Encouraging Cable and ISDN Internet AccessProc. INET ’95 S.E. GillettPublic Policies to Encourage Cable and ISDN Residential Internet AccessSharon Eisner Gillett <sharon@rpcp.mit.edu>AbstractThis paper analyzes inter-firm alliances forproviding the home computer user with aninnovative new telecommunications service: a high-speed connection to the Internet. After providing anoverview of the Internet access provider industry, itdiscusses the split of competencies needed to deliverthis new service, between monopolisticinfrastructure (cable and local telephone) companiesand entrepreneurial Internet service providers. Itfinds that the asymmetry in market power betweenthe two partners holds up the diffusion of thisinnovation, and can best be remedied by more openaccess to both the subscriber and provider sides ofthe cable network, along with increased competitionin all forms of local communications infrastructure.1IntroductionThis paper analyzes inter-firm alliances forproviding the home computer user with aninnovative new telecommunications service: aconnection to the Internet at higher speeds than the28.8 Kbps maximum available with ordinarytelephone modems. These alliances are driven by thesplit of competencies required to deliver thisinnovation, between monopolistic infrastructure(cable and local telephone) companies andentrepreneurial Internet service providers. The paperdiscusses the organizational and policy issuesinvolved in the development of such alliances.Starting from an analysis of limiting hold-ups, thepaper argues for regulatory changes needed to fosterthe diffusion of this telecommunications innovation.The paper begins with a brief overview of thehighly dynamic Internet access industry,differentiating between the home and businessmarket segments. It discusses what capabilitiesorganizations need to provide high-speed access toInternet users in their homes, instead of their offices.These competencies are then compared againstexisting organizational boundaries, highlighting theneed for inter-firm alliances.The framework developed in [1] is then applied toanalyze these alliances. The threat of incumbententry is analyzed from both an economic and anorganizational perspective, building on the work of[2], [3], [4], and [5].The paper concludes with a discussion of thepolicy implications of the analysis. While policyissues related to market structure have been discussedin a number of recent studies of the cable andtelephone industries, these writings haveconcentrated on traditional video and telephonyservices.1 Popular data services such as the Internetand America OnLine have emerged only recently, andthe role of local infrastructure networks in providingresidential access to these services has not yetreceived much attention. Presciently, in 1983 Pooldiscussed the market structural issues for residentialdata services in general terms.2 This paper builds onand updates his analysis in light of actual datatechnologies and services that have developed in theintervening 12 years, concluding that more openaccess to cable networks, on both the subscriber andprovider sides of the network, would accelerate thediffusion of high-speed residential Internet access.2Overview of the Internet accessindustryThe Internet grew out of the ARPANET, aresearch network originated by the AdvancedResearch Projects Agency (ARPA) of the U.S.Department of Defense. From the ARPANET�soriginal charter of serving the defense and computernetworking research communities, the Internet hasgrown to encompass the broader research andeducation communities as well as connectingcorporations and individuals.In the late 1980�s, the U.S. National ScienceFoundation (NSF) awarded contracts to establish asystem of about a dozen regional networks. Thesenetworks connected academic and researchinstitutions to the NSFNET, which at that timeserved as the core �backbone� transmission facilityof the Internet.3 As the NSF relaxed its rules (calledthe �Acceptable Use Policy�) governing the use ofits networks for commercial traffic, many of theorganizations operating regional networkstransitioned from not-for-profit cooperatives toprofit-making providers of Internet connections toand from commercial institutions. Thus were bornthe first wave of Internet access providers, each witha de facto monopoly in its region.41See, for example, [6]; on p. 103, numerouseconometric studies of vertical integration in thecable industry are cited. [7], [8], and [9] addressmarket structural issues in telephony.2See [10] pp. 166-88, especially p. 175.3The regional networks were also referred to as�mid-level� networks, since they logically fitbetween the �top� level NSFNET backbone and thelocal intra-university or intra-company networksthat provided the �bottom� level of connectivity tothe user.4Examples of regional networks in the northeasternU.S. are NEARNet (originally, the New England

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. GillettThe monopoly didn�t last long. A smallernumber of providers are attempting to cover anationwide scope by operating interconnectionpoints in many U.S. cities.5 This strategy buildsstronger brand awareness and allows subscribers whotravel to use the service elsewhere without payinglong-distance telephone charges. Although it isrisky to give examples in an environment in whichinformation is correct only until next week�s traderag comes out, examples at the time of this writinginclude PSI, UUNET Technologies Inc., NetcomOn-Line Communications Services, Sprint (whosescope is actually international), and MCI.6Given the explosive expansion of the Internetcustomer base, most access provider companies areexperiencing rapid growth, with market shareshighly fragmented and changing hands fluidly, andmany new providers emerging. The MaloffCompany estimates the following revenue and sharefigures for the market leaders, based on surveys ofproviders done nine months apart over the Internet.7Table 1: Internet access provider marketshare is highly fragmented and volatileMarch 1994InternetAccessProviderRevenue(in millions)Market share(% of totalrevenue)PSI$15.413UUNET$14.312Sprint$14.312IP Resellers$11.910ANS$10.79Netcom$8.37Other$44.037TOTAL$118.8m1 0 0 Academic and Research Network), operated by BBNInternet Services Inc., and JvNCnet (originally,the John von Neumann Supercomputing Centernetwork), operated by Global Enterprise ServicesInc.5Some of these providers are themselves spin-offsof regional networks, e.g. Performance SystemsInternational (PSI) from NYSERNET (the New YorkState Educational and Research Network).6See [11]. The major online service providers(America OnLine, CompuServe, and Prodigy) maymove towards this business as well; see [12].7The Maloff Company is a Michigan consultancyfocusing on business and the Internet. This data isderived from summaries of their �Internet ServiceProvider Marketplace Analysis� (1993-4 and 1994-5) which are available on the Internet athttp://www.trinet.com/maloff. Note that marketshares expressed by number of customers mightlook quite different, given the greater dollar valueof corporate customers.January 1995InternetAccessProviderRevenue(in millions)Market share(% of totalrevenue)UUNET$46.89.5Netcom$31.26.4Sprint$29.95.7PSI$22.94.7Supernet$10.42.1ANS$10.32.1Other$369.969.5TOTAL$521.4m1 0 0 Since most of these providers are either privatelyheld or divisions of larger companies, this financialdata is difficult to verify. To illustrate theuncertainty of these figures, consider that Dun andBradstreet�s 1994 Million Dollar Directory (1993data) lists PSI and ANS as having $6.4 and $20million in sales, respectively.8 The overall marketgrowth, however, is roughly consistent with theaverage growth rate estimated above.9Among the many different axes along which thedifferent providers can be segmented, a majordifferentiator is whether they market to individualcustomers or only to organizations. While many ofthe national-scope providers (e.g. Netcom, PSI) dosell service to individuals, the largest regionals donot [13]. This has led to the emergence of a thirdtype of company, typically a small start-up, sellinglocal access to individual, often home-based,customers. Most of these companies do not offer asfull-featured a service as the bigger players, both interms of customer support coverage and the technicalnature of the Internet connection.10 These smallcompanies resell Internet access purchased fromeither a regional or national Internet provider, while8Note that the sale of ANS to America OnLine for$35 million was announced in late 1994.9A 10% monthly growth rate leads to a tripling(300% increase) every 12 months; Table 1 show anannual increase of 250%.10Most of these services sell �shell accounts,� socalled because they originally forced the customerto use a �login shell� instead of a graphical,window-based user interface. The limitation arisesbecause the customer�s computer does not run theInternet protocol suite and connect directly to theInternet ; instead, it connects to the serviceprovider�s computer, which runs the protocol suiteon its behalf, relaying data to and from theInternet. This setup limits the Internetapplications usable by customers (in particular,Mosaic cannot be supported by a shell account).While it is technologically possible to run theInternet protocols over low-speed dial-up lines,and some providers do offer this service (called�SLIP� or �PPP� connections), it is less commonbecause the additional overhead requires moresophisticated equipment and therefore greaterexpense. See [14], p. 3, for more details.

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillettrelying on public infrastructure (e.g. the local dial-uptelephone network) to provide the connection fromtheir premises to the user�s computer.This segment, which is characterized by lowbarriers to entry, is also highly volatile and growingrapidly.11 Estimates of the number of firms varywidely.12 An example of this type of service in theBoston area is �The World,� operated by SoftwareTool and Die, Inc., a low-priced service whichopened its doors in 1990 and now supports 10,000subscribers connecting through dial-up modems.13As a comparison of Figure 1 with Figures 2 and3 illustrates, the model of connections to individualsis fundamentally different from connections to userswithin organizations. In the organizational model,the user�s computer is assumed to be connected to anenterprise network, and the Internet provider onlyneeds to use telecommunications infrastructure (oftena leased line, but sometimes a dialup telephonecircuit) to connect once to the enterprise network,not to each individual computer. In addition, theorganization is assumed to have internal technicalsupport resources, providing a centralized supportinterface for the Internet provider to deal with.InternetproviderEnterprise withinternal networksFigure 1: Model of connections to userswithin organizationsIn contrast, when serving individuals, there is no11[13] estimates that �a big corporation would needonly about $40,000 to start its own Internet-provider operation.� See also [15].12For example, [16] lists 47 Internet accessproviders, of which about 27 would fall into thissegment after subtracting the approximately 20regional and national providers; one month later,the Wall Street Journal [13] estimated the totalnumber of providers at about 100 companies; whilevarious lists (such as �pdial�) maintained on theInternet itself estimate closer to four or fivehundred providers.13Telephone conversation with Chetty Ramanathanof Software Tool and Die, Inc., 12/9/94. Maloff(op cit) estimates that The World holds about a 1%share of Internet access revenue.enterprise to provide either the �bottom level�physical connection or a technical support buffer.Consequently, the provider targeting individualsubscribers not only relies much more heavily onpublic telecommunications infrastructure, but alsoneeds to have a much stronger capability for offeringtechnical support to customers.Internetprovidertelephone circuitslocaltelephonenetworkFigure 2: Telephone model of connectionsto individual userscable TV networkInternetproviderFigure 3: Cable model of connections toindividual usersWhile high-speed connections, ranging from 56Kilobits per second (Kbps) to 10 Megabits persecond (Mbps), are commonplace for organizationsconnecting to the Internet via leased circuits, mostindividuals have until recently been limited by thespeed of dialup telephone modems (ranging from2400 bits per second to 28.8 Kbps). An annoyinginconvenience in the past, this limit is now aserious impediment to the use of bandwidth-hungrymultimedia services, including the Internet�s populargraphical information browsing and retrieval systemknown as the World Wide Web.14 This demand14The Web system is more commonly known by the

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillettpull, combined with technology push in digitalinformation transmission, has led in the past year totwo types of high-speed individual Internet accessbecoming available in a few areas. The first uses amore advanced form of dialup telephone circuit,called ISDN, that allows data transmission at ratesup to 128 Kbps.15 The second uses a special typeof modem to transmit and receive data over a cabletelevision network, at rates from 500 Kbps to 10Mbps (depending on the model and price of modemchosen). This modem can only be used over cableTV plant that has been upgraded to allow subscribersto send data, instead of just receiving broadcastsignals.16As Figure 2 implies, with low-speed dial-upaccess, both the provider and customer need only toconnect standard modems to ordinary telephone lines,so no special relationship between the provider andthe local telephone company is necessary.17 Incontrast, where high-speed residential Internet accesshas become available, it has usually been throughsome form of inter-firm coordination between anInternet provider and an infrastructure (cable ortelephone) company. While a spate of �data overcable� trials and partnerships have beenannounced,18 the only commercial service offeringannounced to date is PSICable (Internet over cable),sold by PSI in conjunction with ContinentalCablevision in Cambridge, MA.19 On thetelephone side, a small number of providers in avariety of regions (both in the U.S. and Europe)names of its popular user interface programs, suchas Mosaic and Netscape.15ISDN stands for Integrated Services DigitalNetwork.16This same technology can be used to provideconnections to on-line services such as AmericaOnLine and Prodigy.17As the provider grows, it needs a larger number ofconnections to the local telephone network, andthus may become more of a �special customer� ofthe local telephone company. However, such arelationship is not essential when a small providerbusiness is first started.18See [17] and [18]. Several companies have also runtrials connecting schools to the Internet overcable, including Jones Intercable with ANS inAlexandria, VA, and Media General with Sprintunder the auspices of NSF�s Global Schoolhouseproject.19Despite this service being announced as acommercial offering at a Cambridge, MA pressconference (which I attended on March 8, 1994) .and the availability of pricing and marketingliterature, the service is currently unavailable toindividual customers (on December 12, 1994, a PSItelephone sales representative informed me thatthe individual service is in �beta test�). Currentunavailability of reliable 500 Kbps cable modemsappears to be one of the problems. A 4 Mbpsservice is available for sale to organizations,although it appears to have attracted few, if any,customers.offer Internet over ISDN, including Internex, Inc. aSilicon Valley startup experiencing rapid growth insales of Internet over ISDN, in conjunction withPacific Bell. PSI also offers Internet connectionsover ISDN in approximately 35 U.S. cities throughits �InterRamp� service (Lindstrom, 1994).The nature and extent of the relationship betweenthe Internet and infrastructure providers varies acrossthese different offerings. The following sectionsexplore the drivers shaping these relationships.3CompetenciesTable 2 compares the portfolio of competenciesand assets needed for high-speed residential Internetaccess against current organizational boundaries.The clear split between competencies held byinfrastructure and Internet providers explains whyhigh-speed residential Internet service is typicallyoffered under a cooperative arrangement of some sort.Table 2: Key competencies are split acrossorganizational boundariesCompetency or assetneededWho has itPhysical communicationinfrastructureLocal telephone andcable companiesCustomer service organizationLocal telephone andcable companiesInternet technology:Connectivity with rest ofInternetInternet providersGeneral Internet know-howInternet providersTechnical customer supportTo limited extent,Internet providersInternet over {ISDN, cable}know-howUnder developmentMarketing and salesUnclearBrand nameUnclearEach of these competencies is now discussed inmore detail.Physical communication infrastructure:The distribution network for Internet service isembodied in the fiber optic, coaxial, and coppercabling used to reach individual homes. This wiringis owned and operated by local telephone and cablecompanies.2020Wireless companies should also be considered asinfrastructure providers, but wireless data is newenough that I have not yet seen any Internetproviders offering wireless Internet access. As[19] writes: �Many wireless networks use differenttransport protocols, thereby requiring proprietarymodems for specific carriers� services. Softwarevendors have been slow to support wirelessnetworks because doing so would require thatdevelopers write to each modem protocol.�

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. GillettCustomer service organization: Cableand telephone companies each have theorganizational competence to serve thousands ofcustomers in all the usual ways: billing, takingcustomer orders and complaints, maintaining a fleetof repair trucks and technicians, etc.Internet technology: This capability issubdivided into four components, held to varyingdegrees by Internet access providers:Connectivity with rest of Internet: The providerneeds equipment to connect itself to the rest of theInternet, consisting of one or more Internet Protocolrouters (the Internet equivalent of a telephone switch)and long-haul data circuits. This equipment may beowned and operated by the access provider, or theentire connection may be achieved through arelationship with a larger Internet provider resellingits service.General Internet know-how: Internet providersknow how to deploy and manage the technologiesdescribed in [20], such as configuring InternetProtocol addresses, debugging routing problems,setting up domain names (such as �mit.edu� or�ibm.com�), securing corporate connections, etc.Although this technology is mainly in the publicdomain, it changes extremely rapidly. Thus, theability to both track and drive fast-paced change hasto be part of the provider�s organizationalcompetence.Technical customer support: While Internetproviders have some of the same customer servicecapabilities as infrastructure providers (e.g. billing,taking orders), they must also have the specifictechnical competence to support the Internettechnology used by their customers. Scaling bothtypes of customer service capabilities to largenumbers of residential users is a critical challenge forthe Internet providers. While alliances withinfrastructure providers might help with the routinecomponents of customer service, the technicalcomponent requires specifically-skilled staff. Giventhe rapid growth of Internet services, such people arelikely, at least in the short term, to be in greaterdemand than supply.21 Poor support is a pervasivecustomer complaint in this industry, especially fromindividuals who purchase service from providers thatare expanding rapidly. Thus, development of a cost-effective customer support organization andcorresponding reputation is an important strategicinvestment for competitive strength anddifferentiation.Internet over ISDN or cable know-how: WhileInternet technology is designed to be layered above awide variety of physical communications media, theknowledge of how to achieve this layering overresidential communications infrastructure is21This point was suggested by my conversation withChetty Ramanathan of Software Tool and Die, opcit.specialized and only now developing. Specialprotocols and equipment are needed, such as dial-upISDN servers and cable modems. These are newlyemerging technologies, and getting them to workrequires a cooperative effort between the Internet andinfrastructure providers. The dividing line ofresponsibilities is often fuzzy. For example, if acable modem appears not to be working, theproblem could lie anywhere from the settings on theamplifiers internal to the cable TV plant to thecommunications protocols used to send data over thenetwork. Or, if a customer is having problemsconnecting to the Internet over an ISDN circuit, theproblem may lie in the user�s hardware or in thecircuit�s settings in the telephone company�sswitching office.22 Clearly, the success of a high-speed residential Internet access offering is criticallydependent on how well the partner�s incentives lineup to resolve problems quickly. If anything in therelationship leads to information hiding or fingerpointing, the service offering is unlikely to get veryfar.In addition to technological competence, Internetaccess providers have two ordinary business needsthat are not currently well-filled by either themselvesor infrastructure providers.Marketing and sales: A l t h o u g h infrastructure providers certainly have order-takingsales organizations, as protected monopolies theyhave not developed strong marketing arms. AndInternet providers, typically small growingcompanies, are often understaffed and inexperiencedin this area [13]. In short, neither partner really hasthis capability.Brand name: While cable and telephoneinfrastructure providers are household names in theirfamiliar services (TV and telephony), it remains tobe seen whether that customer recognition willtransfer to innovative services such as high-speedInternet access. Such a transfer, however, is muchmore probable than having current Internet providersquickly become household names.2322This type of interdependence is an excellentexample of a �connection among technologies,�one of the factors Teece identifies as drivingoperational coordination for innovation. See [21],p. 13.23Because many people on the Internet use aconnection supplied by their workplace, even thebiggest Internet providers� names are unfamiliar toa large portion of the �digerati.� A more crediblescenario for brand-name development runs theother direction: the major online service providersleverage their name recognition among residentialcomputer users to diversify into selling Internetaccess. In fact, with America OnLine�s purchase ofANS (formerly an independent Internet provider),and CompuServe�s recent diversifications intoInternet access, this scenario already appears to betaking shape. MCI and Sprint also have big brand-name advantages compared to other Internet

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillett4Analysis of alliancesTeece notes that a technological regime shift cancreate innovative opportunities for entrants that canonly be fully realized by linking with thecomplementary assets controlled by incumbents.24As Table 2 shows, high-speed residential Internetaccess fits this model very well: the entrant Internetproviders are poised to provide an innovative service,but require the use of the incumbent�s distributionsystem�residential cable and telephone networks�to deliver the innovation to customers. In thissituation, which company is most likely to profitdepends on the appropriability of the innovation andhow tightly held the complementary asset is.The Internet is a prototypical open system. AsComer explains:The internet technology describedin this book is an example of opensystem interconnection. It iscalled an open system because,unlike proprietary communicationsystems available from onespecific vendor, the specificationsare publicly available. Thus,anyone can build the softwareneeded to communicate across aninternet. More important, theentire technology has beendesigned to foster communicationbetween machines with diversehardware architectures, to usealmost any packet switchednetwork hardware, and toaccommodate multiple computeroperating systems.25In other words, Internet technology is hardlyproviders. None of these four companies areoffering high-speed residential Internet access, butseveral online companies are gaining experienceby trialing high-speed residential access to theironline services through various alliances withcable companies [17].24See [1] and[21], p. 13.25[20], pp. 1-2. In [22], pp. 7-9, Tony Rutkowskidescribes Internet standard-setting as an openprocess of trying different approaches andadopting those that work. Participation in thisprocess is fluid and open, and relevant technicaldocuments are freely available on the Internetitself. Thus the growth of the Internet helps todisseminate technical knowledge about theInternet, fueling further growth. This openenvironment is one reason the technology movesso quickly�partly because of efficient informationdistribution, and partly because participants must�race to innovate�e.g. by providing a moresecure service than the current Internet standardsspecify�to try to gain some form of competitiveadvantage, however temporary.appropriable at all. At the same time, thecomplementary assets are quite tightly held: bothcable and (local) telephone companies hold localmonopolies in their respective services, withenormous barriers to entry.2 6 Given thatcombination, Teece�s framework predicts that theowner of the complementary asset�i.e. the cable ortelephone company�is much more likely to profitfrom the innovation.27Although cable and telephone networks eachconstitute a monopoly infrastructure, control of thedistribution asset might be considered less tight ifthe two infrastructures are viewed as competingagainst each other in a single locale. Two realities,however, make this an overly idealized view. First,at present it is a rare community that has both ISDNand a suitably upgraded cable plant (the latter isespecially rare). Second, and more enduring, the twotypes of networks are not exact substitutes; cable canprovide higher shared bandwidth at lower cost,enabling services that ISDN can�t match.28 Becauseof this difference, an Internet provider may prefer towork with both types of infrastructure providers toreach customers with different service and pricepreferences, instead of using each infrastructureprovider as a foil to the other.Even in situations where the two networks do co-exist, two is still a small number of competitors,especially compared to the much more robustlycompetitive Internet provider industry. Thus there isa fundamental asymmetry inherent in anyrelationship between Internet and infrastructureproviders.29 This situation leads to the classicsmall-numbers bargaining problems predicted bytransaction cost theory [23]. The Internet provider, asmall company in a competitive industry, is26These barriers are not only economic�theenormous cost of installing wired infrastructure�but also legal. The failure of telecommunicationsreform legislation in the fall of 1994 means thatmany states still prohibit competition in localtelephony. Most cable companies operate as solefranchisees for a community; no other cablecompany can get permission to dig the streets,hang wires on utility poles, etc.27See [1], Figure 11, p. 297. In this situation, Teecesuggests contracting to limit exposure, butpredicts that the innovator is likely to lose to theasset holder in any case.28[15] explores this topic in more detail, showingthat for the same average bandwidth of 128 Kbps, acable system allowing 500 Kbps of peakbandwidth costs less to provide than an ISDNsystem allowing only 128 Kbps of peak bandwidthper subscriber.29The asymmetry extends to entry barriers as well.The capital requirements to enter residentialInternet access provision depend on router andwholesale Internet connectivity prices [15], bothof which are dropping with improving technologyand hot competition. And, of course, the technicalknow-how is freely available.

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillettcritically dependent on a complementary assetcontrolled by an infrastructure provider�a large,entrenched monopolist. Although when possible theInternet provider may try to play the twoinfrastructure providers off against each other, oncean agreement has been inked, three types ofrelationship-specific assets lock the Internet providerin, inviting opportunism.30The first relationship-specific asset is theknowledge of contacts and procedures at thepartnering firm. Although this asset applies to bothparties, its value is greater for the Internet provider,since the infrastructure firm is larger and morebureaucratic and therefore more difficult tonavigate.31The second sunk asset is the investment ininfrastructure-specific technological know-how.Expertise in getting Internet connections to workover cable modems does not transfer at all to anISDN environment. Once invested, an Internetprovider�s threat to leave the relationship in favor ofa different technology is not terribly credible.The third asset is the networking equipment thatis specific to the chosen infrastructure (e.g. cablemodems). This equipment is the main componentof marginal capital cost [15]. Who owns thisequipment is thus a key structural question for therelationship. If the infrastructure provider owns it,then that firm can relatively easily exit therelationship and transfer its assets to a relationshipwith a competing Internet provider. On the otherhand, if the Internet provider owns the equipment,the infrastructure provider has less to offer acompeting Internet firm and is less likely to leavethe relationship. If it does, however, it may leavethe Internet provider with a large strandedinvestment.32The power of the infrastructure providers isfurther demonstrated by a different kind of hold-upthat is already occurring: not entering relationships30A national Internet provider may try to play offsame-technology providers in different regions(e.g. Pacific Bell vs. Ameritech for ISDN, or TCIvs. Time Warner for cable), but a local or regionalprovider is less likely to have this option.31Lest the reader underestimate the value of thisasset, consider that many ISDN users have reported(in discussions on Internet newsgroups) that ittypically takes 4 phone calls to the localtelephone company to find someone who knowswhat ISDN is. A firm like Internex, Inc., whichresells Pacific Bell ISDN circuits to create Internetconnections, adds value for customers by hidingthis complexity.32An Internet provider covering a broad geographicscope is less vulnerable to stranded investment,since it can presumably use the same equipment inanother region. Even less risky would be to allowthe customer to own this equipment. Cablecompanies, however, are unaccustomed to thatmode of operation.in the first place. Customers may be asking forhigh-speed Internet over cable, but unless the localcable company decides it wants to play, Internetproviders have no power to offer this service. Thesituation is captured well by this quote from a recentnewswire story:�It takes a lot of cablebandwidth...to run a great deal ofdata quickly down the pipeline,�said Albert Young, a productmanager at Cox Communications,one of the nation�s largest cablesystem operators. �You could usethat more profitably for a videochannel.�33For ISDN, the local telephone company�s tariffscan serve a similar blocking function. ISDN pricingvaries widely across the different Regional BellOperating Companies (RBOCs) and GTE serviceareas. Some RBOCs (e.g. BellSouth, Pacific Bell)have set tariffs that encourage ISDN adoption anduse, while others (e.g. NYNEX) have set prices sohigh that they form an effective barrier toadoption.34 Not surprisingly, companies offeringInternet connections over ISDN are typically foundin the regions with reasonable ISDN tariffs.Diffusion of Internet access via ISDN wouldaccelerate if all regions adopted aggressive ISDNpricing.4 . 1 Incumbent entryTeece�s theory predicts that infrastructureproviders will retain any profits from high-speedresidential Internet access. Given the lack ofappropriability of Internet technology, onemechanism that could lead to this outcome is for theinfrastructure firm to absorb technologicalcompetence from the partnering Internet firm, thenuse it to enter the Internet provider businessthemselves. This section discusses two issues: isthis a credible threat, and if it is, should currentInternet providers be wary of entering strategicalliances because of it?4.1.1Is the threat credible?From a strictly economic perspective, the threatof entry from infrastructure providers�especiallytelephone companies�is very real. To provideInternet connections to subscribers over ISDN, theInternet provider must connect its equipment (e.g. itsInternet router) to the local telephone network. Thisconnection generally involves expensive leasedcircuits. If the provider equipment were located on33From November 30, 1994 Bloomberg newswire,reporting on the Western Cable Show in Anaheim,CA.34See, for example, [24]. Per-minute usage fees areoften part of ISDN pricing, discouragingresidential usage.

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillettthe same premises as the telephone network (i.e. intelephone company central offices), the service couldbe offered much more cheaply. Co-location isclearly an option for the telephone company;whether it is an option for Internet providers is lessclear.35 In any case, at least one telephone company(Ameritech) appears to be adopting this approach.36Such incumbent entry is also supported byeconomic theory. As predicted by Arrow�s theory[2], the telephone and cable companies�incumbentmonopolists with blockaded entry�had weakincentives to (and did not) originate the Internetservice innovation. But now that the visible successof Internet providers has increased the certainty ofthis innovation, the frameworks of [3] and [4] predicta much greater incentive for its adoption byincumbents.37 This is especially true since, farfrom cannibalizing existing services provided by theincumbents, Internet connections can have asynergistic effect.38From an organizational perspective, however,Internet providers may be forgiven if they greet thethreat of incumbent entry with a bit of skepticism.Table 3 contrasts qualitatively the environments inwhich Internet and infrastructure firms operate:35Co-location rights are often hotly contested, butusually encouraged by regulatory policy; see [7], p.262. Most cases have involved competitive accessproviders, who are accustomed to courtrooms andregulatory proceedings; most Internet serviceproviders are less comfortable in this arena. At theleast, securing these rights will require acontractual negotiation between the Internetprovider and the local telephone company.36See [25]. It is not a coincidence that Ameritech isone of the more ISDN-conversant RBOCs, nor thatit is one of the four telephone companies (PacificBell, Sprint, and MFS are the other three) recentlyawarded contracts from the National ScienceFoundation to manage the network interconnectionpoints of the newly-restructured Internet.37The certainty of the innovation extends toestimates of diffusion rates. For example, giventhe puny size of the Internet access market relativeto the infrastructure market (an estimated $100million for Internet vs. $80 billion for telephonyand $20 billion for cable), should an infrastructureprovider bother with it? If the Internet market isexpected to continue tripling in size every year(10% monthly growth rate), the infrastructureprovider may feel rushed to get in on the groundfloor of a market that will be big soon.Alternatively, if the infrastructure provider thinksthe 10% growth rate is a short-lived fad, the�endpoint� market may appear too small to beimportant. As the Internet�s astonishing growthcontinues over ever more years, it becomes evermore difficult to dismiss as a limited fad.38For example, customers may order a secondordinary telephone line, an ISDN circuit, or newcable service in order to gain access to the Internet.Table 3: Internet and infrastructureproviders operate in differentenvironmentsEnvironmentalattributeInternetprovidersInfrastructureprovidersCompetitionSignificantVery littleTechnologygeneration1.5-3 years15-20 yearsGovernmentroleFundingstimulusRegulatorFirm sizeSmallHugeThese environmental differences lead tosignificant differences in organizational culture andcapability. For example, regulation fosters amentality of always looking over your shoulder tokeep the regulator happy, as opposed to creative,rapid innovation.39 Skepticism about the ability oflarge, bureaucratic infrastructure firms to play in thefast-moving Internet industry�including eithergrowing or attracting and retaining the necessaryengineering talent�is well-founded.40The packet-switching communicationstechnology used in the Internet is also anarchitectural innovation. It uses the samecomponents as telephony�switching andtransmission�but configures them into a differenttype of system: best-effort, variable-performance39Regulation can also impose transaction costs; forexample, Ameritech�s Internet offering has tocontract out the long-distance portion of Internettransport, since RBOCs are not allowed to offerlong-distance telecommunications. The regulatorylegacy is a factor as well. Although localtelephone companies are currently allowed to offerinformation services (such as Internet), they wereprohibited from doing so from 1984-92 by theModified Final Judgment that settled the U.S.government�s antitrust case against AT&T [26].Deciding to offer Internet service�for a telephoneor cable company, since both are subject toregulation�thus requires not only an adjustment tothe new reality, but also a belief that this realitywill stick around long enough to make theinvestment worthwhile. Given the massivepolitical swings back and forth in Washingtonover the last 20 years, this belief may be hard tocome by at times.40A bearish indicator in this regard is the smallnumber of decision makers in infrastructure firmswho have or use full Internet connections. SomeInternet services (e.g. navigating the World WideWeb) are so different from users� existing mentalmodels of computer services that their value andpower, while trivial to demonstrate, can be difficultto explain and understand in the abstract. Thus aninfrastructure provider might easily fail to graspthe importance of technology transfer from anInternet partner, much as IBM managers, most ofwhom did not have or use their own PCs, failed tograsp the significance of the architectural shifttoward desktop computing [27].

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillettpacket delivery instead of the highly-reliable,guaranteed-performance circuit switching used bytelephony [20]. As [5] shows, it can be difficult forestablished firms to transition to a new architecture,because of the many architectural assumptions builtinto the existing organization. This transition willbe even more difficult for cable companies, whomust also acquire component expertise in switchingand bi-directional transmission.41In sum, entry of infrastructure providers intoInternet access is a likely scenario, while success ofthat entry is much less likely. It is quite possiblethat some nimble Internet providers will establisheffective capability in marketing, customer supportand reputation well before the infrastructure providerslearn to move quickly enough to be seriouscontenders. Given that the on-line service providersalready have strong name recognition, they appear tobe especially well positioned should they pursue theInternet provider market. Other importantcontingencies to track would be:¥ The lifting of the long-distance restrictions onthe RBOCs, which would further encouragetelephone company entry into Internet servicesby allowing full integration;¥MCI�s potential entry into local telephony.MCI has provided Internet circuits for manyyears and has strong Internet expertise. If theywere to start providing local telephone service aswell as long-distance, they could be the onlyplayer owning all the competencies listed inTable 2 and thus extremely well-positioned tooffer high-speed residential Internet access.424.1.2Should Internet providers be wary?While the Internet providers involved in alliancesto offer high-speed Internet access should be aware oftheir infrastructure partner�s strong incentive to usethem for technology transfer leading to eventualcompetition, they should not use this as an excuseto opportunistically hide information. Given hownon-appropriable general Internet know-how isanyway, the risk of relationship (and thus serviceoffering) failure from opportunism is far greater than41Giving subscribers the ability to talk as well aslisten involves several significant engineeringchallenges, including noise ingress and contentionschemes for shared access. The technology toaddress these issues is still in an era of ferment,with multiple candidates vying to become adominant design.42Sprint could also be similarly positioned, butappears to be concentrating more on sellingwholesale Internet to resellers than retail Internetto individuals. MCI has approval to offer localtelephone service in four states and has filed forapproval in six more, but is initially concentratingon serving business, not residential, customers[28].the risk of sharing information. Instead, both partiesshould concentrate on cooperating to make theinfrastructure-specific technology work, and toprovide excellent customer service and technicalsupport, so that their reputations are enhanced by theoffering.5Policy implicationsUp this point, the analysis has masked someimportant differences by assuming that both cableand telephone companies control their respectiveinfrastructure assets equally tightly. In fact, tworegulatory differences give the cable companiestighter control. First, unlike telephone companies,cable companies are not legally required to becommon carriers.43 Thus, aside from being moregeographically available than upgraded cablenetworks, ISDN service can also be procured for alower transaction cost: an Internet provider and itscustomers can purchase ISDN lines on a tariff (i.e.public price) basis, instead of the Internet providerbeing forced to enter a contractual negotiation.44Second, cable networks, unlike current telephonenetworks, are not subject to the kinds of open accessrules that allow any approved, subscriber-ownedequipment to be plugged into the network. This isone reason why the cable modem market is lessmature and competitive than the telephone modemand ISDN equipment markets. It is also a reasonwhy an Internet provider assumes greaterrelationship-specific asset risk in an alliance with acable company: with ISDN, the subscriber assumesmore risk by owning a major component of theISDN-specific Internet equipment.This analysis explains two empiricalobservations of the current marketplace:1.Internet over cable is typically based on a morecontractual arrangement than Internet overISDN;4543A common carrier is obligated to providetransmission services in a non-discriminatoryfashion to anyone who wants to purchase them; see[6], p. 59. One could argue that the extremely highcomplexity of ISDN counterbalances its commoncarriage status, for example by making availableonly a particular set of ISDN options that happensto be incompatible with the subscriber�sequipment. However, standards do finally appearto be emerging for data transmission over ISDN,such as the �Intel blue� configuration described in[29].44Not only is a contractual negotiation more effort,but a negotiation stacked in favor of the otherparty (as the analysis in this paper has suggested)is an even less appealing prospect.45PSICable is based on a contractual agreementbetween PSI and Continental Cablevision. Incontrast, InterRamp (PSI�s Internet over ISDNoffering) is almost completely independent of thetelephone companies; PSI supplies the customer

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillett2.Internet over ISDN, while nowhere near asavailable as ordinary dial-up Internet, is muchmore available than Internet over cable. Thisresult is partly a consequence of the firstobservation, as well as the greater maturity ofthe ISDN technology.Thus, without regulatory changes to mitigate thecurrent situation of monopolistic hold-up byinfrastructure providers, the diffusion of high-speedresidential Internet access is unlikely to keep pacewith the overall Internet diffusion curve.46 Theanalysis in this paper suggests two regulatorypolicies that can improve the chances of thisinnovation becoming a more widespread reality:¥Encouragement of all forms of competition inlocal infrastructure provision;¥Application of open access principles to cablenetworks.5 . 1 Local infrastructure competitionTo reduce the monopoly power of the cable andlocal telephone infrastructure providers vis a visInternet service providers, state regulators should notonly allow but also encourage all forms of localinfrastructure competition. This competition maycome from a variety of local distributiontechnologies, not all of which may be suitable forInternet access (e.g. direct broadcast satellite), butwhose combined effect on market power should leadto a more favorable negotiation for the Internetservice provider.Developments in those technologies that aresuitable for Internet access will be important forInternet service providers to track. Two-waywireless networks are a good example. Becausewireless networks require less physical infrastructureand disruption, they have much lower barriers toentry than cable and wired telephone technologies.When the federal government�s spectrum auctions arecompleted, several such networks are supposed to belicensed to compete against each other in any givenarea. This development should translate into newbusiness opportunities for residential Internet servicewith the name of a contact at the appropriate localtelephone company, who is supposedlyknowledgeable because PSI has previously mailedthat person information about the service. Inbetween these two extremes is Internex, Inc.,which has a standard reseller agreement (i.e. a�lightweight� contract, without much need fornegotiation) with Pacific Bell, and handles theordering of ISDN service on behalf of the customer.46This prediction assumes that consumer demand iselastic enough to be reduced by the higher pricesthat will necessarily be charged for high-speedaccess, both because of its more complextechnology and the monopoly power of theinfrastructure providers.providers.Incumbent infrastructure providers integratingupwards into Internet service should also beconsidered as a form of competition to beencouraged. As the analysis above has shown, thesefirms face a number of internal challenges on theroad to becoming fast-moving and innovativeenough to succeed in this market. Regulators canhelp by reducing the restrictions that keep thesefirms looking over their shoulders, such as the long-distance restrictions that make it more difficult for alocal telephone company to offer a full line ofInternet service.475 . 2 Open access to cable networksIncreased competition alone will not address allthe problems identified in the analysis above; openaccess to local infrastructure is also needed, on boththe provider and subscriber sides of the network.Open access is much further advanced in localtelephony than in the cable industry. On thesubscriber side, since the early 1980�s customershave been able to attach their own telephoneequipment to the network, resulting in a wide varietyof benefits [26]. This ability has been a criticalfactor in the success of data transmission overordinary telephone modems and is currently helpingto drive the diffusion of a plethora of ISDN-compatible computer networking equipment. On theprovider side, the FCC�s Computer Inquiry III in1986 established Open Network Architecture (ONA)as a goal, and regulatory policies since then havebeen evolving to incorporate the principles ofunbundling of services (such as billing and transport)and co-location of competing providers at telephonecompany Central Offices.48These principles have not been applied at all tocable networks, which, as the analysis in this paperhas shown, has hindered the development of the�Internet over cable� innovation. Open access on thesubscriber side would accelerate the technologicaldevelopment of cable modems and lower theproviders� risks by distributing among subscribersthe cost of a large portion of the necessaryequipment. On the provider side, open access wouldstrengthen the Internet provider�s position relative tothe cable firm, so that more Internet providers wouldbe willing to ink contracts.On the subscriber side, the cable industry hasfought against open access using many of the sametechnological �it will destroy the network�arguments that the telephone industry used to blockthe connection of customer-owned devices to the47Further detail on this point can be found in [8], pp.117-20.48See [7], p. 226, and [6], pp. 79-80. Wherephysical co-location is impractical, regulatorshave sometimes adopted �virtual co-location�through special tariffs.

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillettnetwork for many years.49 Given that the predictedproblems did not come to pass in telephony, it isclear that mechanisms other than provider ownershipof subscriber equipment�such as standardization,FCC equipment approvals, and software-basedauthorization�can successfully solve network safetyand security problems. In this context, it becomesdifficult to take seriously the cable industry�sarguments against open subscriber access.The extreme of open access on the provider sidewould be common carriage, an impractical goal forthe existing cable industry [6, 10]. A moreappropriate goal is application to the cable industryof the kind of open interconnection rules�such asco-location rights and availability of unbundledbilling services�that have been developed under theFCC�s umbrella Open Network Architecture. Theserules would not in any way prevent cable companiesfrom vertically integrating into content, just as theydo not prevent telephone companies from sellingtelephone service instead of pure bit transmission.However, they would make it easier for Internetservice providers to gain access to cable channels.Two key differences between Internet and videoservices make easier access particularly important.First, the �content� that the Internet provider has tooffer (i.e. access to the Internet) is presumablydesirable to the customer, but not unique to thatprovider; in contrast, the uniqueness of video contentgives its owners more power relative to cableinfrastructure providers. Second, the large number ofchannels envisioned for the future consists mainly ofdownstream channels; upstream channels, requiredfor Internet service, remain scarce. Thus, theargument that a multi-channel future makes openaccess less important must be examined critically inlight of this requirement.In the short term, adoption of Internet access overcable will have to take place within the existingregulatory framework. A first step in this directionmight be use of the Public, Educational, andGovernment (PEG) channels available to municipalcable franchising authorities.50 These channels aresometimes used to provide data networking betweenmunicipal institutions (e.g. town governmentoffices, libraries, and schools), and could potentiallybe used to connect these same institutions to theInternet. These channels are not, however,designated for residential services.6Conclusion49A summary of these arguments can be found in[30], pp. 62-63.50See [6], pp. 8 and 62-5. Under current federal cablelaw (The Cable Television Consumer Protectionand Competition Act of 1992), municipal cablefranchise authorities can negotiate the use ofchannels for public, educational, and governmentalpurposes.A less lopsided relationship between Internet andinfrastructure providers helps to spur the diffusion ofhigh-speed residential Internet service. Access tolocal ISDN telephone networks�on both thesubscriber and provider sides�has been more openthan access to local cable networks, which hasfavored the development of subscriber equipment andservices for Internet access over ISDN vs. cable.Increased competition between both incumbentinfrastructure providers and new networks, as well asmore open access to cable networks, will benefitInternet and on-line service providers seeking toreach residential customers with innovative services.References[1] Teece, D.J., Profiting from technologicalinnovation: Implications for integration,collaboration, licensing and public policy.Research Policy, 1986. 15(6): p. 285-305.[2] Arrow, K.J., Economic Welfare and theAllocation of Resources for Invention, in TheRate and Direction of Inventive Activity, R.Nelson, Editor. 1962, Princeton UniversityPress: New Jersey.[3] Gilbert, R.J. and D.M. Newbery, PreemptivePatenting and the Persistence of Monopoly.American Economic Review, 1982. (June 1982):pp. 514-95.[4] Reinganum, J.F., Uncertain Innovation and thePersistence of Monopoly. American EconomicReview, 1983. 73(September 1983): pp. 741-48.[5] Henderson, R.M. and K. Clark, ArchitecturalInnovation: The Reconfiguration of ExistingProduct Technologies and the Failure ofEstablished Firms. Administrative ScienceQuarterly, 1990. 35(March 1990): pp. 9-30.[6] Johnson, L.L., Toward Competition in CableTelevision. AEI Studies in TelecommunicationsDeregulation, ed. J.G. Sidak and P.W. MacAvoy.1994, Cambridge, MA: The MIT Press.[7] Brock, G.W., Telecommunication Policy for theInformation Age: From Monopoly toCompetition. 1994, Cambridge, MA: HarvardUniversity Press.[8] Baumol, W.J. and J.G. Sidak, TowardCompetition in Local Telephony. AEI Studies inTelecommunications Deregulation, ed. J.G.Sidak and P.W. MacAvoy. 1994, Cambridge,MA: The MIT Press.[9] Crandall, R.W. and K. Flamm, ed. Changing theRules: Technological Change, InternationalC o m p e t i t i o n , a n d R e g u l a t i o n i n Communications. 1989, The BrookingsInstitution: Washington, DC.[10] Pool, I.d.S., Technologies of Freedom. 1983,Cambridge, MA: Harvard University Press.

Encouraging Cable and ISDN Internet AccessProc. INET ’95S.E. Gillett[11] Rendleman, J., MCI First Carrier to OfferInternet, Communications Week, November 28,1994, pp. 1, 91.[12] Flynn, L., In the On-Line Market, the Name ofthe Game is Internet, The New York Times,September 25, 1994, New York, NY. p. F7.[13] Mehta, S.N., Small Fish Seek the Big asInternet Industry Consolidates, The Wall StreetJournal, June 24, 1994, Chicopee, MA.[14] Srinagesh, P. Internet Cost Structures andInterconnection Agreements.TelecommunicationsPolicy Research Conference. Solomons, MD:October 1-3, 1994.[15] Gillett, S.E., Connecting Homes to theInternet: An Engineering Cost Model of Cablevs. ISDN. MIT Masters Thesis, 1995.[16] Cronin, M., The Internet White Paper,Supplement to Communications Week, April18, 1994, pp. WP41-WP66.[17] Markoff, J., Potent PC Surprises Those Bettingon Interactive TV, The New York Times, May 8,1994, New York, NY. pp. F1, F8.[18] Robichaux, M., Comcast Plans to Send On-Line Services to PCs Over Its Vast Cable-TVNetwork, The Wall Street Journal, December 7,1994, Chicopee, MA. p. B4.[19] Schwartz, J., Wireless Modem StandardEmerges, Communications Week, December 19,1994, pp. 1, 71.[20] Comer, D.E., Internetworking with TCP/IP,Volume I: Principles, Protocols, andArchitecture. Second Edition. 1991, EnglewoodCliffs, NJ: Prentice Hall.[21] Teece, D.J., Competition, cooperation, andinnovation: Organizational arrangements forregimes of rapid technological progress. Journalof Economic Behavior and Organization, 1992.18(1): pp. 1-25.[22] Neil, S., et al., Cooperative/CompetitiveStandards-Making: Information Infrastructure andthe New Reality, MIT Communications Forum,November 4, 1993.[23] Besanko, D., D. Dranove, and M. Shanley, TheTransaction Costs of Market Exchange, in TheEconomics of Strategy. Forthcoming.[24] Pappalardo, D., ISDN Still Costly, Hard toGet, Communications Week, March 13, 1995, p.28.[25] Messmer, E., Ameritech to launch IP servicesin 5-state region, Network World, March 21,1994, p. 62.[26] National Telecommunications and InformationAdministration, The NTIA Infrastructure Report:Telecommunications in the Age of Information.1991, National Telecommunications andInformation Administration, U.S. Department ofCommerce, Washington. D.C.[27] Ferguson, C.H. and C.R. Morris, ComputerWars: The Fall of IBM and the Future of GlobalTechnology. 1994, New York: Times Books.[28] Davis, B., MCI Petitions for Additional LocalMarkets, Communications Week, January 2,1995, p. 49.[29] Derfler, F.J., Jr., Betting on the Dream, PCMagazine, October 25, 1994, pp. 267-287.[30] Large, D., Creating a Network for Interactivity,IEEE Spectrum, April 1995, pp. 58-63.Author InformationSharon Eisner Gillett is completing her MS inMIT�s Technology and Policy Program and herMBA from MIT�s Sloan School of Management.Since 1992 she has been a Research Assistant withMIT�s Research Program on CommunicationsPolicy and the Telemedia, Networks, and SystemsGroup of MIT�s Laboratory for Computer Science.Her research has focused on localtelecommunications economics, Internet access, anduniversal service. Sharon earned her AB in Physicsfrom Harvard-Radcliffe. From 1982-92 she workedat BBN Communications Corp. and ThinkingMachines Corp. She can be reached at MIT RPCP,E40-236, One Amherst St., Cambridge, MA 02139,USA, (617) 253-4138.