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EXECUTIVE SUMMARY

Telecommunications--connecting people and places by the electronic transmission of voice, data, or
video images--is an area of exciting technological growth. This new technology and changes in the
marketplace create exciting opportunities for Minnesota.

In our study, we looked at these questions:

. How can Minnesota acknowledge and capitalize on new realities in the
telecommunications industry that may affect our economic prosperity, while at the
same time protecting the public interest?

. Given changing technology, are changes needed in state telecommunications
policy, including regulation and structure, to encourage timely and geographically
widespread capital investment and to ensure appropriate degrees of access?

MINNESOTA'S SYSTEM OF TELECOMMUNICATIONS

Telecommunications describes a broad landscape that goes well beyond voice phone service. For
example, it includes transmission of video and data, and the integrated transmission of voice, data,
and video. It also includes the technologies of cellular transmission, whether mobile or fixed, and
of cable communications.

New Competition

Modem telephone networks are made up of three elements: (1) the local network, (2) the long-
distance network, and (3) customer premises equipment. At one time, AT&T enjoyed an end-to-
end monopoly including all three elements. Over the last 20 years, a series of decisions by
‘regulatory agencies, courts, and other policymakers has made competition possible for long-
distance service and for customer premises equipment. AT&T's monopoly on long-distance
service was among the first to go. Furthermore, the monopoly of local telephone companies on
local service is no longer the exclusive franchise it once was. Large businesses can use satellites or

altemative service providers to place their long-distance calls, effectively bypassing the local
company.

Investment in Facilities

Much of the potential of telecommunications is made possible by technological advancements. For
example, the national voice telephone network is built on millions of miles of copper wires. The
next generation of networks is being built with optical fiber. Fiber optic is based on beams of light
transmitted through glass fibers. It has superior capacity and reliability when compared to pairs of
twisted copper wire. While a bundie of 144 optical fibers can carry 80,000 two-way voice
conversations, a similar-sized bundle of twisted copper pairs can transmit 3,456 conversations. By
one count, 3,800 miles of fiber optic have been installed in Minnesota.
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US WEST Communications
(familiarly known as
Northwestern Bell) is by the far
the largest of the 94 companies
providing local telephone service
in Minnesota. It operates about
1.6 million access lines. In
recent years, most of the
telephone companies operating in
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SHARES OF LOCAL
TELEPHONE MARKET

US WEST
operates 75% of the CONTEL
telephone lines CENTEL,

in Minnesota

Minnesota have been installing
modem digital switching
equipment in their 699 central
offices and high capacity fiber
optic lines t0 connect those
offices. Digital switches are
essentially computers and are
needed to offer advanced
services.

US WEST
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However, more than 300 of those local offices still use old electro-mechanical switches which are
not capable of providing advanced services.. US WEST alone currently operates 103 electro-
mechanical central offices. Using data from the Minnesota Telephone Association and a Citizens

League survey of companies, we found:

. While three-
quarters of the
subscriber lines
operated by the
small
independent
companies are
fully digital,
about one-third
of US WEST's
lines are fully
digital.
Furthermore, 48
of the
independent
companies are
fully digital.
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THE POTENTIAL OF NEW TECHNOLOGY

In 1990

The marriage of computer technology and telephone service in recent years made it possible for
telephone systems to send large amounts of data at high speeds. As residential or business
telephone users, we know that we can't simultaneously send data from our computer and carry on a
conversation over the same telephone line. If you need to do both on a regular basis, you rent two
lines. New technology, which is known as Integrated Services Digital Network, or ISDN, allows

a user to divide one line into several channels.
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This technology, as well as other advances, opens a wide range of options:

. Health monitoring in patients’ homes, with data transmitted to physicians' offices
or hospitals.

. Interactive instruction between different schools, and between offices, homes, and
schools.

. Access to data bases, library collections, bibliographies, and employment want
ads.

. A wide selection of movies and other entertainment sharing the same private

residence line with voice and data transmission.

Looking into the Future

While the basic and advanced versions of ISDN now under development create enormous capacity,
it is possible (and we think desirable) to develop networks with even more capacity. Broadband
networks are telecommunications networks with enormous capacity for high-speed, simultaneous
transmission and integration of voice, data, and video. How fast? A broadband system could
transmit a copy of War and Peace in 1/16 of a second.

Today, video transmissions, such as movies, sports, and interactive instruction are the only home
services requiring broadband networks. But some observers have suggested that the enormous
capacity created by broadband networks would stimulate the development of new services,
particularly where the integration of video expands people's capabilities. In a sense, every home
or workplace could be a studio to transmit and receive information in different forms.

-

CONCLUSIONS

. In an Information Age, the capability to access information and the easy transfer of
information are critical to Minnesota's goals: improved public education and
health, better government services, economic growth, political awareness,
efficiency and productivity, and reduced need for transportation.

. Telecommunications is an important tool to achieve these goals. It is becoming
increasingly critical in all aspects of our personal and business lives.

. Realizing the full potential of these advanced services requires the deployment of
, broadband, digital transmission networks capable of high-speed data transfer.

«  Providing statewide access to a broad range of telecommunications services
requires the development of facilities and networks serving the entire state.

. The private sector has already demonstrated that it will respond to the needs of
certain segments of the market and certain parts of the state. We are concerned

about those parts of the private market or areas of the state where the private sector
will be slower to introduce new services.

. Telecommunications networks are the "highways" of the next century. Each
community, including those southwestern Minnesota places shown on the next
page, will need telecommunications highways that will allow traffic to reliably
come and go, although the traffic volume may differ.
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STATE GOALS:
RECOMMENDATIONS

By being among the first states to construct
advanced networks and paying attention to the
need for programming, Minnesota could be in a
position to supply equipment, services, and
programming to other states and countries.

QOur goal for telecommunications in
Minnesota is:

To deploy high-speed, broadband
telecommunications networks in
Minnesota and $o ensure an
equitable distribution of
broadband networks and services
in the state.

We recommend policy changes and strategies that
are intended to direct and accelerate an
incremental process of development that is
already underway. '

We recommend:

Q Minnesota should adopt two
goals--one mid-term and the other
long-term--for deployment of
telecommunications systems:

1.  During the next five years,
promote deployment of
statewide
telecommunications
networks that enable digital
connectivity to the home;
and

2. During the next 15 years,
promote deployment of
broadband, high-speed,
digital telecommunications
networks to bring enhanced
services to the people of
the state.

| The cost of this new infrastructure
should be shared by all classes of
users (including other telephone
carriers), except that the impact
on low-income households should
be taken into account.

EXECUTIVE SUMMARY

TELEPHONE COMPANY
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3 Advanced network services, and the terminals and other customer
premises equipment necessary to access those services, should be
available to those able and willing to pay the price.. Reasonable
substitutes for individual access to thiese networks should be made
widely available through libraries and schools.

STRATEGIES FOR ACHIEVING STATE GOALS:

If telephone companies are to introduce new plant and services fast enough in all parts of
Minnesota, several things must happen. First, the state should allow telephone companies to eamn
returns that are sufficient to match the additional risk in such investments and to provide an
incentive for companies for faster deployment of new facilities. Second, the state should articulate
a clear policy of wanting 1o achieve broad access to advanced services.

We recommend that the Minnesota Legislature:

a Adopt a state telecommunications policy calling for the completion
of an advanced technology, broadband telecommunications network
throughout the state by the year 2005,

a Convene an ad hioc, joint legislative commission which would
develop a process for coordinating activities within state
government, removing state cbstacles to deployment of broadband
networks, monitoring progress toward those goals, and sorting out
the roles of different state agencies.

d Instruct executive branch agencies how it wants them to achieve
state telecommunications goals. The Legislature should also take
steps to ensure long-term responsibility for and coordination of state:
telecommunications policy in the executive branch.

To implement legislative policies, state regulators in the Public Utilities Commission will need to
facilitate investment in new telecommunications networks that help to meet state goals. Investment
issues are particularly important because so many of the old electro-mechanical switches still used
are in central offices operated by the four largest companies, and because these companies are likely
to face new forms of marketplace competition.

We recommend that the Public Utilities Commission:

Q Evaluate proposals from rate-of-return regulated telephone
companies to upgrade their facilities based on investment over a
company's entire network and considering social as well as
economic criteria.

Q Allow telephone companies opportunities to earn higher rates of
return on those investments which carry a higher than normal risk, 1f
necessary to open capntal markets and to encourage telephone
companies to invest in statewide advanced networks.

Q Adopt new standards for depreciation of major equipment items
which would generally shorten useful lives by basing them on
technological lifespan.
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g Establish standards for switching equipment and other facilities that
would stimulate investments. Compliance with these standards
would be a requirement to keep the franchise for a service area.




INTRODUCTION

Minnesotans live in an Information Age. We view information broadly; it comes in numerous media
and serves a wide variety of public and private purposes. The capability to access information and the
easy transfer of information are critical to Minnesota's goals: improved public education and health,

better government services, economic growth, political awareness, efficiency and productivity, and
reduced need for transportation.

Telecommunications is an important tool to achieve these goals. It is becoming increasingly critical in
all aspects of our personal and business lives. We are interested in the enormous potential of
telecommunications, even though it is difficult to predict what it will look like. To imagine this
potential, consider two recent examples of changing technology, the opportumUes they present, and
how they affect the expectations people develop for using technology:

. Tone dialing offers an example of a technological change which had a simple purpose--
. faster dialing--but which now has been applied to a wide variety of uses that could not
have been foreseen, such as telephone bankmg and voice mail.

. The now ubiquitous FAX machine illustrates the revolutmn in the standard of what
constitutes timely communication. In only a few years, we have gone from the US

Mail to Federal Express overnight delivery to transmission in seconds by FAX
machines.

The automobile provides another example of how technology becomes central in our lives. It was once
a novelty--now it is a necessity. It was once available only in different shades of black--now the
consumer has a wide range of choices. Americans now pay a higher proportion of their household

income for transportation than they did 70 years ago, but no one would give up the mobility allowed by
using the automobile.

To many people, telecommunications means basic voice phone service. In fact, telecommunications
describes a broad landscape that goes well beyond voice phone service. For example, it includes
transmission of video and data, and the integrated transmission of voice, data, and video. It includes
the technologies of cellular transmission, whether mobile or fixed, and of cable communications.

In our study, we looked at these questions:

. How can Minnesota acknowledge and capitalize on new realities in the

telecommunications industry that may affect our economic prosperity, while at the
same time protecting the public interest?

. Given advances in technology, are changes needed in state telecommunications policy,
including regulation and structure, to encourage timely and geographically widespread
capital investment and to ensure appropriate degrees of access?

Through a series of presentations and discussions beginning in November 1988, the committee studied
recent developments in telecommunications and developed this report. The presentations were
organized under four headings:
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Technology: What are its current and potential applications?
Access: What should be the standard and how can it be ensured?
Regulation: How does Minnesota's regulatory framework affect telecommunications?
Economic Development: How is it affected by telecommunications?
In this report, we offer a number of policy recommendations for telecommunications in Minnesota.

They derive from three major perspectives which the committee developed early in the study regarding
Minnesota's future telecommunications policy:

1. Telecommunications infrastructure and services should be viewed from a statewide
perspective. :
2. The enormous and uncharted potential of telecommunications can provide important

benefits to all people of the state. However, it can also create or widen gaps between
"haves" and "have-nots.” Itis desirable to limit possible new disparities that may arise
if there are significant differences in access to the benefits of new forms of
telecommunications in different parts of the state or on the basis of economic status.

3. Minnesota needs a more coherent and comprehensive approach to state policymaking
for telecommunications that recognizes the rapid pace of technological developments.

Chapter 1 of this report provides background information on the present system of telecommunications
in Minnesota and describes the dramatic changes affecting that system. Chapter 2 describes the current
state of Minnesota's telecommunications policy and regulation. In Chapter 3, we discuss the technical
and social questions which will affect future systems for telecommunications. In Chapter 4, we
describe our goals for future telecommunications systems for Minnesota and recommend changes in
state regulatory policy and other state initiatives to achieve these goals.




CHAPTER 1

BACKGROUND: TELECOMMUNICATIONS IN
MINNESOTA TODAY

Telecommunications in Minnesota is:

Dynamic:- Advances in technology have resulted in the introduction, in many markets, of new
facilities and services reflecting large private investments;

Diverse: Among the players are 94 large and small local telephone companies, dozens of sellers
and resellers of long-distance service, numerous cable television systems, and a variety of
vendors of equipment and alternative services;

Private and public: As a system, telecommunications is largely financed and operated by the

private sector. State government plays a major role because it regulates the system and i isa big
customer for services;

Ubiquitous: Telecommunications networks enter virtually every home and workplace.
Furthermore, access to these networks is not limited to fixed locations; the cellular car phone is
now widely used. It is no longer a novelty to see the voice pager that the compleat lobbyist
wears around the halls of the state capitol or the portable cellular phone in her briefcase.

This chapter describes the current system of telecommunications in Minnesota and shows how recent
changes in telecommunications technology and regulation have affected the system.

DEVELOPMENTS IN SERVICES: POTS AND PANS

Services

Ever since the invention of the telephone in 1876, people around the world have relied on it to carry
their conversations. When someone picks up their office phone and hears a dial tone, that is the signal
that they can access the worldwide telephone network. This basic voice service (which is really pretty
remarkable) is affectionately called POTS--Plain Old Telephone Service.

The development of digital technology in the 1940s and 1950s enabled the national telephone network
to transfer data at high speeds. (See sidebar on types of transmission on page 4.) The marriage of
computer technology and voice communications in the last 20 years led to the development of a variety
of enhanced services, sometimes referred to as PANS--Pretty Amazing New Stuff.

At one level, new services consist of widely available custom-calling features, such as call-waiting, call-
forwarding, three-way calling, or automatic monitoring systems. Other such services include the call
management features known as CLASS (Custom Local Area Signaling Services) offered by many of
the regional Bell companies. (US WEST Communications does not currently offer CLASS features in
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Telecommunications In Minnesota Today

Minnesota or its other service areas.) Among
these features: automatic ringback and the ability
to screen calls by identifying the caller by its
number or by a distinctive ring.

This evolving technology also enables services
such as:
Audiotex interacting with a computer that
provides simulated voice
prompts, for activities such as
telephone banking. Voice mail is
an audiotex service using tone
phones to leave and retrieve
recorded messages. While voice
mail systems for large
businesses are common,
providers are preparing to offer
similar services for homes and
small businesses. The "976"
services for sports scores and
weather information, operated by
independent providers, are
another version of audiotex.
Videotex using a home computer or other
terminal equipment to interact
with a computer that provides
text information, such as data
bases. Electronic mail is a
videotex application for
exchanging text messages.

ANALOG? DIGITAL?

There are two basic signaling or transmission
types:
ANALOG The national voice telephone
network is based on analog
transmissions. Analog describes
continuous waves or streams of
information. The variations in
voice, loudness, or pitch that a
user at the other end hears reflect
differences or fluctuations in the
electrical current. Users also
hear non-voice signals, such as
dial tone or busy signals.
DIGITAL Digital signals are discontinuous
and are transmitted at discrete
intervals, in the on/off language
of computers. When digital
information from a computer is
sent over analog channels, a
device such as a modem must be
used to convert the digital codes
into analog signals. Conversely,
when voice information is sent
over digital channels, translators
are required.

=z

Videotex services are already available in many markets, under familiar names like The Source and
Compuserv. In general, videotex has been slow to gain popular acceptance in the United States. By

one count, about one million Americans subscribed to

the two dozen mass market videotex operators in

the U.S. in 1987. The Minitel system in France is often cited as a model of a videotex system that has

gained wide popularity. (See sidebar on next page.)

As residential or business telephone users, we know that we can't simultaneously send data from our

computer over a telephone line and carry on a convers

ation over the same line. If you need to do both

on a regular basis, you rent two lines. New technology, which is known as Integrated Services Digital
Network, or ISDN, allows a user to divide one line into several channels. The potential of ISDN and
other emerging technologies is described in more detail in Chapter 3 of this report.

Minnesota companies are already offering ISDN on a

limited scale as well as other new services. For

example, US WEST has initiated a pilot project in Omaha and is considering projects in Minnesota to
offer gateway services; that is, opportunities for vendors to use US WEST's facilities to sell videotex

information services directly to telephone subscribers.

The potential applications of new technology for home and business use are virtually unlimited. Here
are some examples, many of which are alrecady available on some basis:

Health monitoring in patients’ home,
hospitals.

schools.

with data transmitted to physician's offices or

Interactive instruction between different schools and between offices, homes, and
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. Access to data bases, library
collections, bibliographies, and
employment want ads.

. On-line shopping, reservations,

games, and bill-paying.

. Telecommuting: working for an
employer from your home.

. A wide selection of movies and
other entertainment sharing the
same private residence line with
voice and data transmission.

How do these services relate to basic voice
service? Most of these newer services are carried
over the same telephone lines which now bring us
basic voice service. But as services become more
numerous, involve moving large amounts of
information, or incorporate several different types
of information at once--voice, data, text, video--
they need transmission lines and facilities with
larger capacity. It is interesting to note that these
"bigger" wires and facilities, while larger in their
capacity, are typically smaller in physical size
than those previously used. Some services use
other forms of transmission altogether, such as
microwave or satellite.

Participation in some of these newer services and
economic opportunities requires installation of
modern digital facilities. Already today, instances
are seen where economic advantage and better
services tend toward the locales and people who
are connected to newer facilities which can be
used for much more than basic voice service.!
Therefore, the policies and decisions which guide
the development of new high capacity

HOW THE FRENCH DO IT

Minitel, a videotex- system, has been in
commercial use in France since 1983. - The state-
run telephone company (PTT) operates an
electronic telephone directory, which is one of the
two major services available on Minitel. The
other category of service, called Teletel, is
privately operated. It includes pay-as-you-go
services to access news reports, electronic games,
and "talk" lines. These are sponsored by
newspapers and magazines as well as other
entrepreneurs.

By the end of 1986, there were 2.6 million

Minitel terminals in homes and offices across the
country. It is projected that there will be seven
million terminals in France by the end of 1990,
which is about one for every four telephone lines
in the country.

The popularity of Minitél resulted from several
factors. Minitel operates from its own terminal
and does not compete with the family television
set. The terminals are cheap, costing about $150,
and were made available for free t0 many users:
The large base of potential users encouraged
entrepreneurs to develop Minitel subscriber
services. ("Adult-oriented" talk lines are a
popular and lucrative service.) Finally, Minitel is
very accessible; most users become familiar with
Minitel by using the electronic directory service,
which is regarded as easy to use and which
supplies up-to-date information about all
telephone subscribers in the country.

telecommunications networks are important to the whole public and the entire state of Minnesota.

Access to Services

"Traditional" Universal Service

"Universal Service" has been a major theme of telephone rate-regulation since the Communication Acts
of 1934. Some observers note that AT&T identified that goal even earlier in the century. (See sidebar
on origin of universal service concept.) Having everyone connected is seen as desirable, both

politically and economically.

Development, Aspen Institute, 1989.

Edwin Parker, et al, Rural America in the Information Age: Telecommunications Policy for Rural
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THE GOAL OF UNIVERSAL SERVICE

In the past, universal service has simply meant that all households should have at least one telephone
and be connected to the telephone network. As researchers from Charles River Associates put it:

The basic notion of achieving universality for communications is very deeply embedded in
American folklore, politics, and legislation. It is, moreover, in the interest of both the
telephone company and the public to have as many households and businesses attached to the
phone system as possible. Universality of connections enhances values, both private and
public; in particular, certain externalities (in the economic sense) can be gained from universal
service.2

In other words, it is both politically and economically better to aim to connect everyone; politically better
because it is fair to all to have access to communication and economically better because, among other
benefits, it lowers costs of services to have large numbers of users.

What are the sources of the notion of universal service? At the federal level, many observers suggest
that universal service was identified as a public goal by the Communications Act of 1934, which

granted regulatory authority to the Federal Communications Commission (FCC).3

Other observers suggest that the exact words are hard to find in the law, pointing to these phrases: "To
make available as far as possible . . . a rapid, efficient . . . communications service with adequate
facilities at reasonable charges."4

At the state level, universal service was part of a quid pro quo:

Through regulation, the telephone companies received assigned service areas, recovery of
invested capital, and steady, relatively predictable earnings. Likewise, telephone customers

received guaranteed access to the telephone network, high quality service, and rate regulation.5

In Minnesota, telephone penetration rates, that is, the percentage of households with a telephone, are
among the highest in the country. Using data from the Current Population Survey, the Department of
Public Service reported that, in 1988, 97.2 percent of Minnesota households had a phone, and half of
those that didn't have a phone could be reached by phone somewhere else. By comparison, 92.7

percent of the households in the United States have a phone, and another 1.8 percent can be reached by
phone elsewhere.

The Current Population Survey data do not allow a breakdown of penetration rates for different age
groups or locations within a state. As shown in Table 1.1, the national data indicate that rates of
penetration are highest for households in which the head is 65-years-old or older and lowest for
households where the head is between 16- and 24-years-old.

Data from the 1980 Census of Housing for Minnesota, as reported in Table 1.2, show that telephone
penetration is higher in urban areas than in rural areas.

John R. Meyer, et al, The Economics of Competition in the Telecommunications Industry, 1980, page
76.

See, for example, Samuel Simon, "Testimony on the Impact of Changes in Telephone Pricing on
Residential and Small Business Consumers,” House of Representatives, Committee on Small
Business, Task Force on Telephones, September 25, 1984, page 9: The goal of "The Communications
Act of 1934, as well as general public policy, is to promote universal telephone service and reasonable
and affordable rates for all citizens."

50 Stat 189, Section 1.

James Jarvis, "Overview: Telecommunications Regulation,” Department of Public Service, 1989.

[V =N
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There are about 2.1 million telephone access
lines in Minnesota. (An "access line" is the
basic unit of telephone subscribership. Itis a
connection from the user to the local phone
company.) In Minnesota, telephone
subscribers are divided into two basic
categories: residential and business users.
Figure 1.1 on the next page compares the
proportion of US WEST Communications' 1.6
million access lines used by each group as well
as the share contributed to the company's
operating revenues. It shows that residential
users subscribe to more than three quarters of
the lines and pay about 38 percent of the
revenues.

The goal of universal access to voice telephone
service has been achieved, in part, by state and
federal regulatory policies that have kept
residential rates low. Residential telephone
service in most parts of the state is a bargain:
the average monthly cost in the Twin Cities area
is still under $20.00. By one estimate, the cost
of residential service in 1980, after adjusting
for inflation, was 18 times lower than it was 40
years earlier.6 Business lines in the Twin
Cities typically cost $45 to $55 per month, or
three times the residential rate.

Most observers agree that residential ratepayers
benefit because business users pay higher rates.
‘While policies favoring residential subscribers
may be appropriate, it is important that state
policymakers and regulators view businesses--

TABLE 1.1

PERCENTAGE OF HOUSEHOLDS WITH A
TELEPHONE,
BY AGE OF HOUSEHOLDER: 1988
(CURRENT POPULATION SURVEY)

AGE OF PHONE PHONE
HOUSEHOLDER INUNIT AVAILABLE
ALL HOUSEHOLDS  92.7 94.5
16-24 years old 80.2 85.1
25-54 years old 92.6 94.4
55-59 years old 95.1 96.4
60-64 years old 95.3 96.2
65-69 years old 96.4 97.1
70-99 years old 96.2 97.5
TABLE 1.2

PERCENT OF OCCUPIED HOUSING
UNITS WITH A TELEPHONE.
(1980 CENSUS OF HOUSING FOR
MINNESOTA)

TOTAL URBAN RURAL

Minnesota TOTAL 96.6% 97.1% 95.3%
Householder or
spouse 65 or older 96.8 98.0 94.8

large and small--as an important group of telecommunications users with particular needs. One issue
today is whether these policies of low residential rates can be maintained in the face of the need to install
new facilities and offer advanced services throughout the state. This issue is given urgency by the
growing number of opportunities for larger customers to bypass the overall telephone network, leaving
residential users as the "checkbook of last resort.” A significant challenge facing Minnesota
telecommunications policy is encouragement of timely deployment of new investment so as to retain

large users in the overall network.

As we show later in this chapter, the telephone switches and lines now in place throughout the state,
with few exceptions, are adequate to provide basic voice service that will meet the needs of most
residential users. However, much of it is inadequate to provide enhanced services. Businesses and
other large users, such as governments, are likely to be among the early direct beneficiaries of new
services and are usually the most supportive of the introduction of new services. Large users also are
the most likely to have opportunities to go outside the networks to use other service vendors or develop

private networks.

Ken Nicolai, "Overview: Telecommunications Regulation,” Department of Public Service, 1988.
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FIGURE 1.1
SHARES OF US WEST's LINES AND REVENUES
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Businesses use 21% of the lines
and provide 44% of
US WEST's revenues

Emergent Universal Service

The concept of universal service has evolved over the years, so that just being connected to the phone
network is no longer enough. While it is hard to identify any regulatory decision or other explicit
source for a change in the definition of universal service, it seems clear that telephone consumers have
been getting more, and as they get more, are expecting more in these and other areas: quality and

privacy of service, cost and affordability of service, and long-distance service (from operator assisted to
direct dial).

For example:

Multi-party lines were once quite common. Of the subscribers to rural telephone companies
receiving financing from the Rural Electrification Administration (REA), only one-fourth had
the privacy and quality of single-party service in 1965. By 1984, 88.3 percent of those
companies' subscribers had single-party service.’

The definition of universal service can be changed by state action. For example, as one of the few
states to have implemented a statewide 911 emergency network, Minnesota has effectively added that

service to the definition of universal service. Emergency 911 service is funded by a surcharge on users’
bills.

In the future, we think that the majority of consumers will expect that universal service might include
more than voice service and will allow a choice of vendors for almost all categories of service. On the

Rural Electrification Administration, U.S. Department of Agriculture, A Brief History of the Rural
Electric and Telephone Programs, 1988.
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other hand, some consumers express a nostalgia for the good old days before the breakup of AT&T.
Regardiess of residual sentiment, all observers agree that AT&T's monopoly on "end-to-end" service is
a thing of the past. :

NETWORKS AND CARRIERS

The services described above are offered over telecommunications networks. The national networks
can be viewed as consisting of three components: the long-distance networks, the local networks, and
the equipment the customer needs to access services. The national networks are sometimes described as
the public switched network. They are not public in ownership, but in access.

The largest networks are those operated by the local and long-distance telephone companies. These
companies, under state and federal regulation, are defined as common carriers, which means they must
provide communication services to anyone who agrees to pay the charges.

In recent years, a number of private communications networks have been developed to meet the special
needs of large businesses and research institutions. In general, these networks are not subject to state

or federal regulation. Note that the telephone companies are also in the business of offering private
lines dedicated to users' special transmission needs.

While microwave transmissions and different types of wires--copper, optical fiber, and coaxial cable--
provide the most familiar linkages in these networks, satellites and cellular technology offer
opportunities to create parallel networks, segments of which could operate without wire connections.

Architecture

Telephone service uses a two-way architecture, which provides the flexibility to connect any two end
users and the ability for transmissions to travel in two directions. This design is much different from a
water or electricity distribution system, where the commodity is of uniform quality, only goes in one
direction, and where there is no particular need for interconnectivity.

Local Service

The local telephone exchange is the basic building block of the telephone network. (See sidebar on
types of telelphone companies.) Local calls--those to destinations within the exchange or within the
same free-calling area--from a residential or business user are collected by lines known as "loops" that
eventually lead to a central office for that exchange. At the central office, the call is then switched to the
destination phone or to another central office serving the destination phone. The call travels between
central offices on a trunk line. This switching is largely invisible to the user, who only knows that the
connection is made in split seconds.

There are 94 companies providing local service in Minnesota. While that is more than all states, except
Towa and Wisconsin, it is interesting to note that before the state began regulating telephone companies
in 1915, there were 2,000 companies providing service in the state. According to some observers, the
proliferation of small companies, many of which were formed as cooperatives or under municipal
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ownership, was a response to the large
companies not being interested in serving some
sparsely populated rural areas. A map of the
service areas of the 94 companies in Minnesota
can be viewed as an artist's mosaic or as a crazy
quilt. Some companies' service areas are
concentrated while others are dispersed around
the state.

As shown in Figure 1.2, US WEST
Communications is by far the largest local
exchange carrier in Minnesota.8 It operates more
than 1.6 million access lines, which is 75.7
percent of the lines in the state. (An access line is
a basic unit of service and is simply a line
connecting a subscriber with the local central
office.) Note that Moorhead and East Grand
Forks are served by US WEST exchanges in
North Dakota, and that other border cities are
served by exchanges in different states.

Only three other companies have more than
30,000 lines: Contel (90,651), United (88,980)
and Centel (76,438). Of the independent
companies, 23 have fewer than 1,000 lines. The
smallest is the Northem Telephone Company in
Wawina, with 29 access lines.

Long-distance

If a call is traveling outside a user's local
exchange, that call will be switched to the
network of the long-distance carrier that the user
has selected. (Note that US WEST
Communications still carries all calls between
exchanges within a LATA, but the Minnesota
Public Utilities Commission has ordered that it
allow users to select a long-distance carrier for
making calls within a LATA by dialing "1+.") It
will be routed on that carrier's network until it
gets to the destination city where it will then enter
the local carrier's network. Long-distance
companies pay the local companies for the ability
to use the local networks for sending and
receiving calls.

VARIETIES OF TELEPHONE
COMPANIES

The court decree which led to the breakup of the
AT&T national Bell system in 1984, known as
the Modified Final Judgment (MFJ), spawned
new terminology to identify telephone companies.
A Local Exchange Carrier (LEC) offers dial tone
service, which is another term for basic
subscriber service. Local exchange carriers can
be divided into (1) Bell Operating Companies;
that is, those telephone companies that were part
of the Bell System, such as Northwestern Bell
(now known as US WEST Communications),
and (2) independent telephone companies, which
includes all other providers of local service that
were never part of the Bell System.

An Interexchange Carrier (IXC) provides service
between local exchanges or calling areas; in other
words, it's a long-distance carrier. The court
decree also devised a new geographic unit of
telephone service area, called a Local Access and
Transport Area (LATA). Minnesota is divided
into five LATAs. LATA boundaries are different
from the geographic regions that we know as
"area codes,” also called by the more formal name
of "Numbering Plan Areas." Under the Modified
Final Judgement, US WEST and the other
regional Bell companies cannot carry calls across
LATA lines. Other local exchange companies,
even large ones such as United Telephone, are
not subject to those restrictions.

There are more than 600 interexchange carriers
operating in the United States. Only a handful of
them actually operate their own national or
regional networks. The vast majority of
interexchange carriers are resellers of services
bought from the national carriers, such as AT&T
and MCI, and local exchange companies.

The decree breaking up AT&T required that the local Bell companies provide equal access to long-
distance carriers. "Equal access" here means the ability to designate a long-distance carrier that can be
used simply by dialing "1+." Users in many cities in Minnesota can now select from a variety of eager
long-distance carriers. For example, a residential user in St. Louis Park can choose from 21 long-
distance companies. AT&T is still the largest long-distance carrier in the state. Other large carriers in

8
Offices,” December 1988.

Based on Minnesota Telephone Association, "Report on Minnesota Telephone Companies' Central
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Minnesota are US Sprint, MCI, and U.S. Link, which is owned by the Arvig Telephone Company, a
relatively large independent company operating in central Minnesota.

FIGURE 1.2

SHARES OF LOCAL
TELEPHONE MARKET

CONTEL
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telephone access lines
in Minnesota 90
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COMPANIES

US WEST

Equal access and long-distance competition are still not available in many parts of Minnesota where the
switching equipment has not been upgraded or where long-distance competitors of AT&T have not been
interested in serving those markets. That may change in the near future: a group of 10 independent
telephone companies in Minnesota have formed a joint venture to bring long-distance traffic from their
service areas and the service areas of other independent companies to a central point in the Twin Cities.
When the traffic arrives in the Twin Cities, competing long-distance carriers would then switch the calls
onto their respective networks.

Alternative Networks

While we have focused much of our attention on the traditional public networks, new vendors of
services and operators of networks are emerging and competing with the other carriers for certain parts
of the telecommunications market. These alternatives are sometimes referred to as "bypass” services;
through them, a user can bypass all or parts of the public switched network to use a certain service.
Some common examples are bypassing the local network to go directly to a long-distance carrier or
connecting different locations of the same business with a private network. (See sidebar on page 12.)

The potential advantages to users can be significant: advanced services, lower costs by avoiding or
reducing fees to the telephone companies, or more control over quality. The potential downside may
occur if large users leave the public switched network in large numbers, resulting in a smaller base of
users to support the operation of the network and higher user phone bills.
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Mobile cellular transmission has emerged as a
potential alternative to the local telephone
network. Calls to and from cellular telephones or
radio applications such as paging, whether local
or long-distance, are usually switched through the
local network. However, some entrepreneurs are
cxploring the use of satellite or other connections
outside the local network to connect cellular users
possibly operating at fixed locations, such as
homes or businesses.

Cable television systems have the potential to
operate as an altemative to the public
tclecommunications networks. Those systems
are designed primarily for one-way distribution of
video programming from a central transmission
point, and are similar to a water distribution
system in their architecture. Cable systems can
be designed for two-way transmission, although
fcw systems exploit this capability. In some
communities, cable television networks are used
to provide special access to private line users.:

Although cable systems can be viewed as similar
in many ways to telephone systems, these two
types of systems have been separated by a
regulatory fence. While cable systems operate
under licenses from local municipalities their
rates and service generally have not been subject
to state or local regulation since the enactment of
federal legislation in 1984. In most communities,
municipalities license only one cable operator,
effectively creating a monopoly.

Nationally, cable lines run past about 80 percent
of the households in the country, and about 50
percent actually subscribe. In Minnesota, the
A.C. Nielsen Company estimates about 46
percent of households subscribe to local cable
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ALTERNATIVE SERVICES

Here are some examples of alternative service
vendors and approaches:

1. Metro Fiber Systems is a national
company that has installed a high capacity
transmission loop cable in downtown
Minneapolis. Subscribers in the service
area will be able to hook up to the loop
and access directly their chosen long-
distance carrier, bypassing US WEST
Communication's local network and
switches. :

2. Teletech Resources Corp. is a vendor of
shared tenant services (sometimes called
“smart buildings™). Teletech is a "value-
added" packager and reseller of
telecommunication services. It operates
telephone systems for large office
complexes, providing equipment,
training, maintenance, and access to
long-distance carriers. It usually installs
a Private Branch Exchange switch (PBX)
to serve the office complex and purchases
access lines from the local exchange
company which it resells to its
customers,

3. Cargill uses an antenna outside its
Minnetonka headquarters which transmits
to and from a commercial satellite. It can
send and receive voice and data
transmissions without using US WEST
Communications' local network.

I —

systems. Penetration is lowest (below 25 percent) in counties in East Central Minnesota and highest

(above 60 percent) in the southemn part of the state.?

Lines

The national voice telephone network is built largely with pairs of twisted copper wires. Copper lines
are regularly being improved to expand their bandwidth (a measure of both volume and speed of voice
conversations and data transmissions) and reliability. That national network is built on millions of miles

of copper wires.

The next generation of networks is now being built with optical fiber. Fiber optic is based on beams of
light transmitted through glass fibers: Fiber optic has a much wider bandwidth and superior reliability
when compared to pairs of twisted copper.wire. Today, a bundle of 144 optical fibers can carry 80,000

Communication from A. C. Nielsen Company, September 1989,
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two-way voice conversations. By comparison, a similar-sized bundle of twisted copper pairs can
transmit 3,456 conversations. In the future, it is expected that the capacity of fiber optic will increase.

Even though installing fiber optic is still more expensive than copper pairs, many local companies and
long-distance carriers are making extensive use of it for new construction and for replacing existing
copper wires. They seek the higher capacity and quality and also find that fiber optic is less expensive
to maintain. In particular, companies are installing fiber optic in their interexchange lines.

According to the Minnesota Telephone Association, 3,800 miles of fiber optic have been installed in
Minnesota, most of it in the last two years. It projects that the amount of fiber optic installed will more
than double in the next five years. Some companies are testing the economic viability of using fiber
optic not just for trunk lines but into the home. For example, US WEST Communications is now

installing fiber optic into homes in Mendota Heights, and Contel has installed fiber optic in Wyoming,
Minnesota.

Cable systems are built largely out of coaxial cables, which have wider bandwidth than copper pairs.
Coaxial cables are made up of an inner wire surrounded by a hollow cylindrical tube with layers of
insulation between them. Some cable companies are replacing coaxial cable with fiber optic as they
upgrade their backbone transmission systems.

Switches

Machines that switch voice and data transmissions and send them to their destination are at the heart of a
telecommunications network. There are three basic kinds of switches: (1) Electro-mechanical (analog),
(2) analog-electronic, and (3) digital.

Electro-mechanical (analog) switches are the core of the old analog networks. They support
basic voice phone service, but are limited in their ability to provide data transmission, enhanced
services, or equal access long-distance options.

Analog-electronic switches are much enhanced versions of the analog switches. They can
operate the stored programs that are needed for enhanced services or effective data
transmission. However, they are not adequate for advanced services such as ISDN. Most of
the large US WEST Communications exchanges in the Twin Cities area are currently served by
analog-electronic switches.

A digital switch is essentially a computer. Digital switches were introduced in the mid-1970s
and provide the full range of digital services required by data users. Digital switches also allow
more efficient monitoring of the integrity of a network and lower maintenance costs.

The manufacturers of digital switches are constantly developing new software which increases the
capabilites of those switches. Researchers are also developing a fourth-generation of switch
technology: a photonic or "digital optical" switch that would be able to process information transmitted

over fiber optic lines without having to convert the light signals into an electric impulse, which is the
case now.

Telephone carriers in Minnesota have been making significant investment in new switches and fiber
optic lines. The four largest local companies in the state installed $294.4 million of new plant in 1988.
Furthermore, responses to a survey that we conducted of telephone companies in Minnesota show that

many companies replaced dozens of electro-mechanical switches with new digital switches in 1988 and
1989.

There are 699 central offices in Minnesota. Table 1.3 shows the extent to which companies are
operating fully digital central offices. It shows that while three-quarters of the access lines operated by
the small independent companies are fully digital, about one-third of US WEST's lines are fully digital.
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TABLE 1.3

PROPORTION OF TELEPHONE COMPANY CENTRAL OFFICES
AND ACCESS LINES SERVED BY DIGITAL SWITCHES

COMPANY QFFICES % DIGITAL
US WEST 191 27.7
Medium 3* 202 51.0
All others 306 65.4
STATEWIDE 699 50.9

* Medium 3 are Centel, Contel, and United.

LINES % DIGITAL
1,620,915 32.0
256,069 71.4
262,830 75.3
2,139,814 422

However, more than half of US WEST's lines are

connected to central offices using analog-electronic
switches that are able to provide a full range of the

services that are generally available today.

According to information provided by the
Minnesota Telephone Association and updated in a
Citizens League survey, 48 of the independent
telephone companies are fully digital.

US WEST currently operates 103 electro-
mechanical central offices. (See sidebar on
progress in upgrading equipment in Chippewa
County.) Inlate 1989, US WEST submitted a
proposal to the Minnesota Public Utilities
Commission under which it would replace all of its
electro-mechanical switches over a four-year
period.

There are also several independent phone
companies that have not replaced any of their
electro-mechanical switches with new digital
switches. While most of those companies are
small, serving only one town, two such companies
opcrate a dozen or more central offices.

Companies are upgrading their systems in other
ways, as well. For example, US WEST is
introducing the most advanced signalling system
(known as Signalling System-7, or SS-7) in all of
its access tandems (regional switching centers) in
Minnesota. SS-7 puts more "signaling intelligence”
into the system. What does that mean? For
cxample, if one dials a long-distance call from
Minnesota to Florida and gets a busy signal, that
call consumes switching and line capacity resources
over its whole route. However, the extra
intcligence in SS-7 allows the switching computers
at both ends to talk to each other. In a split second,
the Florida switch can signal Minnesota that the line
is busy without the call being routed there.

UPGRADING EQUIPMENT IN
CHIPPEWA COUNTY

There are several instances in Minnesota where,
in a given region, independent companies
providing digital service serve the small towns
while US WEST or one of the medium 3
companies, operating an electro-mechanical
switch central office, serves the regional center.
For example, Chippewa County in West
Central Minnesota is served by US WEST and
two independent companies. The four central
offices operated by independent companies are
completely digital. Montevideo, the county
seat, is served by an electro-mechanical US
WEST switch.

S

|
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Chippewa County
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Customer Premises Equipment

The third major component of telecommunications networks is the equipment needed to access the
networks. Familiar items, such as telephone handsets, private branch exchanges (PBXs), answering
machines, and computer terminals, are known by the term "customer premises equipment.”

Until the mid-1950s, AT&T had an "end-to-end” monopoly. Consumers could only attach AT&T
devices to their phones. A series of decisions by federal courts and the Federal Communications
Commission loosened AT&Ts hold in this area and tumed customer premises equipment into a major
competitive battlegronnd. Under the terms of the decree breaking up AT&T in 1984, the regional Bell
companies are not permitted to manufacture customer premises equipment. Even without their
participation, competition has become vigorous in this area. There are many manufacturers and many
products available for sale in diverse outlets, including drugstores and discount stores.






