INTERNATIONAL TELECOMMUNICATION UNION�
�
�
�
TELECOMMUNICATION�DEVELOPMENT BUREAU


ITU-D STUDY GROUPS�
Document 2/113-E


23 August 1999


Original: English�
�
�SECOND MEETING OF STUDY GROUP 1: GENEVA, 30 AUGUST - 3 SEPTEMBER 1999�SECOND MEETING OF STUDY GROUP 2: GENEVA, 6 - 10 SEPTEMBER 1999�
�
�
�








FOR ACTION





Question 11/2: 	Examine digital broadcasting technologies and systems, including cost/benefit analyses, assessment of demands on human resources, interoperability of digital systems with existing analogue networks, and methods of migration from analogue to digital technique
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TITLE:	DIGITAL BROADCASTING TECHNOLOGIES AND SYSTEMS





________


Action required: 


The participants are invited to give their views on the proposed work plan for 1999-2000.


Abstract: 


The document contains:


- a brief report of ITU-R activities relating to broadcasting systems;


- a report on special BR publication on digital sound-broadcasting with the schedule of activities to update the report;


- proposed work plan for 1999-2000 for the Rapporteur’s Group on Question11/2.


�
Introduction


The Rapporteur’s Group for Question 11/2, at its meeting on 8 September 1998, agreed, among other things, to issue annual reports to ITU-D members on digital sound broadcasting technologies, focusing on those technologies sufficiently described in ITU documents and publications.  The meeting agreed to use the extensive “Digital Radio Guide” (Document 2/041-E), submitted by the Technical Committee of the World Broadcasting Unions, as a basis for future reports.


In addition, the meeting agreed to incorporate into its scope of work the technical aspects of former Question 13/2, that dealt with Public Service Broadcasting.  The incorporation of the technical aspects of Question 13/2 resulted in a revision of the text of Question 11/2 (document 2/REP/005(Rev.1)-E), which is distributed during the present meeting.


Update of Digital Broadcasting Technologies: ITU-R and ITU-D Activities


Draft New Recommendation.  ITU-R Study Group 10 (Broadcasting Systems (Sound)) recently adopted the text of a draft revision to ITU-R Recommendation BO.1130-1.  That Recommendation has been re-titled “Systems Selection for Digital Sound Broadcasting to Vehicular, Portable and Fixed Receivers for Broadcasting satellite Service (Sound) in the Bands in the Frequency Range 1 400 – 2 700 MHz”.  In addition to providing detailed descriptions of three separate Satellite Digital Sound Broadcasting (S-DSB) systems, the revised Recommendation provides a comparison of the three systems’ characteristics as measured against a fixed set of criteria (Table 1).  Annex 1 to the revised draft Recommendation contains summaries of the three S-DSB systems.  The text of the draft revision of the Recommendation, as well as Table 1 and Annex 1 of the same document, are attached hereto for reference (Annexes 2-4 of the Recommendation, which include detailed technical descriptions of the three systems, have been omitted from the attachment hereto).


Special Publication on Digital Sound Broadcasting.  In 1995 the ITU-R issued its Special Publication on Digital Sound Broadcasting (covering both terrestrial and satellite technologies).  Subsequently, a “Shadow Report” to this Special Publication was developed, that provided updates on DSB technologies.  In 1998, the “Shadow Report” was integrated into a comprehensive document and submitted to the last meeting of JWP 10-11S.  The latter group augmented and reorganized Section 6 of the “Shadow Report”, which deals with satellite sound broadcasting.  Notably, the description of Digital System D was augmented to include the newly proposed multi-carrier extension for the terrestrial repeater segment.  Terrestrial repeaters allow radios to receive satellite sound signals even in the presence of blockages, such as buildings and/or dense foliage.  Section 6 of the Shadow Report also integrates a summary description of the new Digital System [E], proposed by Japan.  A full system description and test results description of this new system is expected in October 1999.





Current plans call for the “Shadow Report” and its augmentation to be consolidated in a new version of the ITU-R Special Publication on DSB.  While JWP 10-11S consolidates the satellite portion of the Special Publication, WP 10B will consolidate the terrestrial portion of the Special Publication.  The following tentative schedule is envisaged for the next publication:





�
Oct. 1999: augmentation to the Shadow Report


Oct. 2000: final augmentation to the Shadow Report


Oct.-December 2000: Detailed editorial review by a Special Rapporteur Group


January 2001: Final draft brought to the ITU-R Secretariat


September 2001: Publication of the second version of the Special Publication





ITU-D Symposium.  From 25–28 August 1999, the ITU-D plans to hold a Symposium entitled “Regional Symposium on emerging sound and TV technologies shaping the Americas' broadcasting sector”.  The Symposium, to be convened in Santiago, Chile, is being held in response to Resolution 15 of WTDC-98, “Applied Research and Transfer of Technology”.  The Symposium’s objectives include briefing key executives and engineers in the broadcast field on the latest technology trends. 





Proposed work-plan for 1999-2000:


A.	Annual report on digital broadcasting technologies.  As noted above, the ITU-R is conducting detailed technical work on digital broadcasting technologies, on an on-going basis.  The ITU-D should not replicate this work; rather, it should focus on those issues that cannot be addressed in the other two Sectors, such as economic issues.  It is proposed that the Rapporteur’s Group should continue to liaise with the relevant groups within the ITU-R and ITU-T, and to keep ITU-D members updated on relevant developments in the other two Sectors.  


It is further proposed that the Rapporteur’s Group should form a drafting group to update the “Digital Radio Guide”.  In doing so, the proposed drafting group could utilize the proceedings of the above-described Symposium on sound and television technologies, as these proceedings would cover the latest digital technologies.  Further, a separate document should be developed focusing on the latest trends in digital television broadcasting, initially drawing from the same Symposium proceedings.  


B.	Demonstrations and Pilot Projects in Developing Countries.  It is proposed that the Rapporteur’s Group identify and study demonstrations and pilot projects in one or more developing countries.  Such demonstrations should involve the application of digital broadcasting technologies in the furtherance of the Public Service Broadcaster’s (PSB) mandate(s).  This activity should be carried-out in close cooperation with the Rapporteur’s Group for Q 10/2(e), which deals with communications for remote and rural areas.


�
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Source:	Document 10/38


Radiocommunication Study Group 10


DRAFT REVISION OF RECOMMENDATION ITU-R BO.1130-1


SYSTEMS selection FOR DIGITAL SOUND BROADCASTING TO VEHICULAR, PORTABLE AND FIXED RECEIVERS FOR BROADCASTING SATELLITE SERVICE (SOUND) IN THE BANDS IN THE FREQUENCY RANGE 1 400 - 2 700 MHz


(Question ITU-R 93/10)


The ITU Radiocommunication Assembly,


considering


a)	that there is an increasing interest worldwide for digital sound broadcasting to vehicular, portable and fixed receivers in the broadcasting-satellite service (BSS) (sound) bands allocated at the World Administrative Radio Conference for Dealing with Frequency Allocations in Certain Parts of the Spectrum (Malaga-Torremolinos, 1992) (WARC-92), and several satellite-based digital sound broadcasting services for national and supra-national coverage are being considered;


b)	that the ITU-R has already adopted Recommendations ITU-R BS.774 and ITU-R BO.789 to indicate the necessary technical and operating characteristics for digital sound broadcasting systems to vehicular, portable and fixed receivers for terrestrial and satellite delivery, respectively;


c)	that according to Resolution ITU-R 1, with respect to multi-systems Recommendations, an evaluation of the recommended systems has been performed and its results are included in the "recommends";


d)	that all three recommended systems (Digital Systems A, B and D) are sufficiently documented in the ITU-R;


e)	that these three systems have been field-tested sufficiently, and that the results of these tests have been documented in the ITU-R;


f)	that Digital System A described in Annex 1, is the recommended standard for terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency bands allocated to sound broadcasting above 30 MHz as specified in Recommendation ITU-R BS.1114;


g)	that a standardization process in Europe has resulted in the adoption of Digital System A (EUREKA 147 as an ETSI standard ETS 300 401) for BSS/BS (sound) to vehicular, portable and fixed receivers;


�
h)	that Resolution 1, Digital Audio Broadcasting, of the 8th World Conference of Broadcasting Unions (Barbados, 24-25 April 1995) stated that continuing efforts should be made to see if a unique worldwide standard for Digital Audio Broadcasting is achievable, and if not achievable, that maximum commonality of source coding, transport structure, channel coding and frequency band should be encouraged,


noting


a)	a summary of Digital Systems A, B and D is presented in Annex 1;


b)	the full systems descriptions for Digital Systems A, B and D are given in Annexes 2, 3 and 4 respectively,


recommends


	that administrations that wish to implement BSS (sound) services meeting some or all of the requirements as stated in Recommendation ITU-R BO.789, should use the following table to evaluate the respective merits of Digital Systems A, B and D when selecting their system:


�
TABLE 1


Performance of Digital Systems A, B and D evaluated on the basis of the recommended technical and �operating characteristics listed in ITU-R BO.789(1), (2)


Characteristics from BO.789 �(condensed wording)�
Digital System A�
Digital System B�
Digital System D�
�
1.	Range of audio quality and �types of reception�
Range is from 8 kbit/s to 384 kbit/s per audio channel in increments of 8 kbit/s. MPEG-2 Layer-2 audio decoder typically operating at 192 kbit/s is implemented in receivers.


The system is intended for vehicular, portable and fixed reception.(3)�
Range is from 16 kbit/s to 320 kbit/s per audio channel in increments of 16 kbit/s. PAC source encoder at 160 kbit/s was used for most field tests.


The system is intended for vehicular, portable and fixed reception.(4), (6)�
Range is from 16 kbit/s to 128 kbit/s per audio channel in increments of 16 kbit/s. MPEG-2 and MPEG-2.5 Layer 3 audio coding is used.


The system is intended for portable and fixed reception.(5)�
�
2.	Spectrum efficiency better than FM�
FM stereo quality achievable in less than 200 kHz bandwidth; co-channel and adjacent channel protection requirements much less than that for FM. Efficiency is especially high in the case of repeaters reusing the same frequency. (Orthogonal multi-carrier modulation with convolution error correcting coding, COFDM.)�
FM stereo quality achievable in less than 200 kHz bandwidth; co-channel and adjacent channel protection requirements much less than that for FM. (QPSK modulation with concatenated block and convolutional error correcting coding.)�
FM stereo quality achievable in less than 200 kHz bandwidth; co-channel and adjacent channel protection requirements much less than that for FM. (QPSK modulation with concatenated block and convolutional error correcting coding.) �
�
3.	Performance in multipath and shadowing environments�
System is especially designed for multipath operation. It works on the basis of a power summation of echoes falling within a given time interval.�This feature allows use of on-channel repeaters to cover shadowed areas.�
System is designed for maximizing link margin via satellite(6) and for mitigation of multipath and doppler spread effects in the complementary terrestrial mode.(4)


Shadowing is covered by use of on�channel repeaters.(4) �
The system in its basic configuration is designed primarily for direct reception via satellite and in this mode multipath reception difficulties do not arise.(2)


The satellite link margin is maximized to enhance the performance under direct satellite reception with some degree of shadowing.(6)�
�
�



4.	Common receiver signal processing for satellite and terrestrial broadcasting�
Allows the use of the same receiver, from the RF front end to the audio and data output. Integrated or separate receive antennas can be used for satellite (circular polarization) and terrestrial (vertical polarization) signal reception.�
Allows for the use of the same basic receiver for both satellite and terrestrial transmission, with an added equalization component required for terrestrial delivery.(4)�
For fixed and portable applications in rural environments, the same basic receiver can be used provided the terrestrial augmentation (for indoor reception) is limited to micro-power gap fillers. Second-generation receivers are being developed for reception in urban environments, including mobile applications.(5)�
�
5.	Reconfiguration and quality vs. number of programmes tradeoff�
Service multiplex is based on 64 sub�channels of capacity varying from 8 kbit/s to about 1 Mbit/s, depending on the error protection level, and is totally reconfigurable in a dynamic fashion. Each sub-channel can also contain an unlimited number of variable capacity data packet channels.�
Designed in 16 kbit/s building blocks to accommodate this feature.�
A flexible 16 kbit/sec building block multiplex is employed in order to trade off programme audio quality against number of services.�
�
6.	Extent of coverage vs. number of programmes tradeoff�
Five levels of protection for audio and eight levels of protection for data services are available through using punctured convolutional coding for each of the 64 sub-channels (FEC ranges from 1/4 to 3/4).�
Allowance for this tradeoff is based on an information bit rate contained in steps of 32 kbit/s and a variable FEC rate.(4)�
The system is optimized for direct reception from satellite. Implementation of this requirement is beneficial only for terrestrial transmission.(2)�
�
�



7.	Common receiver for different means of programme delivery �– satellite coverage area


�


�– mixed/hybrid����


��	– terrestrial services


�����	– cable distribution�
��


–	Allows satellite services for different coverage area sizes (limitations are due to satellite power (6) and transmit antenna size).


–	Allows the use of the same band as terrestrial sound broadcasting (mixed) as well as the use of terrestrial on-channel repeaters to re-enforce the satellite coverage (hybrid) resulting in all these channels being received transparently by a common receiver.


–	Allows local, subnational and national terrestrial services with the same modulation with single transmitter or multiple transmitters operating in a Single Frequency Network to take advantage of a common receiver.


–	Signal can be carried transparently by cable.�
��


–	Allows satellite services for different coverage area sizes (limitations are due to satellite power(6) and transmit antenna size).


–	Mixed and hybrid use of satellite and complementary terrestrial services in the bands allocated for BSS (sound) by WARC-92.(4)���


–	With terrestrial transmitters in the appropriate frequency bands.(4)����


–	Signal can be carried transparently by cable.�
���Allows satellite services for different coverage area sizes, (limitations are due to satellite power (6) and transmit antenna size).


Will be possible with second generation receiver. (5) �����


Will be possible with second generation receiver. (5)����


Signal can be carried transparently by cable.�
�
8.	Programme-related data capability�
Programme associated data (PAD) channel from 0.66 kbit/s to 64 kbit/s capacity is available through a reduction of any audio channel by the corresponding amount. Dynamic label for programme and service identification showing on the receiver alphanumeric display is available to all receivers. Basic HTML decoding and JPEG picture decoding is available on receivers with graphic displays (1/4 VGA), etc.�
To be determined.(4)�
Programme-associated data comprising text (dynamic labels) and graphics with conditional access control can be delivered. �
�
�



9.	Value-added data capability�
Any sub-channel (out of 64) not used for audio can be used for programme-independent data services. Data packet channels for high priority services available to all receivers tuned to any service of the multiplex can be carried in the Fast Information Channel (FIC). Total capacity is up to 16 kbit/s. Receivers are equipped with a Radio Data Interface (RDI) for data transfer to computer.�
Any 32 kbit/s block can be used for value added services; not tested. (4)�
Capacity in increments of 8 kbit/sec up to the full 1.536 Mbit/sec capacity of the TDM can be assigned to independent data for the delivery of business data, paging, still pictures graphics etc. under conditional access control if desired. A data connector is provided on the receivers for interfacing to information technology networks and communications networks.�
�
10.	Flexible assignment of services�
The multiplex can be dynamically reconfigured in a fashion transparent to the user. �
To be determined.(4)�
The multiplex can be dynamically re�configured in a fashion transparent to the user. �
�
11.	Compatibility of multiplex structure with OSI�
The system multiplex structure is compliant with the OSI layered model, especially for the data channels, except for the unequal error protection features of the MPEG-2 Layer-2 audio channel.�
Capable, though not tested.(4)�
The system multiplex structure was developed to be in line with the OSI layered model. �
�
12.	Receiver low-cost manufacturing�
Allows for mass-production manufacturing and low-cost consumer receivers. Typical receivers have been integrated in two chips. One chip manufacturer has integrated the full receiver circuitry into one chip.�
With relatively simple design (low complexity) it is anticipated that relatively low-cost consumer receivers can be developed.�
The system was specifically optimized to enable an initial low complexity portable receiver deployment. Several models of low cost receivers based on LSI mass production techniques are being manufactured.�
�
�



(1)	Beyond the Annexes attached to this Recommendation, additional, detailed information on these systems appears in the ITU-R Special Publication on digital sound broadcasting in the broadcasting bands above 30 MHz (Geneva, 1995) and its updates. Also, as noted in considering g) there is an ETSI standard for Digital System A.


(2)	It is understood that some administrations may wish to develop BSS(S) and BS systems that do not provide the entire range of characteristics listed in Recommendation ITU-R BO.789. For example an administration may wish to have a service that provides the equivalent of monophonic FM audio intended primarily for reception by very low-cost fixed or portable receivers, rather than vehicle-mounted receivers. Nevertheless, it is understood that such administrations would endeavour to develop digital sound broadcasting systems that conform, to the extent practicable, with the characteristics cited in Recommendation ITU-R BO.789. Technology in this area of digital BSS (sound) is developing rapidly. Accordingly, if additional systems intending to meet the requirements given in Recommendation ITU-R BO.789 are developed, they may also be considered for recommendation.


(3)	Digital System A's terrestrial broadcasting implementation, including on-channel gap-fillers and coverage extenders, is in operation in several countries and it has been field-tested over two satellites at 1.5 GHz.


(4)	The current status of Digital System B is that it is a hardware prototype engineering model. Digital System B has been field-tested in mobile operation over many hours via satellite on different satellites with varying coverage areas and in the laboratory by the developer and also by an independent testing organization. However, the tested receiver prototype did not include any channel equalization which would permit operation in a multipath environment created by terrestrial on�channel repeaters which would allow mobile and portable reception reception in urban areas. Nevertheless, results of laboratory tests performed on a channel equalizer operating at 300 ksymbol/s with simulated L- and S-band propagation conditions (including realistic multipath and Doppler spreads) were reported.


(5)	Digital System D has been demonstrated over satellite and field-tested through helicopter tests and results of end-to-end laboratory transmission tests have been reported. Additional configurations of Digital System D designed to enhance system performance when terrestrial augmentation is employed and multipath reception difficulties are expected under mobile reception conditions are currently under development and test. Both adaptive equalization and multi-carrier COFDM techniques are being evaluated.


(6)	In the case of single carrier transmission systems, there is a 7 dB advantage (Digital System D) in satellite link margin for a given transponder power compared to that of a multi-carrier transmission system (Digital System A). This advantage becomes 3.5 dB when a channel equalizer is included in the receiver to allow for satellite/terrestrial hybrid reception (Digital Systems B).�
�



�
annex 1


Annex description of BSS sound systems


Summary of 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 re-arranging the various services contained in the multiplex.


Summary of Digital System B


Since available transponder power is at a premium on communications satellites, Digital System B, originally proposed by VOA/JPL, 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 equaliser 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.


Summary of Digital System D


Digital System D, 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 L-band (1 452 - 1 492 MHz). 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 D provides for a flexible multiplex of digitized audio sources to be modulated onto a downlink TDM carrier. The Digital System D 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 D.





__________________





____________________
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