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Background

This document presents useful information for administrations, broadcasters, equipment manufacturers, and other related entities on the diagrammatic interrelations of ITU-R and ITU-T Recommendations for interactive broadcasting services. Conceptual diagram for digital broadcasting with interactivity and summaries of the relevant Recommendations are also provided.

This is a live document which is updated when new Recommendations in this area become available.

NOTE – ITU-R Recommendations can be found at the following address:
http://www.itu.int/ITU-R/publications/rec/index.asp
Diagrammatic interrelations of Recommendations 
for interactive broadcasting services

Appendix 1: Conceptual diagram for digital broadcasting with interactivity

Appendix 2: Summaries of relevant Recommendations

Appendix 1

Conceptual diagram for digital broadcasting with interactivity

A major feature of Fig. 1 is the conceptual diagram for the digital broadcasting system that includes interactive broadcasting channels.

Abbreviations/terminologies in Fig. 1:

	API
	Application Program Interface. The application programming interface consists of software libraries that provide uniform access to system services.

	CA
	Conditional Access.

	Carousel
	Data Carousel: A transmission scheme defined in ISO/IEC 13818-6, with which data is transmitted repetitively. It can be used for downloading various data in broadcasting.

The scenario of the DSM-CC User-to-Network Download protocol that embodies the cyclic transmission of data.

Object Carousel: A repetitively broadcast file system.

	P.E.
	Presentation Engine such as BML/HTML/X-HTML.

	PES
	Packetized Elementary Stream. The data structure used to carry elementary stream data. 

	PSI
	Program Specific Information. Part of ISO/IEC 13818-1 (MPEG-2 Systems).

	SI
	Service Information. Data which describes programs and services. 

	TS
	Transport Stream. Refers to the MPEG-2 Transport Stream syntax for the packetization and multiplexing of video, audio, and data signals for digital broadcast systems.

	XML
	Extensible Markup Language.










FIGURE 1

Conceptual diagram for digital broadcasting with interactivity 

Appendix 2 
Summaries of relevant Recommendations

1
Generic Recommendations and reference models
Recommendations listed in this section provide general concept of interactive broadcasting system and system reference model.

	Number
Month/year
	Title

	ITU-T Rec. J.110 (04/97)

Rec. ITU-R BT.1369 (02/98)
	Basic principles for a worldwide common family of systems for the provision of interactive television services
Basic principles for a worldwide common family of systems for the provision of interactive television services


ITU-T Recommendation J.110 – “Basic principles for a worldwide common family of systems for the provision of interactive television services” (also Recommendation ITU-R BT.1369)

Reliance upon digital technology provides opportunities for the introduction of interactive services, which may be required at a number of levels, each having a variety of requirements for the interaction channel, in terms of Quality of Service.

ITU-T Recommendation J.110 “Basic principles for a worldwide common family of systems for the provision of interactive television services” gives general guidance for the harmonious development of interactive television services. It covers the subject areas of interaction channels, interactive services and transport mechanisms.

ITU-T Recommendation J.110 is properly aligned with the corresponding Recommendation issued by ITU-R Study Group 6 (formerly Study Group 11).
2
Network independent protocols
In the course of ITU-R SG 6 and ITU-T SG 9 study, protocols for any interaction broadcasting system are divided into a network independent part and a network dependent part. In this section, a network independent protocol is described.

	Number
Month/year
	Title

	ITU-T Rec. J.111 (03/98)
Rec. ITU-R BT.1434 (03/00)
	Network independent protocols for interactive systems
Network independent protocols for interactive systems

	ITU-T Rec. J‑series Supp. 3 (11/98)
	Guidelines for the implementation and usage of Recommendation J.111 “Network independent protocols for interactive systems”


ITU-T Recommendation J.111 – “Network independent protocols for interactive systems”

ITU-T Recommendation J.111 “Network independent protocols for interactive systems” describes protocols, which are independent of the underlying physical and transport protocol and are used for the support of interaction services, based on digital TV broadcast systems.

The model of the system is based on a “broadcast channel” and on an “interaction channel”.

The broadcast channel carries content from the broadcast service provider and, in some instances, from the interactive service provider to the user. It may also carry embedded ACD/ACD and/or DDC from the interactive service provider to the user, possibly for controlling an application for which the interactive service provider supplies data associated to the programme.

The interaction channel carries content from the interactive service provider to the user, and may also carry user contribution content back to the interactive service provider. It also carries ACD/ACD to and from the user, and may also carry DDC to the user.

A bidirectional application control and communication channel is also foreseen between the broadcast service provider and the interactive service provider for synchronization purposes.

ITU-T Recommendation J.111 should be studied together with Supplement 3 to the J-series of Recommendations.
Recommendation ITU-R BT.1434 – “Network independent protocols for interactive systems”
This Recommendation recommends that for relevant applications in sound and television broadcasting the protocols included in ITU-T Recommendation J.111 (03/98) should be used.

ITU-T Recommendation J.111 (03/98) describes protocols independent of the underlying physical and transport protocol for the support of interaction services based on digital TV broadcast systems.

It is one of the series of Recommendations describing interactive digital TV services. Other relevant Recommendations are ITU-R BT.1369 which describes the basic principles for a worldwide common family of systems for the provision of interactive television services and ITU-T J.113 which describes the provision of a return channel based on the public switched telephone and integrated services digital networks, PSTN/ISDN.

This Recommendation describes the network independent protocols (to layer 4 of the OSI reference model typically). These are derived from the logical channel terminology specified by DAVIC, S1 to S5 flows, which are explained in DAVIC 1.3 – “DAVIC reference Model”.
Supplement 3 to ITU-T J-series Recommendations: Guidelines for the implementation of Recommendation J.111 “Network independent protocols” example of digital video broadcasting (DVB) systems for interactive services

The basic requirement of an interaction channel is that the user be able to respond in some way to the Interactive Service (IS). This response may take the form of “voting” for a particular participant in a competitor show, “purchasing” goods demonstrated/advertised in a shopping channel programme, etc. This would be achievable within a one way (reverse direction) narrow‑band path.

A higher level of interactivity might require that a user who has made a response to an IS be sent an acknowledgement. This might be the case where the consumer has made a credit card purchase from a shopping channel via the basic interaction channel. That consumer would expect to receive an acknowledgement that his credit card transaction had been accepted. This level of interactivity would require a two‑way interaction channel: one in the reverse direction and the other in the forward direction.

A further level of interactivity would occur where, in response to information in the interactive service, the consumer requests further information on particular topics from the source of the service, or from a central database via the source of the IS. This would require that the forward channel be broadband. In this particular example, the reverse path would only need to be a narrow band one, but it is likely that applications will arise whereby the consumer will need to make a broadband response/contribution to the IS and also receive a broadband “answer” from the service source.

This Supplement is intended to explain the ways in which the network-independent protocols specified in ITU-T Recommendation J.111 can be used in conjunction with an interaction network as specified, for instance, in ITU-T Recommendation J.113 to implement the full range of Interactive Services (IS) complementing broadcast television services.
3
Content format for interactive TV applications
	Number
Month/year
	Title

	ITU-T Rec. J.202 (05/03)
	Harmonization for procedural content formats for interactive TV applications


ITU-T Recommendation J.202 – “Harmonization for procedural content formats for interactive TV applications”
This Recommendation is intended to harmonize the application environment for interactive TV applications. The potential for commonality in the procedural application environment is based on the analysis of the common core identified in the work leading to this Recommendation. Such commonality would benefit content providers through knowledge of commonly adopted procedural functionality and economies of scale.

4
Broadcasting channel

This section provides summaries of relevant Recommendations for the forward broadcasting channel. Physical layer is mainly defined in these Recommendations listed in the following.

	Number 
Month/year
	Title

	Rec. ITU-R BT.1306
(10/00)
	Error-correction, data framing, modulation and emission methods for digital terrestrial television broadcasting

	ITU-T Rec. J.150 
(03/01)
	Transmission of digital multi-programme signals for television, sound and data services through multichannel, multipoint distribution systems (MMDS)

	ITU-T Rec. J.150(Add.1)
(09/99)
	Addendum 1 to Rec. J.150 “Transmission of digital multi-programme signals for television, sound and data services through multichannel, multipoint distribution …”

	ITU-T Rec. J.150 (Add.2)
(03/01)
	Addendum 2 to Rec. J.150 intends to add OFDM modulation to MMDS system

	ITU-T Rec. J.83
(04/97)
	Digital multi-programme systems for television, sound and data services for cable distribution

	ITU-T Rec. J.83 – Info (04/97)
	Information Note – Corrigendum to Recommendation J.83 “Digital multi‑programme systems for television, sound and data services for cable distribution”

	Rec. ITU-R BO.1211 
(10/95)
	Digital multi-programme emission systems for television, sound and data services for satellites operating in the 11/12 GHz frequency range

	Rec. ITU-R BO.1516
(04/01)
	Digital multi-programme television systems for use by satellites operating in the 11/12 GHz frequency range

	Rec. ITU-R BO.1408
(10/99)
	Transmission system for advanced multimedia services provided by integrated services digital broadcasting in a broadcasting-satellite channel

	Rec. ITU-R BS.1114
(08/02)
	Systems for terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency range 30-3 000 MHz

	Rec. ITU-R BO.1130
(04/01)
	Systems for digital satellite broadcasting to vehicular, portable and fixed receivers in the bands allocated to BSS (SOUND) in the frequency range 1 400-2 700 MHz 

	Rec. ITU-R BS.1547
(11/01)
	Terrestrial component of systems for hybrid satellite-terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency range 1 400-2 700 MHz


4.1
Terrestrial fixed

In addition to the systems listed in the following, some all systems in Section 4.4 (Terrestrial mobile) can be used as a fixed receiving system.

Recommendation ITU-R BT.1306 – “Error-correction, data framing, modulation and emission methods for digital terrestrial television broadcasting”

Digital System A – The ATSC 8-VSB system

The ATSC Digital Television Standard was developed by the Advanced Television Systems Committee in the United States.

The ATSC system was designed to transmit high-quality video and audio (HDTV) and ancillary data over a single 6 MHz channel. The system was developed for terrestrial broadcasting. It can reliably deliver 19.4 Mbit/s of data throughput in a 6 MHz terrestrial channel.

For terrestrial broadcasting, the system was designed to allow the allocation of an additional digital transmitter for each existing NTSC transmitter with comparable coverage, and minimum disturbance to the existing NTSC service in terms of both area and population coverage. This capability is met and even exceeded as the RF transmission characteristics of the system are carefully chosen to cope with an NTSC environment.

Various picture qualities can be achieved with 18 video formats (SD or HD, progressive or interlaced, as well as different frame rates). There is a great potential for data-based services utilizing the opportunistic data transmission capability of the system. The system can accommodate fixed (and possibly portable) reception.

The system is quite efficient and capable of operating under various conditions, i.e. clear channel availability or, as implemented in the United States, constrained to fit 1 600 additional channel allocations into an already crowded spectrum, and reception with rooftop or portable antennae.

The system is designed to withstand many types of interference: existing analogue NTSC TV services, white noise, impulse noise, phase noise, continuous wave and passive reflections (multipath). The system is also designed to offer spectrum efficiency and ease of frequency planning. 

The system uses a single carrier modulation scheme, eight-level Vestigial-Side Band (8-VSB) modulation. It is designed for single transmitter (Multi-Frequency Network, MFN) implementation. However, on-channel repeater and gap-filler operation are viable. 

Although the system was developed and tested with 6 MHz channels, it can be scaled to any channel bandwidths (6, 7, or 8 MHz) with corresponding scaling in the data capacity.
Digital System B – The DVB-T COFDM system
The DVB-T system was developed by a European consortium of public and private sector organizations – the Digital Video Broadcasting Project.

The DVB-T specification is part of a family of specifications also covering satellite (DVB-S) and cable (DVB-C) operations. This family allows for digital video and digital audio distribution as well as transport of forthcoming multimedia services.

For terrestrial broadcasting, the system was designed to operate within the existing UHF spectrum allocated to analogue PAL and SECAM television transmissions. Although the system was developed for 8 MHz channels, it can be scaled to any channel bandwidth (8, 7, or 6 MHz) with corresponding scaling in the data capacity. The net bit rate available in 8 MHz channel ranges between 4.98 and 31.67 Mbit/s, depending on the choice of channel coding parameters, modulation types, and guard interval duration. 

The system was essentially designed with built-in flexibility, in order to be able to adapt to all types of channel.  It is capable of coping not only with Gaussian channels, but also with Ricean and Rayleigh channels. It can withstand high-level (up to 0 dB) long delay static and dynamic 

multipath distortion. The system is robust to interference from delayed signals, either echoes resulting from terrain or building reflections, or signals from distant transmitters in a single frequency network (SFN) arrangement.

The system features a number of selectable parameters that accommodate a large range of carrier-to-noise ratios and channel behaviours. It allows fixed, portable, or mobile reception, with a consequential trade-off in the usable bit rate. This range of parameters allows the broadcasters to select a mode appropriate to the application foreseen. For instance, a moderately robust mode (with a correspondingly lower data rate) is needed to ensure reliable portable reception with a simple set‑top antenna. A less robust mode with a higher data rate could be used where the service planning uses frequency-interleaved channels. The less robust modes with the highest payloads can be used for fixed reception and if a clear channel is available for digital TV broadcasting.

The system uses a large number of carriers per channel modulated in parallel via an FFT process, a method referred to as Orthogonal Frequency Division Multiplexing (OFDM). It has two operational modes: a “2k mode” which uses a 2k FFT; and an “8k mode” which requires an 8k FFT. The system makes provisions for selection between different levels of QAM modulation and different inner code rates and also allows two-level hierarchical channel coding and modulation. Moreover, a guard interval with selectable width separates the transmitted symbols, which allows the system to support different network configurations, such as large area SFNs and single transmitter operation. The “2k mode” is suitable for single transmitter operation and for small SFN networks with limited distance between transmitters. The “8k mode” can be used both for single transmitter operation and for small and large SFN networks.
Digital System C – The ISDB-T BST-OFDM system
The ISDB-T system was developed by the Association of Radio Industries and Businesses (ARIB) in Japan.

ISDB (Integrated Services Digital Broadcasting) is a new type of broadcasting intended to provide audio, video and multimedia services. The system was developed for terrestrial (ISDB-T) and satellite (ISDB-S) broadcasting. It systematically integrates various kinds of digital contents, each of which may include multi-programme video from Low Definition TV (LDTV) to HDTV, multi‑programme audio, graphics, text, etc. 

Since the concept of ISDB covers a variety of services, the system has to meet a wide range of requirements that may differ from one service to another. For example, a large transmission capacity is required for HDTV service, while a high service availability (or transmission reliability) is required for data services such as the delivery of a “key” for conditional access, downloading of software, and so on. To integrate different service requirements, the transmission system provides a range of modulation and error protection schemes, which can be selected and combined flexibly in order to meet each requirement of these integrated services.

For terrestrial broadcasting, the system has been designed to have enough flexibility to deliver digital television and sound programmes and offer multimedia services in which various types of digital information such as video, audio, text and computer programs will be integrated. It also aims at providing stable reception through compact, light and inexpensive mobile receivers in addition to integrated receivers typically used in homes.

The system uses a modulation method referred to as Band Segmented Transmission (BST) OFDM, which consists of a set of common basic frequency blocks called BST-Segments. Each segment has a bandwidth corresponding to 1/14th of the terrestrial television channel spacing (6, 7, or 8 MHz depending on the region). For example, in a 6 MHz channel, one segment occupies 6/14 MHz = 428.6 kHz spectrum, seven segments occupy 6 × 7/14 MHz = 3 MHz.

In addition to the properties of OFDM reviewed in the previous section, BST-OFDM provides hierarchical transmission capabilities by using different carrier modulation schemes and coding rates of the inner code on different BST-segments. Each data segment can have its own error protection scheme (coding rates of inner code, depth of the time interleaving) and type of modulation (QPSK, DQPSK, 16-QAM or 64 QAM). Each segment can then meet different service requirements. A number of segments may be combined flexibly to provide a wideband service (e.g. HDTV). By transmitting OFDM segment groups with different transmission parameters, hierarchical transmission is achieved. Up to three service layers (three different segment groups) can be provided in one terrestrial channel. Partial reception of services contained in the transmission channel can be obtained using a narrow-band receiver that has a bandwidth as low as one OFDM segment.

Thirteen OFDM spectrum segments are active within one terrestrial television channel. The useful bandwidth is BWTV × 13/14, corresponding to 5.57 MHz for a BWTV = 6 MHz channel, 6.50 MHz for a 7 MHz channel, and 7.43 MHz for an 8 MHz channel.

The system was developed and tested with 6 MHz channels but it can be scaled to any channel bandwidth with corresponding variations in the data capacity. The net bit rate for one 428.6 kHz segment in a 6 MHz channel ranges between 280.85 and 1 787.28 kbit/s. The data throughput for a 5.57 MHz DTV channel ranges between 3.65 and 23.23 Mbit/s.

The system was designed to provide fixed, portable or mobile reception at different data rates and robustness. It is also designed for SFN operation.

ITU-T Recommendation J.150 – “Transmission of digital multi-programme signals for television, sound and data services through multichannel multipoint distribution systems (MMDS)”

ITU-T Recommendation J.150 “Transmission of digital multi-programme signals for television, sound and data services through multichannel multipoint distribution systems (MMDS)” extends the principles of cable television network architectures to digital MMDS distribution systems, which use radio waves at microwave frequencies of the order of several GHz.

The Recommendation covers the specifications for the cabled part of such MMDS systems, when they are used as extensions or alternatives to cable television networks, possibly in frequency division multiplex with existing analogue signals. It follows the basic structure of ITU-T Recommendation J.83.

Addendum 1 to this Recommendation provides specifications for the cabled part of local multipoint distribution systems (LMDS), which are used in Europe.

Amendment 2 to ITU-T Recommendation J.150 adds the option to use orthogonal frequency division multiplexing (OFDM) in multichannel, multipoint distribution systems.
4.2
Cable

ITU-T Recommendation J.83 – “Digital multi-programme systems for television, sound and data services for cable distribution”

ITU-T Recommendation J.83 “Digital multi-programme systems for television, sound and data services for cable distribution” provides worldwide specifications for the delivery of digital television services over a cable television network.

The Recommendation defines the framing structure, channel coding and modulation for digital multi-programme television, sound and data signals distributed to the audience by cable television networks, possibly in frequency-division multiplex with existing analogue television signals.

ITU has also issued a Corrigendum 1 and an Information Note to ITU-T Recommendation J.83. Corrigendum 1 has already been integrated in recent editions of ITU-T Recommendation J.83, but this is not yet the case of the Information Note, whose content should be taken into account when studying the Recommendation.

4.3
Satellite

Four systems listed in the following are designed for fixed reception. All broadcasting systems listed in Section 3.5 (Satellite mobile) are also used as a fixed receiving system.

Recommendation ITU-R BO.1516 – “Digital multi-programme television systems for use by satellites operating in the 11/12 GHz frequency range”
System A is based on the MPEG-2 video and sound coding algorithm and on the MPEG-2 transport multiplex. A concatenated forward error correction (FEC) scheme using Reed-Solomon and convolutional coding, with soft-decision Viterbi decoding, allows very robust RF performance in the presence of noise and interference. Five coding rate steps in the range 1/2 to 7/8, offer different trade-offs between spectrum and power efficiency. The transmission symbol rate of the system can be chosen by the operator, to optimize the exploitation of the satellite transponder bandwidth.

System B is also based on the MPEG-2 main profile main level video coding algorithm. It uses the MPEG 1 Layer II audio syntax and the System B transport specification. As with System A, a concatenated forward error correction (FEC) scheme using Reed-Solomon and convolutional coding, with soft-decision Viterbi decoding, allows very robust RF performance in the presence of noise and interference. Three coding rate steps in the range 1/2 to 6/7, offer different trade-offs between spectrum and power efficiency. The transmission symbol rate is fixed at 20 m symbols per second.

System C can also carry multiple digital television (and radio) services in Time Division Multiplexed (TDM) format, and it shares the same common architectural elements as described above. The system includes renewable access control, impulse pay-per-view (IPPV), and data services. Virtual channels allow simplified viewer navigation and “surfing” between channels.

System D is a newly developed system designed for the broadcast of multimedia services. It integrates systematically various kinds of digital contents, each of which may include multi‑programme video from low definition (LDTV) to high definition television (HDTV), multi‑programme audio, graphics, texts, etc. The proposed system can be integrated on the basis of MPEG-TS which is widely used as a common container for digital contents.

In order to cover a wide range of requirements that may differ from one service to another, System D provides a series of modulation and/or error protection schemes that can be selected and combined flexibly. Introduction of multiple modulation/error correction schemes is especially useful for countries located in climatic zones experiencing high rain attenuation.
4.4
Terrestrial mobile

The following two systems are designed to achieve stable mobile reception. Some systems listed in § 3.1 (Terrestrial fixed) may be used as a mobile reception system.

Recommendation ITU-R BS.1114 – “Systems for terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency range 30‑3 000 MHz”

Digital System A

Digital System A, also known as the Eureka 147 DAB system, has been developed for both satellite and terrestrial broadcasting applications in order to allow a common low-cost receiver to be used. The system has been designed to provide vehicular, portable and fixed reception with low gain omnidirectional receive antennas located at 1.5 m above ground. Digital System A allows for complementary use of satellite and terrestrial broadcast transmitters resulting in better spectrum efficiency and higher service availability in all receiving situations. It especially offers improved performance in multipath and shadowing environments which are typical of urban reception conditions by the use of on-channel terrestrial repeaters to serve as “gap-fillers”. Digital System A is capable of offering various levels of sound quality up to high-quality sound comparable to that obtained from consumer digital recorded media. It can also offer various data services and different levels of conditional access and the capability of dynamically rearranging the various services contained in the multiplex.

Digital System F

Digital System F, also known as the ISDB-TSB system (Integrated Services Digital Broadcasting – Terrestrial for sound broadcasting system), is designed to provide high-quality sound and data broadcasting with high reliability even in mobile reception. The system is also designed to provide flexibility, expandability, and commonality for multimedia broadcasting using terrestrial networks. The system is a rugged system which uses OFDM modulation, two-dimensional frequency-time interleaving and concatenated error correction codes. The OFDM modulation used in the system is called BST (Band Segmented Transmission)-OFDM. The system has commonality with ISDB‑T system for digital terrestrial television broadcasting in physical layer. The system has a wide variety of transmission parameters such as carrier modulation scheme, coding rates of the inner error correction code, and length of time interleaving. Some of the carriers are assigned to TMCC (Transmission and Multiplexing Configuration Control) carriers which transmit the information on the transmission parameters for receiver control. Digital System F can use high compression audio coding methods such as MPEG-2 AAC (Advanced Audio Coding). And also, the system adopts MPEG-2 Systems. It has commonality and interoperability with other many systems which adopt MPEG-2 Systems such as ISDB-S, ISDB-T, DVB-S, DVB-T.
Digital System C

Digital System C, also known as the IBOC DSB system, is a fully developed system with experimental operations in five major metropolitan areas in the U.S. The system was designed to provide vehicular, portable and fixed reception using terrestrial transmitters. Although Digital System C can be implemented in unoccupied spectrum, a significant feature of the system is its ability to offer simulcasting of analogue and digital signals in the existing FM broadcasting band. This system feature would allow for a rational transition for existing FM broadcasters seeking to transition from analogue to digital broadcasting. The system offers improved performance in multipath environments resulting in greater reliability than is offered by existing analogue FM operations. Digital System C offers enhanced audio quality comparable to that obtained from consumer digital recorded media. Moreover, the system incorporates flexibility for broadcasters to offer new datacasting services in addition to the enhanced audio programming. In addition, the 

system allows for allocation of bits between audio and datacasting capacity to maximize the datacasting capabilities.
4.5
Satellite mobile with terrestrial augmentation

Recommendation ITU-R BO.1130 – “System description and selection for digital satellite broadcasting to vehicular, portable and fixed receivers in the bands allocated to BSS (SOUND) in the frequency range 1 400-2 700 MHz”
Digital System A
Digital System A, also known as the Eureka 147 DAB system, has been developed for both satellite and terrestrial broadcasting applications in order to allow a common low-cost receiver to be used. The system has been designed to provide vehicular, portable and fixed reception with low gain omnidirectional receive antennas located at 1.5 m above ground. Digital System A allows for complementary use of satellite and terrestrial broadcast transmitters resulting in better spectrum efficiency and higher service availability in all receiving situations. It especially offers improved performance in multipath and shadowing environments which are typical of urban reception conditions, and the required satellite transponder power can be reduced by the use of on-channel terrestrial repeaters to serve as “gap-fillers”. Digital System A is capable of offering various levels of sound quality up to high-quality sound comparable to that obtained from consumer digital recorded media. It can also offer various data services and different levels of conditional access and the capability of dynamically rearranging the various services contained in the multiplex.

Digital System B

Since available transponder power is at a premium on communications satellites, Digital System B, originally proposed by Voice of America/Jet Propulsion Laboratory, was designed to provide maximum efficiency on board a communications satellite. Use is made of QPSK coherent demodulation. Appropriate levels of error correction are included. Since complementary terrestrial use requires significant multipath rejection, an adaptive equalizer technique was designed to permit Digital System B to be a complete satellite/terrestrial broadcast delivery mechanism. Receiver cost is expected to be relatively low because the modulation methods and other aspects of the overall design are relatively simple. The system’s current status is that it is a hardware prototype engineering model.
Digital System DS
Digital System DS, also known as the WorldSpace system, is primarily designed to provide satellite digital audio and data broadcasting for fixed and portable reception. It has been designed to optimize performance for satellite service delivery in the 1 452-1 492 MHz band. This is achieved through the use of coherent QPSK demodulation with concatenated block and convolutional error correcting coding, and linear amplification. The choice of TDM/QPSK modulation allows for enhanced coverage for a given satellite transponder power. Digital System DS provides for a flexible multiplex of digitized audio sources to be modulated onto a downlink TDM carrier. The Digital System DS receiver uses state‑of‑the‑art microwave and digital large-scale integrated circuit technology with the primary objective of achieving low-cost production and high‑quality performance. Work is also proceeding on the development of techniques to allow hybrid satellite/terrestrial broadcasting systems using Digital System DS.
Digital System DH
Digital System DH, also known as the hybrid satellite/terrestrial WorldSpace system, is designed to provide satellite digital audio and data broadcasting for vehicular, fixed and portable reception by inexpensive common receivers. The satellite delivery component of Digital System DH is based on the same time division multiplex Broadcast Channel transport used in Digital System DS but with several significant enhancements designed to improve line-of-sight reception in areas partially shadowed by trees. These enhancements include fast QPSK phase ambiguity recovery, early/late time diversity and maximum likelihood combination of early/late time diversity signals.

It extends the system structure of Digital System DS by adding the terrestrial delivery system component based on Multi-Carrier Modulation (MCM). MCM is a multipath-resistant Orthogonal Frequency Division Multiplex technique that has gained wide acceptance for pervasive mobile reception from terrestrial emitters. The MCM extension improves upon the techniques which are common in systems such as Digital System A, which is one standard utilized for terrestrial digital audio broadcast services. MCM utilizes multiple frequencies to avoid frequency selective fades resulting from channel delay spread.
Digital System E
Digital System E, also known as the ARIB (Association of Radio Industries and Businesses) system, is designed to provide satellite and complementary terrestrial on‑channel repeater services for high-quality audio and multimedia data for vehicular, portable and fixed reception. It has been designed to optimize performance for both satellite and terrestrial on‑channel repeater service delivery in the 2 630-2 655 MHz band. This is achieved through the use of CDM based on QPSK modulation with concatenated block and convolutional error correcting coding. The Digital System E receiver uses state-of-the-art microwave and digital large-scale integrated circuit technology with the primary objective of achieving low-cost production and high-quality performance.
Recommendation ITU-R BS.1547 – “Terrestrial component of systems for hybrid satellite-terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency range 1 400‑2 700 MHz”

Digital System DH
Digital System DH, also known as the hybrid satellite/terrestrial WorldSpace system, is designed to provide satellite digital audio and data broadcasting for vehicular, fixed and portable reception by inexpensive common receivers. The satellite delivery component of Digital System DH is based on the same time division multiplex broadcast channel transport used in Digital System DS but with several significant enhancements designed to improve line-of-sight reception in areas partially shadowed by trees. These enhancements include fast QPSK phase ambiguity recovery, early/late time diversity and maximum likelihood combination of early/late time diversity signals.

It extends the system structure of Digital System DS by adding the terrestrial delivery system component based on Multi Carrier Modulation (MCM). MCM is a multipath-resistant Orthogonal Frequency Division Multiplex technique that has gained wide acceptance for pervasive mobile reception from terrestrial emitters. The MCM extension improves upon the techniques which are common in systems such as Eureka 147, which is one standard utilized for terrestrial microwave digital audio broadcast services. MCM utilizes multiple frequencies to avoid frequency selective fades to avoid deleterious effects of delay spread.

Digital System E (as same as Recommendation ITU-R BO.1130)
Digital System E, also known as the ARIB (Association of Radio Industries and Businesses) system, is designed to provide satellite and complementary terrestrial on-channel repeater (hybrid) services for high quality audio and multimedia data for vehicular, portable and fixed reception. It has been designed to optimize performance for both satellite and terrestrial on-channel repeater service delivery in the 2 630-2 655 MHz band. This is achieved through the use of CDM (Code Division Multiplex) based on QPSK modulation with concatenated block and convolutional error correcting coding. The Digital System E receiver uses state-of-the-art microwave and digital large‑scale integrated circuit technology with the primary objective of achieving low-cost production and high-quality performance.
5
Interaction channel

This section covers systems designed to provide interactivity for television and sound broadcasting services, using cable television or telecommunication transmission. The relevant Recommendations in the ITU-T Recommendation J-series and ITU-R Recommendations are listed below, and a short description is given for each one of them.

	Number
Month/year
	Title

	ITU-T Rec. J.112 (03/98)

Rec. BT.1436 (03/00)
	Transmission systems for interactive cable television services
Transmission systems for interactive cable television services

	ITU-T J-series Rec. Supp. 1 (11/98)
	Guidelines for use of Recommendation J.112 “Transmission systems for interactive cable television services”

	ITU-T J-series Rec. Supp. 2 (11/98)
	Example of linking options between J.112 Annexes and J.83 Annexes

	ITU-T Rec. J.122 (AAP Consent 06/02)
	Data Over Cable System – Radio Frequency Interface 2.0

	ITU-T Rec. J.113 (03/98)
Rec. BT.1435 (03/00)
	Digital video broadcasting interaction channel through the PSTN/ISDN
Digital sound and television broadcasting interaction channel through the PSTN/ISDN

	ITU-T Rec. J.114 (09/99)

Rec. BT.1507 (10/00)
	Interaction channel using digital enhanced cordless telecommunications 

Interaction channel using digital enhanced cordless telecommunications (DECT) system

	ITU-T Rec. J.115 (09/99)

Rec. BT.1508 (10/00)
	Interaction channel using the global system for mobile communications 

Interaction channel using the global system for mobile communications (GSM)

	ITU-T Rec. J.118 (05/00)
	Access systems for interactive services on SMATV/MATV networks

	ITU-T Rec. J.116 (05/00)

Rec. ITU-R F.1499 (05/00)


Rec. ITU-R BT.1564 (04/02)
	Interaction channel for local multipoint distribution systems
Radio transmission systems for fixed broadband wireless access based on cable modem standards

Interaction channel using local multipoint distribution systems

	ITU-T Rec. J.117 (09/99)
	Home digital network interface specification

	ITU-T Rec. J.151 (03/01)
	RF remodulator interface for digital television

	ITU-T Rec. J.182 (03/01)
	Parameter sets for analogue interface specifications for the interconnection of set‑top boxes and presentation devices in the home


NOTE – M-series Recommendations for wireless telephone systems are not listed in this table.

5.1
Wired

ITU-T Recommendation J.112 – “Transmission systems for interactive cable television services”

Digital television services have been established in many countries and the benefits of extending these to provide interactive services are widely recognized. Cable television distribution systems are particularly suited for the implementation of bidirectional data services, which may include fast Internet access and/or interactive cable television. For the introduction of fast Internet access and/or interactive cable television services, standardized systems should be used to achieve the benefits of economies of scale and facilitate interoperability.

ITU-T Recommendation J.112 “Transmission systems for interactive cable television services” extends the scope of ITU-T Recommendation J.83 “Digital multi-programme systems for television, sound and data services for cable distribution” to make provision for bidirectional data transmission over coaxial and hybrid fibre‑coax cables for interactive services.

Like ITU-T Recommendation J.83, ITU-T Recommendation J.112 contains several annexes in recognition of different existing media environments. The annexes in ITU-T Recommendation J.112 should be read in conjunction with the corresponding annexes in ITU-T Recommendation J.83.

It should be noted that the annexes to ITU-T Recommendation J.112 describe different variations of the same protocol layers, for use in different ITU regions. However, telecommunications and computer standards that are well established and widely used in the public domain can support connectivity between these variations.

ITU-T Recommendation J.112 should be studied in conjunction with Supplements 1 and 2 to the J‑series of Recommendations.

Supplement 1 provides guidelines for the implementation of the interaction channel provided by cable television networks.

Supplement 2 gives an example of how the interactivity features described in a particular annex to ITU-T Recommendation J.112 for use with the transmission system specified in the annex of ITU-T Recommendation J.83 that has the same designation, can also be used in conjunction with the transmission system that is specified in a different annex to ITU-T Recommendation J.83, e.g. it describes how Annex A to ITU-T Recommendation J.112, which is intended for use together with the transmission system specified in Annex A to ITU-T Recommendation J.83, can also be used together with the transmission system specified in another annex to ITU-T Recommendation J.83.
ITU-T Recommendation J.122 – “Data Over Cable System – Radio Frequency Interface 2.0”

This Recommendation is in the family of ITU-T Recommendation J.112. Its purpose is to provide a technology through which the demand for symmetrical services on cable networks can be met. This second‑generation technology, while using the same RF channel, is backward compatible with that of ITU-T Recommendation J.112. It provides a significant increase in upstream channel capacity with wider channels, higher symbol rate and increased spectral efficiency. It provides for both Synchronous‑CDMA and Advanced‑TDMA coding and also adds higher order modulation capabilities. It is more robust with regard to noise immunity and provides greater multipath protection than the technology used in ITU-T Recommendation J.112.

Recommendation ITU-R BT.1436 – “Transmission systems for interactive cable television services”

This Recommendation recommends that for relevant applications in sound and television broadcasting the protocols included in ITU‑T Recommendation J.112 (03/98) should be used.

ITU‑T Recommendation J.112 (03/98) extends the scope of the ITU-T Recommendation J.83, Digital Multi-Programme systems for Television, Sound and Data Services for Cable Distribution to make provision for bidirectional data over coaxial and hybrid fibre-coax cables for interactive services. It contains several annexes in recognition of existing media environments, e.g. Interaction Channel for Digital Video Broadcasting Cable TV Distribution Systems, Data over Cable Radio Frequency Interface and Multimedia Data-Transmission equipment over Cable Television Network.

Whilst the annexes reflect the different environments there is substantial commonality. The services may include fast Internet Access and/or Interactive Cable Television. The transmission Protocols supported include, but are not limited to, IP and ATM. The reference architectures are all based on Recommendation ITU-R BT.1369 which describes the basic principles for a worldwide common family of systems for the provision on interactive television services.
ITU-T Recommendation J.113 – “Digital video broadcasting interaction channel through the PSTN/ISDN”

ITU-T Recommendation J.113 “Digital video broadcasting interaction channel through the PSTN/ISDN” describes the provision of return channel interaction protocols over PSTN and ISDN to, and independently of, digital television distribution systems such as cable television systems. It describes network-dependent protocols within the transport and physical layers for the PSTN/ISDN (network-independent protocols are described in ITU-T Recommendation J.111).
Recommendation ITU-R BT.1435 – “Digital sound and television broadcasting interaction channel through the PSTN/ISDN”

This Recommendation recommends that for relevant applications in sound and television broadcasting the protocols included in ITU-T Recommendation J.113 (03/98) should be used.

ITU-T Recommendation J.113 (03/98) describes the provision of return channel protocols over PSTN/ISDN to, and independently of, digital broadcast systems. Other relevant Recommendations are Recommendation ITU-R BT.1369 which describes the basic principles for a worldwide common family of systems for the provision of interactive television services and ITU‑T Recommendation J.111 which describes the network independent return channel protocols.

This Recommendation describes the network independent protocols, i.e. those within the OSI reference model transport and physical layers for the PSTN/ISDN.
ITU-T Recommendation J.118 – “Access systems for interactive services on SMATV/MATV networks”
This Recommendation extends the scope of the ITU-T Recommendation J.84 “Distribution of digital multi-programme signals for television, sound and data services through SMATV/MATV networks” to make provision for bidirectional data over SMATV/MATV coaxial networks for interactive services.

The Recommendation defines two current technological alternatives for the interactive service provision in SMATV/MATV networks according to a bandwidth dependent classification. In particular, the cable based solution is fitted when broadband applications are concerned while the Master Link Low Rate TDMA is suited for narrow-band applications.
5.2
Fixed radio

ITU-T Recommendation J.116 – “Interaction channel for local multipoint distribution systems”

ITU-T Recommendation J.116 “Interaction channel for local multipoint distribution systems” is the baseline specification for the provision of an interaction channel for Local Multipoint Distribution Systems (LMDS) networks as a digital broadcasting delivery medium.

The Recommendation addresses concepts for the IB (In-Band) and the OOB (Out-Of-Band) principle for the implementation of an interactive channel within LMDS networks.

For narrow-band interaction, only PSTN and ISDN network-specific aspects are addressed.

The Recommendation is consistent with the generic reference model described in ITU-T Recommendation J.110 and the network independent protocols in ITU-T Recommendation J.111.
Recommendation ITU-R F.1499 – “Radio transmission systems for fixed broadband wireless access based on cable modem standards”

This Recommendation presents technical requirements for radio transmission systems for broadband wireless access (BWA) based on cable modem standards described in Annex B of Recommendation ITU-T J.112. The main content includes functional assumptions, physical (PHY) layer specifications (for both physical media dependent sublayer and downstream transmission convergence sublayer), media access control (MAC) layer specifications and future BWA modem capabilities.

Recommendation ITU-R BT.1564 – “Interaction channel using local multipoint distribution systems”

It is recommended that, for relevant applications in sound and television broadcasting, the systems included in ITU T Recommendation J.116 (05/2000) and Recommendation ITU-R F.1499 (2000) should be used. Summaries of ITU-T Recommendation J.116 and Recommendation ITU-R F.1499 are provided in Appendices 1 and 2 respectively to this Recommendation

5.3
Mobile

ITU-T Recommendation J.115 – “Interaction channel using the global system for mobile communications”
ITU-T Recommendations J.115 “Interaction channel using the global system for mobile communications” is the baseline specification for the provision of an interaction channel using the Global System for Mobile Communications (GSM) in conjunction with a digital broadcasting delivery medium.

The Recommendation is not transmission-medium specific. It can be used with any of the broadcast transmission media currently standardized by ITU, such as cable, satellite, terrestrial, etc., thus ensuring the maximum degree of interoperability and economies of scale.

The Recommendation is also consistent with the generic reference model described in ITU‑T Recommendation J.110, and the network independent protocols in ITU-T Recommendation J.111.
Recommendation ITU-R BT.1508 – “Recommendation for an interaction channel using the global system for mobile communications (GSM)
“

This document is the baseline specification for provision of an interaction channel using the Global System for Mobile communications (GSM), as defined by the European Digital Video Broadcast project. This terrestrial interaction channel is applicable to satellite, cable, MATV, SMATV, terrestrial, microwave or any other future broadcasting or distribution system.

A GSM infrastructure can support the implementation of the interaction channel for broadcasting systems, by providing a wireless bidirectional path between the user terminal and an infrastructure connecting to the service provider.

GSM is a wireless access technology which constitutes the whole or part of the Interaction Network – it may be complemented with another network to reach the service provider (commonly PSTN/ISDN).
ITU-T Recommendation J.114 – “Interaction channel using digital enhanced cordless telecommunications”

ITU-T Recommendation J.114 “Interaction channel using digital enhanced cordless telecommunications” is the baseline specification for the provision of an interaction channel using the Digital Enhanced Cordless Telecommunications (DECT) Standard in conjunction with a digital broadcasting delivery medium.

The Recommendation is not transmission-medium specific. It can be used with any of the broadcast transmission media currently standardized by ITU, such as cable, satellite, terrestrial, etc., thus ensuring the maximum degree of interoperability and economies of scale.

The Recommendation is also consistent with the generic reference model described in ITU‑T Recommendation J.110, and the network independent protocols in ITU-T Recommendation J.111.
Recommendation ITU-R BT.1507 – “Recommendation for an interaction channel using digital enhanced cordless telecommunications (DECT)
 system”

This document is the baseline specification for provision of an interaction channel using the Digital Enhanced Cordless Telecommunications system (DECT), as defined by the European Digital Video Broadcast project. This terrestrial interaction channel is applicable to satellite, cable, MATV, SMATV, terrestrial, microwave or any other future broadcasting or distribution system.

A DECT infrastructure can support the implementation of the interaction channel for broadcasting systems, by providing a wireless bidirectional path between the user terminal and an infrastructure connecting to the service provider.

DECT is a general radio access technology which constitutes the whole or part of the Interaction Network – it may be complemented with another network to reach the service provider (commonly PSTN/ISDN).
5.4
Local storage

ITU-T Recommendation J.117 – “Home digital network interface specification”

The need to support cable services for high definition television (HDTV) sets is converging with a general movement to interconnect multiple audio/visual (A/V) devices on a common bus or network. ITU-T Recommendation J.117 “Home digital network interface specification” lays out the specification for a serial baseband Home Digital Network Interface (HDNI), based on the IEEE 1394 interface, which has emerged as the preferred tool to accomplish this goal. The interface can connect a Home Digital Network Device (HDND), which is a type of set-top box with a digital television set (DTV), that can decode and display an HDTV.

The specification will later be extended to include a full set of networked devices in the home.

One of the key expected advantages of the HDNI architecture is that all the cable-specific protocols and interfaces are in the HDND. This permits the cable operator to support proprietary legacy systems, as well as promote special cable-based applications without changes to the consumer’s basic A/V equipment. In particular, the conditional access, network management, cable channel line-ups, transport modulation, Internet transport technology, and other cable-specific technology are transparent to the delivery of the cable services using the HDNI.

The cable operator’s electronic programme guide as an integrated and up-to-date navigational environment is used to present the customer’s package of services.
ITU-T Recommendation J.151 – RF remodulator interface for digital television
Recommendation J.151 is a specification for a simple and cost-effective interconnect between the various digital signal sources and the digital television receiver. The RF remodulator specification in ITU-T Recommendations J.151 is an economical and practical digital interconnect for new consumer digital video devices. The RF remodulator is a one‑way throughput device with a data rate of 19.3 Mbit/sec, which is suitable for most connections. The interface transmits MPEG (Moving Picture Experts Group) data for compressed digital video, audio and on OSD (on‑screen display) overlay. The RF remodulator uses a simple coaxial cable to interconnect devices in a way with which consumers are most familiar. ITU-T Recommendation J.151 is based on the standard contained in EIA-761. 

ITU-T Recommendation J.182 – Parameter sets for analogue interface specifications for the interconnection of set-top-boxes and presentation devices in the home
ITU-T Recommendation J.182 defines the parameter sets for analogue interface specifications for video signals between television set-top boxes and television presentation devices in the home, when such signals are provided in analogue component video form carried on three parallel channels. This Recommendation has three appendices that provide specifications for 525-line, 750‑line, and 1125-line television devices.

6
Relevant Recommendations not appearing in Annex 1

	Number
Month/year
	Title

	ITU-T Rec. J.95
(09/99)
	Copy protection of intellectual property for content delivered on cable television systems


6.1
Conditional access and copy protection

This subsection covers conditional access and copy protection for long distance transmission and for cable television distribution of television and sound-programme signals. The relevant Recommendations in the J-series are listed in the table below, and a short description is given for each one of them.

ITU-T Recommendation J.95 – “Copy protection of intellectual property for content delivered on cable television systems”
ITU-T Recommendation J.95 “Copy protection of intellectual property for content delivered on cable television systems” describes the necessary requirements for a system to protect the intellectual property rights (IPR) of television programming entities against the illegal copying, duplication, and distribution of their creative property.

The system described has aspects that prohibit unauthorized individuals from accessing encrypted MPEG data streams.

Also, techniques for “watermarking” television signals for identification and copying allowances are presented.

The Recommendation contains both general descriptions, and discussions of specific technical approaches to copy protection.

____________
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�	GSM is a land mobile communication system originally standardized by ETSI.


�	DECT is a European system standardized by ETSI.





C:\DOCUME~1\laurent\LOCALS~1\Temp\FrontPageTempDir\broadc-serv.doc (168545)
08.06.2004
08.06.2004
C:\DOCUME~1\laurent\LOCALS~1\Temp\FrontPageTempDir\broadc-serv.doc (168545)
08.06.2004
08.06.2004

