NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-1NTT’s Strategy for Highspeed Multimedia CommunicationsAkihiro Shimizu <shimizu@nttmhs.ntt.jp>Hisao Uose <uose@tnlab.ntt.jp>AbstractThis paper explains the NTT’s strategy towardsthe future highspeed multimedia communications.First, NTT’s future business plans are explainedfrom the viewpoint of service development andglobal cooperation among customers, other carriersand manufacturers. Then the key technologies, suchas optical subscriber loop, asynchronous transfermode (ATM) and Intelligent Network, required forthe future communications networks and theirintroduction plans are presented. The possiblescenarios towards the future multimediacommunications, then, are presented taking accountof the special conditions in Japan. Finally specificplans to promote early realization of highspeedmultimedia services are outlined. They include thepilot testing of multimedia services to householdusers using optical fiber distribution technology, anda nationwide highspeed backbone network based onATM technology aiming for promoting thedevelopment of new information providing servicesand highspeed computer communications.I. IntroductionCurrent NTT network provides variety ofservices including basic telephones, leased circuits,packet-switched data communications, pagers andISDN services (Fig. 1). It has evolved from theoriginal analog public switched telephone network(PSTN) into a set of subnetworks now suits eachdemand of specific service. The number oftelephone subscribers in Japan has grown rapidly inthe last 30 years and it now reached as many as 58millions which is second only to that in the UnitedStates. A major shift in telecommunications is nowin progress, however, as the demand for plain oldtelephone service is becoming saturated, andwidespread interest is beginning to focus on newcategories of services such as high-speed datatransmission among computers, multimediacommunications, mobile communications andinteractive video on demand (VOD).Fig. 2 plots the recent growth of three serviceofferings introduced in 1980’s: narrow-band ISDN(N-ISDN) lines, mobile phone subscriptions, andNTT’s Free-dial service. These figures demonstratethat users are definitely receptive to advancedcommunications services. The best indicator is thebrisk demand for basic rate and primary rate ISDNlines: NTT’s INS-Net 64 and INS-Net 1500 services.As of September 1993, 192,000 basic rate (2B+D)lines and 3,800 primary rate (23B+D) lines are inservice. Two sales strategies have contributed tothis explosive growth. The first is the quickexpansion of service areas. Currently, N-ISDNservices are available in almost all areas in Japan.The second factor is the introduction of the N-ISDNpacket service (INS-P) that provides an economicalalternative to access X.25 packet-switched network(DDX-P) started in June 1990.

Fig. 1 Profile of NTT’s Telecommunication Networks

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-2Fig. 2 Growth of New Telecommunications Services

SubscribersTelephone ( x 10 )75Free Dial ( x 10 )( Contractors )Mobile Tel. ( x 10 )5N-ISDN ( x 10 )598765432101980198219841986198819901992The number of N-ISDN subscribers willprobably continue to increase along with thegrowing demands for economical datacommunications. In addition to the G4 facsimiles,its use as a small and temporary computercommunications link will increase sharply.Although, for the time being, they are bestrepresented by data communications between hostcomputers and point of sales (POS) terminals atretail stores, the use as an on-demand access line toprivate or public computer networks including theInternet will grow quickly. This will not onlypromote ordinary households to subscribe N-ISDNservices, but also serve as a trigger for theintroduction of broadband ISDN (B-ISDN) serviceseventually. Projecting ahead based on the growthrates, the number of installed N-ISDN lines shouldtop 1,000,000 within the next few years, and theproportion of bandwidth allocated for highspeeddata transmission will continue to grow.In parallel with the digitization of networksystems, the introduction of intelligence (computers)into the communications network have been goingon for the last decade. This move has initiated thefusion of communications and informationprocessing in telecommunications network. In otherwords, telecommunications network is beginning toalter itself into a large web of computers connectedwith dense communications links bringing ustremendous processing power. With theintroduction of asynchronous transfer mode (ATM)technology, network facilities and computers will becoupled much more closely due to its similarity oftheir data handling. This will make its processingcapability more powerful and flexible to use for newnetwork applications including multiprotocolinternetworking, multimedia communications andintelligent services.With those transformations of communicationsnetworks in mind, NTT has released a strategy topromote the development of highspeed multimediacommunications services in January. This paperreveals its basic concept and current activities as thefirst step aiming for the early arrival of comingmultimedia age. First, in Chapter II, NTT’s futurebusiness plans are explained followed by theexplanation of key technologies required for thedevelopment of the future communicationsnetworks. Then, their introduction plans arepresented in Chapter III. Chapter IV presents thepossible scenarios towards the future multimediacommunications taking account of the specialconditions in Japan. Finally in Chapter V, thespecific activities to promote early realization ofhighspeed multimedia services are outlined. Theyinclude the pilot testing of multimedia services tohousehold users using optical fiber distributiontechnology, and a nationwide highspeed backbonenetwork based on ATM technology aiming forpromoting the development of new informationproviding services and highspeed computercommunications.II. Business StrategiesAs the demands for communications servicesbecome more sophisticated and integrated, therequired technologies for those new services becamemore diversified and fused together. This requiresthe shift of service development style from theconventional provider-oriented one to the customer-selective one. To take this approach for developingand providing new services, we will need to promotecooperation and tie-ups with customers, hardwareand software manufacturers, and information serviceproviders. This chapter explains the NTT’s basicattitude in service provisioning and globalcooperation towards the coming multimedia age.

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-3

Fig. 3 Customization of Network ServicesCurrent network servicesFuture network servicesISDN servicesPacketswitchingservicesLeasedcircuitservicesATM switchingservicesFrame relay services,Cell relay servicesATM leasedservicesPublic-type servicesLeased-type servicesCustomization

Lining up network servicesMaking the bestcombination of network servicesfor customersAdding user systems,applications,maintenance, etc.

Customers

II.A. ServicesNTT will maintain and sophisticate its telephoneservices as part of its reliable universal services. Atthe same time, NTT will develop attractive newservices through cooperation with customers,manufacturers and information service providers.Those include:-High-speed computer communicationsservices among LANs, which are in highdemand,-Personal communications such as personalhandy phones (PHPs) known as PCS or PCN,and-Visual and multimedia communicationsservices integrating a variety of services.NTT will also provide users servicecustomization capabilities to attain the bestcombination of network services for each user. Thiswill include the combination of network services anduser systems, applications, etc. (Fig. 3). In addition,to give customers a wider choice, NTT will continueits efforts to open its telecommunications networkspreparing for the equal conditions assuring faircompetition in the market.Affordable rate is another important target forNTT. We will endeavor to set rates that ensure easyaccess to our services aiming to providesophisticated services to every user and makingefforts to expand customer choices.

II.B. Global CooperationNTT will strengthen its international activities torespond to globalization. Major overseas carriershave been active foreign investors and they arestrengthening collaborations with other carriers toprovide services such as one-stop shopping, inresponse to global changes including the emergenceof borderless economies. NTT will seek furthercollaborations with domestic and foreign carriersand vendors to quickly respond to global trends.NTT will also promote collaborations withdomestic and foreign companies to reinforce itscapabilities in developing services and technologies.This will respond to emerging new business fields,demands for inter-business data exchange servicesand ongoing globalization, which have been madepossible by technological innovation and diversifiedneeds for information.III. Technologies for Future NetworksThe evolution plan for NTT networks towardsthe 21st Century is shown in Fig. 4 [1][2]. NTT hasalready digitized its long-distance transmissionnetwork covering all of Japan. We are nowconcentrating our resources on the digitization oflocal switching systems. The replacement of theswitches is planned to be completed by fiscal 1997.When the replacement is completed, any subscribercan have access to 64 kb/s digital channel. Weexpect the demands for N-ISDN to be 20 millionlines by the year 2005.Along with its efforts on expanding N-ISDNservices to general public, NTT is assembling allnecessary elements of B-ISDN in preparation for theglobal information age in the 21st century where theservices will be more user-oriented and customizedto suit individual and diverse demand. Thefollowings are the fundamental technologiesrequired for the construction of futurecommunications networks.

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-4Fig. 4 Network Evolution towards B-ISDN

Installations 19951999200520102015Evolution towards highspeed, broadband networksIntelligent networks

[Year ]Digitization of networkAnalog networks( Crossbar switches )( Electronic exchanges )B-ISDNDigital networksN-ISDN

III.A. Optical Subscriber Loop TechnologyAn important factor in constructing B-ISDN isthe complete preparation of basic telecommunicationfacilities. Optical fiber technology is crucial to thebuilding of this infrastructure [3]. With itsenormous transmission capacity, optical fiber hasalready become the medium of choice for interofficetrunks. These facilities belong to the networkprovider, and do not yet extend all the way toresidential subscribers. Fiber has to move into thelast mile of the loop before the full power of fiberoptics can be exploited to bring high-bandwidthservices to customers. This is known as fiber to thehome, or FTTH, and is the ultimate subscriberconfiguration in the age of B-ISDN.

III.B. Asynchronous Transfer Mode (ATM)

TechnologyATM is a fast packet switching technique thatmultiplexes and switches short packets called cells atextremely fast rates [4]. Cells contain 48 octets ofuser information and five octets of addressing andcontrol information used to route the cell to itsdestination. Because of its fixed cell length, theswitching of ATM cells is simple and can thereforebe implemented in hardware to accommodate veryhigh throughput rates. ATM’s capability of high-speed processing means it can handle aheterogeneous mix of data, and can flexiblyaccommodate uncertain diverse demands in thefuture.

III.C. Intelligent Network TechnologyTo flexibly provide services that requireintelligent and high-speed processing, functions thatmanage and control the services must beincorporated into the network. At NTT, networksare built by separating the basic transmission layerand the intelligent layer [5]. The basic transmissionlayer consists of transmission and switchingfacilities, and carries out the connection andswitching functions common to all services. Theintelligent layer realizes advanced services bymanaging various service scenarios and controllingthe basic transmission layer. By using this type ofnetwork structure, it is possible to modify serviceattributes without changing the function of thetransmission layer by redefining servicemanagement and control functions (software) of theintelligent layer. Access to these capabilities willallow us to flexibly and swiftly introduce services tomeet the growing demands of users, providing us thebasic platform for multicarrier networks as well.IV. Evolution Scenarios towardsHighspeed Multimedia CommunicationsThe construction of advanced communicationsnetworks requires a huge investment and a longperiod of time. Therefore, new technology will beintroduced as an "overlay" to the conventionalnetworks slowly emerging to the main body of thenetwork. The key to a successful evolution towardsthe future network greatly depends on where to start.Among many possible scenarios realizing the futurecommunications networks, the following twoscenarios are plausible.

IV.A. Evolution from Computer

CommunicationsSince the historical experiment of videotelephone, many multi-media communicationsterminals have been developed. Because the cost ofcomputation has been prohibiting to adopt advancedsignal processing techniques including informationrate compression, the required speeds fortransmission line were quite high. In addition, theseterminals basically used their own data formats andcommunications protocols.

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-5Fig. 5 Nationwide Highspeed Backbone Network

LANs

Current Trunk Optical Fiber Network

2.4Gb/s and 10Gb/sHighspeed Backbone NetworkATM Node

The recent advancement of microchiptechnology, however, made the signal processing aneasy task for inexpensive micro-processors. Modernmulti-media terminals fully utilize thosecomputational power to reduce transmission rateseffectively. This means that those terminals arebased on personal computers (PCs) or workstations(WSs) and the data handled on them have thecharacteristics similar to the ordinary computer data.It is, therefore, possible for us to take the multimediacommunications in the framework of computercommunications. Backed by the growing demandsfor large scale computer communications such asLAN to LAN interconnections, this scenario is mostlikely.

IV.B. Evolution from Visual

Communications ServicesSubscriber facilities of modern cable televisionsystems now have potential capability of supportingduplex communications channels between aswitching hub and subscribers. The one deployingthe latest optical technology together with theconventional coaxial calbes will be able to offer thespeed up to 1.5 Mb/s for each subscriber, which isfast enough for video telephony and other videoapplications.With the adoption of ATM technology in thesecabel television subscriber systems, those widebandwidths can be utilized more flexibly byassigning it on demand. This will allow users to usereal broadband services such as high definition videotransmission with relatively small investment. In theUnited States, this scenario is likely to happenbecause the facilities have been widely deployedthere.Japan, on the other hand, will lead different pathbecause the deployment of cable television is ratherlimited at the moment. That is, we will aim at theconstruction of full optical subscriber systems forthe service from the start (FTTH,).V. Current ActivitiesTo achieve the goal following the scenariosdescribed in the previous chapter, NTT is promotingtwo specific experimental plans. Those plans will beconducted with the cooperation of customers,manufacturers and information service providers.

V.A. Pilot Test of Highspeed Backbone

NetworkWith the downsizing of computers and the movetowards distributed processing, user needs for high-speed computer are rapidly increasing. In additionto the conventional applications such as LANinterconnections and file transfers, new types ofapplications are emerging rapidly especially in theInternet that require much wider bandwidth. Theyare new information retrieval tools such as theWorld Wide Web (WWW) and multimediaapplications such as the Network Video (NV).To respond to such user needs, NTT is closelyinvolved in ATM technology development and isnow at the stage of commercializing it. Utilizing acombination of ATM and optical fiber technologies,NTT will construct a highspeed nationwidebackbone network as part of its intracompanynetworks operating at gigabit level. Fig. 5 shows theconfiguration of the backbone network used for thispilot project. It is built on Synchronous DigitalHierarchy (SDH) transmission systems at the speedsof 2.4 Gb/s, 10 Gb/s, etc., and provides 156 Mb/sATM User Network Interface (UNI) to users.Through this project, NTT will establishconstruction and management technologies as wellas new applications for the broadband network.

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-6 NT

Waseda University

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-7Fig. 7 Pilot Testing of Multimedia Services for Home

Provision of Circuits to CATV CompaniesVideo-on-Demand

ONUTuner

WDMSLT

Star Coupler

SwitchingSystemFrequencyMultiplexing

CATV

VOD Server( Digital )SLT : Subscriber Line TerminalONU : Optical Network UnitWDM : Wavelength Division MultiplexingAttempts are being made in the United States tolaunch multimedia communications through cabletelevision networks. Once multimediacommunications are fully developed, a major shift toFTTH (Fiber to the Home) is foreseen due to thehigh demand for stable, high-capacity transmissions.In Europe, the condition of subscribers (e.g., thedistance between NTT and home) is similar to thatof Japan, so the shift to FTTH may be achievedmore quickly than in the United States. BothEuropean countries and the United States areexpected to shift to FTTH in the forthcomingmultimedia age.NTT has worked on FTTH from early on and, inthe field of optical communications, is a recognizedworld leader. NTT hopes to contribute to furtherdevelopments in the communications field byimplementing its optical access network. Becausethe establishment of optical access networks iscrucial to meeting diversified, highly sophisticatedneeds for information, NTT is concentrating onlowering the cost of its optical access networks toprivate homes, focusing on the following threepoints:-Lowering the costs of Optical Network Units(ONU) and Subscriber Line Terminals (SLT),-Lowering the cost of optical fibers,and-Developing new wiring and constructionmethods.By integrating available resources, NTT hopes tobring down the cost of using the optical accessnetwork to private homes to about the same level asthat for existing metal wiring sometime between2000 and 2005 (Fig. 8).Fig. 8 Expected Economization of Optical Network Facilities

199319972000 - 2005

Relative Cost for Home for BusinessMetal Wiring Cost43210Year

NTT’s StrategyProc. INET �94 / JENC5A. Shimizu253-8VI. ConclusionsThis paper revealed the NTT’s strategy topromote the development of highspeed multimediacommunications services published in January.First, NTT’s future business plans are explainedfrom the viewpoint of service development andglobal cooperation among customers, other carriersand manufacturers. Secondly, the three keytechnologies required for the future communicationsnetworks: optical subscriber loop, ATM andIntelligent Network, and their introduction planswere presented. Then, the possible scenariostowards the future multimedia communications wereexplained taking account of the special conditions inJapanese market. Finally, two specific plans topromote early realization of highspeed multimediaservices are outlined. The first is the construction ofnationwide highspeed backbone network using ATMtechnology, aiming for accelerate the developmentof new information providing services and theapplications for highspeed computercommunications. The second is the pilot testing ofmultimedia services to household users using opticalfiber distribution technology. NTT will continue itseffort to promote early realization of sophisticatedmultimedia services with the cooperation of usersand manufacturers.VII. References[1]T. Aoki, "Network Planning of NTT,"IEICE Trans. Commun., Vol. E75-B, No. 7, July1992.[2]Y. Inoue, "Network Evolution towards theVI&P Era," NTT Review, Vol. 4, No. 4, July 1992.[3]NTT, "Special Feature: Fiber Opticsubscriber Network," NTT Review, Vol. 3, No. 6,November 1991.[4]NTT, "Special Feature: B-ISDN," NTTReview, Vol. 2, No. 2, March 1990.[5]NTT, "Special Feature: NetworkTechnologies for New Services," NTT Review, Vol.3, No. 3, May 1991.[6]H. Uose, et. al., "ComputerCommunications on B-ISDN," Interworking inBroadband Networks, pp. 27-39, IOS Press, 1993.Author InformationAkihiro Shimizu was born in Kochi, Japan, onDecember 19, 1958. He received his B. E. Degreein electronic engineering from Ehime University,Ehime, Japan, in 1981, and his D. E. Degree fromOsaka University, Osaka, Japan, in 1991. Sincejoining NTT Electrical CommunicationsLaboratories in 1981, he has been engaged in theresearch and development of information securitysystems. He is a manager of NTT multimediaplanning and promotion office. He received anAchievement Award and the Kobayashi MemorialAchievement Award in 1989 from the Institute ofElectronics, Information and CommunicationEngineers (IEICE) of Japan.Hisao Uose received the B. E. and M. E. degreesin electrical engineering from KumamotoUniversity, Kumamoto, Japan, in 1978 and 1980,respectively. Since he joined NTT in 1980, he wasinvolved in the research on learning control methodfor telecommunication traffic problems and issuesrelated to design and control of ATM networks. Hiscurrent interest includes computer communicationson B-ISDN. Mr. Uose is a senior research engineerat the NTT Telecommunication networkslaboratories and a guest assistant professor of theNational Center for Science Information Systems(NACSIS).