ARIB standards, ITU-R
Recommendations
TABLE 10
ARIB ITU-R
Item Contents Recommen-
standards .
dations
Video coding MPEG-2 Video (ISO/IEC 13818-2) STD-B32 BT.1208
Audio coding MPEG-2 AAC (ISO/IEC 13818-7) STD-B32 BS.1115
Data broadcasting BML (XHTML), ECMA Script STD-B24 BT.1699
. STD-B10, BT.1300,
Multiplex MPEG-2 Systems (ISO/IEC 13818-1) STD-B32 BT.1209
Conditional access Multi 2 STD-B25 —
Transmission ISDB-T transmission
Channel Bandwidth 6MHz, 7TMHz, §MHz
Modulation Segmented OFDM (13 segment / ch)
Mode, Mode: 1,2, 3
guard Guard Interval ratio : 1/4, 1/8, 1/16, 1/32
Carrier Modulation QPSK,16QAM,64QAM, DQPSK BT.1306
) STD-B31 )
Inner Convolutional code System C
Error (Coding rate : 1/2, 2/3, 3/4, 5/6, 7/8)
correction
Outer (204,188) Reed-Solomon code
Interleave Frequency and time interleave
Time interleave : 0 - 0.5 sec
Information bit rate 6MHz : 3.7 — 23.2 Mbit/s
(depends on 7MHz : 4.3 — 27.1 Mbit/s
parameters) 8MHz : 4.9 — 31.0 Mbit/s
Receiver ISDB-T receiver STD-B21 —
Operational guideline ISDB-T broadcasting operation TR-B14 —

8.10 Emergency warning by broadcasting

Early warning against massive natural disasters such as earthquakes, tsunami, hurricanes and volcanic
activity, is a very effective measure for those who may suffer from the effects. Emergency warning by
broadcasting is very effective to inform many people of the event and its related information for defending
their lives and properties from disaster. In this chapter some emergency warning systems using broadcasting
are shown.

8.10.1 Automatic activation of handheld receivers by EWS (Emergency Warning System) signals
(See Recommendation ITU-R BT/BO.1774)

The Emergency Warning System (EWS) described in Recommendation ITU-R BT/BO.1774 enables a public
warning to be made in the case of emergency due to disasters etc. through analog radio and/or analog TV
sound channels. As analog broadcasting is one of the most widespread broadcasting services, it is quite
effective to make the public warning using this method.

Digital terrestrial broadcasting has an emergency warning mechanism similar to that of analog broadcasting.
Broadcasting differs from communications in that it can send information to a large number of handheld
receivers at the same time. The ability to activate handheld receivers to receive emergency information
would lead to a reduction in the damages caused by a disaster. For this to be effective, a handheld receiver
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would have to be in constant stand-by mode for the EWS signals, but if the power consumption were too
high, it would be difficult to maintain stand-by for a long time.

To solve this problem, a low-power-consumption EWS signals stand-by circuit that can maintain stand-by
for the digital terrestrial broadcasting EWS signals has been studied.

Figure 61 shows handheld receiver activation using EWS signals of digital terrestrial broadcasting.

An EWS signal is indicated by bit 26 of the TMCC (transmission and multiplexing configuration control)
signals comprising 204 bits in System C of Recommendation ITU-R BT.1306-3. In the case of Mode 3
(number of carriers: 5,617), the number of TMCC carriers is 52 in total for 13 segments, or four carriers per
segment. The TMCC signals modulated by differential binary phase shift keying (DBPSK) are transmitted at
an interval of approximately 0.2 s.

To achieve remote activation, the EWS signals in one or more TMCC carriers are to be continuously
monitored by each receiver. Furthermore, continuous monitoring shall be achieved without substantially
shortening the stand-by time of handheld receivers. To reduce the power consumption, a dedicated stand-by
algorithm is introduced that:

a) extracts only TMCC carriers, and

b) monitors only the EWS signals by limiting time slots.
The function for EWS stand-by with very low power consumption has been verified.

The remote activation technique which uses the EWS signals in TMCC can also be applied to the fixed
receivers in System C of Recommendation ITU-R BT.1306-3. Many existing TV receivers are able to
receive the EWS signal. In the case of analog TV receivers, they turn on automatically when the TV receiver
detects the EWS signal even if the switch is off, and the viewer can obtain the urgent information. However,
digital TV receivers can receive this signal only when the switch of the TV receivers is turned on under the
current situation. Fundamentally, the operation when the EWS signal is received is established by the
product specification of each manufacturer.

FIGURE 62

Handheld receiver activation using EWS signals
of digital terrestrial broadcasting

8.10.2 Earthquake and Tsunami information services via data broadcasting
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In January 2007 Japan began offering earthquake and tsunami information via data broadcasts, using three
delivery media—BS (broadcast satellite) digital broadcasts, terrestrial digital broadcasts, and terrestrial
digital broadcasts for mobile receivers (One-Seg). The features of this new “earthquake and tsunami
information” service are that it enables people to get information about earthquakes that have just occurred
or past earthquakes, and to rapidly learn of any impending danger due to a tsunami following an earthquake.

The content of “earthquake and tsunami information” via data broadcast is based on the information obtained
from the Japan Meteorological Agency (JMA). The data broadcast content production system (hereinafter
“production system”) processes data received from outside the station and automatically produces content in
BML format*. The content that is automatically generated by the production system is registered to the data
broadcast transmission system and then broadcasted. Earthquake and tsunami information is also produced
automatically.

In the case of “earthquake and tsunami information” content, data delivered to the broadcaster from the JIMA
is first received by the “earthquake tsunami database system” which is commonly used by broadcasters for
managing earthquake and tsunami information. Then, data is transferred to the “earthquake tsunami gateway
(GW)” which is a dedicated system developed for “earthquake and tsunami information” content. The GW
converts the data to data broadcast-ready format and sends it to the production system. Thus, content is
produced automatically. The system configuration for “earthquake and tsunami information” service is
shown below.

FIGURE 63

System configuration for earthquake and tsunami information
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The “earthquake and tsunami information” service consists essentially of six kinds of screens. These are
“Earthquake occurrence notification,” “Latest earthquake information,” ‘“Most recent earthquakes,”
“Tsunami Warnings/Advisories,” “Tsunami- Related earthquake information,” and “Tsunami monitoring
information.” At the bottom of each screen are buttons for moving to other screens, and viewers can use a
remote controller to switch between any of these screens.

* BML is an XML-based data content format as described in Recommendation ITU-R BT.1699, originally
developed by the ARIB.

Within a month of the commencement of earthquake and tsunami information services in January 2007,
there were five occurrences of earthquakes of intensity 3 or higher, and information on these earthquakes
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was delivered via data broadcasts. On each occasion, the automatic production function to enable data
broadcasts immediately after they occur worked effectively to enable the earthquake information to be
broadcast rapidly. Due to the large volume of information involved in reporting earthquake magnitudes for
areas throughout Japan, on regular TV services viewers sometimes fail to see the information relevant to
their areas of residence. The data broadcasts, in contrast, were found to be extremely useful, because they
enabled people to display relevant information after the broadcast was made, using their remote controllers.
So the service is very helpful for this reason, too.

8.10.3 Broadcasting earthquake early warning

The Japan Meteorological Agency has introduced an Earthquake Early Warning system, which can alert
people to an approaching earthquake upon detecting its initial small-scale vibrations (Primary waves) and by
getting an estimated fix on its epicentre and magnitude (scale). The system can predict such factors as the
amount of time remaining until the arrival of the earthquake’s main and potentially destructive vibrations
(Secondary waves), and the intensity (degree of jolting). The Agency will issue an Earthquake Early
Warning in the event the earthquake is likely to have a minimum intensity of 5 on the Japanese scale of
intensity which runs from 0 to 7, alerting people that they can expect severe jolting within the next several or
fifty or so seconds’ time.

Japan Broadcasting Corporation (NHK) has developed a system for relaying the alerts issued by the
Meteorological Agency. The system, which commenced operation on 1 October 2007, can relay alerts
nationwide via all of NHK’s radio and television channels.

Any Earthquake Early Warning issued by the Meteorological Agency must be conveyed to the public
promptly and in a readily intelligible format. The system adopted by NHK for relaying such alerts is
characterised by the following features:

1 Alerts are broadcasted on all NHK radio and television channels

Any alert is simultaneously broadcasted on all twelve NHK radio and television channels.

2 The alerts are fully automated

Speed is essential, which means a fully automated system is in place for relaying an alert the moment it is
received from the Meteorological Agency, without any decision or intervention from a member of NHK
staff.

3 A special chime sounds in the event an alert is being issued

A distinctive chime sounds and a CG (computer Graphics) appears on the television screen when an alert is
being issued. The CG provides a map and lists the names of the prefectures that can expect jolting.

The alert is superimposed on all nationwide and local NHK TV broadcasts.

On NHK radio stations, an alert issued from Tokyo will interrupt all nationwide and local broadcasts. The
warning chime is followed by a synthesised voice announcing the prefectures that can expect seismic jolting.

9 Russian Federation

Strategy basics for transition from analogue to digital broadcasting within an individual region (based on
the experience of introduction of DVB-T broadcasting in the Primorsky region of Russia)

Modernization of a regional broadcasting network aims at updating the transmission firmware of the TV and
radio broadcasting network in a region, expanding the range and list of services provided by the broadcasting
operator to the users, increasing revenue for the operator and effecting a phased transformation of such an
operator into an information package provider for the region allowing both commercial and social problems
to be solved.

Overall strategy of updating the regional TV and radio transmission network and transition to digital
broadcasting in the region

As a rule the degree of wear of analogue transmitters operated in the region is pretty high. The useful life of
many transmitters is already over. Replacement of worn-out analogue transmitters by new analogue
equipment appears senseless both from the technological and economic point of view, as in the transition to
digital broadcasting it will be necessary to replace such new transmitters again with digital ones, this time
long before the end of their useful life. Besides, one cannot see any ways of compensating for such
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replacement costs as analogue broadcasting in principle cannot support the new information services and
products that the population would be prepared to buy and that could generate additional revenue for
broadcasting operators. In this connection it seems worthwhile making the transition to digital broadcasting
in the region without delay.

It is evident that transition to digital broadcasting should be effected within the framework of current
frequency arrangements, that is digital TV programmes should be broadcast in the same frequency bands as
analogue broadcasting formerly. This means that overnight transition to digital broadcasting should be
accompanied by stopping analogue broadcasting of the same programmes within the coverage area where
such transition takes place.

It goes without saying that overnight transition to digital broadcasting is not possible without equipping the
population with digital receivers, i.e. subscriber set-top boxes (STBs). Transition to digital broadcasting can
only be effected provided that every subscriber has such an STB, so that in the transition process no small
group's interests suffer. A broadcasting operator is not responsible for the provision of STBs to the
population. Without going in detail on the organization of such provision one should mention that this
problem must be solved through local funding under a comprehensive target programme implemented by the
regional administration with the help of private investments. Thus the financial burden should be distributed
between the commercial structures of the region the overwhelming majority of which is interested in new
advanced interactive multimedia infocommunication services and products (including e-commerce and
e-banking systems) supported by digital broadcasting. Introduction of such systems within a united regional
information system (to be described below) may give a powerful impetus to business development in the
region with the corresponding growth of commercial structures' turnover and revenues.

As for providing STBs for digital broadcasting to the population, this should be done according to a uniform
schedule approved by the administration and coordinated with the broadcasters in one transmitter
broadcasting coverage zone after another. Under the schedule, STBs should be provided to all rather than
part of the people residing within one coverage zone, then another and so on. This will ensure the possibility
of making a final transition to digital broadcasting in the region successfully. The STBs themselves are
multipurpose interactive terminals capable of supporting a wide range of modern interactive information
services and products besides broadcasting.

It is clear that transmitters replacing the old worn-out analogue ones should be hybrid, i.e. equally capable of
operating both in analogue and digital broadcasting mode. At the first stage such a newly installed
transmitter will operate in analogue mode. Later on when the population in the coverage zone is 100%
equipped with STBs the transmitter will go over to digital mode with the DVB-T modulator switched on and
the driver replaced (it is desirable to have both devices supplied in a complete set with the transmitter). It
goes without saying that at the first stage the transmitter will broadcast only those programmes that used to
be broadcast for the given coverage zone in analogue mode. Thus the next problem that arises is of most
importance for urban areas where several TV programmes can be received within one coverage zone. In each
broadcasting zone several analogue programmes broadcast by different transmitters may be received. Digital
broadcasting is multiprogram, i.e. one digital transmitter will broadcast all those programmes that used to be
broadcast by several analogue transmitters. Thus only one “head” analogue transmitter should be chosen out
of the group for the coverage zone to be replaced by hybrid equipment. The transmitter should be connected
with MPEG-2 signal feeder lines for all the TV programmes broadcast for the given coverage zone. All the
signals should be joined together in a multiplexer into an MPEG-2 transport flow and fed into the DVB-T
modulator. After this the transmitter may be switched over to the digital broadcasting mode and the analogue
broadcasting of other transmitters may be stopped and dismantled.

It is clear that transition to digital broadcasting should entail an increase in the number of programmes
provided to the population. As a result the situation should emerge when the regional programme package
(i.e. all the programmes that are currently broadcast to at least part of the population of the region) will be
accessible to every TV viewer. Of course with time the package should be expanded gradually with new
commercial programmes (including pay programmes) and with free regional programmes of social and
informational importance. To achieve this it is necessary to solve the problem of constructing a full regional
network of TV programmes supply and distribution, i.e. when each programme received in the region via
satellite channels or produced in the region itself would be supplied to every transmitter (or a group of
transmitters) operated in the region. The problem can be best solved on the basis of a fibre-optic line laid in
the region and running through its major populated areas. Fibre-optic line branches, i.e. TV programmes
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supply lines to other populated areas of the region, should be based on the exiting radio relay lines or MMDS
systems. Moreover the radio relay lines must be updated to transmit digital data streams. This can be done
through using modems and MUXes ensuring the transmission of digital data streams along the existing radio
relay lines at the rate of 51 Mbit/s. The equipment will digitize the radio relay lines and at the same time the
UHF equipment installed will remain intact. In many cases MMDS systems can also be used to bring digital
broadcasting programmes to home cable networks. Naturally to expand the digital broadcasting programmes
package broadcast to the population it is necessary to install some additional digital transmitters. However it
is important that reception of digital broadcasting programme packages from several DVB-T transmitters by
outdoor antennas in many cases may be ensured without amending the existing home cable networks.

The regional programme package may be expanded both through increasing the number of programmes
made up in the region itself and through receiving more programmes via satellite communication channels.

Stages of comprehensive modernization of the regional TV and radio broadcasting network

Thus with the above approaches the following stages of comprehensive modernization of the regional TV
and radio broadcasting network for transition to digital broadcasting can be defined:

- distribution of DVB-T STB to the population. STB manufacture funding may be effected within a
target programme of the regional administration funded by regional investors. The STBs should be
multifunctional interactive terminals supporting a wide range of modern multimedia services and
products along with broadcasting;

- choosing a “head” transmitter out of the operating ones in each broadcasting zone to be replaced by
a hybrid unit (with analogue broadcasting at the initial stage) with digital signals of all the
programmes broadcast in the area fed to the latter;

- starting digital DVB-T broadcasting of those programmes that used to be analogue from the head
transmitter, stopping analogue broadcasting and dismantling all the other transmitters in the
broadcasting zone with the process going on in one broadcasting zone after another as these are
ready for the change;

- constructing a regional TV programmes supply and distribution network on the basis of fibre-optic
lines and digital radio relay lines, MMDS and cable lines used in the “last mile” section;

- as the regional distribution network is expanded bringing the regional TV programme package (i.e.
all the programmes coming to the region via satellite channels and all the regional programmes) to
each populated area in the region, with further expansion of the range of such programmes,
including new regional ones (regional TV, commercial programmes); installing new DVB-T
transmitters;

- on the basis of digital TV broadcasting, organizing data transmission (including web and web-type
multimedia services) from the very beginning of digital TV broadcasting to provide to the
population modern infocommunication services and products, both socially-oriented and
commercial;

- introducing interactive products from the very beginning of digital TV broadcasting, primarily web
and web-type services on TV broadcasting basis;

— constructing in the region a united interactive information multimedia regional network on the basis
of subscriber's STB with an interactive platform specially designed to take care of the region's needs
and interests and a uniform system of conditional access chosen upon agreement reached between
digital broadcasting operators.

Further development of the TV and radio broadcasting transmission network in the region, expansion of the
range of services and network functions through interactive servicing and provision of multimedia services

Transition to digital broadcasting is not the end of TV and radio broadcasting transmission network
modernization. It goes without saying that more TV broadcasting programmes will bring more revenue for
broadcasting operators. However, the largest source of higher revenues is in the sphere of provision of a wide
range of modern infocommunication services and products on the broadcasting basis to corporate and
individual users. Technologically this can be achieved through encapsulation of multimedia data streams
(including web and web-type services data) into TV broadcasting digital flows. Reception of the above
services and their data display on the TV screen will be done with the help of digital TV broadcasting STBs.
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The same STBs with their software and firmware support return channels organized on telephone lines (on
the basis of built-in dial-up modems) or with xDSL facilities or, provided there are home cable lines, HFC
(hybrid fibre cable) on the basis of the DOCSIS standard (built-in or external DOCSIS modems connected
with the STBs by Ethernet interface).

Overall description of information and interactive services and products based on digital TV broadcasting.
The initial stage of introduction of the services in the region

Enhanced TV and interactive TV are principally new TV broadcasting services that can only be provided on
the basis of digital broadcasting. The concept of enhanced TV envisages pay services with a coded signal
that requires using smart cards and conditional access systems. Private companies leasing equipment from
the operator may provide such services to the population under subscription for pay packages. Moreover the
possibility of free reception of the social programmes package (both national and regional) by the population
remains.

Enhanced TV envisages the technology of pseudo-interactive DVB-T services without a return channel.
These include various information services and reference materials, such as TV — the press, weather
forecasts, ratings, advertisement channels, etc. In transition to digital broadcasting such services may be
provided at once in those populated areas of the region where there is a shortage of telephones and where it
is yet impossible to organize a return channel for full-scale interactive service.

In the towns of the region with sufficient telephone penetration, interactive systems may be deployed on the
basis of a return channel on a telephone line. A return channel can support various e-commerce services, on-
line shops as well as rating votes and population polls that are important socially and may be needed by the
regional administration. At the same time high-rate access to the Internet on dedicated digital DVB-T
channels may be provided. For this a TV viewer will not need a PC as in this case its function will be
performed by the STB for digital broadcasting: it will display web pages on the screen after appropriate
reformatting and rescaling of text and graphic objects in web pages in a way allowing their display on the
screen of a standard definition TV set. The web browser is operated with the help of a cordless keyboard.
Connection does not require any additional time, as the Internet channel is permanently available. In fact the
service is a factor of new quality of life, as television becomes a powerful information gateway concentrating
most advanced information technologies that enable any person regardless of his or her age, education and
social status to be a full-scale member of the global information infrastructure without buying a PC, just with
the help of a familiar TV set. The digital TV broadcasting STB supports the Internet access and e-mail
functions.

At the next stage of deploying a digital TV broadcasting system in the region it becomes possible to extend
the interactive services to remote rural areas with insufficient telephone penetration. This becomes possible
through using return channel cordless DVB-RCT technology.

Construction of a united interactive multipurpose information system on the basis of digital TV broadcasting
in a region

If there are return channels, the following interactive infocommunication services may be provided on the
basis of digital TV broadcasting to corporate and individual users:

- access to the Internet without using a PC;

- e-trade;

- e-commerce;

- management of a bank account, including execution of commercial transactions at a distance using
a digital signature;

- e-system for ordering municipal services;

- communal utilities payment e-system,;

- services base on “video-on-demand” technology;
- cottage industry e-systems;

- e-health;

- e-learning systems;
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- virtual CD-ROM;
- web games.

All together the above-listed information services may form a united interactive multipurpose information
system implemented on the basis of a single user's interface (browser) and a uniform interactive platform.
Thus a broadcasting operator may become a provider of the service system to corporate and individual users.
It makes sense to shape such systems on a regional basis. For this there should be in the region data
formation centres for corresponding information services, including specialized servers and devices for
encapsulation of the said services in TV broadcasting signals. Server software represents a multifunctional
software package including, in particular, billing modules, modules of interoperation with banking payment
systems, advertising management, mediametrics collection and processing of return (interactive) channels
data, etc. The user part of the software for such a system (browser) is installed in the digital broadcasting
STBs.

Without going into detail concerning the construction and functioning of such a system it is possible to point
out its major sources of additional revenues for the operator. These include among others subscription fee
charged on the basis of a conditional access system (implemented through STB smart cards). However, it is
advertisers' payments that constitute the most important source of revenue for the operator of an interactive
information system. Advertising in interactive information systems radically differs from traditional linear
advertising in analogue broadcasting. Its main distinction lies in its target nature (different groups of users
get different advertisements) and in the built-in function of measuring the audience (mediametrics). Actually
STBs can support the following functions:

1 Assignment of a consumer index to the subscriber. When a subscriber is switched in the system a
questionnaire is displayed on the screen with a number of items referring to the subscriber's social status,
age, sex, revenue, interests in various spheres, goods and services of interest, etc. (such a poll may be
repeated in certain periods of time, e.g. annually, to identify the changes, if any). The questionnaire aims at
establishing what type of advertising should be supplied to the subscriber. The questionnaire is based on
multiple choices. A given consumer index is assigned depending on the choice of answers. The index is
forwarded to the operator's server and further on is used to identify the advertising materials to be supplied to
this subscriber.

2 Mediametrics of TV programmes. An STB registers each switch over from one TV channel to
another and certainly the viewing time on each channel. Periodically (say, once a day) the obtained viewing
data is forwarded to the operator's server. The function allows calculation of the exact rather than
approximate rating of TV programmes.

3 Advertising mediametrics. Each payment for goods and services effected by a subscriber with an
STB (supporting the e-payments function) is registered and the information about the type of goods or
services bought is transmitted to the operator's server where the connection between the purchase of the
goods and services and their advertising supplied to the subscriber earlier is analysed. This function is
necessary to appraise the effectiveness of advertising materials.

It is clear that with these functions the operator of an interactive information system obtains data of vital
importance both for TV companies (programme ratings) and advertisers (much higher effectiveness of
advertising thanks to its target character, information about the effectiveness of advertising materials). This
enhances the attractiveness of the system for the TV companies and advertisers and affects the operator's
revenues accordingly.

Another important source of revenue for the operator is payments by commercial structures selling goods
and services within the framework of the e-trade system, as part of the system as a whole. The e-trade system
is in great demand for commercial structures as it enables these to increase significantly their sales. A new
market is open to the sellers - electronic retail sales with immediate payment for goods and services in non-
cash form via e-banking.

TV viewers may choose the goods via the on-line shops system in which they may view video clips of the
goods, order these to be delivered to their homes or not and pay for them with the help of their smart card.
Foreign practice confirms great success of such projects as in addition to convenience and time saving the
customer pays less for the goods than in traditional shops (thanks to lower seller's overheads and non-cash
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payments) and due to that fact that e-payment systems in closed digital TV networks are more reliable than
those on the Internet.

If the above regional interactive information system based on digital broadcasting is established in a region
as a next logical step after overall transition to digital broadcasting in the region, it would also be logical to
base the system of subscription fees on a uniform conditional access system. It goes without saying that such
a system should have an open (socially oriented) component and a commercial component and subscription
fees will be charged only for services provided by the commercial component.

10 Tanzania
Introduction

Tanzania has been addressing the migration from analogue to digital terrestrial broadcasting immediately
after the RRC-04. The Tanzania Communications Regulatory Authority (TCRA), the regulator of
Communications, Broadcasting and Postal sectors participated in the RRC-06 processes. After RRC-06, two
consultation documents were issued followed by workshops, annual conferences and forums aimed at
addressing how digital terrestrial broadcasting will be implemented, managed and regulated in Tanzania.

Important issues addressed, include the way digital television operates and its efficient use of frequency
spectrum resource and its associated value added services.

Furthermore, the Authority has worked out major issues that will guide smooth migration.

Among the measures undertaken by TCRA is the introduction of the Converged Licensing Framework
(CLF) with four (4) major licences, 1. Network Facility Licence, 2. Network Service Licence, 3. Content
Licence 4. Application Service Licence addresses the complex licensing issues associated with digitization.

To realize smooth migration, TCRA produced two consultation documents on digital broadcasting which
were discussed by all stakeholders. National Technical Committee has been formed to handle migration
issues and workout the roadmap to full digital broadcasting in Tanzania.

The consultations, yielded initial framework on the new broadcasting landscape in Tanzania. The new
broadcasting chain landscape is such that, there will be two distinctive features namely, the Content Service
Provider and Signal Distributor who will be charged with multiplexing. There will be two commercial
Multiplex Operators, and one Public Service Multiplex Operator under the initial licensing framework
that will be charged with the responsibility of signal distribution.

Tanzania, a country at the eastern coast of the African continent, spans 1122Sq. Kilometres with a population
of 36 million inhabitants. Tanzania falls under ITU Regionl.There are 26 licensed analogue television
stations, out of which 4 are national coverage, 5 regional coverage (covering ten administrative district areas)
and the rest district administrative coverage.

There are also three (3) licensed digital satellite pay television stations and one digital terrestrial television
operator in the City of Dar Es salaam under a pilot DVB-T project. There are 95 analogue television
transmitters countrywide.

After the two consultation processes between 2005 and 2007, a final document on “The Transition from
Analogue to Digital Terrestrial Broadcasting in Tanzania” addressing the Regulatory and Legal Framework
under which Digital Television will be implemented, managed and regulated. The Authority has so far run an
awareness campaign among the media stakeholders during the consultation process that has come up with
the roadmap for licensing of Multiplex Operators. The Authority has so far achieved the following goals and
is set to licence the pilot project in the financial year, 2008/2009 on a phased approach basis.

In the interim period, the Authority has formed the Work Group on Digital Broadcasting (WGDB) with
experts from broadcasting, spectrum management, ICT development and legal sector tasked to address the
following issues:

- Consider licensing issues of MUX.
- Consider National Plan of Digital Broadcasting and simulcast period.

- Consider Licensing issues of other services like, Mobile TV, IPTV etc.
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- Consider and adopt a positional paper on availability of STB.

- Editing of the final document on Digital Broadcasting in Tanzania.

In April, 2008, TCRA announced an Expression Of Interest (EOI) for prequalification for interested parties
to submit their interest for provision of digital multiplex services in Tanzania. The response was positive.

The Authority has postponed licensing of new television applicants from 2007 in order to audit the UHF and
VHF channels countrywide and plan for digital terrestrial services countrywide during simulcast period. The
digital plan status will be ready before the end of this year.

The digital plan will give detail to the WRC-07 decisions, on smooth implementation of digital
broadcasting.

The Authority is carrying out an exercise of reviewing the Broadcasting Services Act, 1993, Tanzania
Communications Act, 1993 and the Tanzania Communications Regulatory Authority Act, 2003 with a view
of incorporating Digital Terrestrial Broadcasting and Multiplex Operator a legal force.

The Authority will embark on public awareness campaign on digital migration and coordinate with
neighbouring countries on best ways of efficient utilization of spectrum, interference mitigation and
protection of existing analogue services during dual illumination.

Digital Migration Policy in Tanzania
The Tanzanian ICT Policy, 2003 governs the digital migration process in Tanzania.

And the realization of digital dividend prior to WRC 07 by allocating the broadcasting sub band 825.285-862
MHz (about 37 MHz) for CDMA mobile operators realizing digital dividend earlier.

Tanzania’s position during WRC-07 was very clear. It supported new broadcasting band at 470-790 MHz to
promote mobile phone industry as a catalyst to universal access. The mobile industry penetration in the past
few years has dominated the communication market than fixed lines whose roll out has been slowing down.

The Authority is constructively engaging the Government on possibilities of giving out subsidies to
importation of set-top-boxes so as to make them available to common people.

TCRA in collaboration with the Government is setting up policies and recommendations on availability of
set-top boxes. The idea of fees from the dividend is still raw and under discussion.

Migration from Analogue to Digital broadcasting in Tanzania in Tanzania is policy driven. It has taken
TCRA three years to prepare broadcasters for the uptake of digital broadcasting. Worries have been on the
fate of the analogue infrastructure investment and ‘fear’ of revocation of frequency channels by incumbents.
Worries have even been on consumers on the availability of affordable set-top boxes.

Tanzania has adopted phased migration approach. This will help correct mistakes experienced in initial
stages of implementation.

Tanzania will switch off analogue systems by 2015 and the chances of doing it before that time is clear.

Challenges on licensing; There are digital TV products which the Authority is working on the proper
framework to cater for the country’s ICT trend.

There have been concerns during the migration process on existing analogue infrastructure.

During consultations, it was agreed that, the licensed multiplex operator enters into agreement with analogue
broadcasters to use part of their usable infrastructure.

Tanzania is actively participating in all activities pertaining to digital broadcasting in Region 1 of the ITU
and the CTO-Digital Broadcasting Forum in Johannesburg every year. This has been instrumental in having
common migration strategies and has acted as sensitizing machinery among participating African nations.
Even those that have not initiated efforts to migrate from Analogue to Digital broadcasting have been
supported to initiate steps towards migration.

Organizations like Communications Regulatory Authorities of Southern Africa (CRASA) and East African
Communication Regulatory authorities are engaged in efforts aimed at successful implementation of digital
broadcasting.
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11 United States of America

Background

The United States has moved forward aggressively with the implementation of DTV using the ATSC Digital
Television (DTV) Standard, a powerful technology that is transforming the nature of broadcast television
service. This new broadcast transmission standard provides broadcasters with many new capabilities to
serve the public, such as HDTV and standard resolution pictures, multicasting, data delivery, interactive
communication, robust reception modes, and other features. These capabilities provide broadcasters the
technical flexibility and options to compete with other digital media such as cable and direct broadcast
satellite services. The ATSC DTV standard was developed through a lengthy initial specification process
that began in 1987 and its evolution is continuing today, due to the flexibility for extending the digital system
to include new capabilities as technology continues to develop. Coincident with the development of the
transmission technology, the U.S. Government, through actions by its Federal Communications Commission
(FCC) and legislation by the U.S. Congress, has developed public policies under which digital television is
being implemented.

The U.S. Government is implementing broadcast DTV service as a replacement technology for the existing
analog National Television System Committee (NTSC) technology that has been used for transmission of
broadcast television service in the United States since the late 1940s. Under this policy approach, all eligible
existing television stations were provided a second channel to be used for DTV service during a transition
period from the analog to digital operation. This transition period, which began in 1998, is intended to
facilitate an orderly change to the digital television technology while taking account of consumer
investments in analog television sets. At the end of this transition period, TV stations will cease analog
transmissions so that all broadcast television service will then be in the digital format. The FCC will also
recover one of each TV station’s two channels at this time. Because operation with the ATSC standard is
very spectrum efficient, it is possible for all of the existing TV stations to operate in a much smaller amount
of spectrum bandwidth, thereby allowing a portion of the existing TV channels 2-69 to be recovered for new
uses. The U.S. Government plan is for all DTV stations to operate on channels 2-51 (the DTV core
spectrum) after the transition ends and to recover channels 52-69 (698 MHz to 806 MHz) for new uses.

After very careful consideration and review in the FCC’s public rule making processes, the Commission
afforded broadcasters great flexibility in the use of their DTT channels. Broadcasters were required at least to
match the hours of operation of their existing analog station. For example, if the analog station operated
24 hours/day, then the digital station would also be required to operate 24 h/day.

Broadcasters were given almost unlimited flexibility in the services that could be offered over their 6 MHz
digital channel. They were required to offer one free-to-air video program service with resolution equivalent
to their existing analog service. Beyond this, they could offer whatever other services they chose on the
digital channel.

The FCC did not impose any requirement that broadcasters offer HDTV, and there is no legal requirement
for U.S. broadcasters to offer HDTV. However, HDTV was the initial focal point of the U.S. transition to
DTT broadcasting, and it has remained the centerpiece application throughout the U.S. deployment.

Pay services were explicitly permitted by the FCC, once a single, free, standard-definition program had been
provided. If broadcasters do use their DTT channel to offer services for which a subscription fee or charge is
required in order to receive service, they are required to pay the U.S. government a spectrum use fee in the
amount of 5% of gross revenues from any such service.

The basic transition plan followed in the U.S. was to require stations affiliated with the four largest TV
networks in the 30 largest cities to implement DTT first, while allowing more time for stations in smaller
cities to make the transition. In addition, public TV stations were given an extra year beyond the deadline
that applied to commercial stations. The FCC’s initial plan applied to approximately 1,600 commercial and
non-commercial (public) stations. Transition planning for low-power TV stations and for translators was
deferred for several years, but has now been completed. Low power TV stations generally will be allowed to
transition to DTV operation on their existing channels. In addition, if they so desire and a channel is
available, low power stations may request a “companion channel” for DTV operation during the transition.
The FCC further stated that it would establish a deadline at the end of the transition for low power stations
that would be after the end of the transition for full service stations.
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Each station was given a new assignment for its DTT broadcast channel, along with an antenna height,
antenna pattern and maximum radiated power level, in an effort to replicate the station’s analog coverage
area. Assignments for all 1,600 stations were made shortly after the FCC formally adopted the ATSC
Standard and approximately 18 months before the launch of commercial DTT service.

At the request of the FCC, 28 stations in the ten largest cities volunteered to launch DTT service in
November 1998, six months ahead of the deadline established by the FCC. Six months later (May 1999) all
stations in the top 10 markets that were affiliated with the four largest broadcast networks were required to
provide service, and in another six months (November 1999) this requirement was extended to the affiliates
of the four largest networks in all of the 30 largest cities. All commercial broadcasters were required to be
on the air by May 2002 and all non-commercial broadcasters by May 2003. Broadcasters who could not
meet these deadlines were allowed to apply for a six-month extension and in some cases a second six-month
extension under certain circumstances.

The U.S. Congress and the FCC are determined to conclude the transition to DTT broadcasting as rapidly as
possible for a variety of reasons, most notably to recapture 108 MHz of invaluable nationwide spectrum that
will be made available once analog TV transmissions cease. Broadcasters also want to make the conversion
as rapidly as possible in order to eliminate the expense of operating two TV stations in parallel.

In early 2006, legislation was enacted by the U.S. Congress requiring broadcasters to terminate their analog
transmissions by February 17, 2009. This legislation included provision of up to $1.5 billion to subsidize the
purchase by television viewers of digital-to-analog set-top converters that could be used to view DTT signals
on existing analog television receivers.

Each television household would be permitted to apply for up to two $40 coupons that could be used to
purchase such converters, with only one coupon allowed per converter. The price of these converters is
typically about $50 (without a coupon).

The FCC adopted regulations that phased in a requirement for inclusion of ATSC receiving capability
starting with the largest TV sets first, in 2004, and for all sets over 13 inches by July 2007. In November
2005 the FCC amended its rules to advance the date for the completion of the phase-in period to March 1,
2007, and to apply the requirement to all receivers regardless of screen size. Thus, every television set sold
in the U.S. must now contain ATSC DTT reception and decoding capabilities. The U.S. Consumer
Electronics Association predicts that over 100 million integrtaed ATSC DTT receivers per year will be sold
in the U.S. alone by 2009. This is ina addition to ATSC HDTV Set-top boxes and digital to analog
converters.

Although it is not required by the government, all DTV receivers available in the United States are capable
of decoding all ATSC specified video formats. All-format decoding is essential to permit the introduction of
HDTYV - later, if not initially.

While there are no government requirements for DTT receiver performance, on a voluntary basis (and upon
the recommendation of the FCC) the ATSC has adopted a recommended practice giving performance
parameter guidelines for DTT receivers.

Implementation Progress

The United States is now in the final stages of its DTV transition and there have been many challenges that
have been faced and overcome in the period since 1997. In recent years the desire of the U.S. Government to
recover TV channels 52-69 for new uses has given rise to greater emphasis on completing the transition as
rapidly as possible. The FCC has taken a variety of steps to achieve a rapid conclusion to the transition and
to ensure that the benefits and services of DTV broadcasting are available to all Americans. The U.S.
Congress has also enacted legislation that mandates the end of analog television transmissions on February
17, 2009.

DTT broadcasting is moving ahead at a feverish pace. More than 1,700 DTV stations are on the air in
211 metropolitan areas, reaching 99.99% of U.S. television households with at least one digital signal. More
than 90% of households have access to at least five digital signals, and more than 80% have access to at least
eight. In the largest U.S. cities, as many as 23 digital stations are on the air.
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HDTYV programming is widely available, not only via DTT broadcasts, but over cable and satellite systems
as well. Most network primetime and sports programming is now produced in HDTV. Local TV stations are
beginning to offer their local news in HDTV.

Manufacturers throughout the world have responded to this demand by developing and marketing more than
750 different models of HDTV and other ATSC DTT consumer products, using a wide variety of new
display technologies. Competition is frenzied, with prices continuing to fall rapidly and sales skyrocketing.
Since late 1998 when the service was launched and March 31, 2006, more than 30 million units of DTT
consumer products worth more than $50 billion have been sold in the U.S. alone. Moreover, sales are
continuing to grow exponentially, with projected sales for all of 2006 of approximately 20 million units
worth $30 billion.

Standard-definition (SDTV) integrated 27” ATSC receivers are now available for as little as US$299, and
integrated 27” HDTV receivers for as little as US$430. Indeed, prices for HDTVs are converging rapidly
with those for analog color TVs. It is no longer possible to purchase a large-screen analog color TV in the
U.S. They have all been replaced by digital HDTVs. This trend will accelerate and spread to smaller screen
sizes over the next few years as prices continue to fall and as the phase-in of the FCC’s tuner mandate is
completed. Under this regulation, all television receivers sold in the U.S. must have ATSC tuning and
decoding capability by March 2007. As a result, by 2007 an estimated 34 million ATSC receivers per year
will be sold in the U.S. alone, with cumulative sales reaching 152 million by 2009. Such massive sales
volumes will further drive down the price of ATSC receivers, such that many experts believe that within
three or four years, virtually all TV sets sold in the U.S. will be HDTVs, because they will cost no more than
analog color TVs by that time, even at the smaller screen sizes.

In addition to HDTV, broadcasters in the U.S. are using DTT to provide innovative packages of new
services. Some broadcasters are providing multiple simultaneous programs of SDTV. This is especially
important for public broadcasters in achieving their goals to support public education, providing multiple
education programs instead of just one program at one time. Many commercial broadcasters are now
offering a main program in HDTV, plus another SDTV program such as 24-hour news or weather. Some
broadcasters are also pooling their excess capacity to offer basic pay-TV platforms in competition with cable
and satellite systems.

Broadcasters are also beginning to offer various data services using the ATSC family of standards, including
interactive information services.

The U.S. government is planning to complete the transition to DTT broadcasting by February 2009, in order
to free up extremely valuable nationwide spectrum that can be used to promote public safety and national
security, and to support new wireless services that will be engines of economic growth for decades to come.
To support its decision to end analog television transmissions, the U.S. Congress urged the development of
an inexpensive digital-to-analog set-top converter box to permit consumers to view DTT signals on their
existing analog TV sets. Several manufacturers responded, demonstrating prototype converters that are
expected to cost US$50 by 2008, if sold in large quantities.

With respect to reception by portable hand-held receivers or in fast-moving vehicles, the ATSC Standard
was not originally designed to provide this type of reception. Rather, the goal was to deliver the largest
possible payload data rate to the largest service area, to ensure that broadcasters could reach the largest
possible audience with high-quality HDTV images and associated surround sound.

Now that HDTV is firmly in hand, however, U.S. broadcasters are showing increasing interest in receiving
DTV signals in moving vehicles and by pedestrians with hand-held devices. A number of companies have
been working on adding such applications to the ATSC Standard.

Conclusion

The implementation of digital television service based on the ATSC family of standards is moving ahead
dramatically in the U.S. (HDTV is firmly entrenched, and is replacing analog color television at a rapid
pace. SDTV multicasting and information services are also important and are being expanded, as
broadcasters learn to take full advantage of the rich possibilities of DTT broadcasting using the ATSC family
of standards. A cornucopia of dazzling new consumer products is available, at rapidly falling prices that
make DTT receivers affordable for all socio-economic classes. Continuing improvements in ATSC receivers
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and further extensions and new additions to the ATSC family of standards are laying the groundwork for
additional new services and applications in the future.

The U.S. is now in the final stages of its transition to digital television broadcasting, with a hard date set for
the end of analog transmissions. Ending analog transmissions will mark the end of the transition to DTT
broadcasting, which will permit the recovery of extremely valuable spectrum that will support new wireless
services that will be engines of economic growth for decades to come.

12 Republic of Korea

The Republic of Korea decided digital transition from analogue broadcasting services to provide spectrum
efficient and high quality services. With careful studies and field test, standards to achieve effectively the
digital transition of each analogue media were chosen. For fixed reception at home, high quality services on
large screen display will be major service models but low or intermediate quality acceptable on small and
handheld receivers for mobile reception.

In the Republic of Korea, digital terrestrial television broadcasting was started in 2001, digital satellite
broadcasting in 2002, and terrestrial multimedia broadcasting in 2005. Cable TV is also in service of digital
programs since 2002.

12.1 Digital TV for fixed reception

Terrestrial television sets may be appropriate receivers to enjoy high definition video and multi-channel
audio with a large screen at home. The Republic of Korea adopted ATSC system in 1997 for digital
transition of analogue television broadcasting in the UHF band according to the policy to obtain high
definition quality within 6 MHz raster and conducted field tests in 1999 and 2000.

There are 160 ATSC transmitters currently installed around the country covering about 92% of territory as of
2006. Several principles were given to digital terrestrial television broadcasters to follow government
policies on digital transition as follows:

Simulcast of analogue and digital broadcasting until analogue switchover
Requirement of minimum time for HDTV programs (annually increasing)
Return of frequencies allocated to analogue television stations

It was not an easy job to find frequencies for digital television stations, because the UHF band from 470-
752 MHz is already occupied with analogue television broadcasting. Hence, the band of 752-806, currently
allocated to fixed and mobile services in Korea, was decided to use for broadcasting services during the
transition time only, but these bands will be returned after analogue switchover. In order to facilitate
frequency assignments, Equalization Digital On-Channel Repeater and Distributed Translator are devised for
ATSC system to use same frequencies.

More than 4 million Set-Top-Boxes, about 23% of households, were sold as of 2006. It is expected to
increase penetration rates of Set-Top-Boxes, since data broadcasting was started in 2005. Data services
provide information on dramas or records of sports games as well as EPG.

12.2 T-DMB for mobile reception

For mobile multimedia broadcasting service, the Republic of Korea developed the video standard, which is
fully backward compatible with the T-DAB, and named as Terrestrial Digital Multimedia Broadcasting
(T-DMB). The specification of T-DMB was standardized as ETSI TS102 427 and ETSI TS 102 428 and
submitted to WP 6M for a new recommendation of mobile multimedia broadcasting by handheld receivers.

T-DMB pilot services were conducted in Band III in Seoul metropolitan area and its vicinity and field test
results showed good mobile reception quality. Field test results were submitted to 6M meeting held in April
2004 and included in the Report ITU-R BT.2049 (see also Doc. 6E/186).

In December 2005, the Republic of Korea launched commercial service of T-DMB in Seoul Metropolitan
area and expanded to the nationwide services in March 2007. Each broadcaster provides two video services
or one video with three audio services within an ensemble and optionally with data services.

The whole territory was divided into seven regions including Jeju Island for business. One national
broadcaster and seventeen regional broadcasters were licensed to serve T-DMB nationllde. It was intInded to
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serve each region with the same frequency and most transmitters are linked with Single Frequency Networks
to cover the wanted regional area. Fortunately, Seoul Metropolitan area is assigned two TV channels, 8 and
12, and served by six broadcasters. In order to allocate frequencies to T-DMB stations, frequencies of 44
analogue TVR in the band III were changed after simulation of mutual interference and analysis. The
channel assignment plan in the Band III for the services is shown in Fig. 64.

FIGURE 64
Channel Assignments for T-DMB in Korea
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However some transmitters in southern part do not have same frequencies due to pre-occupied frequencies
for analogue TV stations and some regions consist of Multi Frequency Networks; Channel 7 and Channel §
of the south-western region, Channel 7 and Channel 9 of the middle of eastern region, Channel 9 and
Channel 12 of south-eastern region and Channel 8 and Channel 12 of Jeju Island. Hand-over technology was
implemented on receivers for continued reception of a wanted service, even in other ensembles or different
RF channels, while moving into other network.

In order to enjoy T-DMB services even underground, low powered T-DMB gap-fillers, which receive
outdoor T-DMB signals and retransmit, were installed at 294 points to cover the whole lines of Metros in
Seoul.

A variety of commercial receivers for portable or handheld reception are introduced in the market. Since the
launch of T-DMB service in December 2005, 3.14 million receivers are sold in Korea as of 31 January 2007.

Data services such as EPG, TPEG and BWS are in services and interactive services using return channel will
be appeared soon with the cooperation of telecommunication operators. These data services are expected to
produce pay services for business by providing information on traffic jam, stock and even Internet access.
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13 Venezuela
Adoption of standards for digital sound and digital television in Venezuela
Introduction

In order to assist in the selection of Digital Radio and Television systems in Venezuela, the National
Commission of Telecommunications (CONATEL) has created a Digital Radio and Television project,
supported by constant research. Its ultimate goal is advancing the tasks for the introduction of this service,
and thus, making Digital Radio and Television systems in Venezuela a medium-term reality.

Digital Radio and Television project — Development stages

The development of the Digital Radio and Television project involves four (4) stages, as described below:
Stage 1. Feasibility study (technical, economic and legal aspects)

The tasks that comprised the feasibility study —still under development- are the following:

Review of national television and radio stations regarding location, frequency, service quality, technology
and regulatory aspects.

Review of digital radio and television technology development, equipment suppliers, costs, comparison and
selection of the most suitable technology.

Detailed study of the band frequencies that are to be assigned to analog and digital radio and television
stations, with the purpose of optimizing the use of spectrum.

Study of the required investments, economic impact and investment recuperation involved in the switching
from analogical to digital radio and television systems.

Evaluation of foreign experiences regarding this matter, and possible variables for the acceptance of this
technology in Venezuela.

Documental analysis of digital radio and television regulations.
Stage 2: Forum and operating tables

During this stage, contacts are made with companies in charged of the development of digital radio and
television standards, as well as with equipment suppliers and regulation departments, with the cooperation of
domestic radio and television operators.

Stage 3: Trials

Trials help to adopt suitable policies to benefit Venezuela’s technological smooth switch to digital radio and
television. This stage will produce both experimental and regulating experiences:

Trials
Switch to the digital system.
Setting of regulation framework.

In general, domestic and foreign investments for the development of new technologies require a regulation
framework, which will settle the rules for their evolution and put into practice.

The efficient performance of the above-mentioned functions will be a key aspect to plan legally sustained
trials for digital radio and television systems, which can prove trustful and safe for both domestic and foreign
investors. Besides, this option will facilitate the study of spectrum shares, not assigned to digital radio and
television.

Other important legal aspects relate to the obligation to mention the specific spectrum share to be used by the
incumbent. This share can only be used and exploited within the specific cover indicated on a special
permission.

Besides, getting a special permission will not grant expectations of rights to incumbents or preferential rights
whatsoever in getting of a grant for the use and exploitation of the spectrum share necessary for developing
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all the activities foreseen by the regulations. Once a special permission has expired, its incumbent will not be
able to continue using the spectrum shares assigned, unless they update their permission.

Incumbents with special permission will not obtain any counter-payment from users because of service
rendering during trials. Once the trial is over, they should present a detailed report about the activities carried
out and the results obtained. At any given moment, CONATEL can inspect or supervise the trials.

For the special permission, the interested incumbents will have to indicate the accurate date for the beginning
of trials and the length the trials (up to three months).

If there are justifiable reasons, the beginning of trials can be adjourned unless decided otherwise by
CONATEL. The trials can only be adjourned once.

During the deliberation period, CONATEL can require any concerning information from the incumbents, in
order to evaluate the application. In this case, CONATEL will notify the titular that they have 10 days to
submit their requirements. From the date of the application, CONATEL can interrupt the deliberation period
for ten days. Due to the complexity of the matter, this period can be extended up to fifteen continuous days.

Stage 4: Standards adoption

This stage is the milestone for the digital radio and television adoption process. The fitting of the legislation
in force to the characteristics of the chosen system will provide strength and trust to the process of putting
digital radio and television services into practice in Venezuela.

Appendix 2
to Part 2

1 Definitions
From Radio Regulations.

Section II — Specific terms related to frequency management

1.16 allocation (of a frequency band): Entry in the Table of Frequency Allocations of a given
frequency band for the purpose of its use by one or more terrestrial or space radiocommunication services or
the radio astronomy service under specified conditions. This term shall also be applied to the frequency band
concerned.

1.17 allotment (of a radio frequency or radio frequency channel). Entry of a designated frequency
channel in an agreed plan, adopted by a competent conference, for use by one or more administrations for a
terrestrial or space radiocommunication service in one or more identified countries or geographical areas and
under specified conditions.

1.18 assignment (of a radio frequency or radio frequency channel): Authorization given by an
administration for a radio station to use a radio frequency or radio frequency channel under specified
conditions.

Section III — Radio services

1.19 radiocommunication service: A service as defined in this Section involving the transmission,
emission and/or reception of radio waves for specific telecommunication purposes.

In these Regulations, unless otherwise stated, any radiocommunication service relates to
terrestrial radiocommunication.

1.20 fixed service: A radiocommunication service between specified fixed points.
1.24 mobile service: A radiocommunication service between mobile and land stations, or between

mobile stations (CV).
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1.26 land mobile service: A mobile service between base stations and land mobile stations, or
between land mobile stations.

1.38 broadcasting service: A radiocommunication service in which the transmissions are intended
for direct reception by the general public. This service may include sound transmissions, felevision
transmissions or other types of transmission (CS).

1.39 broadcasting-satellite service: A radiocommunication service in which signals transmitted or
retransmitted by space stations are intended for direct reception by the general public.

In the broadcasting-satellite service, the term “direct reception” shall encompass both individual reception
and community reception.

1.56 amateur service: A radiocommunication service for the purpose of self-training,
intercommunication and technical investigations carried out by amateurs, that is, by duly authorized persons
interested in radio technique solely with a personal aim and without pecuniary interest.

1.57 amateur-satellite service: A radiocommunication service using space stations on earth
satellites for the same purposes as those of the amateur service.

Section IV — Radio stations and systems

1.61 station: One or more transmitters or receivers or a combination of transmitters and receivers,
including the accessory equipment, necessary at one location for carrying on a radiocommunication service,
or the radio astronomy service.

Each station shall be classified by the service in which it operates permanently or temporarily.
1.62 terrestrial station: A station effecting terrestrial radiocommunication.
In these Regulations, unless otherwise stated, any station is a terrestrial station.

1.63 earth station: A station located either on the Earth's surface or within the major portion of the
Earth's atmosphere and intended for communication:

— with one or more space stations; or

— with one or more stations of the same kind by means of one or more reflecting satellites or
other objects in space.

1.66 fixed station: A station in the fixed service.
1.66A high altitude platform station: A station located on an object at an altitude of 20 to 50 km and

at a specified, nominal, fixed point relative to the Earth.

1.67 mobile station: A station in the mobile service intended to be used while in motion or during
halts at unspecified points.

1.68 mobile earth station: An earth station in the mobile-satellite service intended to be used while
in motion or during halts at unspecified points.

1.69 land station: A station in the mobile service not intended to be used while in motion.
1.70 land earth station: An earth station in the fixed-satellite service or, in some cases, in the

mobile-satellite service, located at a specified fixed point or within a specified area on land to provide a
feeder link for the mobile-satellite service.

1.71 base station: A land station in the land mobile service.
1.72 base earth station: An earth station in the fixed-satellite service or, in some cases, in the land

mobile-satellite service, located at a specified fixed point or within a specified area on land to provide a
feeder link for the land mobile-satellite service.

1.73 land mobile station: A mobile station in the land mobile service capable of surface movement
within the geographical limits of a country or continent.

1.74 land mobile earth station: A mobile earth station in the land mobile-satellite service capable
of surface movement within the geographical limits of a country or continent.
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1.75 coast station: A land station in the maritime mobile service.
1.76 coast earth station: An earth station in the fixed-satellite service or, in some cases, in the

maritime mobile-satellite service, located at a specified fixed point on land to provide a feeder link for the
maritime mobile-satellite service.

1.77 ship station: A mobile station in the maritime mobile service located on board a vessel which
is not permanently moored, other than a survival craft station.

1.78 ship earth station: A mobile earth station in the maritime mobile-satellite service located on
board ship.
1.79 on-board communication station: A low-powered mobile station in the maritime mobile

service intended for use for internal communications on board a ship, or between a ship and its lifeboats and
life-rafts during lifeboat drills or operations, or for communication within a group of vessels being towed or
pushed, as well as for line handling and mooring instructions.

1.80 port station: A coast station in the port operations service.
1.81 aeronautical station: A land station in the aeronautical mobile service.

In certain instances, an aeronautical station may be located, for example, on board ship or on a
platform at sea.

1.82 aeronautical earth station: An earth station in the fixed-satellite service, or, in some cases, in
the aeronautical mobile-satellite service, located at a specified fixed point on land to provide a feeder link
for the aeronautical mobile-satellite service.

1.84 aircraft earth station: A mobile earth station in the aeronautical mobile-satellite service
located on board an aircraft.

1.85 broadcasting station: A station in the broadcasting service.

1.96 amateur station: A station in the amateur service.

1.97 radio astronomy station: A station in the radio astronomy service.

1.98 experimental station: A station utilizing radio waves in experiments with a view to the

development of science or technique.
This definition does not include amateur stations.

1.128 television: A form of telecommunication for the transmission of transient images of fixed or
moving objects.

1.129 individual reception (in the broadcasting-satellite service). The reception of emissions from a
space station in the broadcasting-satellite service by simple domestic installations and in particular those
possessing small antennae.

1.130 community reception (in the broadcasting-satellite service). The reception of emissions from a
space station in the broadcasting-satellite service by receiving equipment, which in some cases may be
complex and have antennae larger than those used for individual reception, and intended for use:

— by a group of the general public at one location; or
—  through a distribution system covering a limited area.

1.134 telecommand: The use of telecommunication for the transmission of signals to initiate, modify
or terminate functions of equipment at a distance.

Section VI — Characteristics of emissions and radio equipment
1.137 radiation: The outward flow of energy from any source in the form of radio waves.
1.138 emission: Radiation produced, or the production of radiation, by a radio transmitting station.

For example, the energy radiated by the local oscillator of a radio receiver would not be an
emission but a radiation.
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1.139 class of emission: The set of characteristics of an emission, designated by standard symbols,
e.g. type of modulation of the main carrier, modulating signal, type of information to be transmitted, and
also, if appropriate, any additional signal characteristics.

1.140 single-sideband emission: An amplitude modulated emission with one sideband only.

1.141 full carrier single-sideband emission: A single-sideband emission without reduction of the
carrier.

1.142 reduced carrier single-sideband emission: A single-sideband emission in which the degree of

carrier suppression enables the carrier to be reconstituted and to be used for demodulation.

1.143 suppressed carrier single-sideband emission: A single-sideband emission in which the carrier
is virtually suppressed and not intended to be used for demodulation.

1.144 out-of-band emission”: Emission on a frequency or frequencies immediately outside the
necessary bandwidth which results from the modulation process, but excluding spurious emissions.

1.145 spurious emission™: Emission on a frequency or frequencies which are outside the necessary
bandwidth and the level of which may be reduced without affecting the corresponding transmission of
information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products
and frequency conversion products, but exclude out-of-band emissions.

1.146 unwanted emissions” : Consist of spurious emissions and out-of-band emissions.

1.146A out-of-band domain (of an emission): The frequency range, immediately outside the necessary
bandwidth but excluding the spurious domain, in which out-of-band emissions generally predominate. Out-
of-band emissions, defined based on their source, occur in the out-of-band domain and, to a lesser extent, in
the spurious domain. Spurious emissions likewise may occur in the out-of-band domain as well as in the
spurious domain.  (WRC-03)

1.146B spurious domain (of an emission): The frequency range beyond the out-of-band domain in
which spurious emissions generally predominate.  (WRC-03)

1.147 assigned frequency band: The frequency band within which the emission of a station is
authorized; the width of the band equals the necessary bandwidth plus twice the absolute value of the
frequency tolerance. Where space stations are concerned, the assigned frequency band includes twice the
maximum Doppler shift that may occur in relation to any point of the Earth's surface.

1.148 assigned frequency: The centre of the frequency band assigned to a station.
1.149 characteristic frequency: A frequency which can be easily identified and measured in a given
emission.

A carrier frequency may, for example, be designated as the characteristic frequency.

1.150 reference frequency: A frequency having a fixed and specified position with respect to the
assigned frequency. The displacement of this frequency with respect to the assigned frequency has the same
absolute value and sign that the displacement of the characteristic frequency has with respect to the centre of
the frequency band occupied by the emission.

1.151 frequency tolerance: The maximum permissible departure by the centre frequency of the
frequency band occupied by an emission from the assigned frequency or, by the characteristic frequency of
an emission from the reference frequency.

The terms associated with the definitions given by Nos. 1.144, 1.145 and 1.146 shall be expressed in the working
languages as follows:

Numbers In French In English In Spanish
1.144 Emission hors bande Out-of-band emission Emision fuera de banda
1.145 Rayonnement non essentiel Spurious emission Emision no esencial
1.146 Rayonnements non désirés Unwanted emissions Emisiones no deseadas
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The frequency tolerance is expressed in parts in 100 or in hertz.

1.152 necessary bandwidth: For a given class of emission, the width of the frequency band which is
just sufficient to ensure the transmission of information at the rate and with the quality required under
specified conditions.

1.153 occupied bandwidth: The width of a frequency band such that, below the lower and above the
upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total
mean power of a given emission.

Unless otherwise specified in an ITU-R Recommendation for the appropriate class of emission,
the value of /2 should be taken as 0.5%.

1.154 right-hand (clockwise) polarized wave: An elliptically- or circularly-polarized wave, in which
the electric field vector, observed in any fixed plane, normal to the direction of propagation, whilst looking
in the direction of propagation, rotates with time in a right-hand or clockwise direction.

1.155 left-hand (anticlockwise) polarized wave: An elliptically- or circularly-polarized wave, in
which the electric field vector, observed in any fixed plane, normal to the direction of propagation, whilst
looking in the direction of propagation, rotates with time in a left-hand or anticlockwise direction.

1.156 power: Whenever the power of a radio transmitter, etc. is referred to it shall be expressed in
one of the following forms, according to the class of emission, using the arbitrary symbols indicated:

—  peak envelope power (PX or pX);
—  mean power (PY or pY);
—  carrier power (PZ or pZ).
For different classes of emission, the relationships between peak envelope power, mean power

and carrier power, under the conditions of normal operation and of no modulation, are contained in ITU-R
Recommendations which may be used as a guide.

For use in formulae, the symbol p denotes power expressed in watts and the symbol P denotes
power expressed in decibels relative to a reference level.

1.157 peak envelope power (of a radio transmitter): The average power supplied to the antenna
transmission line by a transmitter during one radio frequency cycle at the crest of the modulation envelope
taken under normal operating conditions.

1.158 mean power (of a radio transmitter): The average power supplied to the antenna transmission
line by a transmitter during an interval of time sufficiently long compared with the lowest frequency
encountered in the modulation taken under normal operating conditions.

1.159 carrier power (of a radio transmitter). The average power supplied to the antenna transmission
line by a transmitter during one radio frequency cycle taken under the condition of no modulation.

1.160 gain of an antenna: The ratio, usually expressed in decibels, of the power required at the input
of a loss-free reference antenna to the power supplied to the input of the given antenna to produce, in a given
direction, the same field strength or the same power flux-density at the same distance. When not specified
otherwise, the gain refers to the direction of maximum radiation. The gain may be considered for a specified
polarization.

Depending on the choice of the reference antenna a distinction is made between:
a) absolute or isotropic gain (Gj), when the reference antenna is an isotropic antenna isolated in
space;
b) gain relative to a half-wave dipole (G4), when the reference antenna is a half-wave dipole
isolated in space whose equatorial plane contains the given direction;

¢) gain relative to a short vertical antenna (Gy), when the reference antenna is a linear conductor,

much shorter than one quarter of the wavelength, normal to the surface of a perfectly conducting
plane which contains the given direction.
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1.161 equivalent isotropically radiated power (e.i.r.p.). The product of the power supplied to the
antenna and the antenna gain in a given direction relative to an isotropic antenna (absolute or isotropic gain).

1.162 effective radiated power (e.r.p.) (in a given direction): The product of the power supplied to
the antenna and its gain relative to a half~wave dipole in a given direction.

1.163 effective monopole radiated power (e.m.r.p.) (in a given direction): The product of the power
supplied to the antenna and its gain relative to a short vertical antenna in a given direction.

1.164 tropospheric scatter: The propagation of radio waves by scattering as a result of irregularities
or discontinuities in the physical properties of the troposphere.

1.165 ionospheric scatter: The propagation of radio waves by scattering as a result of irregularities
or discontinuities in the ionization of the ionosphere.

For all definitions and terminology see the ITU database:

http://www.itu.int/ITU-R/go/terminology-database .
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