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Abstract

This paper explores the impact of the Internet on the deployment of technology for
advanced residential network access. While the shape of the future is certainly not clear,
certain considerations provide a basis for conjecture: the high cost of new wireline
facilities, the emerging ability to provide higher quality Internet service over the existing
wireline facilities of the incumbent LEC and cable providers, the rapidly changing nature
of the Internet and its service requirements, and the open nature of the Internet’s
interfaces, which tendsto inhibit vertical integration of the Internet and the higher-level

services provided over it.

One possible outcome, considering these factors, is afuture in which thereisonly a
limited degree of competition in the provision of residential Internet service, and the
degree of actual consumer choice changes rapidly due to the changing nature of the
Internet, as well as the investment decisions of the facilities operators. Over the next
decade, choicein residential Internet access could become as much of an issue as choice
in local telephone serviceistoday. Research and innovation in alternative modes of

residential Internet access might improve the future options for competition.

Introduction

The industry structure surrounding the local loop is changing fast. The continuing process

of deregulation combines with the advent of new service offerings such as the Internet to
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provide a powerful push for evolution. In attempting to examine this market, the factors
that are easier to assess are those that surround the more mature telephone and television
services. Attention is naturally directed there, because of the level of current and past
investment, and the size and influence of the industry players. Nonetheless, itis
important to look at the possible shape of the industry that might emerge around new
services, particularly the Internet, as they relate to the deployment of advanced local loop
facilities. While such alook must be very speculative, it can provide a common
framework for discussion, and perhaps a common understanding of the range of options
within which the future will evolve. It is possible that within a decade, society will be as
concerned with the industry structure behind the Internet—the nature of competition, the
range of consumer choice, the rate and level of investment in support of innovation—as

we are today with the telecommunications industry.

It isdifficult to predict the future course of the Internet. The Internet is a creature of the
computer industry, and it evolves rapidly, as do all parts of that industry. It evolvesin
response to the emergence of new computer-based services, and the services and the
Internet drive each other. The rapid rate of innovation interacts with the need for new
investment to sustain the advances, and this interaction creates a future that is difficult to
predict’. But there are specific factors that seem to constrain the future, especially when

looking at the local 1oop.

The key issues facing the potential provider of advanced access to the residence are as
follows. Toinstall anew generation of access technology that reaches the residence and
small businessis expensive. Thislevel of investment is not likely to happen many times
in agiven location in any technology cycle, especially for wireline services that imply a
large, up-front investment. The business case justifying any such investment will be built
on three mgjor service offerings—telephony, television and Internet. The former two are
relatively well understood, but the rapid evolution of the Internet makesit is harder to
predict the nature of the higher level servicesto be delivered there. At the same time,
predicting the future Internet-based servicesis critical, because these determine the

importance and utility of advanced access facilities. One must ask whether in the life of



any current or new access facility, the Internet will evolve to deliver new services such as
television and telephone service, or just continue to provide the “traditional” Web and e-
mail? There is thus a tension between the apparent drive for the Internet to evolve, and

the difficulty of justifying the necessary investment.

The goal of this paper isto focus on possible shapes of the industry surrounding the local
loop that provides network access to the residence and small business, looking at the
Internet as a shaping factor. The intention isto provide a framework for debate and
identify certain constraints on the future, while acknowledging that this sort of discussion

isvery speculative.

Baseline: the “old” structure

To provide a baseline for discussion, figure one presents a simplified and abstracted
illustration of the past, showing the three major communication services that reached the
home, and the technologies that carried them. Telephone was carried over copper pairs,

radio over metropolitan broadcast, and television over broadcast or co-axial cable.
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Figure 1: Past industry structure of residential access.

There are two important points about this structure. First, there isadirect linkage

between the delivery technology and the service, e.g. the provider who installed and

! For ageneral discussion of the uncertain but inevitable evolution of the nation’ s communications



operated copper pairs knew that the service being provided was telephone. This clarity in
defining the line of business allowed the provider to design his system to optimize the
known service, and made it somewhat straightforward to construct a business plan for
investment in infrastructure. Second, and related, the service and the technology were
provided by the same company. The facilities provider and the service provider were

vertically integrated.

The emerging structure

Starting some time ago, this picture began to change. Divestiture, and the resulting
recognition that it was potentialy beneficial to be in multiple lines of business, caused
the ssmple picture to evolve toward a more complex structure. Figure two represents a
view of what we might expect in the near future, where solid lines represent what is
actualy available today, and dotted lines represent reasonable possibilities in the not too
distant future. The services represented are the same with the addition of the Internet,
and two new wireless delivery technology modes have been added, satellite and cellular

(in contrast to single-tower metropolitan broadcast).
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Figure 2: Emerging industry structure of residential access

infrastructure, see the report by the Computer Science and Telecommunications Board (1996).



There are severa points about this picture. Thefirst isthat the strong vertical pairing of
the first figureisreplaced by a matrix structure. Many services are coming over severd
delivery technologies. Second, the Internet isin an interesting intermediate position. It is

delivered over lots of technologies, and lots of services are (or can be) delivered over it.

The telephone industry as an example

Figure three extracts from figure two the subset of links that relate to telephone service.
The way the copper pair is being used has expanded, in that (at least in the U.S.)
unbundling has been mandated as away to increase competition. But telephone serviceis
also available using cellular communication, is now becoming available from satellite,
has been provided in certain areas over co-axial cable, and is emerging as a service over

the Internet. While some of these modes are not yet technically mature (such as certain

Internet

Figure 3: Alternatives for access to telephone service.




forms of Internet-based telephony?) and some like telephone over cable are being pushed
by only some of the potential providers (for reasons that may have to do with economics
and regulation as much as technology), this picture illustrates the complexity of the
situation that the consumer, the industrial players, and the regulator must come to dedl

with.

The regulatory situation is certainly more complex, in that it is now much less clear what
(if anything) isto be regulated. In the old structure, the vertically integrated industries
were easy to identify. But in this picture, should one look at diversity in facilities, in
higher level services, or some other criteriato assess the potential need for regulation?
From the perspective of the consumer, the concern is quality and choice in the high-level
services—telephone, television and so on. The consumer is not directly concerned with
the range of technology choices—how many fibers, coax lines and copper pairs reach the
house. This suggests that regulators should ook at the higher level servicesto determine
if consumer needs are being met by the competitive marketplace. However, the
regulatory history, at least in the US, applies a different regime to different providers
based on the facilities they own. When a cable company and a tel ephone company
propose to offer Internet service, they are subjected to different constraints because they

are covered by different parts of the law®.

The unique nature of the Internet

In figure two, the Internet occupies a unique position. It can be provided over almost the
full range of current and emerging local access technologies, and it can (or will in the
future) be ableto provide all of the enumerated services. It thus has the potential to be a
universal means of facilitating the delivery of high level servicesto the consumer. Figure

four extracts from figure two the relationships relevant to the Internet.

Thisway of looking at the Internet is not new. A report from the Computer Science and

Telecommunications Board (1994) illustrated the Internet as an hourglass, providing a

2 Clark (1998) provides an analysis of different sorts of Internet telephony and the factors that limit the
deployment of each.

3 A recent working paper from the FCC Office of Plans and Policy (Esbin 98) offers a good discussion of
the history and current status of regulation in this context, and uses the phrase “ parallel universes’ to
describe the possible outcome of the straight-forward application of today’s regulation.



single common means (by way of its standardized interfaces) to make a wide variety of
technologies available to awide variety of services. Tennenhouse et al. (1996) proposed
the concept of a Virtual Infrastructure, where arange of technologies support a range of
services viaasingle intermediate layer that they refer to asthe “brokerage”’. Asfigure
four makes clear, thisrole as a cross-connect between technology and serviceisavery

significant one for the Internet in the context of the local loop.
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Figure 4: Potential industry structure surrounding the Internet.

Services over the Internet

Looking first at the upper half of figure four, how will higher-level services over the
Internet evolve, and what will be the implications? More specifically, what will inhibit or
enhance the introduction and offering of each sort of service over the Internet? Second,
are there forces that would favor or inhibit the integration of the higher-level service with

the provision of the basic Internet service itself?

This second question of who provides the higher level services and applications over the

Internet is critical in predicting the future of the Internet and the industries that drive and



shapeit. The servicesthat are illustrated in figure two do not include the “old” services
that we traditionally associate with the Internet—e-mail, the World Wide Web, file
transfer and so on. For completeness, some of these are added to figure four. To an
experienced user of the Internet, these services are what the Internet is “for” today. | did
not include them in figure two for a simple reason. These are not services that are today
provided by a*“service provider”. They do not represent services that somebody sells, and
consumers purchase. They come into existence through the combined efforts of all the
producers and consumers of content and information exchange. People may make money
by selling a particular file, but no service provider makes money by selling the “file

transfer service”.

The new servicesthat | illustrate have more direct analogs in the pre-existing world of
consumer communication—telephone, radio and music delivery, and television. The
cable television industry, if not the broadcast industry, sells accessto television asa
subscription service, which they present as a bundle with options, all of which they

package and select for marketing.

An important speculation about the Internet is whether this more integrated model will
emerge for some higher level Internet services, in which these services are bundled with
the lower level delivery service for the Internet itself. Past experience would suggest that
the answer isno. As noted above, current high-level services are not sold by Internet
Service Providers as bundled products. Computer-to-computer Internet telephony is
emerging as a collection of stand-alone software packages and network-based products
being sold by independent third parties, not as a service being provided by Internet
Service Providers (or anyone else). Other high-level services that are now evolving seem

to have asimilar structure®.

* The question of whether the Internet will lead to layered or integrated industry structure is discussed in a
number of papers. Tennenhouse et al. (1996) argue that a horizontally layered system with decoupled layers
will evolve naturally given the properties of digital technology, unless present convergence activities create
atemporary monopoly condition. Gong and Srinagesh (1997) argue that the open structure, while a natural
consequence of the open interfaces, may lead to reduced investment in facilities. Kavassalis et al. (1998)
discuss the factors that lead to different market structures, and conclude that a layer such as the Internet can
be sustained as an open interface, to some extent because Internet service, in contrast to raw capacity (e.g.
fiber), is not a commodity but a differentiable product that will permit providers to set prices based on their
value to the customers.



Internet radio/music

Internet radio, which is now emerging as a significant offering on the Internet, provides a
chance to observe the development of an industry in its early stages. There are content
packagers, such as Broadcast.com®, that are assembling alarge amount of material and
provisioning their own wide areainfrastructure to better deliver it. At the sametime,
individual performers, radio stations and other “small” sources of audio material are
making their content available in piecemeal fashion. Whether the large or the small
providers of audio content succeed in the market, the Internet Service Providers do not
seem to be a significant provider of any of this service. Their only roleisto upgrade the
Internet to better carry this sort of content, and perhaps thus justify a higher fee for their

Internet service.

Internet television

This application of the Internet does not really exist at the time of thiswriting. But it is
informative to speculate on the different formsit might take. A ssmple option is that
television over the Internet works exactly the same way television does today—very high
bandwidth access links are installed, and 50 to 100 or more channels are broadcast to the
consumer over these links. However, an aternative model might be that the consumer
subscribes to a number of sources of content, and these are downloaded in advance on to
alocal disk at the site of the consumer, where they can be watched at will. Some sorts of
content, like the full-time news and weather channels, which provide highly repetitive
material, might achieve a tremendous reduction in required bandwidth to deliver their
material by downloading the various pieces just once in the background, and then letting
the viewer watch them later. Thismodel of video distribution would contribute to much
greater diversity of programming, because channels with only limited content

(insufficient to fill a cable dlot full time) could still develop a market.

Thismodel of Internet television cannot instantly come into existence, because it requires
simultaneous evolution of the local 1oop, the consumer equipment (the successor to the

set-top box) and the mode of content formulation and organization by the producer. This

5 See http://www.audionet.com/about/ for information on this company and its offering.



interaction illustrates the point that the Internet and the applications that run over it co-
evolve, which makes predicting the future (and especially itstiming) very difficult. But
depending on which model emerges, the communi cations technology that supports the
Internet, for example satellites, might be subject to very different requirements—high
speed download of real time video or “trickle charging” the consumer’ s equipment with

pre-requested content.

Technology base

Turning from the upper part of figure four, which concerns higher-level services, to the
lower part, which concerns the delivery technology, there are again two questions to ask.
First, to what extent are al of these technology options the same from the perspective of

the user? Second, how rich will the competition be in providing them?

Thereisawide range of delivery modes for Internet illustrated in figure four. They differ
in anumber of respects. Some, like ADSL and IP over cable, are capable of rather high-
speed delivery, perhaps several Mb/s (at least “downstream” towards the consumer).
Internet over dialup modem, in contrast, islimited to no more than 56 Kb/stoday, and is
not likely to get faster. Some forms of wireless service will be even slower than this.
Different delivery modes differ not just in speed. For example, Internet over dialup
modem is only connected when the consumer makes a phone call for the purpose.
Internet over cable and ADSL (high-speed Internet over copper) are services designed to

be available at all times.

Do these differences matter? The answer is that it depends on the higher level service
being used by the consumer. For e-mail, thereislittle compelling difference between a 56
Kb/s modem and afaster link. For cruising the Web, the increased speed seemsto be
valuable, and for Internet television, when and if that becomes significant, the 56 Kb/s
modem will simply not be enough. Some forms of Internet telephony, in which calls are
placed to the recipient directly over the Internet, are difficult to bring to market if the
recipient is not connected to the Internet at all times. If the user must dial up in advance
to receive acall, this prevents receiving a call without pre-arrangement. Thislimited

service is hardly areplacement for traditional telephone service. On the other hand, using
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an “awayson” Internet service such asis provided by Internet over cable, it is possible to
receive an unanticipated call, the way the telephone system workstoday. So the features
that the Internet customer will demand will depend on the higher level servicesthat are
currently popular. And if amajority of the users do not have a suitable Internet service,

this can cause certain high level servicesto stall in the market.

Competition in providing Internet access service

Just as we are concerned today with competition in the provision of telephone service, it
isimportant to inquire now as to what degree of competition might finally emergein the
provision of Internet service. Thereis no certain answer today, of course. But we can see

the relationship between decisions now being made and the eventual outcome.

One fact that seems quite certain is that installing a whole new wireline facility is very
expensive. It isnot likely that there will be many new wires (or fibers) installed to the
residence in any technology cycle. At the sametime, there is anecdotal evidence that the
higher-speed Internet options such as Internet over cable (or more specifically cable
modems over Hybrid Fiber-Coax or HFC) are proving sufficiently popular that they may
come to represent a distinct variant of Internet access for which the slower optionslike
dialup do not provide a direct substitute. Today inthe U.S,, thereistypicaly one
provider offering copper pairsfor ADSL (the incumbent LEC) and one provider of cable
in any given area. (The situation in other countries will vary, as different patterns of
deployment and cross-ownership apply in different parts of the world.) These are the only
two high-speed wireline infrastructure options currently in the picture. So one extreme
for future Internet service is that high speed Internet service is provided by a duopoly,
consisting of the current LEC and the current cable provider. Unless there is some

business or regulatory pressure to move away from this outcome, it isalikely one.

There are other outcomes that are not so extreme. The LEC might sell an“ADSL”
service, and permit the consumer to select from a number of competing Internet services
over that ADSL link. Or the LEC might be forced to unbundle the copper loop for ADSL
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service, by analogy with the current approach to service competition for telephone
service®.

Whileit is not possible to predict with certainty how these options might evolve, one can
look at the current approach of the cable industry for afirst hint. Currently, those cable
providers who choose to sell Internet service over their cable do so by offering the
consumer a bundled Internet service option, which they provide and sell as a part of their
overall service product. There has been no tendency to give the consumer a choice of
Internet Service Providers over their cable infrastructure. Were the LECsto follow this

model, a duopoly in high speed Internet service would be the outcome.

If high-bandwidth applications of the Internet become popular, so that the dialup service
becomes a second-tier service for customersinterested in low price rather than service
quality, the current very competitive market for consumer Internet access over modem
will become sgqueezed into one low value corner of the market, with the high end
concentrated in the facilities-based providers, of which there might only be two. This
sequence of events would signal amajor transformation of the consumer Internet Service

industry.

The technical innovation most likely to alter this picture would be the emergence of some
wireless service with enough bandwidth to compete with the performance of the wireline
solutions. But this sort of service raises serious technical challenges, including the
availability of sufficient suitable wireless spectrum, the difficulty of achieving the
requisite bandwidth to the user, the need to provide the “aways on” form of the service,
and so on. It may be that if the duopoly as the final outcome is not considered an
adequate range of choices for the consumer, some intervention in the market may be

required.

® The recent filing by NTIA (1998) to the FCC advances both these options as desirable outcomes, and
supports regulatory unbundling of DSL facilities. This suggests that they believe that regulationis
necessary, even a this early stage of the emerging market for advanced services, to mitigate the power of
the facilities owner.
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Hybrid technology

One interesting issue that is only now emerging is that it may be possible to construct a
superior Internet service by using more than one sort of residential access technology at a
time. For example, one variant of Internet accessis provided today using satellite or cable
in one direction and telephone links in the other. In the future, we may see more novel
hybrids, for example involving low and high orbit satellites. Since, traditionally, one
industrial player hasinstalled one sort of technology, these hybrid options will force
some sort of relationship between multiple players to provide the overall service that the

consumer purchases.

A “next generation” local loop technology?

Thereis continued specul ation that some form of advanced access technology might be
widely installed to the residence, for example fiber to the curb or fiber to the home. At
present, there does not seem to be any widespread planning or investment in these next
generation technologies. There are anumber of observations that can be offered
concerning this situation. One s that the expense is such that the typical consumer will
not see ahigh level of competition in this offering. It is quite possible that there would be
at most one version of anext generation wireline service for most consumers. Second,
any such investment would almost certainly be motivated by the desire to get into as
many high-level businesses as possible—telephone, television, Internet, and so on. So
were this deployment to happen, it would represent a rather complicated business
situation. On the one hand, it might serve to increase the competition in all of these
higher level services. On the other hand, it might represent a non-competitive presencein
the access market that might drive the less capabl e technol ogies from the market and
leave the consumer with insufficient choice in the basic access service. That outcome
might lead to regulation of the new access facilities, specifically enforced unbundling of
the new facilities so that competitive providers of telephone, television and Internet are
assured access. Certainly, anticipation of this regulatory outcome would have a chilling

effect on the business plans of potential investors.
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Since over 40% of U.S. homes have personal computers, it is aplausible guess (but still
just aguess) that at the right price there would be similar demand for high-bandwidth
advanced network access, even if al it did was improve the utility of the PC by enabling
a better version of Internet service. In fact, if awhole neighborhood iswired at once, the
cost to each household might be the same magnitude as the purchase of a personal
computer. However, individual consumers cannot make independent decisions to have
advanced wireline facilities installed. To keep the cost of installation at a reasonable
level, it is necessary to wire (or re-wire) a whole neighborhood at the same time. Thus,

collective rather than individual decision making is necessary.

Given the risks to the private investor, and the inability of the individual consumer to act
independently, it is possible that the future picture is one in which the access technology
is arecognized monopoly or a non-profit or government sponsored facility, but thereis
open competition for all the services that run on top of it, including telephone, television
and the Internet. At the current time, there are a number of local municipal governments
experimenting with the installation of advanced access facilities, such as fiber to the
home’. While the approaches vary widely in design, including both the services offered
and the model of financing, many require the consumer to pay a significant up-front cost.
By asking the consumer to bear some of the up-front cost, the financial risk to the
installer isreduced. At the same time, the non-profit or governmental player makes
possible the necessary collective action so that whole neighborhoods or communities can

be upgraded at once.

Regions of different demographics, regulatory history and physical conditions offer

different opportunities for competition and can support different technical options. The

" Examples include Ashland, Oregon, see http://www.projecta.com/afn/, Palo Alto, California, see
http://www.city.pal 0-alto.ca.us/palo/city/utilities/fth/index.html and Glasgow, Kentucky, see
http://www.glasgow-ky.com/. The term “Community Networking” is used to cover arange of activities
from municipal wiring to library-based access and community web pages. Useful sitesthat relate to
community networking include a Web site maintained by David Pearah at the Internet Telephony
Consortium at MIT, see http://itel.mit.edu/communitynetworks/links.html, the site of the Center for Civic
Networking, see http://civic.net/Ignet/telecom.html, the Community Networking page of Big Sky
Telegraph, see http://macsky.bigsky.dillon.mt.us’community.html, a resource page from the Association of
Bay Area Governments, see http://www.abag.ca.gov/bayarealtel co/other.html, the Directory of Public
Access Networks maintained by the Council on Library and Information Resources (CLIR), see
http://www.clir.org/pand/pand.html, and an online guide maintained by Paul Baker at GMU, see

http://ral ph.gmu.edu/~pbaker/index.html.
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northeastern part of the United States, which mostly has a dense tree cover, has fewer
options for wireless deployment than parts of the west, since the water in the tree leaves
is opague to many of the frequencies used for broadband wireless access. Multi-family
dwellings can have alower cost to wire than the dwellings on the fringes of the suburbs,
and thus might better sustain competition in access options. Any specul ations about the
future, whether business plans or options for regulation, must take into account that
different conditions may prevail at different times and places. We are not likely to see
either a uniform monopoly or successful universal competition in advanced services. And
specific providers may find themselves in different states of competition in different parts
of their operating range. These realities will raise new issues for regulators and policy

planners.

Conclusions

Wholesale installation of wireline access technology to the residence is expensive enough
that we cannot expect arush to enter this market. At the present time, there are two
incumbents, the LEC and the cable provider. Both are moving to enter new service
markets, in particular the Internet market. A number of factors will shape the future of the
local loop. In the short run, there do not seem to be any serious plansto install additional

wires (or fibers) to the home.

One possible outcome is that there are two providers of high-bandwidth Internet service,
the incumbent LEC and cable provider. While there will be other forms of Internet access
(wireless, satellite, and so on) these may be sufficiently different in features such as
bandwidth and continuous availability that they do not directly substitute for the high-
bandwidth wireline solutions. The result is a duopoly in the provision of residential

Internet access.

If this outcome is considered undesirable, one way to mitigate it (other than regulatory
intervention) would be to encourage research in alternative delivery technologies,
including high bandwidth wireless, and hybrid models that use more than one technol ogy
to build a single, high-performance Internet service. However, exactly which forms of

Internet service are in practice substitutable will depend on which higher level
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applications become popular, and that popularity can and will change over time. It isthus
plausible to anticipate that the competitive breadth of the residential accessto the Internet
may change with the pace of the evolution of higher level services, which can happen

much faster then the pace of infrastructure investment.

The implication of the Internet for consumer access to higher level servicesisthat there
may be increased competition in the provision of these services, including those such as
telephone and television that are limited in competitive breadth today. This derives from
the open character of the Internet design that militates against vertical integration of the

Internet service provider and the higher-level service provider.
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