Data Communications Via Cable Television Networks:
Technical And Policy Considerations

by

Dcborah Lynn Estrin
B.S.E.E., University of California at Berkeley (1980)

Submitted in pastial fulfillment
~ of the requirements for the
degree of

Master of Science

at the

Massachusetts Institute of Technology
~ August 1982

© Massachusetts Institutc of Technology 1982

Signatureof Author . . .
Technology Policy Program,
Department of Electrical Engineering and Computer Science
' May 7, 1982
Certifiedby . . ... .. e e e e

Certifiedby . . . ... .. ST I R

Acceptedby ......... T e e e e e
U Department Head, Technology Policy Program

1 Archives
MASSACHUSETT
OF TECHNOSL lo’g’yﬂTUTE

MAY 27 13983



Data Communications Via Cable Television Networks:
Technical And Policy Considerations

by
Deborah Lynn Estrin

Submitted to the
Technology Policy Program,
Department of Electrical Engincering and Computer Science,
on May 7, 1982 in partial fulfilliment of the requirements
for the Degree of Master of Science .

Abstract

Cable television networks offer pcak communication data rates that arc orders of magnitude greater
than the telephone local loop. Although one-way television signal distribution continues to be the
primary application of cable television systems, the cable television network can be used for two-way
data communications.

Data communication places severe engineering demands on the performance of a cable television
nctwork. Therefore, to ensure that data communications capabilitics are not precluded by poor
engincering, local cable authoritics and the cable industry must identify and overcome the technical
barriers to-the application of cable television networks to data communications. We identify the
following as the primary technical requirements that remain to be addressed by the cable industry:

- Methods for controlling the -accumulation of inscrtion noise and ingress on upstream
channels. :

- Rcliability and sccurity mechanisms to provide adequate levels of system availability,
overall quality of service, and privacy of communications.

- System engincering that supports data communications among many nodes, other than
on a point-to-point basis.

If the cable industry applies the resources necessary to satisfy these requirements, cable television
nctworks can gain a lucrative share of the growing residential and institutional, data communications
and information serviccs markets, in competition with tclephone company and cellular microwave
services. '

In order to make this important, and unique, municipal resourcc widcly available to, a diversity of



- uscrs and service providers, local cable authoritics, in addition to the cable industry, should cstablish
structural mechanisms to climinate the cable operator’s potential conflict of interest between its
carriage and content functions, which might otherwise inhibit this diversity. ‘The naturc of
appropriate regulatory ‘mcchanisms has been a source of conflict and confusion because of the
unclcar status of the cable opcrator as broadcaster or common carricr. Leased channcl access
requirements, which cnforce limited sceparations on a channcl by channel basis, can allow the
operator to serve in both capacitics, thereby both encouraging investinent in facilities and limiting the
opportunitics for anti-competitive practices. The rate structures and levels adopted by the operator
will determince the extent to which teased channcl access successfully achicves this end.

More than in the past, cable authorities will find themselves monitoring and specifying details of the
network infrastructures, both technical and operational, to cnsure that suitable facilitics are
constructed and that a diversity of service sources are granted access to the medium. This thesis is
intended as a resource for cable authoritics, as well as cable operators, as they cstablish the role of
cable television networks in the data communications market. In particular, Chapter 6 scrves as a
guide for city and state cable authoritics to incorporate the technical detail and regulatory structures
nccessary for data communication services into cxisting cable policy.
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Title: Professor of Electrical Enginccring

Thesis Supervisor: Dr. Marvin A. Sirbu, Jr.
Title: Principal Rescarch Associate, Center for Policy Alternatives
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Chapter One

Introduction

Cable television networks! were designed to distribute television signals from a central location to
residential homes throughout a local region.  These systems were used originall‘y to provide
entertainment television to regions where over-the-air reception was not satisfactory. Increasingly,
they arc used to provide a greater diversity of programs than over-the-air spectrum limitations
permit, and as a means of delivering premium television services?,

Although onc-way television signal distribution continucs to be the prifnary application of cable
systems, the technology is also appropriate for two-way communications. ‘This report focuses on
dcvclbpmcnts in two-way comununications over city cable systems, in particular, two-way duata

connunication scrvices.

Data communication places intense technical demands on the performance of a cable television
nctwork. Therefore, to cnsurc that data communications capabilitics arc not precluded by poor
enginecring, the city cable authority and the cable operator must identify and overcome the technical
barricrs to the application of cable television networks to data comununications. More than in the
past, the cable authority will find itself specifying details of the network infrastructures, both
technical and operational, to ensure that suitable facilitics arc constructed and that a diversity of

scrvice sources are granted access to the medium.

1.1 Motivations and applications

This scction scts the stage for our discussion of data communications via cable tclevision networks. It
is not a rigorous survey of thc market rescarch in this area, but provides a sampling of envisioned

markets and applications. In so doing, we hope to communicate to the rcader why data

lAlso known as cable networks, or CATV (Community Antenna Television) systems. Throughout this report we will use the
term “cable networks” interchangeably with "cable television networks™ and “cable television systems”.

2[\150 referred to as pay-television.
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communications via cable television networks is of interest to citics, residents, commercial and

government users, and the cable industry.

1.1.1 The markets

There are two distinct markets for data communications: residential and institutional. There are also
two catcgorics of service: informatien and communication. Information services refer to those
services whereby a sccond party provides the content which is accessed, requested, or responded to
by the user. Communication services provide only the transmission and switching scrvices, all
content is provided by the uscrs independently of the communication service provider; users being

persons, organizations, computers, or other communicating devices.

The intracity market for business data communications alrcady cxists. Projections for its growth are
based on the increasing use of computer equipment within the office which will in turn gencrate
demand for increasing amounts of intracity communications. Currently, intracity communication
nceds must be satisfied by the telephone company (sce Scction 4). intermittent demand for data
communications is satisfied by dial-up facilitics at spceds up to 4800 baud. Dedicated facilitics are
also available at speeds up to 56 Kbps. Point-to-point cnmmunic.ations facilitics are available at
higher speeds, but switched services are not. In the future, considerable demand is projected for high
speed switched networks which will accommodate intracity communications of both continuous and
intermittent natures. An institutional market for information scrvices exists and is growing. Services
such as Lexus and Nexus® will be spurred by the growth of standardized vidcotex services for the
business scctor. These services will provide a common standard, or gateway, whereby uscrs can

access many information sources.

Unlike the institutional market, the residential market for information scrvices does not exist.
Projections for its growth arc based primarily on projections of supply, rather than demand.
Although videotex is touted primarily as a home information service, it will groiv as a mass media
service after it is cstablished in the commercial scctor [17].  Most cxisting residential data
communications demand currently takes the form of professionals working at home using terminals
and modems to talk to central computers and information services via phone lines. In addition,
iilcrcdéitlg‘ numbers of pcrsonﬂ computers, used for both personal and small business applications,

are equipped with communications capabilitics.

3Legal und mediczl data base services.
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An informal random polling of 200 residents in a suburb of Boston which has a high concentration of
professionals, resulted in approximately 3% who reported having terminals or personal computers in

their homes”

, another 13% reported having vidco games. In addition, the local cable operator
cstimates that approximately 25% of the homes passed will subscribe to pay-television. These
numbers can be used as preliminary indicators of the size of the residential market. The number of
residents with terminals indicates the minimum market size for data communications to the home.
Similarly, the number of residents with vidco games indicates the number of revidents who tend to
invest in “"high technology” cntertainment devices for the home. Finally, the number of pay-
television subscribers probably indicates a short to medium-term upper bound on the existing

residential market for data services.

Projections for future applications of residential data communications range from transaction and
information scrvices to clectronic mail and multi-person gamces. Scrvices such as Teletext and
Videotex have received considerable press coverage, but the degree and form of their success is still
uncertain. To a large extent it hinges on the development and availability of information providers

and incxpensive terminal equipment.

In 1981 there were 4,400 operating cable systems in the U.S. and an additional 2,000 that were
approved but not yet built. These systems served approximately 10,400 communities and 17,200,000
subscribers, 22% of the T.V. houscholds. The largest system had 188,880 subscribers>. Although
most systems have 12 channcls, systcm.s constructed during the past 10 years have a minimum of 20
channcls, and newly designed systems may have 50 or more channels [46]. Although there are wide
variations, it is typical that half of the homes passed by the cable subscribe to it, and half of the

subscribers purchase premium services such as pay-tclcvisionG.

4Survcy conducted at M.LT. Laboratory for Computer Science, January through April, 1982. Supervised by Prof. J. Saltzer,
and D. Estrin, .

SCox Cable San Diego system.

6Cabk: television statistics are reported weekly in cach issuc of CablcVision, Titsch Publishing Inc., Denver, Colorado.

.
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1.1.2 Proposed services
In 1974 Baer ct. al. [S] outlincd a menu of possible applications for two-way cable systems, sce Table

1-1.

Baran also studied the applications of broadband information networks and suggested the following

categorics of applications, many of which today appear farther off than they did cight years ago.
1. Work at home
- Pcrson-to-pcrsdn -- clectronic mail.
- Sccretarial assistance.
- Access to company files.
2. Transaction scrvices
- Banking scrvices.
- Shopping.
- Price lists and information.
- Consumer advisory service.
3. Genceral information access
- Newspaper.
- Farcs and ticket rescrvations.
- Legalin formatioﬁ.
- Library acccss.
4, Entertainment
- Games.

- Multiperson gamcs.

Jones ct. al. outlined urban public scrvices which rely upon telecommunications and would be well

suited to the use of broadband facilitics.

1. Delivery of government servicces.

14



Subscriber

Institutional

Interactive instructional programs

Fire and burglar alarm monitoring

Television ratings

Utility meter readings

Control of utility services

Opinion polling

Market research surveys

Interactive TV games

Quiz shows

Pay TV

Special interest group conversations

Electronic mail delivery

Electronic delivery of newspapers
and periodicals

Remote calculating and computer
time sharing

Catalog displays

. Stock market quotations

Transportation schedules

Reservation services, ticket sales

Banking services

Inquiries from various directories

local auction sales and swap shops

Electronic voting

Subscriber originated programming

Interactive vocational counseling

Local ombudsman

Employment, health care, housing,
welfare, and other social
service information

Library reference and other
information retrieval services

Dial-up video and audio libraries

Videophone

Computer data exchange

Teleconferencing

Surveillance of public areas

Fire detection

Pollution monitoring

Traffic control

Fingerprint and photograph
identification

Civil defense communications

Area transmitters/receivers for
mobile radio

Classroom instructional TV

Education extension classes

Televising municipal meetings
and hearings

Direct response on local issues

Automatic vehicle identification

Community relations programming

Information retrieval services

Bducation for the handicapped

Drug and alcohol abuse programs

Health care, safety, and other
public information programs

Business transactions

Credit checks

Signature and photo identification

Facsimile services

Industrial security

Production monitoring

Industrial training

Corporate news ticker

Telediagnosis

Medical record exchange

3¢ 1s unlikely that all of these services will be economically

feasible on cable television networks.

desirable.

Interactive Television.

Some may not even be socially

They have been compiled from various reports, FCC filings,
corporate brochures, and advertising materials.

Adapted from Baer,

Table 1-1: Some proposed interactive services for cable television
(Cable Television: Franchising Considerations7)

2. Citizcn-govérnmcnt interaction.
3. City administration.

4. Status monitoring.

Racr, W. 8]
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1.1.3 Existing applications

Since the time when these applications were proposed, seven years ago, few of the visions have been
realized. Why docs the application of cable networks to data comnmiunications seem any more viable
today? The primary reason is that today many of the scrvices alrcady cxist but use different, narrower
bandwidth, higher cost, media such as telephone lines: connection of automated teller machines to
bank branch offices, conncction of terminals in urban and suburban schools to shared computer

facilitics, connection of airline reservation terminals to centralized data base facitities.

In fact, cable television technology is already in usc as a data communications medium.

L. In the summer of 1981 New York City's Computer Service Center switched from phone
lines to Manhattan Cablc ‘Felevision (MCTV) facilitics for communications with the
Manhattan municipal building. The switch reduced the city's data transmission cost by
approximately onc third, from $30,000 to $20,000°

2. Financial institutions in Manhattan have been using MCTV facilitics since 1975 to
connect Wall Street and Midtown offices.

3. Brown University in Rhode Island uses a broadband cable teclevision nctwork to
interconncct terminals and computers throughout the campus9

4. In addition, information services are being used, if primarily by businesscs:

a. In the United Kingdom, there is a two-way information service, Prestel, which uscs
telcphone lines to send information to and from users. Contrary to initial
expectations of the British Telecom which developed and offered the service, it is
uscd primarily by the business community.

b. In contrast to the videotex experience, the onc-way telctext system now offered in
the U.K. appcears quite successful among residents'?. ‘This is attributable to lower
tcletext access costs as well as the rather undeveloped nature of the information
provider services which therefore do not require the enhanced access features
offered by videotex.

¢. Lexus and Nexus legal and medical data base services.

d. Dow Jones stock market information scrvices.

8Annual municipal data transmission costs for the City of New York are estimated to be $10,000,000.
9Sylck Inc., LocalNet 20 system, sce Appendix A.

mln a teletext system pages of information are "grabbed” from a constantly cycling data basc of pages to simulate
interactivity.
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1.2 A possible scenario

In the short term cable opcrators will realize profits from institutional communication sc‘rviccs, in
competition with the local telephone company. In the longer term, as information services and
inexpensive terminals become available, the residential market will also become important revenue
source. As was the case with the telephone, residential subscriber services will be spurred by the
desires of commercial users to reach consumners. Many of the first generation of information services
may only allow users to communicate with the hcadend and any services that reside there. To further
their growth, and increase subscriber penctration, cable operators will find it worthwhile to provide
for multiple server networks (sce Section 3.2.2). As a result of these developments, information
services and communication services would be effectively merged. The cable operator would then
offer communication scrvices to both information and cntertainments service providers and

communication uscrs, and would itsclf act as onc of the scrvice providers on the network,

1.3 Overview of this report

If the cable tclevision networks fulfill their potential as important, and unique, tunicipal resources,
they should be made widely available to a diversity of uscrs and service providers. Therefore, local
cable authoritics, in addition to the cable industry, should establish structural mechanisms to
climinate the cable operator’s conflict of interest between its carriage and content functions, which
might othcerwise inhibit this diversity. In addition, data communication placcs intense technical
demands 6n the performance of a cable tclevision nectwork. Therefore, to cnsure that data
communications capabilitics are not precluded by poor engineering, local cable authoritics and the
cable industry must identify and overcome the technical barriers to the application of cable tclevision .

networks to data communications.

The application of cable television facilitics to data communications raises many questions regarding
the proper implementation and operation of the facilitics. In this report we address these questions,

some of which are listed below:

--~.Can data transmission be accommodated on existing cable networks?
- What engincering provisions must be made to handle two-way data transmission?

- How much will it cost to implement such provisions?

17



- What higher level communication'bro.tOC()ls, such as addressing, should be ilrlplcn1c11tcd?
- Who should offer services?

- Who should decide what scrvices are to be offered, and how should it be decided?

- Is the cable opcrqtor acting as a broadcaster or a common carrier?

- What regulatory or policy mechanisms are necded to achicve socictal goals such as
protection of first amendment right to hear and speak?

- How will access to the cable network be charged for?

- What role should the local cable authority play in specifying technical and operational
details of the network?

- What must the cable industry do to prepare itself for offering these new services?

The first half of this rcport concentrates on technical issues that are not yet widely understood or
appreciated in the cable television community. In particular, the cable industry must develop the
expertise necessary for dcgign and hnplcmcntation of network facilitics-and scrvices; the city cable
authoritics must understand the technology well enough to evaluate and monitor network planning
and opcration; and the users and information providers, nced to plan their applications according to

the cxisting, as well as potential, data communications capabilitics of cable networks.

In Chapter 2 we present a tutorial on data communications over cable television networks, and in
Chapter 3 we analyze the associated costs, impediments, and service structure options. -Thcse
chapters should help the cable community better understand the technical issucs and trade-offs
encountered in the design of data communications facilitics and services. We find that the
communications protocols adopted largely determine the capabilitics and performance of the system.
In particular, the ability to communicate with many other points on the network, i.c., not only the
headend, will be essential to future services. Performance is constraincd by upstream noisc and Tow
rcliability.whi'ch mziy result from poor system engineering and the relative incxperience of the cable
industry with data communications. In Chapter 4 we identify the unique propertics of cable
television technology (e.g., an cconomical, high-bandwidth medium that accommodates broadcast

communications) by comparing it with other regional data distribution media (DTS and tclephone).

The sccond half of this report addresses the national regulatory and local policy issues associated with

the opcration of data communications services via cable television networks. Chapter § outlines the

18



‘ policy context and proposes how the regulatory framework of cable television might be most suitably
adapted to data communications applications. Tn Chapter 6 we integrate the technical and regulatory
details presented in carlier chapters. This chapter serves as a guide for city cable authoritics to
incorporate the technical detail and regulatory structures necessary for data communication services
into cxisting cable policy. It emphasizes that not all two-way, cable, communications technologics are
cqually adequatce for the full range of data communications applications and therefore, in addition to
dictating opcrational policics, the cable authority must review the network desiga, proposed by the

operator, to insure that suitable facilities are in place.

19



Chapter Two
Cable Television as a Data Transmission Medium:

Tutorial

In this chapter we present a tutorial on the technical aspects of cable television networks as applied to
two-way data communications. We review the hardware componcents of both (raditional and
cnhanced cable networks and describe the communications protocols that can be brought to bear
when implementing two-way data communication scrvices. We conclude with a discussion of the
primary technical limitations to implementation of two-way data cominunications. It is found that the
communications protocol largely determines the capability and performance of the two-way system,

given the limitations of upstrcamn noisc and low reliability.

Cable Television systems, also referred to as Cable (Community Antenna Television, CATV) systems,
were designed to distribute television signals from a central location to residential homes throughout
a local region. These systems were used originally to provide entertainment television to regions
where off the air reception was not satisfactory. Ihcrcasingly, they arc used to provide a greater

diversity of programs than spectrum limitations permit, and as a means of delivering pay-television.

Although onc-way tclevision signal distribution continues to be the primary application of cable
systems, the technology is also appropriate for two-way communications. Two-way systems are those
which carry signals from subscribers back to the headend (upstream), in addition to distributing

signals from the headend to subscribers (downstream).

The two-way data communication capabilitics of cable technology have been most cxtensively
exploited in private Local Arca Communication Networks (ILACN’s). These networks transmit two-
way video and data throughout large buildings, industrial plants. and campuses. This report focuses
on developments in two-way data communications over cify-wide cable systems, as opposed to

campus-wide systems.

Cable nctworks arc of two types: residential and institutional. Residential networks distribute video

20



entertainment programming to residential subscribers in rural, suburban, and urban arcas. In
contrast, institutional nctworks arc located in city centers and scrve business needs of commercial and
governmental subscribers.!! Residential networks carry most of their traftic downstrc.am in support
of their primary service, video entertainment. However, newer services, such as home sccurity,
interactive videotex, and transaction scrvices, require an upstrcam capability. Institutional networks,
given their business clientele, will typically experience a more cven distribution of communications to
and from subscribers.  Proposed institutional services include high spced two-way data

communications, in addition to closed-circuit tclevision, for education and teleconferencing.

2.1 Cable system components

This section describes the clements which comprise a cable system. The first part describes those
hardwarc componcnts common to all cable systems. We then describe the additional hardware

necessary for the provision of two-way data communications.

2.1.1 Basic cable systems

All cable systems are composed of a headend, a distribution plant, and interface equipment. In a
traditional vidco distribution cable network, the headend receives over-the-air broadcasts and
translates them to frequency bands that are appropriate for transmission onto the cable plant.
Programming matcrial that is prepared cspecially for cable is generated at the headend and is also
transmitted onto the cable plant. The cable distribution plant is a tree-like configuration of
broadband coaxial cable, amplificrs, bridges, and feeder cables. The signals travel, via the
distribution plzthto the subscriber’s home, where the interface equipment translates the signals into

a form reccivable by the subscriber’s television (IFigure 2-1).

2.1.1.1 Headend équipmeht

Cable systems were first built in the 1950's_to provide improved reception of television signals to
geographically obstructed or isolated arcas. In this capacity, the system headend referred to the

location of the large recciving antenna from which the signals were transmitted onto the cable.

nOnly a few institutional networks are currently operational.
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Figure 2-1: Cable Network Componcnts(Scxcmlf'c Atlanta Cable
Communications Products 19811 “)
Today, in addition to- traditional over-the-air broadcast signals, an increasing amount of

programming matcrial is received from satellites.

Over-the-air signals arc often translated from their original frequency to a part of the spectrum
compatible with the rest of the cable system programming and the transmission characteristics of the
cable. In addition to translation and retransmission, the headend equalizes the power levels of the
incoming signals to minimizc interference among the signals on the cable, and compensates for
fluctuations in broadcast signals to insurc that a noisc-free, steady signal is transmitted onto the
network. Some headends also phase lock the frequency offscts of incoming signals to reduce visual

interference among them.

lecicnlmc Atlanta Cable Communicatoins Products 1981; Scientific Atlanta, Atlanta, Georgia
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2.1.1.2 Cable distribution plant -- cable, amplificrs, bridging amplifiers

The cable plant is comprised of broadband coaxial cable, signal amplificrs, and bridging amplificrs.
All transmission over cable networks is Irequency Division Multiplexed (FDM), ic., the total
frequency spectrum of the cable is subdivided into channels. Each channel allocation is typically
cqual to a standard tclevision channel, 6 Mhz. ‘The bandwidth that can be transmitted over coaxial
cable is largely determined by the :unbliﬁcrs used. The cable itself has a bandwidth in the giga-Hz
range but the active components, namncly amplifiers, arc limited in the bandwidth that they can

transmit without causing cxcessive cross-talk 3,

The amplificrs used on older cable systems transmit less than 300 Mhz which limits their carrying
capacity to between 12 and 20 channcls: these systems make up more than 50% of the cable systems
in usc today”. With appropriate cngincering, newer systems, whose components transmit 300 Mhz,
will carry up to 30, 6 Mhz (I'V) channcls; systeins whose components transmit 400 Mhz will carry up
to 52 TV channels. One problem experienced with 400 Mhyz, and higher, amplifiers, is that duc to the
extra channel loading there is a degradation in the composite triple beat rating of the
amplificrs [34], [S]. The triple beat phenomenon is caused by different frequencics interfering with
onc another and generating noisc; in particular, the sum and difference frequencies produced from
the product of three frcquencicsls. ‘T'hree different types of coaxial cable are used in most systems --
trunking cable; narrower and more flexible distribution cable for network branches; and feeder cable
which carrics the signal to cach individual houschold from the distribution cable. The latter two
cable types have greater attenuation than that of trunking cable but are less cxpensive. Optimal

network design attempts to minimize their use within cost constraints.

Amplifiers are placed throughout the cable plant to compensate for attenuation which occurs when a -
signal is transmitted over long distances. The number of amplifiers needed per mile of distribution
plant depends on the attenuation characteristics of the cable. An amplifier cascade refers to the
number of amplifiers which a signal passcs through between its source and destination point.

Because all amplificrs contribute some distortion to the signal, there is a strict upper limit to the

13Cross-lalk refers to the undcsired transfer of energy from one channel to another.

4NCTA statistic, 1981, Wendell Bailey
15'lhc: triple beat phenomenon, also known as third order intermodulation, is the beating of one signal carrier with the

second harmonic of another signal carrier (2f =2 f. 2) or the beating of three signal carricrs together with or without modulation
({(fl‘f2>if3} = f3 +6 Mhz).
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length of a cascade which can be tolerated before the signal becomes distorted beyond acceptable
levels. In addition, the wider the bandwidth of an amplificr, the more difficult it is to control signal
distortion. Therefore, the maximum tolerable cascade for 400 Mhz systems is smaller than that for
300 Mhz systems [59].  All branching is achicved with the use of bridging amplifiers which feed
anmplified signals from the trunk cable onto a distribution cable while keeping the trunk cable

clectrically isolated.

The geographical coverage of a cable network is limited by the signal loss over the cable, and by the
distortion characteristics of the amplificrs. The systems described in this report operate over arcas of 7
to 50 miles in diamcter. For the case of 400 Mhz components, the maximum allowable amplifier

cascade limits the diameter of single hub systems to about 10 miles.

The cable distribution plant is typically arranged in one of three topologics, referred to as loop, tree,
and hub. A Joop design resembles a snake and requires the fewest of amplifiers, but entails the
longest amplifier cascades. The cascade of a loop design network is proportional to the total distance
which .thc cable traverses. For this. reason, the loop topology is only appropriate for systems with
limited geographical coverage and the low distortion characteristics ordi.nzu'ily associated with small

channel capacity.

A Iree system is composed of a winding central trunk and branching distribution cables that carry the
signals closcr to the subscribers’ premiscs (Figure 2-2). This topology reduces the total number of
amplifiers nceded, and allows the system to serve a larger arca Lhan a loop topology. It also allows
isolation of portions of the cable plant in cases of disruptive component or interface unit malfunction,

i.c., individual nctwork branches, without halting total systcm operation.

The inferior chamétcristics of 400 Mhz ampilificrs restrict the topology of 400 MHz Systcms to a hub
design whose branches are shorter than those of tree structures (Figure 2-3).  This configuration
resembles a star with the headend at its center, and multiple radially distributed trunks. The
maximum distance between the farthest subscriber and the headend is thereby minimized. This
reduces the length of the amplifier cascades necessary to cover a given geographical arca. Systems can
1_)c cohriﬁé‘l»xrcd with multiple interconnected hubs to cover larger geographical regions. Enhanced
transmission methods that arc more resisitant to noise and inter-modulation are used to connect the
hubs (c.g., digital transmission, frequency modulation, wider guard bands). Widcband, low-

attenuation media, such as microwave or fiber optics, are typically used for the inter-hub links. These
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methods and media are currently cconomically prohibitive for use in other segments of the cable

plant.

2.1.1.3 Interface equipment

The fecder cable taps off of the distribution cable and carrics the signal to the subscriber. The
interface unit, which is also referred to as the customer premises equipment (CPE), connects the fecder
cable to the customer’s TV set. The interface unit translates the signals taken off of the cable to a
frequency band that can be received by a standard television. This converter is the simplest form of
cable interface unit. In addition, subscribers to pay-tclevision programs, which are somctimes

scrambled before transmission, have converters cquipped with descramblers!s.

16Dincson. M., Picazzo, J. [22)

lsz\llcmati\'cly. the pay-television signals are trapped out at the trunk connection to each subscriber's feeder cable who docs
not pay for the premium service.
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2.1.2 Two-way cable system components

2.1.2.1 Headend

Two-way communications on a cable system requires that the headend receive upstrecam signals from
the cable distribution plant in addition to transmitting signals downstrcam. Some of the control
structures for data communications require only that the headend translate specified upstrcam signals
onto select downstream channels. Others depend upon the headend for additional addressing and
switching capabilities. Somec of the upstrcam signals may be forwarcicd by the hecadend to other
points on or off of the cable network, while others may be destined for the headend itself, Exactly
what cquipment. is needed depends on the application. To censure compatibility with video

transmissions, some headends also frame the data signals to ook like video.

Most large systems today, both one-way and two-way, ecmploy a minicomputer at the headend for
system control, maintenance, and billing. Once the headend is so equipped, numerous network

management functions can be implemented at the headend.

1-’Dineson, M., Picazzo, J. [22]

26



2.1.2.2 Cable distribution plant

Two-way capability implics that the cable distribution plant transmits signals in both directions. The
coaxial cable itself has this capability but, the standard onc-way cable amplifiers must be modificd to
accommodate two-way transmission. ' Two-way amplifiers amplify a portion of the cable’s frequency
spectrum in the upstrcam direction, and the balance in the downstream direction. The upstream and
downstrcam portions need not be of equal bandwidth, and in most cases arc not. The frequency
bandwidths allocated for upstrcam and downstrcam transmission arc completely determined by the
amplifiers used. Any onc-way system can, in principle, be converted into a two-way system if the
amplificrs arc replaced with two-way ampliﬁcrszo.

Two-way cable systems vary in the number of channcls allocated to upstrcam communications.
Residential systems typically allocatc most of their cable channcls to downstream transmission -- 54
Mhz to 300 Mhz for downstream, and 5.75 Mhz to 29.75 Mhz2! for upstream, transmissions on 300
Mhz systems. These are referred to as subsplit systems. Most institutional cable systeins, as well as
privatc LACN’s, arc midsplit systems. These allocate the same number of channcls to both upstream
and downstrcam transmission; for éxamplc, 5.75 Mhz to 108 Mhz for upstrcam (rcverse), and 162
Mhz to 300 Mhz for downstream, transmission on 300 Mhz systems. These frequency assignments
arc somewhat arbitrary, using over-the-air 1.V, transmission frequency assignments so as to take
advantage of widely available (and therefore inexpensive) amplifiers and related cquipment. Some
cable systems, referred to as dual cable, use two cables. The cables can be operated as two subsplit or
midsplit systems, or onc of cach. A fourth option uses an entire cable for downstream, and operates
the sccond cable as cither midsplit, or subsplit, or entircly upstrcamzz.

The data transmission rate achicved on cach channel is determined by the number of bits per hertz

(bits/hz)23 transmitted. This in turn is affected by the noise limitations (sce Scction 2.3), and the

19’lhc amplificrs on two-way ready systems have slots ready for insertion of upstream amplificr boards. This technique was

prescribed by the I°CC in the mid-scventics for all large cable systems. [t was an attempt to minimize the cost of future
retrofitting, while recognizing that a two-way market did not yet exist. Cf. Section 2.1.2.2

2OScc Scction 2.3 for other practical limitations to two-way transmission.

21C’hanncls T1 - T4 using standard cable nomenclature

22Wang uses a dual cable for its Wangnet and claims to achieve three times the bandwidth at 20% additional cost.

23Bils per hertz is the inverse of the efficiency rating, or hz/bit. Bits/hz is felt to be a more useful mcasure in this instance
and will be used throughout the report.
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sophistication (and cost) of the modem. The data m'tc cxpericnced by each user is also determined by
the access scheme used (sce Scction 2.2), as well as the geographical coverage. Iixisting cable based
data communication networks achicve aggregate data rates up to § Mbps over cach 6 Mhz channel
(0.833 bits/hz), depending upon the access scheme and geographical covc1‘ngc24. Aggregate data rates
achicvable over the full spectrum of a midsplit cable system range upwards of 300 (300 Mbps is an
arbitrary example of the data rate achicved assuming 0.5 Mbps per 6 Mhz channel). In comparison,
Multipoint Distribution Systeins (MDS), which use microwave transmission facilitics, offer at most
onc or two 6 Mhz channels duc to limited over-the-air spectrum availability; and unmodified,

tclephone company, local loop facilitics (twisted wire pairs) offer up to 4.8 Kbps.

Two-way bridge amplifiers arc used to amplify signals onto, and off of, scgments of the cable plant
which branch off of the central trunk. In some two-way systems the bridge amplifiers arc cquipped
with added clectronics which allow them to be addressed and switched on and off via signals from the
headend. In more sophisticated two-way systems, bridges might be cquipped to perform diagnostic

checks on the network as well.

2.1.2.3 Interface units

The interface unit for a two-way system must convert signals from the terminal into a form that can
be transmitted over the designated cable channel, and reccived by the headend. The function and
complexity of the interface unit depends upon the type of terminal and access échcmc used. The
interface unit consists of two parts, one is the rf modem, and the other is the control logic (both

digital hardwarc and softwarc)

Radio j'retjuency modulator-demodulators (rf-modems) convert digital signals from digital devices into
analog signalé which can be carried by the cable network much like video signals. Rf-modem
technology has proven very popular for industrial use, and more recently for communications in
business environments; however, it remains a relatively costly technology for residential use. Rf-
modcin costs range upwards of $400, This high cost is partially duc to the limited quantitics currently

manufactured. In addition, the analog complexity of radio frequency components makes Large Scale

24C‘ox Cable's Indax system runs at 28 Kbps over 125 Khz subchannels (.223 bits/hz). Wang's broadband systcm runs over
shorter distances at speeds up to 12 Mbps over an 18 Mhz channel (0.667 bits/hz). Ungermann-Bass runs at 5 Mbps per 6 Mhz
channel (0.833 bits/hz), over distances up to 10 miles.
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Integration (1.S1) difficult; therefore, the costs are not expected to decrcase as rapidly as many digital

components.

In a tclephone system every customer has its own dedicated wire pair; on a cable television network
nodes share a common trunk which passes many houscholds. An access scheme or protocol controls
how the cable capacity is shared. Each unit must also be given an unique digital address to identify it
for reception of downstream signals. Thus, in addition to the rf-modem a two-way intcrface unit
contains control logic which implements the communication protocol. The interface unit design and
cost is largely determined by the access scheme used on the network.  Finally, the interface may
implement additional capabilities such as anti-jamming techniques, encryption, or other cnhanced

features.

.

2.2 Access schemes and communication protocols for two-way data communications

A number of alternative protocols for data communications over broadband cable have been
implemented. Each of the protocols has a system structure and user environment for which it is most
appropriate. Residential and institutional networks may require different schemes, based on the
differences in their applications. Eventually, agreed-upon standards will be needed to support

interconncection of networks with dissimilar higher level protocols.
2.2.1 Description of access schemes

2.2.1.1 Polling

The most common access scheme currently used for two-way communications on cable systems is
polling. "The headend continually cycles through the system, addressing a message to cach interface
unit to sce if it has data to send. It can take as long as 6 scconds to poll cvery user in a large system,
on the order of 100,000 subscribers? . Unique digital addresscs are hard-wired or programmed into

cach of the subscriber interface units.

25'Ihc Minncapolis cable system being built by Rogers Cablesystems Engineering of Canada, specifies a 6 second polling
cycle.
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The performance of a polling scheme is characterized by the responsce time realized by the subscriber
and the amount of data sent per response. Some polling schemes allow the polled device to reply to
the headend only with onc of a sct of predefined responses; others allow more flexibility in the
allowed length of the response.  Polling is most often used for pay-per-view billing, as well as for
sccurity and energy monitoring applications. Polling mcthods arc appropriate for transaction scrvices
and other data communications scrvices only when traffic is very light, and when response time is not

critical.

A modified version of polling uses intelligent bridger-switches. The headend polls one branch of the
nctwork at a time by addressing the appropriate intclligent bridge amplifier and allowing all nodes on
that branch to simultancously transmit (using scparate, preassigned frequencics) their upstream
signals onto the cntire upstream portion of the trunk cable. Since only onc branch is allowed to
transmit at a time, the entire upstream channel spectrum can be used by the nodes on a single branch.
‘This method achieves higher data rates than most simple polling schemes but may still suffer from

long response times due to the polling cycle. .

Binary polling is used to decrease the delay which results from long pbllillg cycles. The headend
sends out polling messages to all points on the network. 1f the headend receives a response it locates
tie responding device (or onc of them) using a binary scarch technique. The headend turns off half
of the network branches and polls the other half. If there is no response, the originally responding
device is known to be on the other half of the tree. The network is configured as a long branching
trec and this divide-in-half process continues until the headend has isolated onc responding node on
the network. The customer is serviced and the process begins again. This mcthod is only cffective in

reducing delay if there are few simultancous users with messages to send, c.g., sccurity monitoring,.

2.2.1.2FDM

Frequency Division Multiplexing (FDM) can be used to divide each of the 6 Mhz channcls into
smaller subchanncls for dedicated use by subscribers?®, The FDM interface unit is a standard rf-

modem tuned to dedicated frequencics, oné for transmitting and one for receiving. The receiving

26Manh:man Cable Television (MCTV) in New York city uses this approach. MCTV has operated a data transmission
service between uptown and downtown Manhattan since 1975, The service is primarily used by banking and other financial
institutions with branches in both locations.
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- frequency serves as the unit’s digital address. The data rate is a function of the channcel bandwidth

and the number of bits per hertz transmitted.

Switched FDM schemes resemble the current architecture of the telephone system.  Each user is
assigned a dedicated subchannel. This frequency assignment scrves as the user's address. The
headend reads addressing information on upstrecam communications and routes the information to
the proper downstream subchannel, performing the appropriate frequency translation. This access
mcthod is appropriate for systems with a limited number of users whose communications arc
relatively uniform over time. ‘The number of users who can be served by such a scheme is limited to
the number of available subchannels, which in turn is limited by the minimum acceptable bandwidth
of a subchanncl. This is far fewer than the number of residential subscribers on even a small two-way

system (3,500 or more), but is possibly adequate for an institutional system.

Dynamic assignment FDA makes use of frequency agile modems which allow users to transmit via
onc of a sct of frequency subchanncls; the particular frequency used is determined by the user or by a
central controller, i.c., the headend. The central controller dynamically assigns the calling and called
nodes a free subchanncl for the duration of their communications; polling can be used to identify the
node that wishes to sct up a conncction. While allowing scrvice to many more uscrs, this method is
still Iess suited to bursty traffic types such as computer communications which is characterized by
short, high intensity, intermittent communications. Using FIDM alone as the access schcmc”, when a
channel is assigned to a device, even if .dynamically assigned, it will lay idle during those times when

the device has no data to transmit.

2.2.1.3TDM

Time division'mulliplexing (TDAM) allows multiple devices to share a single FDM channel or
subchannel by assigning each user a fixed time slot during which it sends its data. A user’s address is
his time slot. A form of TDM called Time Division Multiple Access (TDAM ) allows many devices
along a cable to sharc a TDM channcli devices insert data into their slot at multiple points along the
cable. There are a number of methods for controlling allocation of the time slots using a TDMA
scheme. Demand Assigned-Time .Division Multiple Access (DA-TDMA) is a more sophisticated

TDMA scheme which allows dynamic 'location of time slots on a transmission channcl. This

27Nutc that all cable television uses FDM to divide the 300 or 400 Mhz of bandwidth on the cable.
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. technique was developed for satellite communications, and is generally applicable to high bandwidth
multipoint communications networks.  DA-TDMA wuscs intelligent microprocessor controlled
interface units, as welt as a fairly powerful minicomputer at the headend, to allecate time slots on an
as nceded basis. DA-TDMA is appropriate for both high and low speed uscrs, particularly users with

high voluine requirements,

2.2.1.4 Contention schemes

Contention Schemes are another form of TDMA. Aloha [1], Carrier Sense Multiple Access (CSMA),
and CSMA with Collision Detect (CSMA-CD) [41] are all candidates for use on residential cable
systems. Contention schemes allow all users to share a single channel, or multiple subchannels can be
interconnected using a bridging device. For example, using CSMA, when a device has data to send,
the interface unit breoadcasts packets of information onto the channcl. 1f the unit does not receive an
acknowledgment that the packets were received intact (i.c., a collision occurred when two or more
units attempted to usc the channel simultancously, resulting in destroyed packets), it retransinits the
packets. The more sophisticated schemes allow the devices to detect other traffic on the channel
before or during broadcasting, thereby reducing the probability of collision. TFor example, using
CSMA-CD, if more than one device broadcasts at any one point in time, there is a collision and both
devices backoff and try again after some short but random period of time. Every device scans the
address destination attached to cach packet on the channel but reads only the contents of those
packets that arc addressed to it. Contention systems present a tradcoff among data rate, geographical
coverage, and minimum packet sizeZ, Although LACN contention systems operate at speeds as high
as 5 Mbps per 6 Mhz channcl”, peak data rates for a residential cable arc probably limited to 1 or 2
Mbps per 6 Mhz channel (0.166 to 0.332 bits/hz), due to wider geographical coverage and lower -

guarantced signal to noise ratios®,

Contention schemes achicve complete connectivity through distributed control. In contrast to DA-

28Estrin. D., Some Technical Considerations in Using a 400-M Hz CATV System for Data. Working Paper, Laboratory for
Computer Science, M.LT., May 1981.

. Ungermann-Bass Inc. [63], Net/One Broadband; Wangnet achieves 12 Mbps over 18 Mhz, or 4 Mbps per 6 Mhz.

30Dickcnson [21] suggests that well-maintained systems should experience signal to noisc ratios of 40 dB or greater, which is
more than adequate for high performance. But, there are no statistics currently available as to the number, or percentage, of
residential cable systems that fit this description. In addition, the residential cable system is exposed to a harsher, and less
controllable, environment than a building-wide LACN is. making it difficult to guarantce performance.
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TDMA, contention systems require no added complexity at the headend beyond signal conditioning;
the switching function is inhcrent to the way in which the channel is shared. This reduced
complexity and distributed control is very attractive for the diverse community of uscrs that is to be
served in the residential and small business market.  Contention systems arc appropriate for
multipoint communications between bursty users at medium and high speceds, and short to moderate

length messages.

Token passing is a distributed polling method. The IEEE LACN standards committee’! describes the
token access method as follows [32]:

A token controls the right of access to the physical medium; the
node which holds (possesses) the token has momentary control over the
medium.,

The token is passed by nodes residing on the medium; it is passed from
node to node in a logical ring fashion,

Steady state operation consists of a data. transfer phasc and a token
transfer phase. The two phases may be combined, in which casc the
token is transferred in conjunction with a data frame (implicit token).

Monitoring functions within the active nodes provide a basis for
initialization, recovery, and gencral housckeeping of the logical

ring. The monitoring functions may be replicated among nodes of the
network, but only a few nodes at a time carry the primary recovery
responsibility.

As on the contention channel, packet headers are scanned by all interface units on the channcel but
arc sclected by only that unit to which they arc addressed. In contrast to the contention method
described above, this method does not present the speed, distance, packet length trade-off. It
therefore can be used to achicve higher specds over longer distances. In addition, the performance of
a token passing channel does not degrade under hcavy loading as scverely as docs a contention
channel. On the other hand, if the channel is lightly loaded, longer delays will be incurred with
higher probability; this could be aggravated by extended geographical length of the channel and
poses an upper bound to the geographical coverage [S4]. A central monitor station is ordinarily used

to ensure the integrity of the token, i.c., that it does not get lost or duplicated. This monitor could be

31lnstilute of Flectrical and Electronics Engineers, Project 802, is attempting to set standards for local area network
comunication protocols. Standards have been established for both contention and token access methods [32].

33



located at the headend32,

2.2.2 Performance characteristics of access schemes

The choice of access scheme presents a tradcoff among throughput, connectivity, availability, and cost.

2.2.2.1 Throughput

The throughput is the data rate cxpericnced by an individual user. 1t is only a portion of the
aggregate data rate offered on the channel. Polling typically offers the lowest thrcughput to the user.
Some implementations of bridger-switch polling allow a single branch to make usc of the entire
upstrcam channel capacity at a timc. Although this increases the peak data ratec accommodated, the

polling-cycle delays cffectively reduce the throughput experienced by the subscriber.

The throughput experienced on a dedicated FIDM channel is equal to the data rate of the modem
used. Higher data rates require more dedicated bandwidth, limiting the number of users who can bhe
served in a given frequency allocation. Sending fewer bits per hertz results in cheaper modems but

the inctticicnt use of bandwidth limits the amount of traffic that can be accommodated.

The throughput expericnced by a single device on all varictics of TDMA channels is determined by
the number of devices scrved on the channel, i.c., the load factor, since the channel rate is usually
cqually divided among all nodes. The throughput is also determined by the channel bandwidth

allocation, and the spccifications of the interface hardware.

2.2.2.2 Connectivity

Connectivity is the ability to communicate with every other point on the network. This requires that
each point have a digital address and that communications can be transported from cach point to

cvery other point on the network, i.c. unique addressing and switched scrvices.

Polling is not well suited to multipoint-to-multipoint communications, because the task of collecting

and forwarding messages, is cumbersome. Polling is best applicd in systems where multiple

37I’hasc- ocked regenerators would be used along the channel to ensure proper transmission of the token. .
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distributed devices need to communicate with a single central device which exccutes the polling and

processes the messages (Sce Section 3.2.2.2).

IFIDM channel services can rescmble point to point dedicated telephone lines which only achicve
connectivity between a pair of points, or multidrop lines which allow a transmitting device to
communicate with multiple listening devices. Switching can be implemented at thie headend in much

the same way as the telephonc company to achicve complete connectivity.

The facilitics at the headend of the DA-TIDMA system, i.c., a computer and the appropriate software,
typically implement switching as well as allocation of time slots. Although switching is not inherent

to DA-TDMA, it can be assumed that such systems can achieve complete connectivity.

Contention access schemie protocols achicve complete connectivity among all nodes on a channel.
Multiple contention channels using different frequency bands require additional facilities for
complete connectivity across the system. A bridge is a device used to connect otherwise independent

channels on a nctwork by translating specially addressed packets from the one chonnel to the other®>,

2.2.2.3 System availability

The availability of a system is largely dependent on the complexity of the control and interface
cquipment. The more complex the equipment, the more limited are replacement parts, the more
difficult are organizational and technical procedures for operation and maintenance, and the more

frequent and Iengthy is the average downtime,

Protective measures from both intentional and unintentional interruption of the communication -
channcl are required to assure system availability, The susceptibility of the network to jamming is
partially a function of the access protocol used. Point-to-point. dedicated FIDM lines are less
susceptible to accidental disruption by users because there is only one designated user per channel;
the user’s equipment, ceven if it jams, is likely to disrupt no more than the single channel to which it is
assigned. DA-TDMA, and contention schemes allow multiple users access to a common channcl,
thereby increasing the likelihood with which a malfunctioning interface unit can disrupt service to

others. In both cases, where system availability is valued, monitoring and detection schemes should

331his type of bridge is distinct from the bridging amplifier described carlier which translates clectrical signals from the
cable trunk onto a branch of the cable system.



be implemented at the headend, in the interface units, or at designated points in the cable network, to
assurc that jamming dcvices can be isolated from the network cither by turning them off or by

turning off that branch of the network.

2.2.2.4 Relative costs of access schemes

The communications costs associated with cach of these access schemes is divided between the central
control cquipment at the headend and the interface units>*, The choice between centrally controlled
or distributed communication schemcs presents a varicty of trade-offs. The majority of the centrally
controlled communications cost is in the headend cquipmcm. In a distributed system, the interface
units arc more complex (and therefore more expensive), while the cost of central control cquipment
is lower. The choice largely rests on the number of devices using the system. When the number of
devices served becomes large, it generally becomces less expensive to use a system whose incremental,
distributed, costs arc low?® . A sccond fundamental tradcoff is that of cost and function. Not only

doces the cquipment cost rise with added complexity, but the maintenance costs rise as well,

The interface unit is comprised of an rf-modem and digital logic which implements the
communication protocols. The cost of the rf-modem is a function of the frequency bandwidth over
which it transmits and the number of bits per hertz transmitted. The cost of the digital logic is a

function of the complexity of the communications protocol used.

Of all the centralized communication schemes polling is the simplest and therefore requires the least
expensive central control and interface cquipment. Centralized cquipment is typically an
incxpcnéivc minicomputer with appropriate software. The rf-modems used in these low speed

devices are relatively inexpensive, as is the digital logic.

FDM interface units require only minimal control logic. Their cost is primarily a function of their
transmission speed. As rf-modems arc manufactured in larger quantities, the cost of FDM units will
drop significantly. Only frequency translation is necessary at the headend for point-to-point I'DM

communications, while the cquivalent of a telcphone switch is required for switched IF'DM services.

34A(:tual cquipment cost figures are discussed in Section 3.3

35This is not true if the cost of the central control equipment increases significantly with the number of devices served.
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TDM units with fixed time slot allocations also require centrally controlled switching but only a

modest amount of control logic in the interface unit.

DA-TDMA requires sophisticated logic in the interface unit, as well as sophisticated control at the
headend for time slot allocation.  Contention schemes require sophisticated logic in the interface
units but no central control beyond frequency translation and signal conditiuningm. The relative
cconomics of contention and DA-TDMA systems of equal speeds depends largely on the number of

uscrs served and their traffic volume.

2.3 Cable system limitations

Privately constructed and opcrated industrial aﬁd campus broadband nctworks, LACN’s, can come
close to realizing many of the favorable communications features described above; the same cannot
be said about cxisting cable networks. The problems are both of technical and institutional origin.
The following constraints will hamper iimplementation of cconomical, high speed data networks over

cable television systems:
- 'Technical

* Ingress and insertion noise due to poor construction and maintenance of cable
systcms.

* Reliability and security problems due to the difficulty of locating the fault or source
of interference on the network.

* Compatibility with vidco transmission.
- Organizational
* LLack of common cable nctwork specifications and communications protocols which
preclude the use of standard approaches or cquipment, therefore not providing

cconomics of scale.

* Large investment nccessary to retrofit existing system amplifiers and headends to
accommodate two-way switched scrvices.

* Large investment necessary to wire cities and buildings.

361\"clwork management functions for a contention system may be implemented in a centralized headend facility, but unlike
many other access schemes, such a facility is not necessary to basic system operation.
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2.3.1 Noise and corrective measures

Two types of noisc problems on two-way cable systems are inscrtion noise on the upstream channel
and ingress noisc into "lcaky” cable cable systems. Noise is important because it limits the data
carrying capacity of a cable network. Noise enters the system at many points along the cable plant. In
Figure 2-3, twclve noise sources are identificd: receiving antenna at headend, hcndcﬁd, local
origination studio, the trunk cable (largest diameter cable; shiclding provides high noise immunity),
leakage at the trunk amplificr, leakage at the bridging amplificr, the feeder cable (narrower, and
therefore lower noise immunity than trunk cable), leakage at the tap, the drop cable (narrowest, and
lowest noisc immunity cable), the interface unit, and the communicating device (computer or

television sct), leakage at the line extender amplificr.

2.3.1.1 Insertion noise

The noise on the upstream channel in the vicinity of the headend is the sum of all the noise
"inserted” by all the units which tap onto that channel and the insertion noisc from every amplifier
between the farthest subscriber and the hecadend. Thus the longer the distance between the
subscribers and the headend, the greater the noise relative to the signal. Existing 300 Mhz residential
systems arc typically configured to minimize the total number of amplificrs needed, as opposed to the
length of the maximum branch, or amplifier cascade. This design typically results in some long, noisy
upstrcam channcls. The majority of two-way active and two-way rcady systems arc tree
configurations, and many continuc to be built in this fashion. 400 Mhz systems do not suffer as much
from insertion noise because, due to the inferior distortion characteristics of 400- Mhz amplificrs, they

arc designed to minimize branch length, i.e., configured in a hub fashion (see Section 2.1.1.2)."

Fecder cable has poorer noisc immunity characteristics than does distribution or trunk cable.
Significant amounts of noise thereby enters the system through the links between the interface units
and the distribution cable. Commercial users can usually afford to usc higher quality feeder cable to
run from the network trunk to the building; thercfore, insertion noise can be counteracted, for a

price, on institutional networks.
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1. Antenna at headend.
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8. Tap.

9. Drop cable.

10. Interface unit,
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2.3.1.2 Ingress

ILoosc conncctions, for example at a subscriber tap, can allow the ingress of outside signals or noisc.
This leakiness is first of all due to poor mechanical design and enginecring of the cable plant. Even if
a system is carcfully installed, the connectors need to be tightened regularly or significant leakage will
develop.  Connectors typically begin to lcak six months after installation dusz to the cffects of
temperature variations on component materials. Itis difficult to engincer around a leaky systcm,bn
anything other than a casc-by-case basis, because the noise which results is not randomly distributed;
therefore, commonly used cngincering techniques cannot be brought to bear. C-B and 1lam radios
near a leaky cable system can cause complete disruption of communications in the lower part of the

cable spcctrum38 [4]. In extreme cascs, intermodulation into other vidco bands can occur??.

A related problem is interference of data signals with television signals on the cable. Noise levels as
low as 60 dB below the tclevision carrier can cause television interference . Although the power
levels. of the television and data signals must be carcfully balanced, experience has shown the
problem of cross-channel interference to be controllable. Systems are typically designed to transmit
data at power levels approximately 18 dB below the level of the TV signals. Problems of cross
channel interference are likely to be somewhat more significant on older residential systems than on
ncwly installed residential or institutional systems because of inferior construction and components.
In particular, amplificrs tended to be designed to weaker specifications than they are today because
the clectronic components were more costly. In addition, the older systems with smaller channcl

capacity performed quite well with less demanding practices of eonstruction and maintenance.

It is possible that channels that are unusable for vidco transmission can be uscd for data transmission.
In particular, channcls 14, 15, 16, and 41 cannot be uscd for video because of interference to aircraft
communications; data signals that arc properly placed may not create such interference. Similarly,
cach community cable system is unable to transmit via the frequencics used by local television
broadcasters because of interference from the over-the-air signals; data signals may be more immune

to this interference than are video signals.

38This lower portion of the frequency spectrum is typically designated for data transmission on subsplit systems

39Inlcrmodulzuion resulls in signals generated at frequencies equal to the sums and differences of the signals that are
interfering with one another.

.
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2.3.1.3 Corrective measures

Some of the noisc problems -- both inscrtion and ingress -- can be alleviated through carcful
engineering and network design.  In addition, the noise level can be contained via an aggressive
maintenance schedule, for example, tightening loose connectors to alleviate the ingress problem. On
the other hand, tightening conncctors is a labor-intensive operation and it alone does not assure

acceptable ingress levels.

Bridger switching was described previously in connection with a polling access scheme.  Bridger
switches were originally intended to limit upstrcam traffic to one branch at a time so as to limit the
insertion noisc that accumulates on the multiple branches of tree structured systems.  Intelligent
bridger-switches with microprocessor control can act as subsystem controllers. "These controllers can
perform services otherwise performed by the headend, and can reduce the cost of individual interface
units, through added functions.®0 .

Using ‘bridger-switching in this way significantly constrains the type of communication access scheme
which can be implemented. In particular, it is incompatible with contention protocols which require
the channcl to remain open. In fact, bridger switching is only attractive for usc with polling access

schemes.

An alternative to bridger switching for reduction of noise is the use of digital regenerators on the
upstrcam channel. Unlike analog repeaters (amplifiers) which amplify both signal and noise,
regencrators extract the data signal and regenerate it without the noise component, Regenerators can
only be used on a channel that is transmitting digital data in analog form, as opposed to analog
signals such as voice of video that have not been digitized. Not all amplifiers on the u'pstrcam .
channel would need to be replaced by regencrators; the number can be adjusted depending upon
system noise levels and the desired SNR. Retrofitting a cable system to use digital regencrators
would involve pulling off the desired upstream frequencies, bypassing the upstrcam amplifier and
sending the sclected signals through a demodulator, a regencrator, a modulator, and back to the
output point of the bypassed upstreamn amplificr, see Figure 2-4. The telephone company uses T1
(1.544 Mbps) digital regenerators extensively, which has brought down their cost to approximately
$70 cach.

OControl-com Corm. refers to the intelligent bridger switches as arca microprocessors. They are used for fault detection,
jamming detection, traffic monitoring, and security subsystem managcement.
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Figure 2-5: Digital regenerator used to reduce upstrcam noise.

Hub systems have shorter amplificr cascades, resulting in Iess inscrtion noisc on upstrcam channels.
All future systems, both residential and institutional, should be designed in a hub fashion to reduce
upstrcam noisc and to limit the nced for additional components such as the digital regenerator

described above?l.

To avoid interference on leaky systems from C-B and Ham radios, channels coinciding with these
bands can be avoided. A related alternative is to allow communications circuits to switch from one
channcl to another if the channcl in use becomes unacceptably noisy. This would require frequency

agile modems and an additional level of complexity and control capability at the headend.

Another approach is to usc a low bit per hertz ratio which allows for increased signal energy relative
to the noisc. This option is constrained by the available bandwidth. While bandwidth may be

plentiful now, it is likcly to be an increasingly scarce resource in the future. Finally, more

4l'l‘hc distortion characteristics of high bandwidth amplifiers mandate limited cascade lengths, thercfore all 400 Mhz
systems are designed in a hub fashion.
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sophisticated -- and expensive -- modems can be used which allow correct signal reception even in

the presence of noise.

Some compensation for the high noise level can be achieved through the design of the
communication cquipment and protocols. Most packet schemes are designed with the expectation
that some packets will be lost or damaged and therefore they provide for sensing and retransmission

mcchanisins*2,

2.3.2 Rekiability

2.3.2.1 System reliability

The reliability of a communication network is a measure of the availability and quality of service. It

depends upon the following network characteristics:

- Noisc immunity of the transmission medium.
- Mecan time between failure (MTBI) of system componcents.
- Sensitivity of network opcration to the failure of single components of the network.

- Susceptibility of the network to jamming,

Broadband coaxial cable (see Scction 2.1.1.2) has a higher noise invnunity than docs cither baseband
coaxial cable or twisted pair. This higher immunity results in specified bit error rates (BER) of 10810
10'1043. Bit crror rate is also proportional to the data rate uscd, thercfore lower speed transmission
can be used to overcome noisy systems. Most cable vidco channcls operate at a signal-to-noise ratio
(SNR) of 40 dB.

Cable television is a mature technology; individual components tend to be highly reliable. Measured
MTBF’s for amplificrs arc as high as 50 years. Manufacturers guaranteed MTBF’s are as high as 20
years [66]. However, failures are not distributed evenly over time. Also, the additive probability of

failure of a long cascade of amplificrs is not necessarily negligible.

42]t is important that whatever scheme is chosen should degrade gracefully under conditions of high packet error and
retransmission rate.

. . e g -6
43Mcdcm manufacturers claim that less than 3% of all cable systems actually experience BER's better than 10~ due to
deg-1ded signal to noise ratios which result from insertion noise.
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- The headend equipment used in simple FIDM or polling data networks is relatively standardized and
reliable.  Headends that implement complex addressing functions use fairly sophisticated
minicomputers. "The computers used are not particularly new or risky, but their lifctime, let alone
their MTBF, is significantly less than 15 years; in fact MTBE for most computer equipment is
measurcd in days. The reliability of the interface technologics varics. In gencral, those that have
been used most extensively in the ficld, polling and FDM, are most reliable. They have been well

tested and are the Ieast complex.

The most significant reliability problems of technical origin, are:

- The isolation of faults.

- The susceptibility of the network to malicious behavior, ie. deliberate jammming,

.

Among the primary faults that can occur in the cable plant arc conductive shorts, open circuits, and
amplificr failurcs. In the case of conductive shorts, signal tracing techniques are ineffective, and
reflectometer processes are not employable because of the amplifiers [66].  Fuscs may be placed

throughout the cable system to improve reliability, as suggested by D.G. Willard of Mitre Corp. [66].

Mean time to repair (MTTR) is as important a mecasurc as MTBF. Isolation techniques must be
cngineered, at the interface unit, bridger switch and headend levels, to assurc scrvice availability
despite component failures. Willard discusses "pitot monitoring subsystems™ as a powerful means of
identifying and isolating component failures. The use of parallel redundant amplifiers limits the
cffect of a single amplifier loss to only 6 db. By turning various bridges on a_nd off, one can then
isolate which amplificr has the reduced gain. For industrial users, who demand high availability,

centrally controlled fault testing may be extendced to the customier interface unit as well.

Headend failure brings all communications to a hait. Therefore, it is vital to have resilient,
replaccable, and probably redundant-headend equipment although this conflicts with the desire for
more sophisticated headend capabilitics. Aggressive maintenance and protection of the headend is
also important. Contention access systems, which require the least complex headend, can be

expected to be more rcliable than polling or DA-TDMA schemes.

The cable network is vulncrable to a varicty of malicious behaviors which interrupt service to
network users and are largely unpreventable via technical means. This is part of a general class of

problem, called denial of service, which is cxperienced in most computer systems, and satellite
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communication systems as well. It is a simple matter to alter an interface unit so that it sends a
jamming signal on the network thereby denying service to all users on that channel.  LFault isolation
techniques can aid in the isolation of tampered interface units, thereby limiting the number of uscrs
that is affected by the jammer. In a hub design, the headend can determine which of the networks
radial trunks the offending unit is using. In a tree design, addressable bridger switches can be used to
locate the branch of the offending unit. Eventually, all active components, i.c., line amplificrs, might
be addressable so that the smallest portion of the network is disrupted. One example of this problem,
is the jamming of an alarm security channcl by a burglar who subscequently burgles a neighborhood,
or city block, while the alarm service operator is trying to locate the problem. If the offending unit
can be immediately isolated to within a block, the alarm system can remain effective; but if it can
only be isolated within a ncighborhood. i.c., one radial spoke of a hub network, the alarm system is

worsc than ineffective because of the false sense of sccurity.

It may also be desirable to locate the interface units as far from the uscr as is possible, perhaps outside
of the users’ premises. ‘The mere distance would inhibit malicious actions. Currently, interface units
arc powcered from building power supplics, and not from the cable cable television facilitics; thus a
power feed would have to be run to the interface unit as well as a communication cable.
Sophisticated networking techniques can make use of frequency agile modems to provide alternate

routing capabilitics to avoid jammed or noisy channels.

2.3.2.2 Sccurity and privacy

From the end-users’ viewpoint, the responsibility of the communication network is not just
transmission of data, but communication of mcssages and information sccure from invasion of
privacy. For this rcason, network security is often considered as a factor in system reliability. Issues
of message content sccurity are not qualitatively different on broadcast cable networks than they are
on the traditional tclephone nctwork; the precaution taken in both cases will be end-to-end
encryption. chcrthclcss, for unencrypted text, wirctapping is casier on a broadcast network, where

all the traffic passcs by cvery customer.

Susceptibility of the network to traffic analysis, is higher on broadcast packet networks than it is on
the star-configured telephone network [36]. Contention schemes, in particular, require that every
unit on the network inspect every packet header that is transmitted on the channel so that cach unit

can detect when a packet is addressed to it. This control scheme lends itself to monitoring of all
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traffic on the channel. Encryption schemes have not yet been developed which can prevent traffic
analysis on broadcast (cable) channels. In particular, this problem can not be addressed on an end-
uscr basis, as can protection of message content through encryption. But, most users do not fear

traffic analysis to the extent that such vuluerabilitics would deter them from using the system.

In practice, security measures are likely to be left entirely to the user. This means that end-to-end
encryption will be implemented, or not, by the end uscr, and not by the network operator. It also
means that there will be no sccurity measurcs taken against traffic analysis on broadcast channcls

othcer than monitoring for forcign devices and wirctapping.

2.3.2.3 Institutional roadblocks to system reliability

Reliability is only partially a technical problem. Thercfore, it can only be partially addressed by
technical solutions. The level of service demanded by business data communications users will not
be met by the quality of scrvice currently accepted by residential television viewers. Fundamentally,
the cable industry is still an entertainment provider and is not yet prepared mentally, logistically, or
technically to operate to data communication standards. In particular, downtime, technical training,
and cquipment maintcnance will heavily tax the level of expertise and competence common to most

cable companies.

2.4 Summary

Two-way cable system hardware differs from onc-way system hardware primarily in the level of
complexity required at the headend, the type of amplifiers used in the distribution plant, and the
interface units used to transmit and receive signals. The communications protocol, also referred to as
the access method, largely determinces the quality and varicty of scrvices available; the selection of a
protocol poses trade-offs between complexity, function, and cost. For simple applications (i.c., low
speed. point-to-point or point-to-multipoint), minimal-function, low-cost methods such as polling
and FDM are best suited. For more demanding applications (i.c., moderate and high speed, any-to-
any), contention protocols are better suited and arc more cconomical because of the complexity and
cost entailed in enhancing the simpler methods. Most existing cable systems are limited in their
applicability to two-way scrvices because of excessive upstream noisc and low reliability. The primary
source of these problems has been cost-minimizing engincering practices which did not adequately

valuc two-way capability; most of the limitations can be overcome in newer systems.
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Having described the basic network components and higher level communication protocols, in the
following chapter we will discuss the service structure options and costs associated with implementing -

data services on cable television networks.
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Chépter Three

Cable Television as a Data Transmission Medium: Analysis

' In this chapter we analyze the relative merits of service structure options and their associated costs.
The ability to communicate with multiple servers, i.c., not only the cable operator at the headend, is
found to be essential for support of future services. We begin with a bricf discussion of institutional
impediments to the development of data scrvices, the largest of which is the market uncertainty

facing the cable industry which inhibits investment in data communications facilitics and expertise.

3.1 Impediments to Data Service Development

Data communication services will not succeed until the subscriber market reaches a critical mass. On
the other hand, large numbers of c;lblc systems will have to be upgraded to two-way active status
before this critical mass develops. A "chicken and cgg"” syndrome develops, in which the cable
opcrator docs not want to invest in two-way construction without assurance of a market, but the
market cannot develop without such construction. An external force is needed to break the cycle of
interdependence. Cencerted “technology-push” efforts by equipment manufacturers, or demands of

city cable authorities, might provide such a force.

Another barrier to achieving the critical mass necessary is the high cost of wiring the city center. It is
the arca of highest data communication activity but also the most expensive arca to wire. The high
cost is duc to the density of buildings and the lack of empty pole space. This forces the cable installer
to tear up the streets in order to install underground cable. In addition to the cost of wiring the city
streets, there is the cost of wiring the buildings in the downtown sectors. . High speed data
communications is not of much use to a corporate headquarters if the data strcam must trickle
through the narrow bandwidth of telephone lines once it reaches the building. Thercfore, for full
utilization, the buildings must also be wired. Thus, effective corporate use of cable must await wider
use of I.LACN's. These problems are diminished in the more recently franchised cities where

institutional network requirements are included in the franchise contract.

The availability of data communications services hinges on the installation of the proper cable plant.
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If cable operators, and their financing institutions were confident in the existence of a market and
attractive revenues, the cable and other necessary facilities would be installed. One mcthod for
assuring the market is through joint ventures with interested high volume users such as banks and
airlines. In addition to providing a customer basc, these joint ventures could contribute to intelligent

user-driven design of facilitics and out-front financing,

In addition to physically appropriate facilitics, higher level communication protocols must be
implemented and standardized in order for communication based services to develop. Terminal
manufacturers, information providers, cable operators, and users must all participate in this process

for it to be truly affective; a difficult if not impossible task.

Even if joint ventures arc not coordinated, it is likely that many of the major cities will be wired as
part of residential cable franchising agreements. Increasing numbers of citics are requiring the
installation of an institutional nctwork in their downtown centers for government and commercial
scctor use. Some of these systems are being controlled separately from the residential network®?
Although local franchise agrecinents will insurc that the institutional cable will be installed, if a
market for these services is not visiblc; the system might remain unactivated. A final obstacle to
development of the market, is that national service operators will be faced with providing scrvice on
multiple cable plants which vary significantly from onc another in quality of transmission, and
headend capability. This will place significant importance on media-transparent scrvice system
design, i.c., transaction scrvices will flave to opcrate over telephone, two-way cable, and hybrid

networks.

3.2 Service Structure Options

The service structure options for offering data communications via cable must be evaluated in terms

of the two primary markets:
- Residential Systems

* Banking, transaction, and information retricval services, requiring communication
between subscribers and commercial servers.

44ln New Orleans the institutional cable is being run by a scparate subsidiary of the cable operator (COX Cable). In
Tucson, the institutional cable will be owned by the municipality.
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* Subscriber-to-subscriber coinmunications for mail, messaging, and gaines.
* [Home-to-office communications for professionals working at home.

- Institutional Systems

* High speed data communications between commercial and institutional users --
inter-corporate and intra-corporate.

* High speed data communication connections to long-haul packet netw ork services.

* Subscriber-to-subscriber communications for mail, messaging, facsimile, and
resource sharing,

Each service structure implics a different st of requirements for the communication architecture of
the cable system, the physical enginccring of the cable network as well as the higher level protocols
usced. The architecture determines who can initiate communications, who controls the establishment
of communication circuits, who can be uniquely addressed, and how much communication capacity

is available to different classes of users.

3.2.1 Conventional Residential Systems -- Fleadend to Subscriber

Conventional cable networks which distribute video cntertainment have simple and limited
communications structurcs.  Conventional systems share the common feature that all

communications arc either originated, or are addressed, to the headend.

3.2.1.1 One-way Systems

In the simplest onc-way systems, the headend transmits signals to all points on the nctwork
indiscriminately. Tiered services equip the individual user interfaces with varying access privileges,
typically according to the monthly service-fee paid by the user. Transmissions are still distributed to
all points on the network from the headend, indiscriminately, but only some nodes are able to receive

or descramble the signals.

A one-way information scrvice, such as feletext can also be operated using a strictly one-way,
hecadend to subscriber service structure. Unlike over-the-air teletext which uses only the vertical
blanking interval (VBI) in the broadcast signal, cable systems have the option of allocating an entire

channel to teletext information. For this application the subscriber is equipped with a page-grabber,
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and a keypad for sclecting teletext pages. However, no information is sent back to the headend or the

information provider.

3.2.1.2 Two-way Systems

Conventional two-way systems allow for some information to flow from the subscriber nodes to the
headend. This capability is most widely used for sccurity and firc-alarm monitoring, or for pay-per-
view television requests and billing.  Both of these services not only require limited up-strecam

communications, but unique addressability as well.

A simple, polling, access scheme is typically used for these services. For monitoring and sccurity
systems, there need only be three message states -- alarm unactivated, alarm activated, and device
inoperative. Pay-per-view television scrvices require enough message states to communicate the
identity of the channel or program being viewed to the hcadend; the headend responds by logging
the request of the subscriber for billing purposes. In the casc of alarm systems, the headend responds
to any "alarm activated” or "alarm inoperative” message by signalling the local police and fire
dcpartment, or cable repairman, respectively. Thus additional communications is required between

the headend and the point of final message destination.

Conventional two-way systems can also be uscd for simple videotex services which:

- Require limited upstream data.
- Access information which is located typically at the headend.

- Can tolerate long response times typically associated with polling access schemes.

The specification that all subscriber requests are serviced by the headend is the fundamental limitation

of the conventional headend to subscriber conununications structure.

3.2.2 Multiple Server Residential Networks

Not all transaction and information-retrieval applications can be appropriately served by a single
server structure such as that described above. For cxample, banks, as primary participants in the
growing transaction scrvices industry, will be unlikely to hand over control of such services, let alone

access to sensitive financial data, to the cable operator. They will require server status on the cable
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network, whercby they can control communications with subscribers directly. A second cxample is of
a local printing service. High-quality printers arc similar to photocopicrs in that they arc high, fixed-
cost items that arc used intermittently but that must be casily accessible. Therefore, as with
photocopiers, the local, dry-cleaning or local drug storc mighf offer a printing service, at locations
other than the headend; they too would require server status. Broadband technology requires that all
signals pass through the headend. The difference between the multiple and single server structures is
that initiation, interpretation, and processing of the communications is allowed at points other than

the headend. This configuration has profound institutional and technical implications.

3.2.2.1 Institutional requircments

The cable operator must agree to operate, to some degree, as a "communications” service, and not a
programming or information service. That is, the cable operator will provide transmission, network
maintenance, and switching, but will not be involved in the content aspects of these interactive
sessions™,

Having all communications processed through the headend gives extensive control of service
implementation and quality to the cable operator. This is likely to raise concerns on the part of other
service providers and subscribers, with respect to:

- The proprictary naturc of the data being cxchanged, the inability of the service provider
to control the quality of the uscr-interface; and

- The implications of competitive services offered by the cable opcrator in addition to other
service providers.

Privacy concerns are not inherent or unique to the communication structure. End-to-end encryption
will be réquircd to insure security of some data, both proprictary and private, on any cable
communication system. Authentication of the message source will also be required in some
applications. Both authentication and key distribution are examples of enhanced services that might

be offered by service providers other than the cable operator.

The success of transaction scrvices will depend on the quality of the uscr interface. Therefore, service

providers will want direct control over the relevant aspects of subscriber communications. The

45.1\! the same time, the operator might act as an information provider itself on other channels.
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particular application determines the sensitivity of the service to the quality of data communications
on the cable network -- signal to noise ratios, traffic dclays, bit error rate, ctc. For instance, an
clectronic funds transfer (1XFT) service for banks will be more sensitive to bit error rates than will an
clectronic game service. Similarly, a highly interactive service will be more sensitive to traffic delays
than will a batch service. To the extent that the cable operator offers services that are cqually
sensitive, service providers other than the cable operator will have access to adequate transmission
services; service providers with more sensitive applications will have to convince the operator that
demand is high enough to warrant investment in higher-quality transmission facilitics. However, in
order to have truc control over the quality of the user interface, the service providers, and not the
cable operator, may wish to control such application level featurces as: response time, screen format,

crror-handling, and query format.

It is likely that if the cable operator and other scrvice providers arc competing for the same
subscribers, the operator will have access to information and control which could provide anti-
compctitive advantages. ‘The potential for abuse is high if the cable operator controls the user
interface for competing services (sce section 5.3.5). For instance, services that use high-resolution
graphics can be very annoying to usc if the data rate is so low that the user must wait for the screen to
be "painted”; in such cases it is. preferable to use lesser quality graphics. Therefore, transaction and
information scrvice providers are dependent upon the operator to implement their scrvices at

satisfactory spceds.

3.2.2.2 Technical requirements
The technical requirements for multiple-server communications include:

- A high bandwidth link between the server and the headend to take advantage of the high
bandwidth downstream link to subscribers.

- The capability to address directly multiple servers, or the ability of the hcadend to
respond to requests for communication links between subscribers and server nodes, i.c.,
complete logical connectivity between all nodes.

On conventional two-way systems, the vast majority of data travels from the headend to subscribers.
This is consistent with the large amount of bandwidth that is available on the downstrcam path,
comparcd to the small amount of upstream capacity. Server nodes that opcerate independently of the

headend will require significantly more upstream capacity to transmit data to the headend for
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translation onto down-stream f‘rcqucnr:ics46 . Residential subsplit systems will accommodate only a
limited number of scrver nodes in addition to the headend. The number will depend on the volume

of information and number of subscribers.

Most cxperimental videotex systems to date transmit all data via telephone lines. In these
cxperimental systeins information and software frequently called upon by subscribers is stored at the
headend. This is largely due to the bottlencck created by narrowband local, or long haul, lines which
connect the scrvers to the headend. If a server attempted to interact with subscribers in a "pass

th rough"47

manner, it would be greatly constrained by this phone line bottlencck, particularly in the
casc of multiple simultancous requests. If the type and amount of information which is to be sent by
these videotex and transaction services does require a high bandwidth mediuin, and if storage of
frequently used information at the headend is not acceptable to the service providers, then a more
appropriate configuration is to allow local servers to communicate with the headend and subscribers
via upstrcam cable channels, or other high bandwidth media. Alternative technologics such as point-
to-point microwave, DTS, lcased telephone lines, are also possibilitics for the transmission of the data
between the servers and the headend; downstream data originated by the scrver, as well as upstrcam
data addressed to the server by subscribers. If the communicmiqn services are to be used for
communications among multiple computers, as opposed to between a terminal and a computer, high

bandwidth channels will be nceded in both directions.

Network nodes must be able to address each other and control communications with one anotherina
dynamic fashion. This capability requires that the hecadend be cquipped with a computer and
software that is significantly more complex than that nceded for a simple polling scheme. In
additioﬁ, the interface units of both server and subscriber nodes must be equipped with sufficient

electronics and program control to implement the appropriate access scheme or switching method.

The connectivity and cfficient bandwidth allocation offered by contention and DA-TDMA schemes
are nccessary and cconomically practical when services involve significant communication in both

dircctions and between many partics. ‘Therefore, these are the preferred access schemes. The current

46'lhc translation process is strictly a data communications task on the part of the operator, and is fundamentally different
from the control possible in previously described configurations.

47Pass through refers to a passive transportation of information through the headend. with no processing, or active
participation, other than the maintenance of a “virtual™ conncction between the subscriber and server.
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cost of these schemes may be prohibitive to use in residential networks. This will change but in the

interim other, less suited, access schemes will also be implemented.

Switched FIDM or TDM/TDMA scrvices arc not well suited to "bursty” traffic, since the bandwidth
is dedicated, as opposed to dynamically allocated. Thercfore, although they provide the connectivity,
they arc inappropriatc for multipoint subscriber-to-server cominunications, where there are

thousands of "bursty” residential nodes.

Of the access schemes discussed, polling is Ieast suited to fast response, intcractive, any-to-any
communications. Nevertheless, on many residential networks, equipment availability, limited cable
operator cxpertise, and interface unit cost will result in an attempt to use polling for such
applications. Onc mecthod for implementing any-to-any communication scrvices using polling is
described here to illustrate the difficultics. The headend polls subscribers for packets and forwards
cach packet to the addressed server (via the cable network or other cstablished communications
media). Servers similarly address all packets to particular subscribers and the headend translates
these packets onto the 'éppmpriatc downstrcam channel. In the case of a continuing interactive
session the headend might set up a virtual circuit between the server and subscriber engaged. Upon
request of a session, packets are automatically routed between the two until the scssion is completed.
Throughput and response time are critical in interactive communications, and are very scnsitive to
the type of polling scheme used. Therefore, differential polling techniques can be used which adjust
the polling frequency according to thc'stutus of each device; for cxample, all devices are polled once
every minute, devices that have been active within the preceding minute are polled ten times per
minute, and devices which have been active within the preceding tenth of a minute are polled every
onc hundredth of a minute. In this way, faster response is directed to those devices engaged in
interactive scssions. The downstrcam channcl operates in a broadcast mode, where all subscribers
listen to a common frequency band for their communications, but only the addressed device actually
reads the contents of the communication.  Although technically possible, polling schemes are not

optimally suited to highly-interactive, fast-response communications among multiple servers.

3.2.3 Hybrid Residential Networks

Onc mecthod of achieving the switched r ultipoint two-way communications capacity required is to

usc the telephone network as the upstream link. ‘This method has been proposed by AT&T as a



means of dclivering videotex and transaction services.® The subscriber uses a modem and the
standard telephone lines to communicate requests and information to the server. The server then
transmits the addressed data or reply to the cable headend, via leased lines, and the headend sends it

to the subscriber on the appropriate downstrcam frcqucncy.”‘9

The advantage of a hybrid system over a strictly telephone-based videotex system, is the higher
bandwidth available for downstrcam communications. High resolution graphics take a long time to
transmit over the narrow bandwidths available on telephone links. The advantage of the hybrid over
a two-way cable system, is the existence of the telephone as a ubiquitous, addressable, upstrecam
medium which avoids the cost of retrofitting one-way cable systems. Tlybrid systems do entail the
inherent disadvantages of coordinating the organizational, pricing, and technical operations between
the telephone and cable companies, in addition to tying-up of phone facilities for voice
communications; in particular, the resident is unable to place or rccc.ivc phonc calls, and the
telephone cxchange experiences longer holding times (sce scction 4 further discussion of data

communications via tclephonce lincs).

Their success is largely dependent on the relative attractiveness of interactive services that AT&T will
offer subscribers, as compared to those which cable operators could offer. AT&T has technical,
capital, and institutional resources to draw together a highly attractive service package. The cable
operator desircs the most attractive package in order to attract subscribers to cable. It is possible that
the increased number of subscribers, and resulting revenue might be significantly higher than the
revenue lost from subscriber fees for cable provided information services. In addition, much of the
subscriber terminal development would be left to the telephone company which has the ability and
capital to develop the technology with the proper cconomies of scale. Use of telcphone fincs for
upstream transmission would also allow cable operators to mect some franchise agreement schedules

for two-way serviccs.

48Scminnr given by Dennis Sullivan, VP, Residential Marketing, AT&T, Harvard Program on Information Policy
University, October, 1981.

49Ilybn'd networks are also suited to single-server networks where the subscriber sends requests to the headend via the
telephone, and receives data on the downstream channel

56



3.2.4 Institutional Scrvice -- Point-to-Point and Multipoint

Unlike residential nctworks, institutional cable networks will initially be used in place of leased
telephone lines for point-to-point applications such as large file transfers between the office of a
multibranch company, or as a mcans of accessing specialized common carriers. Many cable operators
will benetit from the "data communications experience” of this basic point-to-point scrvice, before

developing more sophisticated multipoirt nctworking services.

Advanced data services are best served by a switched multipoint network. Data networks using cable
technology in a switched multipoint configuration arc currently in operation in industrial plants and
rescarch campuses for communication within and between buildings,  These methods could be
applied in the institutional market over the next five years. Onc example is the communication
nctwork needed to interconncct automated teller machines and bank branches.  Increasing
dependence on  high speed communications within corporate offices will increase intra-urban

conmmunications requirements.

3.3 Costs

Cable is a high-fixcd-cost, low-variable-cost industry. Cable must be laid and programming acquired
independent of the costs per number of subscribers., The principal variable cost is the interface unit.
In the case of data communications services, these units are significantly more expensive than simple
converters.  In addition, the headend facilitics for data communications add fixed cost and
complexity. Data communications will sharply incrcase labor requircments for servicing and

maintenance of both CPE and the cable plant.

In this scection we examine cost estimates for cable-based services. Cost estimates are derived from
recent cable franchise proposals [43], [20], NCTA statistics, and rescarch conducted by M. Akgun,

Government of Canada, Department of Communications [3]50.

50Wc will assume a penetration rate of approximately 100 subscribers per mile for the sake of cost comparison. This figure is
suggested by the NCTA as representative of non-rural arcas and is comparable with the 110 subscribers per mile figure used
by Akgun.
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3.3.1 Basic cable System Costs

The cost of traditional vidco distribution cable networks consists of the following: headend, CPFE,

cable distribution plant installation, operations and maintenance, and programming fecs.

The headend for a simple "community antenna™ costs approximately $105,000 dollars. ‘This number
includes the cost of the antenna for reception of over-the-air signals,  Satellite carth stations arc an
. additional $95,000 for two. The cost of the headend per home passed is from $15 to $285, assuming
that pencetration grows from 25% in the first year to 45% in the fifth ycarSI. CPE for basic cable
systems consist of television converters which are low cost items in the range of $50 to $80. The

installation cost associated with bringing scrvice into a customers home, is from $40 to $50 [13].

Table 3-1illustrates typical 1981 prices for cable, distribution-plant, hardware componcntssz, [37].

Table 3-1: Distribution plant component prices (1981)

Coaxial cable $ 0.35/foot
Drop cable 0.31/foot
Amplifier 1,500.00
Power supply (amplifier) 400.00
Tap for power 30.00
4 port tap ' 16.00
8 port tap 35.00
Bridge tap 36.00
Splitter (2-way) 37.00
Splitter (3-way) 44.00
1/2" connector , 3.00
1/4" connector .50
1/2" terminator 3.50
1/4" terminator .50
4 Port interface unit ' 4,000.00

5]Tnesc cstimates of headend cost, per home pac-d, are larger than those given in Tables 3-2 and 3-3 because.dn the tables
the cost of studio facilities for vidco programming is listed separately.

52Robcrls, L., Karp, P., "Comparison of transmission media for Local Area Communication Networks”. Paper in
preparation, available from P. Karp, Amdax Corp., Irvine, California.
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Cabling costs vary depending on the density of the arca being wired.  Urban centers are very
expensive, whereas rural and suburban arcas are not. Acrial installation costs range from $7,500 to
$15.000 per mile ($75 to $150 per subscriber), $2,500 to $5,000 per mile are labor costs. If there is not
cnough capacity in existing ducts or acrial poles, the cable company must dig up the strects to install
cable underground. This raises the cost of underground installation to anywhere between $15,000 and
$100,000 per mile. The average cost of the cable plant installation per home passed ranges from $75
to $200 [46]. The total cost per home passed by cable thercfore ranges from $175 to .SJOO: given a
50% penetration rate, the cost is $350 to $700 per subscriber.

The opcerating expenses of cable systems are similar in most respects to other businesses.  Unique
expenses include copyright fees, pole rental fees, microwave expenses, and fees for programming and
premium television. The operating expenses for large metropolitan systems are from 50% to 65% of
revenues.  Rural systems have lower operating costs of 45% to 55% of r.cvcnucs. These cxpenscs
consist primarily of technical maintenance staff. The NCTA suggests the following average

maintenance costs;
- Headend maintenance and repair: $3,000 per year.
- System maintcnance: $75.00 per mile.
Programming costs for new systems in large metropolitan and suburban arcas arc cstimated as high as

$1 million in the first ycar. The operator pays in the neighborhood of $50 per year, per subscriber for

pay-television scrvices such as HBO, Showtime and Galavision.

Local programming expenses vary considerably depending on the franchise agreement. Some recent
franchises include entire staffs for local origination, while others include none. Net of advertising -

revenucs, the NCTA cites local programming cxpenscs at $2,500 per ycar53.

3.3.2 Two-way Residential System Costs

Two-way residential data communications will entail the following additional costs beyond the basic

costs described above: an upgraded headend, more sophisticated CPE, retrofitting of existing one-

53’lhis number is very low possibly as a result of averaging together systems with and without local programming facilities.
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way cablc plzm[54, addition of appropriate cquipment to compensate for upstream noise, and

increased maintenance and service requirements.

At the end of this scction we present a table of cost approximations for three hypothetical residential

systems of increasing sophistication (scc Table 3-2).

3.3.2.1 Headend and Customer Premises Equipment

The cost of an upgraded headend includes the cost of the hardware and software rcqﬁircd to
implement the on-line services, e.g., billing, transaction services, data base storage and management,
addressing, network management, and off network gateway scrvices. Therefore, the cost will vary
depending on the capabilitics desired.  Although the costs of a sophisticated headend for a large
system can rcach a few million dollars, it is still relatively small compared to the hundred million
dollar, total system installation cost. A 1978 study by the Department of Communications in Canada,

suggested the following 1_mmbcm for headend costs for systemis serving up to 100,000 subscribers:
- $160,000 -- T'cletext '
- $325,000 -- interactive polling.
- $600,000 - digital switching functions.

- $950,000 -- packet switching functions.

The headend used in the Cox Cablc vidcotex system, Indax, will cost $2.8 million [20] (assuming the
system accommodates 50,000 subscribers, the cost is $56.00 per subscriber). The headend for the
Warner Amex Milwaukee system will cost $1.1 million [43] (assuming the system accommodates
50,000 subscribers, the cost is $22.00 per subscriber). ‘This difference, $17 per subscriber, for the most
part reflects the expense of implementing Cox’s higher speed (0.028 Mbps, sce scction A.2.1.2),
broader capability information and communication services, rclative to Warner Amex’s polled
transaction services which are rather limited and inflexible(sce section A.2.1.1). Both system
headends are more than ten times the cost of a basic onc-way cable television network, $105,000 (sce
Table 3-2).

54If the system is being newly installed, as opposed to retrofitted, the retrofitting costs do not apply.
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Cox Cable’s two-way residential interface units, which use a 0.028 Mbps (0.223 bits/hz) contention

protocol, will cost between $200 and $250%. For comparison, Warner Amex cstimates approximately
$100 per subscriber for a simple polling unit and an average sct-top converter for video reception

costs approximately $50.

The cost of FDM interface units vary according to modem speed and are typically upwards of $500 a
picce. DA-TDMA units run as high as $4000 in current production quantitics. Because of these
higher costs FDM and DA-TDMA access schemes arc only considered feasible for institutional
systems at this time. These numbers are more a reflection of the perceived elasticity of subscriber
demand than of the equipment costs. Interface unit costs for moderate to high speed data rates will
remain high until they are manufactured in much larger quantitics. Amdax Inc. manufactures both
FDM and TDMA cable interface units for data communications. The rf-modem portion of the
interface unit currently costs from §200 to $300 for a 0.128 Mbps modem, manufactured in quantitics
of 1,000. This cost is expected to drop in half if manufactured in quantitics of 10,000%6. The cost of
the loéic neccessary to implement the communication protocol will drop as L.SI and VLSI costs drop;

but, rf components arc currently difficult to implement in LSL

3.3.2.2 Cable Plant

Cox Cable cstimates distribution plant installation costs of over $15,900 per mile ($159 per
subscriber) for the New Orleans Indax system. Warner Amex estimates that if would cost over
$15,000 per mile of acrial cable, and over $26,000 per mile of underground cable installation in
Milwaukee. Included in this cost arc the cable plant components, namely amplificrs and bridge
amplificrs, are installed at a frequency of .6 per mile, and cost $1500 cach ($9.00 per subscriber, per

mile). The majority of the cable installation costs arc labor related.

These costs refer to construction of new cable systems. The cost associated with upgrading existing
systems, to allow for two-way scrvices, is also relevant for analyzing the comparative cconomics of
using cable systems for data communication services. Retrofitting of two-way ready systems to two-

way active systems involves inscrtion of upstrecam amplificr modules into all amplificr boxes. These

55'l"his cost estimate assumes significant production increases, and related cconomics of scale. Cox cstimates a total cost of
$33,871,000 for all feeder cables, converters, and CPL, in its New Orleans nctwork [20].

S%k Kong, Director of Rescarch, Amdax Corp, personal communication
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modules cost in the neighborhood of $100. A 1978 Cablesystems Engincering 1.td. study57 cstimated
the total average cost of retrofitting a mile of cable to be $783, for deusitics of 110 houscholds per
mile ($7.57 per subscriber).  Retrofitting of older systemis which are not two-way ready could
approach the cost of installing a ncw syst.cm58 . These older systems ordinarily require upgrading
from 12-channel, to 30-channcl capacity. The upgrading prdécss’involvcs replacement of all cable
plant amplificrs and bridges. If the transmission performance of the upgraded system is sufficient,
the amplifiers used to replace the 12-channel amplifiers can be two-way as wc}l. Onc-way
modification modules typically cost $§340 apicce, or $204 per mile ($2.04 per subscriber). It is
cstimated that the per mile cost for rebuilding a systemn is $1300 ($13.00 per subscriber) more than the
cost of upgrading an cxisting system [55]. In many cases the transmission performance of these
modificd systems may not be adequate for two-way data communications and the resulting higher
maintcnance costs might outweigh the higher cost of rebuilding. Warner Amex estimates that when
trouble calls rcach a level of 10 per 100 subscribers, per month, it becomes cconomical to rebuild the

systcm.

Corrective measures that control upstrcam  noise levels arc nccessary for two-way data
communications over existing cable plant and will contributc to the retrofitting costs. Bridger
Switches cost approximately $350, but arc typically installed at the time of system installation. As
proposed carlicr, digital regenerators might be installed in noisy systemns, in conjunction with bridger
switches to clean upstrcam channcls.  The digital regenerator hardware potentially costs
approximapcly $70 apicce, but no one manufacturcs cable-ready cxamples. Digital regencrators are
manufacturcd for use in telephone plant and require modification for usc in cable plant; initially, this

customization might raisc the cost to as much as $500 apiece.

3.3.2.3 Operation and maintenance

Service and maintenance costs for new cable systems will be significant relative to total system cost.
This is due to the increasing size of the systems, and the sophistication of scrvices being offered.
Warner Amex cstimated the following plant maintenance expenses for their proposed Milwaukee

system:

57E.N. Chislett, ct al, Selcctability of CATV Services. Cablesystems Engincering, June 1978, Contract Report. Cited by
M. Akgun 3].

58S]O,OOO to $15,000 a mile, since most of these older systems are in rural or suburban arcas where the cabling costs are not
as high
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- Salaries:  One plant technician for every 2,400 subscribers; Six preventive maintenance
technicians per every 1,000 plant miles. Total=$220,000 for the first ycar59.

- Converter Maintenance: $4.15 per converter (this number should significantly increase
with increased sophistication of the interface units utilized). Warner Amex estimates that
they reccive an average of 2.5 trouble calls per month, per 100 subscribers.

- Pole and Conduit Rental: $160 per mile ($1.60 per subscriber) annually, and $2,000 per
milc ($20.00 per subscriber) annually, respectively.
Software and service costs associated with offering vidcotex and other transaction services are largely

unknown.

3.3.3 Two-way Institutional System Costs

The total installation®

cost of an institutional system is comparable to that of a residential system.
Higher per-mile cable installation charges are offset by the typically smaller gecographical coverage of

the institutional network.

Institutional nctwork headends are ordinarily lower in cost than residential headends because the
system C():S‘tS for the high speed communications services are off-loaded onto the CPE. Residential
transaction and information scrvices require that more control and software complexity reside in the
headend. Institutional network headends are not cquipped with antenna for over-the-air reception
but may be equipped with a satellite dish for conncection to long-haul facilities. Importantly, the
clasticity of demand for data communication services in the institutional market is much lower than

in the residential market. Therefore higher interface unit costs for higher speed scrvices are tolerated.,

The services and cquipment costs offered on institutional networks most closely resemble those
offered on private ILACN nectworks. But, LACN hcadends are significantly less expensive than
institutional, cable tclevision, network headends. [LACN hcadends act strictly as frequency
translators, and do not have the facilities for reception of over-the-air signals. In addition, most
LLACN’s do not implement information and transaction services at the headend. Therefore, they do

not require a headend minicomputer and software of the same complexity and size.. Amdax Inc.

59’1]1(: particular numbers cited in this and other franchise proposals often reflect demands made by the local cable
authority.

60Rclr0ﬁlting is not relevant since most existing institutional systems were recently built.
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offers a single channel DA-TDMA system, Cablenct, with 0.056 Mbps uscr data rate and 14 Mbps
aggregate data rate over two channels (1 bits/hz). The hcadend is specified to serve up to 4,000 user
locations®® and costs $9,750 ($2.18 per user location) [37]. Interface units, cach with four ports, cost
$4000 apicce. In urban systemns, the cost of the headend is likely to be increased, so as to offload the
pricc from the subscribers as much as is possible. Sytek's LocalNetd0 is a multiple channel
contention LACN which runs at 2 Mbps (0.33 bits/hz) over 3 mile distances; the user data-rate is 1
Mbps. Sytek’s l.ocalNet20 accommodates over 100 128 Kbps contention channcls over 10 mile
distanccs; the uscr data-rate is 0.019 Mbps [11]. The headend is specified to serve up to 100,000 uscrs
and costs $3500 {SO].

Digital Communication Corporation (DCC) offers CAPAC, a DA-TDMA system which provides
user channcls from 1200 bps (0.0012 Mbps) up to 1.544 Mbps (0.257 bits/hz) on a demand
assignment basis. Uscr node costs drc on the order of $8,000; a central node for an institutional cable
system costs between $50,000 and 75,000. These relatively high prices reflect the higher data rate
offercd, as well as DCC’s position as the solc current supplicr of equipment with these specifications.
"Table 3-2 gives estimates of broadband LACN system costs for intra-plant nctworks, as opposed to

intra-city networks®2,

To summarize our discussion of system costs we present below approximations of system-component
costs for three residential cable systems of increasing sophistication (sce Table 3-2). The residential
systems are assumed to serve 50,000 subscribers, 100 subscribers per mile, with approximatcly 20% to

25% penctration of enhanced services. The institutional system is assumed to have 500 subscribers®.

The following table (sce Table 3-3) contains rough estimates of the typical cost per subscriber for

cable nctwork facilitics (capital costs) and systcm operation (operating costs).

61 Each user location on the network accommoda’ *s up to four devices.

62 oberts, L., Karp, P. ibid.

6sllccausc there is only one institutional system in operation this number is not representative of any U.S. gverage.
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Table 3-2: Broadband local arca network vendor prices

Amdax CC Sytek63 Wang

Controller

2 Port ' 4 1,600 1,175

4 Port 3,900 2,400 3,800

16 Port 4,200

Headend 8,950 5,800 12,000

Cost/node® 984 600 268 962
User data rate 56 kbps N/A 19.2 kbps N/A

Table 3-3: Cost profiles of four systcms

Systems
Components Two-way ready Warner Amex Cox . Institutional
Headend $150,000 $1,100,000 $2,800;000 $100,000
$3/sub $22/sub $56/sub $200/sub
CPE®® $75/sub $100/sub $250/sub®’ $500-$4000/sub
Cable $7,500 to $100,000 per mile installed; $7.50 to $100

per subscriber. Actual cost depends upon amount of pole
and underground duct space available. $783 per mile of
cable retrofitted from one-way to two-way; $7.83 per
subscriber.

3.4 Prices

It is difficult to know what the tariff structures of two-way data scrvices are likcly to be. This bricf

. B38y1ck LocalNet20.

64Calculated for a 1,000-station system.
66Customcr premises equipment.

67'I‘his estimate assumes large production volumes which are not yct in preduction.
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Table 3-4: Typical cost per subscriber (assume: 50,000 subscribers,
100 subscribers/mile).

Capital Costs _ Operating Costs/year

Basic headend 33 Headend maintenance $0.06
Satellite receiver $2 . Cable maintenance $10
Extra for interactive $50 Program material $50

Studio equipment $20 Premium material $50

Customer equipment $80 Pole rental $10
Extra for interactive $40 Administration $20
Installation $40

Cable plant $350-5700

Total $600-%1020 Total $140

discussion attempts to identify possibilitics. Currently prices reflect the local monopoly status of the
cable operator, or prices of the closest competitor, the telephone company. Cable operators do not
maximize total revenue minus total cost (TR-TC). Rather, because currently there are excess
channcls, the valuc assigned to a channel is zcro, and the cable operator maximizes total revenue

minus marginal costs (1'R-MC). This assumecs that there are no opportunity costs in using a channel.

Current residential cable tariffs only reflect the charges to subscribers. Charges for interactive
scrvices follow a similar pricing structure: flat rate plus a per usage charge. Warner Amex proposed
a $29.95 installation chal;gc and a $4.95 monthly fee, for its 72 channel basic service: The so-called
municipal service is $45.00 installation charge, and no monthly fee. This service offers 12 channels of
community programs, and access to home sccurity (at an additional cost). The Warner Amex Qube
scrvice includes 14 channels of teletext, games, polled interactive scrvices, cte.. There is a $19.95
installation charge, with a $4.95 monthly fee (note, there is no usage charge). Cox Cable’s Indax
proposed scrvice tariffs in New Orleans are $15 installation plus $7.95 per month for Tier I and Tier

II service, and $98-200 installation plus $15-$19 per month for security monitoring systems.

The only existing precedent for institutional tariffs are those charged by Manhattan cable (MCTV),
scc Table 3-4. These tariffs were set primarily so as to be competitive with telephone leased line rates
while maximizing revenues. It is likely that institutional service will continue to be priced in this

manner, since the threat of entry of an alternative institutional service, due to high prices is minimal®

681t is possible that with the introduction of DTS scrvices this situation will change, and institutional service rates will be
forced closer to marginal cost.
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6% Installation charges are $150 to $200 per cnd, depending upon the data rate. The Cox tariff is

proposed for the New Orleans Institutional cable. Institutional interface units are in the $1000 range.

Table 3-5: MCTV monthly lease rates, Junc 1980

Bit rate’? Cox Cable MCTV
1200 bps $37/month $145/month
2400 bps $565/month $160/month
4800 bps $119/month $200/month’!
9600 bps $230/month $300/month

19.2 kbps $500/month $420/month (synch)
56 kbps $1000/month  $475/month (synch)

1.54 Mbps $1000/month  $1000/month (synch)

In addition to subscriber tariffs, future two-way services will include tariffs charged to other service
providers. The only analogous scrvice on video systems is leased access, in which the cable opcrator
lcases a vidco channel to another programmer. Typically leased access has applied to community
groups at nominal or zero charge, which docs not reflect what would be charged to commercial
partics. In addition, this form of lcascd access rcfcﬁ‘cd only to downstrecam transmission. There is
little precedent on which to base estimates of the tariffs that would be charged to servers, by the cable
operator, for a "communication scrvice”. Service structures in which the headend is the only server
would not entail a “"communications” charge to other partics. Instcad, aﬁ'ﬁﬂgﬂncnts between
information scrvice providers, such as banks, CompuServe, or Lexis, would initially be cstablished on -

a casc by casc basis.

Eventually, both servers and subscribers, are likely to be charged on a usage sensitive basis. Only in
the case of dedicated channels, or extremely light usage will flat rates remain in use. This need for

usage sensitive pricing is duc to the increasing marginal cost of most systems, i.c. performance

69MC T'V, Manhattan Cable Communication System, Monthly Lcase Rates, June 1, 1980.

» 70Bit rate per 6 Mhz channel.

71This compares Lo a cost of $100/month. including interface unit rental for a leased voice grade line
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degrades with heavy usage. The reason that it will not occur immediately, is that until the
communications facilitics are minimally loaded, marginal cost is not increasing, and therefore the cost
of monitoring usage is not justified. DA-TDMA and contention schemes in particular can suffer
from abusive overuse of the flat rate services because of the degradation in service that is experienced

with severe overloading.

Cable network fees are likely to be insensitive to milcage, since all communications is local.
Communications which travel off of the cable network will be charged according to the costs of the

communication facilitics over which they travel, i.c., this cost will be passed through to the user.

Many institutions are strongly adverse to having AT&T rate structures remain as the model for
communications pricing. In fact an alternative to AT&T pricing methods could be the primary
attraction of business users to cable usage, beyond the availability of higher speed and quality
services. Other technologies with which cable will be competing will face the same challenge. Major
users in New York face a 40% increasc in their communications costs over the next year. Users are

anxious to protect themselves from these rate increascs.

3.5 Summary -

Networks that will support future services must accommodate communication with multiple servers.
The costs incurred, above and beyond the costs associated with traditional networks, are concentrated
in the headend, interface equipment, maintenance, and where necessary cable plant upgradé and
noisc correction measures. 'The sophistication of the services provided will most significantly affect
the cost of the interface cquipment. Prices of existing services bear little relation to costs. Charges for
institutional scrvices for the most part reflect the prices charged for competing services offered by the
telephone company. Residential charges, for those services that arc in operation, are tier-structured.

Rate-levels are difficult to predict, pending more data on demand clasticitics.

We have presented our analysis of cable as a data transmission medium, including technical
complications and remedics. We have also discussed the implementation decisions associated with
higher level communication protocols, in particular access schemes. In the next chapter we compare
the anticipated performance 6f cable television systems with services proposed by the phone

company and other special carriers for the 1982 to 1985 timeframe,
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Chapter Four
Alternative media: ielephone iocal loop and Digital

Termination Services

In this chapter we describe two alternative transmission media for residential and institutional
regional data communications: the telephone local loop and Digital Termination Service (1DTS). We
find that these media will compete with two-way cable television for the residential and institutional
data communication markets, but that cable television technology is superior to both the telephone

plant and DTS in many respects.

4.1 Telephone local loop

Although the public switched telephone network is reliable and supports up to 2400 bps lwo-way‘
(full-duplex) communications, or 4800 bps half-duplex, it is engineered and taritfed for voice traffic.

Several characteristics of the PSTN make it not well suited for data traffic:

- Analog transmission requires conversion of digital data signals. The particular
historically developed counstraints of the voice channel, with forbidden frequencics,
uncontrolled phasc delays, ctc.,, complicates the conversion and makes it rclatively
expensive,

- The statistics of data differ with those of voice. The long connection times experienced
between terminals and computers, are disruptive to the operation of telephone company
switches which are configured with a suitable number of trunks for a 3 minute average
conncction time (holding timc).  On the other hand, for computer-to-computer
conncctions over which only scconds worth of data need be sent, the call set-up time and
minimum 3 minute charge is too long and the call set-up components in the switch are
over-used. :

- The dedicated circuit provided for the course of a connection is inefficient for data traffic
which tends to be in high intensity bursts. During transmission of a burst, the data source
and sink can generate and reccive data at a much greater rate than the bandwidth of the
twisted pair. Between bursts, the liue is idle. Smoothing the traffic by buffering the data
is acceptable for some applications; for others, the delay incurred by buffering makes the
application incfficient.

69



The use of voice facilitics for data traflic leads to high access cost and contention with normal voice
service, in addition to suboptimal transmission characteristics. The telephone company or the user

experiences excessive line termination, modem, and port costs.

Modems are used to transmit digital signals over analog voice lines. Modems can transmit up to 9600
bps over conditioned leased telephone lines. 4800 bps can be achicved over unconditioned lines.
Modens can be leased from the telephone company or purchased by the subscriber independently

(so long as they are FCC approved).

AT&T's Digital Data Service (DDS) climinates the need for modems by supplying digital links, at
speeds up to 56 Kbps, directly to the subscriber. In addition, line error rates are superior to those of
most voice-grade lines. The service is offered in a limited number of citics, at relatively high monthly
rates. ‘The monthly rate for a 2.4 Kbps DDS line, within a city center, is approximately $250, while a
standard, analog. leased line, within a city center, is only $100 per month. Monthly rates for 56 Kbps
DDS lines are in the $650 to $700 range.

The advantages of end-to-end digital transmission services for data communications are clear; but,
the majority of telephone network traffic is voice. Using cxisting digitizing technology, the
transmission of digitized voice requires more bandwidth than docs transmission of analog voice.
Nevertheless, the cost of the components used in digital switches is dropping so rapidly relative to the
cost of analog switch components that the overall cconomics makes it increasingly worthwhile to use

digital transmission for voice services too; this contributcs to the trend towards an all digital nctwork.

'T'he largest remaining bottleneck in end-to-cnd digital service is the local loop. The following section
will describe two communications technologies, which have been described by the telephone
company in the technical literature, for digital transmission over the cxisting local loop facilitics. In
addition to the technical details, we hope to identify the cost, maintenance, and implementation
difficultics which™ will impact the attractivencss of these scrvices relative to cable television based

services.

4.1.1 Circuit-Switched, Digital Capability

Circuit-switched, digital capability (CSDC) refers to a 56 Kbps, alternate voice/data circuit-switched

capability (see Figure 4-0) [2]. Customers will dial a call using ordinary touch tone facilitics. When
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the call is sct up they will be able to signal the switch to allow transmission of 56 Kbps digital data.
They will be able to switch back and forth between transmitting analog voice and transmitting d-igital

data at any time during the call.

e Existing Switches
® Standard 2-Wire Loop
Network Access ® Alternate Analog/Digital

c];_f_’-i" Interface

<&—— 1AESS

4ESS

/

Long Haul
Digital Ntwk.

00

-<e(—-——— 1AESS }— 4ESS

Network Access Interface

56Kb/s

4 Wires Digital (Data)
2 Wires Analog {Voice)
2 Wires Mode Control

Figure 4-1: Circuit Switched Digital Capability (N. Long, Bell
Laboratories’<).

A new transmission technology, time compression multiplexing (TCM) [2], allows full duplex 56 Kbps
digital transmission using the existing two-wire subscriber loops. Switching is achicved via minimally
modificd telephone company local switches and unmodified toll switches’3. The cxpected market for
this capability is institutional users for applications such as high speed facsimile, bulk data transfers,
and other computer to computer communications. The CSDC architecture is very similar to that of
existing voice service facilitics, ther;:forc few difficulties are forescen in its development and

maintenance.

7?'I‘his figure was provided by.N. Long of Bell Laboratories at a seminar entitled New technology and the local loop:

Communications Policy Rescarch Program Seminar, M.1T., Cambridge, Massachusetts, Scptember 24, 1981.

73171&: modified local switch is the #1A ISS, and the toll switch is the #4 IESS. I'SS stands for Electronic Switching System,
and is a family of computer controlled telephone switches used by the Bell Telephone companies.
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4.1.1.1 Costs

One circuit termination linc card is required, per subscriber, at the subscriber loop interface to the
local switch, in addition to the circuit termination card at cach customer’s premises. Each line card is
estimated to initially cost $600, or $1200 per line connection”. "This cost estimate is based on high

volumes of production, i.c., quantities must be sufficicnt to justify production of a TCM chip.

The alternate voice/data channel unit is shared by multiple subscribers and is only in use during a
data mode call. An average unit scrving 10 subscribers is estimated to cost $1000, yiclding a relatively

small cost per subscriber, $100.

The cost of the softwarc module, which will be amortized, should be in the range of $10,000. This

cost will be divided over the number of subscribers using the switch’.

The services will be offered by the local operating companics. Equal access rules that apply fo
standard telephone service will largely be applicd to CSDC, i.c., interfaces to the local telephone

companies’ facilitics will have to be made public and accommodate other long haul carriers.

4.1.2 Data Above Voice (DAY) -- Local Area Data Transport (LADT) services

Local arca data transport services arc intended to provide residence and business customers with
network interfaces through which they can access a packet switched network, primarily for
communication with vendor data bascs (see Figurc 4-1). Applications include home or business,

interactive, information systems; security; and encrgy management systems.

The service is designed to provide moderate speed (1.2 Kbps to 8§ Kbps) data communications to
"bursiy" Llscrs in the home and small businesscs. In addition, the data capability is designed so as not
to contend with traditional voice services for the usc of transmission facilitics between the subscriber
and the central exchange. Packet switched data transport facilitics arc most appropriatc for these

classcs of users and applications.

741£sliﬁmtes are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalite of Bell-Northern
Rescarch, February, 1982, J. McDonald of MBX ™., formerly of TRW-VIDAR, estimates that both the network circuit
terminition equipment and the incoming line card to the switch should be as low as $300 cach.

751& is not clear exactly how the local telephone company will purchase the software; $10,000 per switch, or $10,000 for one
version of the software which would then be copicd for use on other local switches.
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Figure 4-2: Local Arca Data Transport Capability (N, Long, Bell
Laboraton‘ics76).

The user will access LADT via the same wire pair used for voice telephone scrvice. Data circuit
equipment on the customer’s premisces and line interface cards at the central exchange will put the
digital data signals in the frequency spectrum above the analog voice signals, a technology referred to
as Data Above Voice (DAV)77. Using this technique, the data circuits will not contend with voice
telephone usage (as does CSDC), but will operate simultancously over the same twisted pa'ir. The
interface unit will: have a data input port which will conform to international data communication

standards78.

The voice and data will be scparated (filtered) and the voice will be passed on to the local switch. At
the entrance to the local switch, the data signals will be connected to a port of a statistical multiplexor.

All data signals will be concentrated and sent to a packet switch via 56 Kbps lines.

ibia
77Long, N., ibid.

78CCI'I'1’ communication standard X.25, level 1
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Infrequent users of LADT services may prefer to use a standard modem to make a data call, rather
than pay the extra charges for DAV transmission capability. Subscriber access for the occasional user
would be provided via a standard modem and the dial up network. When used in this wanner, use of

the facilitics for data would preclude voice communications.

Unlike, CSDC, the packet architecture of DAV scrvices offers new challenges to the phone
C()lnpa|1y79. In addition the residential information and data market is bit yet developed. Thercfore,

near term offerings of these services are likely to be experimental.

4.1.2.1 Costs

‘The data circuit equipment on the customer’s premises and the entrance unit hardware required in
the central office will cost between $200 and $400 installed®. 1f volumes are large cnough to warrant
the use of customn 1.SI, these costs would drop siguiﬁcamlym. The statistical multiplexor will present
somewhat of a barricr in that it is a high fixed cost item. To justify it, there must be a critical mass of
subscribers to LADT-based scrvices in the same local area. Nevertheless, it should result in a fairly

incxpensive per user cost.

Finally, the local operating company must install a packet switch to provide data switching for
interfacing to multiple hosts and long haul networks. This installation represents a larger departure
for the local telephone operating company, in terms of technology and fixed cost than does CSDC.

Thus, LADT scrvices will be introduced more slowly and in few citics at a time.

All facilities, including the packet switch will be owned by the local telephone company. Therefore,
cqual local facility access and interconnection will be provided to all long haul carriers and packet
network services via a standard network-to-network interface. AT&T has alrcady introduced

proposals to the CCITT for new standards to govern DA V.

79Although other telephone-switch vendors already offer DAV capability (e.g., ROLM, BNR, ctc.), these services have not
been offered on a city-wide scale.

80Sciscor Division markets an Integrated Data Voice Carrier (IDVC) system offering similar capabilitices at speeds up to 9.6
Kbps, over 3.5 mile runs, for $534. New York Telephone is currently evaluating this product.

81Fstimales are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalite of Bell-Northern
Research, April 1982.
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4.2 DTS

In 1981 the FCC approved a petition by the Xcrox Corporation to allocate spectrum in the 10 Ghz
band (10.55 - 10.68 Ghz) for a high speed, local, data communication service called Digital
I'ermination Service (1)1 S)q'. In the ensuing year, many specialized carriers have submitted requests

for licenses®?

. DTS uscs a fixed cellular radio technique whereby users communicate with one or
more local nodes which in turn communicate with longhaul facilitics. One or more nodal stations

communicate with multiple user stations within a radius of up to 4 milcs.

The user expericnces data rates up to 1.544 Mbps. TDM is used to transmit from the nodal stations to
the user stations, while users transmit back to nodal stations on a TDMA or TDMA-DA basis.
Within 4.5 Mhz of bandwidth an aggregate data rate of 5.4 Mbps is achicved (1.2 bits/hz). 'The cost
of a DTS system is currently quoted at $11,500 per user station and $117,000 per 120° central node

scctor 84.

4.3 Comparison

Institutional cable nctworks will compete for the commercial data communications market with
existing telephone services (1DDS and Ieased lines), future telephone services (CSDC), and specialized
carriers (DTS). Time will prove to be a determining factor in determining which of these services

dominates any particular market.

At rates up to 56 Kbps, CSDC is an attractive alternative to institutional cable service. But, there is
no reason to belicve that market demand will stop at 56 Kbps. In those cities with moderate amounts
of traffic, CSDC. will be adequate. But, in those citics with large demands, or with installed
institutional nctworks, cable scrvices will find their place for rates greater than 56 Kbps. The
competitive dynamic between cable and telephone services will be largely affected by the tariff
structure of the telephone company. At the same time, the existence of a competing medium will

force the telephone company’s rates down.

82Xcrox originally called the service XTEN.

83Aflcr observing the number of specialized carriers that offered to provide DTS, Xerox left the field to them.

84Di,gilal Communications Corporation of Gaithersburg, Maryland is one of two suppliers of DTS equipment. GTE-
"Telenct cstimates that installed costs are approximately $113.000 and $400,000, respectively.
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DTS has the advantage of low construction costs relative to institutional cable; but, if the institutional
cable is already installed, this advantage disappears. As was exemplified in the LDD-Tymnet-SBS
experiment (sce Scction A.1.2.2), cable and DTS complement cach other. Therefore, in thosc cities
that have institutional cable networks, the advantage of DS is unclear, unless it is used to
complement the cable facilities. In those citics that do not have institutional networks, DTS is
attractive on a cost basis. It will be many years before 1DTS equipment drops in cost low cnough to

be of interest in the residential market.

LADT is a very attractive alternative for the residential market. The total cost of upgrading the
telephone local loop for DAV service is estimated to be somewhat less than that of upgrading a two-
way ready cable system for comparable services®™. For services less than 8 Kbps. the ubiquitousness
of telephone facilities gives these services a tremendous advantage. In addition, the star configuration
of the telephone network offers sccurity and fraud advantages ovcr— a sharcd channel cable
architecture, sce Section 2.3.2.2. On the other hand, there is no telling how long it will take for these
services to become widely available; and when they do become available, whether the peak data rate
offered will be adequate. In the mean time, the development and availability of cable services could
consume all of this apparcnt advantage. As in the institutional market, all three media, as well as
others, will be a part of the communications backbone. The characteristics of the particular

community and companics involved will determing the outcome.

Having presented and analyzed the technical characteristics of cable television networks as a data
communications medium, in the following chapter we bricfly review this information from the

perspective of cable operators.

SSSnowdcn. Personal telephone communications, February, 1982.
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Chapter Five

Regulatory Issues

5.1 Introduction

The offering of data communication services by cable operators poses particularly interesting
questions as to the proper regulatory structure for communication industrics that both operate the
communication conduit and scll scrvices over it, whether pay television, videcotex, or electronic mail.
In this chapter we outline the policy context of data communications via cable and proposc how the
regulatory framework of cable television might be most suitably adapted to data communication

applications.

Cable television networks offer peak commmunication data rates that are orders of magnitude greater
than the telephone company’s narrowband local loop. The "local loop”, i.c. intracity communication
facilitics. is an important but weak link in the U.S. telecommunications network, as Charter ct. al.

note [18].

The availability of diversc communications services can provide powerful leverage for
greatly enhancing the nation’s information-based cconomy. The weak link now in
providing advanced communications services to business and the public is at the local
distribution level. The diversity of services possible through lecal distribution is being
inhibited by traditional views on local distribution and prevailing regulatory policies.

The use of cable television networks for data communications involves a technology and an industry,
both of which already exist, but for whelly different applications. Cable has been used principally for
home entertainment television signal transmission.  But, given proper system design, it is cqually
appropriate for transmitting and receiving data to and from residences and businesses. Data over

cable poscs fundamental and compelling policy questions. Such questions include:

- Is cable operation a broadcast or common carriage function? Is it both?
- Under which jurisdiction should cable fall -- local, state, fcderal?

- Should the operator of the network facilitics have full control over the scrvices provided
over the network?
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Cable is currently categorized as a broadcast scrvice and is only minimally regulated by the federal
government. Operators arc granted franchises and given local monopolies by local governments
which last typically fiftcen years. In contrast, tclephone and most other transmission services are
regulated as comumon carriers by both state and federal governments. Common carrier regulation

traditionally implics rate of return regulation and two fundamental behavioral stipulations:

1. Services are made available to everyone on a non-discriminatory basis, and

2. No control is cxercised over the content of the communications.

The dichotomy set up in the Communications Act of 1934 treats common carriers and broadcasters
quite differently. Broadcasters arc given control both over their transmitters and the programs, or
content, of their broadcasts. Indeed they are held accountable for the content through such means as
the Fairness Doctrine and community scrvice rules. In contrast the common carrier controls only the
conduit, or transmission mcdia, over which communication signals arc carried, and is spccifically
prohibited from excrting any con[mlv over the content of those signals. The 1934 act granted the
Federal Communications Commission (IFCC) jurisdiction over both sectors, with a scparate sct of
provisions for cach. In addition, the act stated that services regulated under one set of provisions
could not be subject to the other set as well. Until recently it was not difTicult to determine which
communication services belonged under which category. Today, just as the dichotomy between
computing and communications has blurred as a result of technological developments, so has the
demarcation between certain commoh carricr and broadcast technologics. Home and business
information services arc proposed which will deliver text and data via broadcast media which are
traditionally used for entertainment video television. At the same time, broadcast two-way television

scrvices use data communications for polling subscribers.

5.2 Regulatory Jurisdiction

5.2.1 Background

In the 1969 Southwestern decision3® the FCC's role in cable regulation was defined to include

jurisdiction over all services which were "ancillary to broadcasting”. The sole function of cable

86 Unitcd States v. Southwestern Cable Co., 392 US 157, 1968.
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“operators at that time was to rebroadcast over the air television signals and the Communications Act

of 1934 had grantcd the FCC jurisdiction over all broudcastingm.

The FCC's 1972 Cuble Television Report and Orde®™  set forth federal constraints on cable. In
addition to channel capacity requircments, the order included a two-way capacity requirement for all
systems serving major markets. The requirement stated that cach plant should have the "technical
capacity for non-voice return communications”, but did not requirc that the scrvices be active.
Although the FCC recognized that active two-way services were premature, the rationale behind such
a rcgulation was to limit the costs for adding two-way capabilitics in the future. In June of 1972 the
[‘CC moadificd this regulation by restricting local franchise boards from requiring more stringent two-
way rcquircmcntsgg. The FCC was afraid that some requirements imposed by local bodics would be

beyond the state-of-the-art, and would prove prohibitive to the cable operators.

In 1975 the FCC opened an investigation into the viability of maintaining the two-way 1'cgulutionsgo .

The cable industry was cager to have the requirement removed. Because the market still showed no
signs of producing revenues for the operators the extra cost of installing two-way systems was viewed
as overly burdensome . The industry claimed that the extra cost was ;'mywhcrc from 10 to 140
percent higher for two-way capacity systems that also satisfied the ncw channel capacity
requirements. But the FCC maintained its position that the very high cost of rcbuilding a'onc-way
system warranted the relatively small additional cost incurred in building with two-way capability
from the start. The FCC did limit the requirement to only those systems with 3500 or more

subscribers, so as not to burden smaller, less profitable systems.

The Jurisdiction of the FCC was questioned under the N.A.R.U.C. decision®® which concluded that
two-way cable communications which were non-voice were not "ancillary to broadcasting”, and
therefore did not fall within the jurisdiction of FCC regulation of cable television cstablished in

Southwestern. In addition, they were within the intrastate restrictions of the Communications Act of
1934.

871934 Communications Act, Section II.

88 Cable Television Report and Order, 36 'CC 2d 143, 2 February 1972,
89Rcconsidcrm.ion of Cable Television Report and Order, 36 FCC 2d 326, 16 June 1972.
90Noticc of Proposed Rule Making in Docket 20508, 53 FFCC 2d 782, 784, 3 June, 1975.

91Nmianal Association of Regulatory Utility Commissioners (NARUC) v FCC, 36 RR 2d 393, US Appeals District Court,
1976.
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In 1978 the courts acted to scvercly limit the FCC’s jurisdiction over cable by overruling the agency’s
authority to establish local access rcquircmcntsgz. The two-way requircments were also struck down.
The basis for the decision was that these requirements burdened the cable operator with common
carriage responsibilities. 'The communizations act cxplicitly states that if a media is regulated as a
broadcaster, that it must be excmmpted rom common carrier regulation. Therefore, so long as the
FCC chose to regulate cable "ancillary to broadcasting” (as stated in Southwesfern) the FCC could
not cnforce the common carriage 1'cquircmcms.. By this time, however, two-way capability had

become a crucial element in the franchising process.

5.2.2 State and local regulation and federal precmption

The Congress and the FCC currently advocate increased dercgulation of cable at the federal level.
This leaves the states and municipalitics to apply regulation as they sce fit. In the past this
responsibility rested with the municipal franchising bodies. But, as the influence of the federal
government recedes, the state legislatures and public utility commissions (PUCs) are playing a larger
role. So long as the cable systems remain intrastate, the emphasis on local and state regulation is in

accord with jurisdictional precedent.

One foresccable problem with State rcgulation of cable is the documented tendency of State
governments to protect existing industrics; in this cdse the local telephone company [42]. This could
bias the state PUCs towards enforcing strict common carrier regulation for data over cable as a means
of protecting the telephone company. But, should the state PUCs take action that is undesirable to
the cable operators, the operators could respond by running their systems across state lines and
thereby forcing themsclves beyond state jurisdiction; assuming that the operators gain rights of way
from neighboring states. Similarly, the FCC or Congress might rcact to scemingly unfavorable state
regulation by preempting state jurisdiction if it can show that proposed state policy would disrupt
national policics, i.e., inconsistent state regulations could prove a barrier to standardized nation-wide

scrvice, just as local regulations could prove a barricr to coordination of state-wide regulation.

The 1976 report of the Subcommittee on Communications of the Committee on Interstate and
Foreign Commerce of the U.S. Housc of Representatives reccommended that State regulation should

be relied upon more heavily, with simultancous lessening of local and Federal powers [19]:

92Midwest Video Corp. v. FCC, ACLU v. FCC, US Court of Appeals for the Lighth Circuit, 21 February, 1978

80



The federal regulatory role should be confined to those aspects
requiring national delincation of standards. Such arcas should be
defined, and where federal preemption is called for to avoid
interference with federal objectives, the logic of preemption should
be explicitly stated.

In their work on clectronic publishing, Meustadt ct. al. [47] propose three criteria for judging federal

jurisdiction:
1. Isit ancillary to broadcasting?
2. Does it fall under the common carriage section, scction 2, of the communications act?

3. Would non-federal regulation disrupt legitimate federal policy?

There are three arcas in which the federal government might then preempt local and/or state

regulation:

1. Content regulation.
2. Intrastatc information scrvices, i.c., data base acccess.

3. Intrastate transmission.

Prcemption of content regulation provisions are likcly on the basis of resulting First amendment
infringement. Similarly, under Brookhaven”, regulation of intrastate rates for information services

might be preempted to promote divcrsi'ty of content sources,

The most difficult case is that of intrastate transmission. Federal preemption was explicitly struck
down in NARUC I1** because too little evidence was put forward to show that local regulation would
hinder legitimate national policy. The 1976 subcommittee report [19] stated that preemption of cable
transmission rcgulation would be equivalent to the preemption of local telephone regulation and
therefore it was not appropriate. One could argue that the federal government does restrict local
6pcrating companics from offering information services over their local loop facilitics and therefore,
federal regulation to assure some degree of separations or leéscd access on cable facilities is

appropriate {Sce Section 5.3.5). In addition, use of cable for data communications increases the

93Brookhnven Cable Television Inc. v. Kelly, 572 ™ 2d 765; established the FCC's authority to preemipt in order to promote
diversity through development of national pay television services.
i 94Nalional Association of Regulatory Utility Commissioners (NARUC) v FFCC, 36 RR 2d 393, US Appeals District Court,
1976.
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possibility that national policy will be disrupted if no federal coordination is atlowed for. In light of
the proposcd consent decree between AT&T and the Departinent of Justice, the issue of access fees

and the relative competitiveness of local operating companies is of increased impormncc%.

5.2.3 The Local Iranchising Process

Cable operators apply to local governments for city franchises. A board or committee of the local
government defines a sct of criteria to be met by all applicants. ‘These criteria zirc minimally
determined by federal regulations, ¢.g., two-way rcady capabilities, maximum franchisc fees that can
be required of the cable operator by the city, ctc. “The franchising process has become highly
competitive, and requires significant resources on the part of the cable operators, particularly in the
larger citics which promisc large markets. Competition has led prospective franchiscs increasingly

to promisc two-way scrvices in an cffort to win the franchise,

After .applicatious arc submitted, they are reviewed by a committee of the local government. In the
past, community groups have attempted to oversee the process to insure adequate community input.
Nevertheless, the sclection process is often based on favoritism of city officials which results in non-
optimal decisions for both the community and the operator. ‘The technology of cable services has
become more sophisticated and as a result it is even more difficult for the local governments to both
define realistic franchisc requircments and to make intclligent and informed decisions. The
involvement of the local commercial scctor in the franchise definition and sclection process could
lend some technical expertise necessary. On the other hand, there are potential conflicts of interest
that might arise between commercial and community interests. Currently participation by Qotcntial

commercial users'of cable is minimal.

During the next two years the franchising process will come to a close in most of the major citics in
the U.S. In the meantime the refranchising process will begin as fifteen year-old franchise contracts
begin to expire. Municipalitics, operators, and users will have to adjust to a new sct of issucs and
procedures associated with this phase of cable development and operation. In Scction 6 we discuss
guidclines for making the refranchising process a more enlightened one with regard to data

communications.

9SJanuary 8, 1982, consent decree announced by Justice Green.

96l‘his requirement for resources has contributed to the consolidation of the cable industry, and the emergence of dominant
Multiple System Opearators, i.e., firms which enerate multiple cable systems throughout the country.
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5.3 Cable as Carrier and Broadcaster

5.3.1 Introduction

The application of cable systems to data communications raises many questions as to the proper
categorization of cable as a broadcast medium. In addition, anti-competitive and first amendment
issucs arc of increased importance beciuse of the expansion of scrvices possible over this medium.
Cable could confuse the separation of carriage and content because operators control both facilities

and programming. This combined control also has anti-competitive i1np]ica(i0ns97

. Others arguc
that although there is only onc cable system per city there are other competing communication
services which prevent cable from acting as a truc bottleneck, such as over-the-air television,

telephone, digital radio, digital microwave (see Scction 4).

If cable docs become a significant and unique carrier for information services, it is important that
many diverse service-providers be rented access to the cable fucilitics for transmission to the home?8,
There is concern that the entire spectrum of the facilitics not be occupicd by the cable operator’s own
services, nor that the cable operator be given ultimate discretionary powers in refusing or granting
transmission scrvice. Historically, common carriage principles have been relied upon to regulate the

use of bottleneck resources in our socicty.

To date the FCC has not clearly determined what the true role of these scrvices should be -
broadcasting or common carrier. The FCC has hesitated to effect a separation of carriage and
content in cable in response to the argument that without control over programming and the direct

service of the subscriber market, cable systems development would be stifled.

Cable operators are, as a whole, opposed to any reference to their services as "common carriage”.
Common carricr traditionally connotes strict entry and cxit rcgulation, in addition to rate of return

regulation, scparation of control over content and carriage, and non-discriminatory offering of

97R. Pepper noted that traditional anti-trust notions may not provide sufficient protection on these grounds and that a new
interpretation of existing precedent may be necessary before anti-trust arguments can be brought to bear (personal
communications, March 1982). Because there will gencrally be only one cable system per community, the available cable
spectrum within a cily will be liniited, in anti-trust terms, a "bottlencck [acility”. For the sake of our discussion we will refer to
anti-competitive implications as opposed to anti-trust. i

98In carlier sections of this report we have provided substantial evidence that cable is indeed a unique medium for two-way
data communications,
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services to all®?. Many in the cable industry fear that if the state PUCs perceive these new services as
competitive with the telephone company, that the PUCs will attempt to regulate cable according to
common carricr guidelines. They belicve that given the capital intensivencess of installing a system
and the long payback period, rate of return regulation would make their scrvices unprofitable. In
particular, the cable industry is concerned that their premium and pay-per-view television profils will

be "regulated-away" by rate regulation,

Even if the state PUC’s were to agree to classify some of the cable services as common carriage
without rate of return regulation, the cable opcrators remain concerned about the separation of
carriage and content, and about non-discriminatory access requirements which might be placed on
cable scrvices, including cntertainment vidco. Henry Geller and Tra Barron convincingly arguc in a
petition to the FCC [27] that regulation of cable scrvices should be on an individual channcl basis, as
opposed to a system-wide basis, since some parts of the cable are used for traditional broadcast
services, and some parts arc used, or will be used, for two-way communications of various types. This
would insurc cable operators their fair profits on pay-per-view services, while insuring the public fair

usc of the cable spectrum used for "communications”, as opposed to "broadcasting”(see 5.3.5).

It is important to examine what common carriage classification implies, and why the protections that
it implics are important for cable data communications services. If cable represents a unique
communications channel for residential homes and commercial institutions then it is reasonable to
consider the cable spectrum to be a limitcd resource, which is "affected with the public interest.” 100
Preceding scctions of this report support this notion, i.e., in many communitics, cable will indeed be
a unique and uscful medium for both private and public sectors. It is in the communitics’ best

interests that any unique medium be accessible to all partics on a nondiscriminatory basis.

In Chapter 3.2.2 we discussed the need for multiple server systems in some detail. It is in this
capacity, in which the cable operators have no cffect on the contents of the communications between
partics, that they might be asked to opcrate in the spirit of a common carricr. The scparation of
control over content and carriage could obviate the need for special regulation of cable carriage
services. The operators' conflict of interest between renting communications capacity to other servers,

and offering scrvices over the medium which face competition from these other servers would be

99Offcn'ng services to all entails a commitment to build facilitics on demand. This is discussed further in Chapter 6

10Oi lale, Treatise de Portibus Maris/arg Law Tracts 78 cited in Munn vs Illinois 94 U.S. 113 (1877).
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climinated. Complete separation is not feasible in the immediate future for cconomic, political, and

institutional reasons which we discuss below,

Given that the conflict of interest docs cxist, the community is concerned that the cable operator not
infringe on first amendment rights by monopolizing a medium of communications, and that the
operator not engage in anti-competitive practices, by monopolizing the cable-based services market.
In the past, most public discussion of the potential for First amendment infringement has focused on
video entertainment uses of cable. In particutar, by controlling all channels on the cable network the
opcerator potentially cxerts excessive control over content and therchy limits the diversity of voices
and infringes on First amendment rights of subscribers and other programmers. T'oday, these
arguments carry added weight duc to the anti-competitive implications of monopoly control over
data communications scrvices via cable. It is not only a concern for the private residential community,
but for the conuncrcial information service business which plan to offer ca.blc-bnscd scrvices as well,

e.g. banks, catalogs, other videotex scrvers, and entreprencurs.

Neustadt, Skall, and Hammer outline the three types of regulation that might be applicd to
"clectronic publishing™ [47], or for our purposcs, two-way data:

1. Content regulation promotes the provision of public interest programs, exclusion of
offensive and illegal material, and airing of a multiplicity of vicwpoinlsml. :

2. Economic regulation promotes reasonable, nondiscriminatory rates and rate structures.

3. Structural regulation promotes cfficiency. competition, or diversity of control. As
Neustadt, ct. al. point out, "(r)ccent regulatory actions have focused in this arca, on the
theory that competition can achieve many of the goals of content and cconomic
regulation.” ‘

Structural regulation is important in establishing a balanced industry structure and regulatory
environment which will foster and encourage many diverse partics to develop information and
communication services. Fconomic regulation will develop over time to compensate for inequitics
which the structural regulation is not able to offsct. Content regulation is not necessary for data and

information services if structural and cconomic regulations are able to assure that a multiplicity of

voices has access to the medium.

1m’l‘illc 11T, Communications Act, 47 U.S.C. 201 (1934)
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5.3.2 Content rcgulation

Content regulation, as applied to television broadcasting, was an attempt to address the scarcity of
broadcast channels'®2, Tt is argued that these regulations have not enhanced the quality or varicty of
programming and have merely served to limit the First Amendment rights of the broadcasters. In the
casc of data, scarcity is also a conccrn but content rcgulation does not appear to be an appropriate

mcans of addressing the problem, for recasons described below.103,

Because of the transactional nature of the two-way information services discussed, subscribers do not
require the "protection” that some content rcgulation is intended to provide, i.c., from obscenities.
This transactional nature provides for user discrimination, not nccessarily available on broadcast
television where there are a scarcity of channcls (other than by turning off the receiver altogether). It
is also important to note that the mecre quantitics of information available from non-broadcast

information services make enforcement of content regulations in feasible!%,

In the provision of communication scrvices, content regulation is particularly undesirable because the
implicd responsibility for matters of content prevents the operator from behaving like a common

carricr; a far more appropriate model for a communications facility,

102The areas in which content regulations are currently applied by the FCC include:

- Fairness doctrine - equal treatinent of editorial subject matter.

- Personal attack corollary -- right of an individual to access in order to defend himself/herself against personal
attack on the media.

- Political broadeasting rules -- equal access to all candidates.

- Local origination -- channels where the opcrator is the only designated programmer.
- Obscenity -- restriction of certain material considered offensive to the community.

- Advertising codes -- legal and fair advertising practices.

103Contcm regulation is not applicable to regulation of data communications services, in which the scrvice provider exerts
no control over the content of the communications; but, the inapplicability to information services is somewhat less clearcut.

104Thc amount of information stored in a data base is not limited by the communication channel via which it is accessed,
but by the practical limitations of the access procedure, i.e., how hard it is for a user to find something in a very large data base.
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5.3.3 Economic regulation

Rate regulation is used in the case of most public utilitics, including tclephone, and could conccivably
be applicd to cable. 'The objective is to limit the utility’s ability to extract monopoly profits on the
basis of its natural or granted monopoly, and to insure nondiscriminatory pricing structurcs. Rates
are typically sct according to an allowed rate of return (ROR) on the firm's investments, or rate base.
"T'he rate structure is also evaluated to assure cqual access to all users. The history of rate regulation is
checkered. The regulated utilities (e.g., gas, electric, telephone) have been burdened with the slow
administrative processes neeessary to enforce the regulation (regulatory lag); these are particularly
difficult in times of high inflation. Some cconomists believe that the consumer has also been
burdened by the hypothesized tendency of utilitics to over-capitalize and thereby incrcase their rate
base [7].

There are a nurnber of rcasons why it is desirable to avoid traditional rate regulation in the case of
data over cable. " In addition to the impcrfcctions of implementing traditional rate regulation, the
disincentive it would posc to cable operators might stifle development. Currently, cable operators are
not subject to traditional rate regulation apart from local constraints on basic, premium, and pay-per-
view television subscriber fees. By entering the uncharted market of two-way communications
scrvices they would face both uncertain revenue streams and a restricted return on them as well; in
addition, there is the possibility that this regulation might be extended to other cable services such as
premium and pay-per-view television.” On the other hand, given that the cable facility is to some
cxtent a unique municipal facility, it might be desirable to restrain the potential monopoly power of

the opcratof.

Access or service charges will be paid by both subscribers and information service providers.
Subscribers will pay fees to the cable operator for access, and/or to the data base vendor for the
information which is acccssed or provided. Cable access fecs are already monitored by the local
franchisc boards and state legislatures. Regulation of the data base rates is widely viewed as
inappropriate because of growing competition in the "information marketplace™ which is believed
will cffect efficicnt pricing. In particular, we are hesitant to mandate "proper” rates for picces of
information. Therefore, there appears no particular need for additional rate regulation of subscriber

fees.

"The problem of service provider access and communication rates is more difficult. In the case of two-

way data communications scrvices, the situation is analogous to a specialized common carrier
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operating in the local loop. But, because there is generally only one cable system per municipality
and the franchise is granted by the city, monopoly power does exist in so far as the cable facilitics
offer more than other available local loop facilitics do (i.c., bandwidth, transmission quality, etc.).
There are two primary concerns associated with this monopoly power. The first might arise if cable
operators want to usc all upstrecam channels to carry the return traffic of pay-per-vicw television or
information services, instead of data communications scrvices. They could sct the access rates to data
communication uscrs high cnough to disuade potential business users while still complying with any
structural requirements sct out in the franchisc. The sccond concern is that monopoly rates will be sct
too high above marginal cost, resulting in the traditional monopoly incfficiencics of excessively high

rates and accompanying underutilization.

Rates charged to data basc vendors will undergo cven more distortion because cable operators will
typically be acting as data base vendors themselves. ‘Therefore there is cc;nﬂict of interest between
sclling carriage capacity and competing for the sale of information and transaction scrvices. The cable
opcruior could usc excessively high rates to discourage information providers from using the cable
medium, thereby retaining a monopoly for the operator. As we will discuss in the following Section
5.3.4, structural regulation is likely to be the most cffective means of preventing such abuses,
although it is probable that at times some cconomic regulations may be needed to account for

remaining market imperfections.

5.3.4 Structural regulation

There arc two clements of current cable industry structure which in combination might lead to abuse:

1. The control of both carriage and content by the operator.

2. The practical monopoly which the operator has over cable facilitics within the franchised
city.

If cable offers an advantage over other competing media the operator could wicld significant
monopoly power; rcsulting in excessive rates, as well excessive control over the content of

communications.

“The cable operators arguc that cable is not a monopoly since there are competing technologics, ¢.g.,

telephone, airwaves, newspapers. For certain services alternative forms of distribution arc equally
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attractive. But, for wide bandwidth, two-way applications, cable offers a clear advantage. [For
example, onc-way textual information nuight be just as suitably transmitted via over the air teletext'0
, thrcas videotex graphics or high speed computer to computer communications is not available at
comparable costs on any other existing facilitics (sce Section 4). Content and cconomic regulations
could be applied in an attempt to prevent abusc. But, it is more cffective and cfficient to attack the

origin of the problem, i.c., the structure which permits conflict of interest.

The tools of structurat regulation include:

1. Entry.
2. Limitations on horizontal integration -- control over multiple channels.

3. Limitations on vertical intcgration -- scparation.

Although most municipalitics do not grant exclusive franchises, the economic barriers to constructing

106

a sccond cable facility in a municipality arc high'® and there are few cxamples of competing

companics. Therefore, entry policics-are not cffective at this point in time'?7,

Limitations on vertical integration by definition would entail some-degree of separations policy to
isolate the control over carriage and content. Limitations on horizontal integration would also entail
some dcgree of scparations. Horizontal integration refers to the control over multiple channcls. If
cable operators give up control over a portion of the channels ou the cable they will nevertheless be
responsible for the carriage of those signals. Therefore, on a portion of the network they would be

acting as carricrs only, which is cquivalent to limited scparations.

Scparations would require that the cable network operator completely separate its signal transmission
functions (i.c., carriage) from its programming functions (i.c., content) . The cable operators insist
that scrvices would be sacrificed by limiting the incentives of cable operators to enter both markets.

In addition they feel that in order to attract an adequate revenue stream, control over the entire

wST cletext information is transmitted during the vertical blanking intervals (VBI) of television transmission.

106[2xclusivc franchise contracts may be held in violation of antitrust laws, sce Community Communications Co. v. City of
Boulder, 630 F. 2d 704, 1980.

10-’Wc might imagine that in the future, demand will exceed the supply of cable channels and at that time, entry provisions
regarding additional cable fagili}ics may be effective.
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package, both content and transmission, is ncccssarymg. The cable industry also argues that
scparations regulation is in abridgment of both the first and fifth amendiments: the first through
constraint of content control by the operator, and the {ifth through constraint of due process of the’
cable operator to carn a fair return on the facility. In support of their first amendinent position, the
National Cable "T'clevision Association (NCTA) has argued that "cable systems should be treated in

the same manner as newspapers.” [13]

Scparations was rejected as a policy alternative in both the 1972 and 1974 Cable Television Report and
Order [14]. In 1976 the house subcommittee expressed the importance of scparations as soon as it
became "feasible” but agreed that 1976 was too soon to do so [19]). In 1979 the court found that "(a)
business or group of businesscs in control of a scarce facility have an obligation to give compctitors
reasonable access” 1%, Proposals have since been made for limited scparations policies such as leased
access. These are more favorable .to the cable industry and arc more likely to be implemented.

I.casc_d access will be discussed in Scction 5.3.5

Public utility regulation of cable is another possible model for cable regulation. It has recently been
applicd to new institutional networks, such as the one in New Orleans [20], which will be used
primarily as transmission nctworks for business and government, In California legislation was
proposed to declare all cable communications systems public utilitics to be regulated by the state
PUCHY, The bill would'rcquire "scparation of system opcration from programming sclection.” [28],
[16]. State Iegislation of this sort is part-icularly a reaction to the Boulder decision made in January of
1982 which stated that municipalities were not in fact exempt from antitrust laws unless they are
furthering "a clearly articulated and affirmatively expressed state policy"“l. This decision threatens
the status of municipally franchised cable systems in those states whose laws do not expressly assign
the municipalities jurisdiction over cable. The most ofien stated opposition to municipat control is

the tendency of municipal ownership to reduce innovation and efficicncy.

.msl.’rcstel. the vidcotex service in the United Kingdom, operates under a scpéralion principle but docs not face

impediments such as franchises and cable systems.

logB)urs v. Bluff City News Company, Inc., 609 IF 2d 843, 856 (6th circuit, 1979) [47]

107y.¢ Cable Communications Act of 1982, California AT} 2742, introduced by Assemblyman Richard Robinson, Santa

Ana.

11Communily Communications Co. v. City of Boulder, 630 . 2d 704, 1980.
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Although structural regulation is ordinarily considercd preferable to content and cconormic
regulation, I.. Auerbach cautions that structural regulation alone should not be depended upon to
achicve socicty’s goals [6].

The characterization of a highway operator providing
non-discriminatory’ and "cqual’ access (subject only to economic and
technical feasibility) masks the policy importance of choosing between
alternative technical and cconomic criteria for access. In fact,

since these criteria will constrain access by some but not by others,
the interesting questions then become onces of deciding how, and in
what ways. technical and economtic limitations should be allowed to
determine access to the Electronic Highway, both by potential
consumers and producers of information. Perhaps, in view of these
limitations to access, other social and political criteria (such as

the "public interest™) should also be used. Economic criteria, by
definition, discriminate on the basis of ability to pay. This is not
always a socially or politically optimum outcome.,"”

As Aucrbach points out, through structural regulation discriminatory practices attributable to conflict
of imc.rcst can be climinated: but, discrimination on the basis of ability to pay remains. "This in turn
nccessarily influences content. ‘Therefore, although we see structural regulation as the best of existing
practical alternatives, we realize that communitics may nced to bring to bear supplementary
mechanisms, such as public and government access in, in order to achicve social and political goals.
We take heed of Aucrbach's caveat [6]:

Arguing for separation of carriage and content will subsume the most

important sociopolitical questions under an apparently technical

distinction,and , even worse, may encourage people in the complacent

assumption that the mere assertion of two mutually exclusive

categorics will solve the boundary issue implicit in making the '
distinction in the first place. There is no need to suffer from what

Alfred North Whitchead once called the *fallacy of misplaced

concreteness' 12"

5.3.5 Leased channel access

Provisions for Leased channel access have been suggested as a means of protecting both consumers
and businesses from possible monopolizing tendencies of cable operators. These provisions would

require that the operator allocate a certain number of its channels to be offered on a common carrier

12,4 frcd North Whitchead, Science and the Modern World, New American Library, New York, 1948, pg. 58.
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basis. This might imply non-discriminatory, first-come-first-served access, with no control over
message content by the cable operator. The implication of leased access for video cable services is the
allocation of a certain percentage of downstream programming to partics other than the cable
operator. ‘The implication for intcractive data services on residential systems is the allocation of some
percentage of possibly both downstream and upstream capicity to multiple information providers.
For such allocation to be of use to other information providers, subscribers must be able to address

partics other than the cable operator.

Mandatory leased access could prevent overcharges to subscribers through competition while
avoiding the disincentives posed by cemplete separations and common carrier policy. iconomic
regulation of subscriber rates might be avoided as a result of competing services on the system.,
Similarly, content regulation will not be necessary given the diversity of sources. Recognizing the
difficulty of enforcing complete separations, it is wise to enforce leased access in the near future so as
to cstablish the process carly on in operation and to encourage the cmergence of service

providcrs [47].

The petition to the FCC prepared by Geller and Barron presents a legal discussion of the appropriate
jurisdictional position of the FCC in regulating leased access [27]. it concludes that the FCC does
have jurisdiction to establish guidclines for leased channel access because of the interstate nature of
some communications, now and in the future when interconnection of cable networks is in place. The
rulings which have served to limit FCC regulatory jurisdiction are discussed in detail and can be
shown to be inapplicable given the true "communications™ nature of the data communications
services under discussion here. That is, instcad of these services being "ancillary to broadcasting”,
they arcA in fact "ancillary to common carriage”. This being the case. the ruling in Midwest Video II
which held that leased access requirements were in conflict with the broadcast categorization of cable
function, would not hold since there is no conflict between leased access requircments and common
carriage. Fundamental to this approach is the treatment of each cable service or channel separately,
according to its function. Only in this way can the appropriate regulations bé applied to some

services, without unnecessarily harming other services.

A disincentive to cable operators is the vulnerability of cable to state common carrier regulation if
leased access is offered. Precinption of the states right to enforce rate of return regulation is the
approach reccommendcd by the industry. An altcrnative measure is to cnforce the model suggestion

by Geller and Baron whercby cach channel is regulated (or not regulated) scparately, and therefore
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some subsct of channcls might be oftered on a common carriage basis without threatening all cable

services.

Fundamental questions arisc in the implementation of leased access™3:

- Who should sct the rates on access to the available channcel -- the cable operator? The
statc PUC? The FCC? According to what criteria should these rates be set?

-How will lcased access requiretnents impact the status of joint ventures between
information scrvice providers and cable operators?

- What provisions should be made in the cvent that the allocated number of leased access
channcls become crowded? Should the number of [.cased Access channcls required be
raiscd? Should scparations be cenforced since the market for servers wiil have been
proven?

- How to ensurc equal treatment for those scrvices that might compcete with scrvices offered
by the cable operator; As Ncustadt ct. al. state, "(p)olicing equal treatment is a regulatory
swamp”.

- What central head-end services are included in the leasing of a channel?

Geller and Barren propose that initially pricing be left to the forces of market supply and demand. It
scems reasonable that this be attempted, but with close monitoring, so that discriminatory or unfair
behavior is detected quickly, and the nced for regulatory remedics can be recvaluated. It would be
inappropriate for the state PUC's to establish a rate of return policy for these néw scrvices unless
discriminatory practiccs arise. Rate-base regulation of mixed services provided by shared telephone
plant has been fraught with cconomic as well as political problems and the desire to avoid this
complication, if possible, is shared by both the public and private scctors. But, if the cable operator
scts rates artificially high so as to discourage leasing of channels by competing scrvice providers, or if
the operator exhibits other anti-competitive behaviors, economic regulation may be called for. One
alternative is to implement a bidding system, such as has been tricd for satellite transponders,
whereby both the cable operator and other information providers bid for use of achannel, or a subsct

thereof.,

The cable industry presents a number of arguments against leased access requircments:

1. The cost of building a system is - nly justifiable if the operator has control over all
revenuc producing channels.

113

Some of these questions will be addressed in the following chapter on municipal and state cable policy. '
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2. Leased access requirements burden the operator with added costs of managing individual
channcls.

3. Subscribers will hold the operator responsible for the quality of all services, even those
over which the operator has no control.

The first argument ignores the fact that cach channel will be Icased and therefore will be a source of
revenue. In particular, on large systems where there may be excess channcl capacity, the opportunity
cost on the nth channel is low and the operator is likely to make a profit through leasing. In addition
the channcl leasing rate will reflect any additional system cost that the operator incurs in providing
the channcl. Significant additional costs will be incurred by the operator when channel space
becomes scarce and the need to increase network capacity ariscs. This is a capital and labor intensive

process and will have to be addressed by the local and state authoritics.

Although it is truc that the quality of cach service is likcly to affect the overall subscriber impression
of the cable service, the incentive to the new scrvices should be cqually high to improve business and

provide as good scrvice as is nccessary.

There is some hesitancy on the part of potential service providers to actively support §.cased Channcl
Access Requirements, duc to the potential negative impact on joint ventures. In particular, I.eased
Access requirements might cstablish a precedent that would later be used to prevent exclusive Joint

Ventures between a cable operator and a service provider.

Many implementation questions will be overscen by local cable authorities and are therefore

addressed in the following chapter on policy guidelines.

5.3.6 Telephonc company cross ownership

The FCC adopted a ban on local telephone and cable television cross-ownership!!* in hope of
encouraging "the full development of non-cablc services (e.g., data services) that could be substituted
for traditional tclephone services.” 'This was upheld in General Telephone Co. of the Southwest
v, U.SB, Itis on this same basis that cable operators might be restricted from excrting monopoly

control over the facilitics.

11447 CF.R. 63.54-56; Report and Order in Docket No. 18509, 21 FCC 2d 307, 308

1 5449 I¥ 2d 846 (5th circuit, 1971)
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The access charges to local loop facilitics are of increasing importance in light of the proposed
separation of Bell Operating Companies (BOCs) from ATSTS 1 is possible that the BOCs will be
allowed to enter the cable market. Alternatively the telephone companies might lease channels from
the cable operator. 1t is not evident to what degree the telephone companies will pressure the state
PUCs to morc heavily regulate cable. The aggressiveness of the cable companies in offering high
speed data services will invariably affect this outcone, but how is not so clear. For instance, if cable
opcrators arc slow to offer these services the state or federal officials might open the market to the
tclephone companies. On the other hand, if the cable operators aggressively enter the data
communication markets and threaten the telephone companies, the state officials might enforce

additional regulation under pressure, or in protection of the local telephone companices.

5.4 Privacy -- Wiretapping, Intrusion, Misuse of Information

Centralization of the control over content and carriage also increases the dangers of privacy violation.
All hoinc information systems arc a danger to personal privacy by the mere fact that they provide a
channcl by which information can flow from within onc’s home to the outside world. But the more
dircct the conncction between the information source and sink, the more motivation there is for
invasion of the individual's privacy. ID.C. Nash and D.A. Bollicr describe four types of exposure that
consumers risk with intcractive home media: intgusion, interception, misusc of information and
aggregation of individual or houschold information [45]. The diversity of channels through which we
currently communicate with others has helped to shelter us from these abuses, i.c., telephone, postal

mail, on-sitc business transactions.

Cable systems pose privacy problems, some of which are common to many clectronic
communications, information, and transaction scrvices, and some of which arc particular to cable.
Problems which arise from wirctapping on cable are not qualitatively different than wirctapping on

the telephone systcm.m

Encryption can provide a solution to large uscrs whose volume of
communication warrants the cost of encryption cquipment, but it is not likely to be feasible for

private residential subscribers until incorporation of encryption devices such as the Data Encryption

116AT&T v. U.S., Consent Decree, January 8, 1982; Justice Green presiding

117Allhough. as described in Section 2.3.2.2, wirctapping and traffic analysis are both significantly casicr on shared channel
cable systems,
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Standard (DES) is cconomically pmcticul”8

. The network itsclf might offer cucryption as a value
added service, as a way of offloading the front-end costs. Currently, the cost of operating this value
added service is considered prohibitive for most systems. In conclusion, the problems of sccure
communications and wirctapping are compounded by foreseen cable data comnunication scn'\-icés.

but arc not unique.

Intrusion via the communications media is a fear that is deeper than a "1984 paranoia”. Sccurity and
homie monitoring systems, as well as energy management services all form a new avenue for the flow
of information out of the home; in particular, automatic generation of information, which is not
regularly filtered by the residents, This fear has Iead some service providers to give the resident the
capacity to turn off all monitoring services at will, but in gencral, the monitoring is continual and
altogether transparent to the resident. It is likely that the only alternative to intrusion for those who

arc cognizant of it, will simply be non-participation.

A less direct, but profound form of intrusion will come through the misuse of information collected
from the home. An cxample is billing information indicating the viewing habits of individual
subscribers. On some systems that are highly centralized, this would include the information retricval,
and transaction habits of subscribers. "The use of both aggregate and individual data by marketing
firms alone could lead to unfair and invasive generation of special interest mailing lists. The misuse
of information by credit and insurance bureaus is already an issue of public concern.. Prevention of
the misuse of cable data would bcncﬂé from stronger and more enforceable general legislation. But
in addition, because of the case with which valuable information can be gathered on cable systems,
and because this information can be gathered from points other than the head-end, these systeins
might require close monitoring by federal and local authorities. This will be in the interest of both
subscribers, and the service providers, whose services will cventually suffer significantly, if the
cliéhtclc cannét truSt the 's’ccurity and privacy of their communications. Warner Amex has proposed

the code of privacy shown in Figure 5-0:

Although this code is an important step in industry recognition of subscriber rights, it does not
adcquately address two particular sources of potential abuse. 1f the cable operator sells information

services, access to market information which is specifically restricted from other partics,

118'I'o come cxtent, it will not become practical until the residential market exhibits a demand for sccure communications,
i.c., that there is a willingness to pay for the added cost to equipment.
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Warner Amex code of privacy

Warner Amex Cable Communications has prepared a privacy code detailing the

rights of subscribers on its two-way cable television service.

® Warner Amex shall explain to its
subscribers the information gathering
functions of the cable communications
services being provided.

® Warner Amex shall maintain ade-

quate safeguards to ensure the physi-

cal security and confidentiality of any
: subscriber information.

"® Warner Amex subscriber agree-
ments shall include the following:

. Individual subscriber viewing or
_responses may be recognized only
where necessary to permit billing or
to render a subscriber service. Any
such information will be kept
strictly confidential unless publica-
* tion is an inherent part of the
service fe.g.. announcing a game

' show prizewinner).

No other individualized informa-
tion concerning viewing or responses
will be developed unless the sub-
scriber has been advised in advance
and given adequate opportunity
 not to participate.
® Warner Amex may develop bulk

(non-individual) data concerning
subscriber services for use in develop-
ing new services or improving existing
services. Warner Amex will not make
such bulk data available to third
parties—whether affiliated or non-

| affiliated with Warner Amex—with-

out first ensuring that the identity of
individuals is not ascertainable from
the data provided.

® Warner Amex will refuse requests
to make any individual subscriber
information available to government
agencies in the absence of legal com-
pulsion. i.e., court order, subpoena. If
requests for such information are
made, Warner Amex will promptly
notify the subscriber prior to respond-
ing if permitted 10 do so by law.

@ Subscribers may examine and copy
any information developed by Warner
Amex pertaining to them at Warner
Amex premises upon reasonable no-
tice and during regular business hours.
Copying costs shail be borne by the
subscriber. Warner Amex shall correct
such records upon a reasonable show-

ing by the subscriber that information
contained therein is inaccurate.

® Any individual subscriber informa-
tion will be retained for only as long as
is reasonably necessary, e.g.. to verify
billings.

® Subscriber mailing lists shall not be
made available to third parties—
whether affiliated or nonaffiliated
with Warner Amex—without first
providing subscribers with the op-
portunity to have their names removed
from such lists.

® Warner Amex shall comply with
applicable federal, state and local laws
respecting subscriber privacy and shall
adhere to applicable industry codes of
conduct which promote or enhance
subscriber privacy.

® Third parties who participate in
providing services 10 Warner Amex
subscribers shall be required to adhere
to the company's Code of Privacy and
all Warner Amex arrangements re-
garding such services shall specifically
incorporate this Code of Privacy by
reference.

® Warner Amex shall continuously
review and update its Code of Privacy
to keep current with technological
changes and new applications. -

Figure 5-1: Warner Amex Code of Privacy

(Cable Visionm).

i.e.,"individualized information concerning viewing or responses”, can providé the operator with a
competitive advantage over other information services. A related issuc is the storage of data in a form
that is traccable to individuals. If information is not to be used for purposes other than billing, some
citizen groups have suggested that other information only be stored in statistically aggregated
form [40]. | . ~

All information collected about subscribers by the Operator or -

by any independent access corporation, other than billing information,
~shall be stored only as aggregated statistical totals not identifiable

as to individuals except to the extent allowed by the prior written

consent of the subscriber...

19 coptevision [65)
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5.5 Summary

Fedcral cable television regulation grew during the 1960's and carly 1970, culminating in the 1972 '
Cablc Television Report and Order. Since the mid-1970's regulation has subsided. Throughout this
cycle, regulatory and dercegulatory provisions focused on cable television as a once-way video
distribution technology. Nevertheless, the fundamental regulatory issuc that remains unresolved,
namcly cable television’s status as a common carricr or broadcaster, is also the issue of most
significancc to the application of cable television networks to two-way data communications.
Structural regulations have been proposed to climinate the potential for conflict of interest on the
part of the cable operator. These regulations would assure equal access to the distribution nedium
while at the same time isolating content-related decisions from government intervention. Separations,
climinates this conflict, but the cable industry belicves that such scvere action will leave cable
opcrators in an cconomically uncertain position. lLecased channcl access is a limited form of
scparations that is more acceptable to the cable ipdustry but which might cntail more cumbcersome
rate-sctting or monitoring procedures. We support prompt construction of structural regulations that
will establish cable television as a local distribution medium, accessible to a multiplicity of voices and

listeners.

In the final Chapter which follows, we integrate the technical and regulatory information presented

thus far into policy. rccommendations for city cable authoritics.
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Chapter Six

Guidelines for municipal policies

6.1 Introduction

In the introduction we discussed the applications that might motivate citics and cable operators to
implement data communications services on cable television networks. In subscquent chapters (sce
Chapters 2, 3, and §) we discussed the technical capabilitics and opcrational mechanisms that are
needed to implement these applications. The local government, via a designated cable authority,
influcnces the design and operation of the city cable network through the fianchising process, interim
reviews of performance, and the refranchising process. There are many requirements and concerns
which the local cable authority must consider at these times. Due to political and cconomic
constréints. only a subsct of these can be addressed and implemented.  We hope to aid local
authoritics in identifying and addressing those requircments that arc of gi‘cutcst consequence to the

implementation of data communication services that will serve community goals.

IData communications capability is viewed as the fundamental infrastructure of the cable network
because it is the basis for provision of information and transaction services to residents, as well as
high and medium spced data communications and networking to institutional users. It is not evident
to what extent the citics must formulate detailed specifications for this infrastructure in order to

achicve the community’s goals. . :

In this chapter 'wé discuss the relevance of data communications scrvices to the satisfaction of city
goals. We first identify particular goals and derive their implications for use and opcration of cable
networks for data communication services. We then review and highlight the technical capabilitics
and operational mechanisms that must be in place for the city to realize these goals, and the role of
the cable authority in specifying and oversecing the implied capabilitics and mechanisins. We refer

the reader to Chapters 2 and 3 for further discussion of technical details.

Throughout this chapter we present cascs in which it might be appropriate for the city cable authority
to exert external pressures on the cable operator. We wish to emphasize to cable authorities the

detriment that could be caused by overcommitting the cable operator. Overcommittment can result
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in an operator that is unable to acquire financing, or is unable to complete construction. Over-
ambitious specifications may also discourage the best-cquipped vendor {rom bidding; leaving only
the uninitiated or dishonest vendor to bid. ‘Therefore, the authority should be prudent in its

demands.

6.2 City goals and the role of data services
Two fundamental city goals can be served by data communications services:

1. To provide residents with enriching facilitics and services that will both raisc the "qualivy
of life” and contribute to the economic status of the city. Home information services can
provide convenience, entertainment, access to uscful information, and formal education.
A two-way cable television network is an cconomical and powerful means of transmitting
these scrvices (sec Chapter 4). .

2.To provide an cenvironment that is attractive to the business community and thereby
contributcs to the strength of the cconomy of the city. High capability, low cost, busincss
communication facilitics and secrvices cnhance the overall business cnvironment,
particularly in light of incrcasing use of communicating office computers, A two-way
institutional cable network is an attractive alternative to the tclcphonc company’s local
loop, both in terms of performance and cconomics.

Once a city decides that these facilities are in fact desirable, there is a sccond tier of three goals which

concerns the type and quality of service offered via these facilitics:

1. A maximum number of scrvers -- information and scrvice providers -- should have access
to the fucilities in support of the first amendment goal to promote freedom of the press;
onc factor in promoting such freedom is assuring equal access to the "public” media by a
diversity of voices. To this end, the cable operator should not be the only service provider
on the network, nor should it have the power arbitrarily to exclude other scrvice
providers. The operational policy nceded to realize this goal is structural regulation such
as leased access that will climinate the conflict of interest which arises from control over
both content and curriagelzo. The technical requircment implied by this goal are

~ communications facilitics that support multiple servers (sce Scction 3.2.2).

2. The maximum number of residences and businesses in the community should have access
to services at the minimum reasonable rates, i.c., rates that arc close to the marginal cost
of providing scrvice. The potential monopoly power of the cable operator might allow the
opcrator to sct prices above marginal cost. Therefore, the city should actively promote

1‘ZOCablc authorities may find that additional economic regulation is needed to ensure the effectiveness of leased access
policies, see Chapter S.
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competitive rate levels and structures through promotion of competing service providers
and transmission media, where possible, and through monitoring of rates, where
competition is not feasible. In addition, it should not encourage vverbuilding which will
result in excessive subscriber rates.

3. The city should not be precluded from enjoying future services because of obsolete
facilitics. Therefore, the facilitics must be designed and constructed to achicve (or at lcast
not preclude) flexibility, performance, and minimum costs in the long-term, as opposed
to specific functions and minimuin costs in the short term. The city must understand the
technology sufficiently to cvaluate the proposials of the operator and to formulate
demands that will enforce long-term yet rcasonable investment on the part of the
operator; in particular, network configuration, reduction of upstream noise. and multiple
server addressing capabilitics.

Data communications requirements must be balanced with other community goals relating to cable
television; namely, influence over programming dccisions, rate sctting, channcl capacity, and local

origination facilitics,

6.3 Entry points for municipal input

Cable policy at the local level is traditionally formulated and implemented via the franchising
process. The local cable authority identifics and advertises system requirements in a request for
proposal (RIFP) and sclects from among the responding cable operators. The cable network criteria
proposecd by the city are then modified through a scrics of negotiations with the cible operators (see
Figure 6-0).

By the end of 1982, most of the major citics in the U.S. will have completed this franchising proccss.
Thercafter, local governments will use interim reviews and refranchising processes as the forums for
establishing cable policy, in particular for oversceing cable operation and cxpansion (see Figure 6-0,

phase 6).

Franchises granted in the mid and late.1960’s arc coming due for contract renewal. These systems are
primarily six to twenty channel ncetworks located in rural arcas, where cable was installed because of
poor over-the-air television signal reception.  Systems located in densely populated areas with large
potential cable markets will be rebuilt or upgraded into higher capacity systems, particularly those
currently in the six to twelve channel range. Those arcas that are sparscly populated do not offer

large enough markets to warrant installation of high capacity two-way systems. Thercfore, in these
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Figure 6-1: Cable television system franchising (Cable Television:
Franchising Considerationsm)

communitics, cable operators are unlikely to install the higher cost facilitics nccessary for two-way

data communications capabilitym.

The post-1972123 franchiscs typically have 25 or more channels and thercfore many of these systems
do not require rebuilding. Instead of developing specifications for a new system, the cable aughorities

will use the refranchising process to:
1. Ensure that franchisc promiscs have been implemented.
2. Proposc new system capabilitics.

3. Establish or modify operational procedures.

12lllaer, W. {8}

]221n 1980 there were 358 systems of 30 channels and above, 758 systems of 20 to 29 channels, 103 systemns of 13 to 19

channels, 2,793 of six to twelve channels, 151 systems of below six channels, in the United States [46].
123In 1972 the Cable Television Report and Order established technical requirements for cable networks for all new systems
that would serve over 3500 subscribers, sce Chapter 5.
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Most of the post-1972 franchises also provided for interiin reviews by the local authority. These
reviews can also be used to monitor cable operator performance in mecting franchise agreements,
ncgotiate for additional capabilities, and provide a channel for community members to cxpress

desircs to the operator.

Although interim reviews and refranchising negotiations arc in some ways similar to the initial
franchising process, the scope of issucs to be resolved is considerably narrowed. For example, instead
of oversceing network design and construction, the citics oversee upgrading, or at most rebuilding, of
the existing network!2*. In addition, if the cable opcrator has performed well, or if the franchise is an

exclusive one, the city might forego the operator sclection process.

Despite this narrowed scope, substantial issues remain for the city cable authority to address; in
particular, unsatisfactory or deficient operational procedurcs and technical capabilities (sce Figure 6-
0, phasc 6, performance monitoring and operation). Many desirable technical capabilitics were not
implemented in the original systems bccausc' they were cither unforeseen or considered too risky by
the cable operator (ibid. phase 6, cvaluation of new scrvices). Most refranchising demands do not
cntail the high costs that initial cable installation does. Therefore, dcpcndfng upon the specific market
characteristics, the operator might be morc able and willing to implement capabilitics which have
longer payback periods (ibid, phase 6 negotiation of system cxpansion). Also, depending upon the
cable penetration figures on the existing system, the operator may actively scek new features which

will attract new subscribers.

6.4 Community requirements

Two-way capability and leased access policies are necessary to ensure implementation of data

communication services that will serve the spirit of the conmmunity goals discussed above.

The application of cable tclevision networks to data communications presents complexitics and
uncertaintics which cxcced the expertise of most city cable authoritics, as well as most cable

operators. As Bacr and Pilnick point out, technical specifications and operational procedures which

124For the remainder of our discussion relranchising will refer to those systems that only require upgrading and contained

amounts of rcbuilding. The refranchising process for systems which require extensive rebuilding or replacement will be
considered identical to an original {ranchising process.
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were acceptable in the past for entertainment television arc not necessarily adequate for data
communications applications [§]. In addition, the larger capital investment necessary contributes to
the financial burden of both the operator and subscriber.

The heart of the problem is that a cable system good cnough for 1TV
cntertainment may simply not be good enough for many non-cntertainment
scrvices.

Communitics have no casy solutions to turn to. Since most new services
are, by definition, untested at this time, franchising authoritics

cannot specify a cable system design that will meet all future
requirements. ‘The more flexibility and the more stringent standards
they require, the more the system will cost above one oriented
primarily toward entertainment services.

Most cities have not faced the question of who will pay this
additional cost...(1f) the addced system cost cannot be justified
initially, franchising authoritics should at least be aware that many
future services may be diminished in scope or foreclosed entircly.

In the following scction we draw on details provided in carlier chapters to qualify and bound the
rather dreary picture painted by Bacr, ct. al. Their statement is representative of uncertaintics which
were pervasive in 1975, many of which can now be resolved. The technical and market uncertaintics
create financial uncertaintics which inhibit investment. This discussion should serve to encourage
such investment, where practical, and to promote intelligent construction and operation of the

facilities.

6.4.1 Technical requircments

Two-way capability is the most fundamental technical requirement for data communications. As we
saw in Chaptcf 2, two-way capacity can be implemented in many different ways, resulting in widcly
varying capabilities. Therefore, many cities will ﬁndA it insufficient to specify merely “two-way
capability” in the review, refranchising, or franchising processes. 'The extent to which the cable
authority should cstablish the technical specifications for two-way capacity is unclear; but, citics must
at Ieast decpen their understanding of thesc issucs so as to prepare themselves for evaluating the cable
operator’s plans and performance. In this scction we highlight points made in Chapters 2, and 3 in
the context of formulating local policy. W - refer the reader to those chapters for further distussion of

technical details.
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The FCC has identified four classes of cable television channel, the fourth of which refers to
upstream transmission'?. A Class IV channel is defined as "(a) signalling path provided by a cable
television system to transmit signals of any type from a subscriber terminal to another point in the
cable system.” This definition docs not specify many capabilities that are necessary to implement the
data communication schemes described in Chapter 2. Not all of the requircments discussed in the
following scction need be mandated by the cable authority, The cable operator will find many of
them attractive enough to adopt without external pressure, and others can be added incrementally.
But, the authority should understand the technical trade-ofts sufficiently to identify those capabilitics
that arc fundamecntal to the implementation of data communications services, that cannot be added

incrementally, and that therefore warrant long-term investments.

If the operator is motivated or experienced in two-way data communications, then the city might
confidently leave many of the detailed specification to the opcrator. But, the city must make certain
that the provisions agreed upon are specificd in cnough detail to ensure that a system results which
will accommodate the types of services desired by the community, in addition to those desired by the

cable operator.

6.4.1.1 Enginecred for data

In Chapter 2 we identificd the design parameters that must be implemented in order to accommodate
data communications on a cable tclevision nctwork. We review them here in the context of

franchising, refranchising, and intcrim review processes.

The two-way communications capacity available depends, in the first instance, upon the typc' of two-

way amplifiers used. Subsplit amplifiers are typically used in residential networks and will |
accommodate four upstream TV-size channels. Some cable opcerators may prefer to satisfy two-way
requirements with a hybrid system which uscs the standard telephonc lines as the upstream channel.
Many of the transaction services cavisioned for the residential network require only limited upstream

transmission. The limited data rates cconomically achicved over telephone lines (typically 300 baud,

125The first three classcs of cable television channel are defined as follow: a Class I channcl carries onc-way signals that are
reccived by the operator over-the-air or are obtained by microwave or by direct connection 1o a television broadcast station; a
Class 1l channel carries one-way signals that can be reccived by a television broadcast receiver without the use of an auxiliary
decoding device, and that are not part of broadeast transmission path; a Class HI channcl carries signals that are intended for
reception by equipmient other than a broadcast receiver, or by a receiver that is equipped with special decoding equipiment [15]
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sce Scction 4) will be adequate for these applications. In particular, hybrid facilitics will allow the
cable operator to offer pay television services without having to implement “real” two-way
transmission capabilitics on the cable network. In the long run, we cnvision applications that will
require larger bandwidths in both dircctions (scc Chapter 1). In addition, as we discussed in Chapter
4, it is not desirable to tic up the only telephone line into the home. Some cities do not envision
heavy usage of two-way services in the near term, and would thercfore agree to the use of hybrid
facilitics to fulfill two-way franchisc requircments. It should be noted that in so doing the citics may
significantly reduce the cable operator’s incentive to implement "real” two-way capabilitics in the
future, namcly by cnabling the implementation of pay-per-view scrvices. The authority should be
awarc of the limitations and implications of such a dccision, while appreciating the positive

cconomics of the hybrid approach in some instances.

A primary requircment for two-way transmission, in addition to the prcscdcc of two-way amplificrs,
is minimization of the insertion noisc on upstrcam channels. This is achieved by minimizing the cable
lcnglﬁ between the head-end and the farthest subscriber. The system configuration should resemble a
hub, with radially extending trunks. as opposcd to a christmas tree or snake with long winding trunks.
In larger communitics sub-hubbing, multiplc hubs intcrconnected by‘microwavc links or cable trunks
consisting of lower-attenuation, higher-cost coaxial cable, may be needed to cover the extended
geographical arca. In the case of refranchising, system configuration decisions are constrained since
facilitics are alrcady in place. If the system being upgraded to accommodate two-way transmission is
poorly configurcd, other mechanisms for reducing noise on the upstream channels must be brought
to bear. These cngincering details arc primarily in the domain of the cable opcrator and shoﬁld be
rccognized as such by the cable authority. But, the authority would do well to understand the
implications of these fundamental parameters so that operator performance can be intelligently
monitored; for instance, when reviewing the proposed cable network layout, the authority should be
prepared to understand why multiple hubs and other design choices were, or were not, made.
Following is an cxcerpt from the New Orleans cable franchise which cxemplifies how technical
provisions might be incorporated into a franchise document [20]:

If necessary to prevent the build-up of noisc and distortion
products, the arca shall be divided into sections, and sub-trunks run
to a central hub within the arca. Equivalent alternatives such as
addressable taps or switches may be utilized.

As we discuss in the Scctions 2, and 6.4.1.2, the last provision, which allows the use of addressable

bridger switches to combat insertion noisc as an equivalent solution, may preclude the use of some
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addressing schemes. ‘This is an example of the need for thorough understanding of technical issucs on

the part of the cable authority.

6.4.1.2 Addressability and access methods

Addressability is nceded to support pay-per-view television services, i.c., the subscriber interface
must identify the uscr uniquely to the headend for program sclection and billing. As was discussed in
Chapter 2, the addressing scheme largely determines the flexibility and performance of
cominunication scrvices on the network; in particular, it determines who can speak to whom. Most
cable opcrators arc not immediatcly motivated to invest in addressing capabilitics which will
accommodate any-to-any conununications because the market is as yet undeveloped. The cable
authoritics must cvaluate the needs and desires of their community to cstablish the immediacy of
demand, or potential demand, for such services; in so doing the authoritics must be carcful not to

overextend the operator in an unprovén market.

Many technical components of addressability can be added to the system on an incremental basis, i.c.,
interface units, headend software. But, there are other decisions regarding the cable plant that might
prohibit implementation of particular access methods. For example, a contention channel cannot be
implemented on a cablfz system that depends upon bridger switches to limit upstrcam noise.
Contention channels must be continually open for transmission and are incompatible with the on and
off switching cxpericnced on a branch of a nctwork that uscs bridger switchcé. Therefore, the

provisions in the New Orlcans franchise mentioned above may prove inadcquate.

Multiple two-way access methods can be used simultancously on a single cable system through the
usc of multiplexing techniques. But, given the small size of the existing market, initially there will be
at most onc data-communications based service, using a single access method, on each residential
network. The city faces a choice between polling, hybrid, and contention access methods; the trade-
off is limited function versus higher cost (sce Chapter 2 for comparisons of access schemcs).
Institutional nctworks which are largcly dedicated to communications scrvices, as opposed to
information services, can and will support many access methods simultancously; the methods used

will initially be determined according to the demands of large users.
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6.4.1.3 Reliability and maintainability

The level of scrvice, i.c., transinission performance and overall system availability (see Chapter 3)
expected by business data communications users cxceeds the level of service expected and delivered
to subscribers on a typical residential network. Similarly, expectations of residents will incrcase as the
residential services providéd over the cable evolve from entertainment services to houschold business
and other professional services. The cable operator should be sufficiently concerned about service

presentation to make the necessary provisions because of the potential impact on market demand.

Reliability measurcs consist of built in redundancy and diagnostic capabilitics, as well as sccurity
provisions for isolation and denial of service to malicious or malfunctioning units on the network. As
with other factors mentioned, the longterm nature of the investment necessary to improve service
might deter the operators from making the neeessary provisions. In additipn, as W. Bacr notces, "...it
is extremely difficult and cxpensive to "add’ reliability to a system at a later date.” [8]. We do not
suggest that the cable authority attempt to take on the task of designing the network for the operators.
Rather, the authority should raisc such issues and gathier enough expertise to judge the responses of

the cable operator.

6.4.1.4 Communication services

The cable operator should have the capability and commitment to offer both communications and
information services. On the institutional loop most operators do intend to offer communication
scrvices, and the facilitics are being designed accordingly.  Although subscriber-to-subscriber
communications on thé residential network may be premature for most communitics, subscribers will
desire communications with some partics other than the cable operator, c.g. banks, airlines, -
information scrvices, cducational and governmental agencics. The technical infrastructure necessary
for communications services includes many-to-many addressability, i.c., higher level protocols to
allow communication among subscribers and multiple service providers, in addition to two-way
transmission (see Sections 2 and 2.1.2). Communication services require that the operator not involve
itself with the content of communications; i.c., the operator behaves like a specialized common

carrier.

As with the telephone system, institutional users will want the option of attaching privately owned

cquipment in addition to that leased from the cable operator, so long as it does not disrupt or damage
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the network. Cities should encourage the operator to offer many service types, not just private
channcls on the institutional network. This will allow small bursty uscrs, who generally do not require
private channels, to benefit from services, in addition to larger firms which generate enough traffic to
justify lcasing an entire channcl. So long as the network is well engincered for data communications,
specification of particular communications services can occur on an cxperimental and incremental

basis.

6.4.1.5 Interconnection

Institutional uscrs will require interconncction with long-haul networks, while residential users will
desire interconnection with neighboring cable networks.  More than just physical linkage is
nccessary; higher level communication protocols must be established and implemented in order to
allow cffective services to develop. To this end the cable authoritics should participate in standard-
sctting activitics, to represent perceived community necds in what is today an industry-oriented

Process.

The number and type (over-the-air, local origination, data) of channels interconnected can be
specified by the authority, leaving final decisions to the operators, in accordance with restrictions on
content rcgulati..on (sce Chapter 5). Interconnection of fucilities (e.g., microwave links) and
operational procedures can be implemented on an incremental basis so long as provisions are made
for city input. The cable authority can also enforce a timeline and reserve the authority to review

channel sclcction.

6.4.2 Operational requirements

The application of cable networks to data communications requires more than upgrading the
technical capabilitics of the system. As discussed in Chapter 5, use of the cable for data
communications applications blur the distinction between common carrier and broadcaster.
Therefore, in establishing the regime for data, the citics must address structural and operational issucs

in order to ensurc the best use of this medium.
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6.4.2.1 Leased Access

[.cased access provisions have been included in many franchise contracts, but as with two-way
requirements, their meaning is unclear without the mechanisms to implement them. In Section 5.3.5
we discussed the importance of leased access to the operation of data communication services via
cable. Cable operators have shown considerable resistance to leased access provisions, but unlike
resistance to other city demands, it is not primarily due to the financially burdensome naturc of the
request. Implementation of leased access channcls entails minimal costs beyond the opportunity cost
of other channel uses!?®. Given the abundance of channels on newer systcms, this opportunity cost is
not yet high: although as the demand for services grows, this opportunity cost will grow. Regardless

of the opportunity cost, cable operators arc wary of the inflexibility that leasing of channels implics.

The cable industry as a whole is .concerned about the precedents set by leased channel access;
namely, legitimizing programming control over a portion of the communication facility by a sccond
party,.and behaving in a manner which resembles a comunon carrier. "(T)he idea of first-come, first-
served on a cable television plant, assuming that's what leasing means, is pretty distasteful"*?’. One
multiple system opcrator, 'T'CI, has a corporate policy not to offer leased access. only to offer joint
ventures. This is in support of their belief that, in accordance with first amendment rights, the
operator should retain control over all programming on its facilitics. Others in the industry fecl that if
leased access is rejected, the risk is greater that cable operators will be forced into common carrier
status'?. Still others in the industry consider leased access as an attractive source of revenuc through

leasing fees, and of increased subscriber penctration duc to the enhanced services available.

In many citics, no one has yet requested to lease a channcl. This situation will begin to change when
data scrvices arc implemented.  Data, scemingly more than vidco, lends itsclf to cntreprencurial
endcavors; note the diversity of partics interested in videotex and teletext.  'This is partially
attributable to the ability to target and charge uscrs dircctly. To date, the newspaper industry has
expressed the most interest in leased access. They are joined by security companics, other information

providers, banking institutions, and .local broadcasters. The American Newspaper Publishing

126~l’he opportunily cost is equal to the revenues which could have been received had the channcl been used for another
purpose, such as pay-per-view services. .
127

Larry Howe, Vice President, ATC, a multiple system operator. Cited in CableVision, [52}.

]ZSSlcphCn Effros, executive director, Community Antenna Television Association (CATA), cited in CableVision, {52]
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Association (ANPA) reports that more than 60 newspapers have arrangemeuts with local cable
opcratots to program ncews and advertising services. Of these, 48 use one or two channcels on a full-
time basis. Joint ventures between the cable operator and the newspaper account for 13 of these, and
leascd access arrangements account for the remaining 35, Others operate on a local origination
basis [52).

Implementation mechanisms for leased access have not yet been established., The following example
of a leased access provision in the New Orleans franchise addresses the potential conflict-of-intcrest
of the cable operator, but does not address pricing or technical mechanisms for its solution. (Note
that as a concession to the cable operator, the franchise contract explicitly states that the provision of
leased access by the operator shall not contribute to its being classified as a comunon carrier.) [20]:

Grantee shall offer leased channcl service on the Home Subscriber
Network to all residential and institutional subscribers at
non-discriminatory rates and on rcasonable terms and conditions.
Grantee shall not use its position as a cable communications system
operator to refuse leased channel service to any applicant who may
wish to offer a service competitive with services offered by Grantee,
Nothing contained hercin shall be construed as requiring Grantee to -
operate as a comnon carricr nor shall Grantee be deemed to be engaged
in such operations.

In the recently settled Boston franchise, the local authority has attempted to climinate this conflict of
interest by giving control over operation of the Icased access channcls to an entity that is entircly

scparatc from the cable operator, the Cable Television Access Coalition.

A numboer of difficult issues must be resolved in order to effectively implement leased access policics;

in particular, we will address the following questions: '

1. What should be included in a Icased channel, i.c., which headend services?
2. What role should the cable authority play in the rate-setting process?

3. Should chaﬁncls be priced on a .cost or demand basis?

4. How long should the leasing period be?

'S. How many channcls should be leased?

6. How should demand be accommodated once it exceeds supply?

The authority and opcrhmr must identify which facilitics arc to be included in the leasing of a two-
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way channcl; in particular, which hecad-end fucilitics are considered part of the leased channel
services.  On some systems, the channel will include only the frequency translation, and signal
processing done at the headend. On other systems, switching and addressing capabilities, located at
the headend, may be considered as part of two-way channel service. "The decision should be based on
which capabilitics service providers nced in order to cffectively compete with the cable operator in

providing a spccific scrvice.

The cable authority must address the sctting and monitoring of rates to both restdential subscribers
and communication uscrs. As was discussed in Scction S, structural regulation is ordinarily preferred
to cconomic regulation; but, in the case of leased access, some monitoring of rates is nccessary to
cnsure that the leasor docs not discourage leasing of channel access by sctting rates unrcasonably
high. The authority must first determinc to what degree rates should be set, or to what degree
"market forces™ can be depended on to establish cfficient rates which arce close to cost. Because there
is only one cable operator per community, competition is limited to that posed by alternative media.
In thcvcusc of residential communication scrvices, the competition is the local telephone company; in
the institutional market, both the telephone company and 1TS special carriers (see Scction 4.2) are
sourccs of compctition, "The authority's decision should be based on !he presence and strength of the
competing media in their community. While various distribution media might be in operation, the
comparison must be made between media that serve the same market. For instance, two-way video
teleconferencing is not feasible over the existing fclcphonc local loop plant, nor over any of the
alternative local distribution media currently in place; similarly, most of the alternative pay-television
scrvices (HBO, STV, ctc.) will not compcte in the pay-per-view or information services markets

because they lack two-way capacity.

The goal in implementing leased access is to allow a diversity of information service providers access
to the cable network in a manner that will allow them to compete on cqual terms with the cable
operator. Because the cable operator is itsclf an information service provider, ic., complete
scparations arc not enforced, provisions are needed to prevent this potential conflict of interest from
distorting lcasing chm‘?,cs. thereby discouraging access. Thercfore, any pricing mechanism should
strive for the following results: '

- Competitive service providers are not discouraged from using the cable television
network when it is the most technically appropriate medium available.

- Competitive service providers face the same costs in providing their services that the
cable opcrator docs in providing similar services.
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- All service providers are treated fairly and equally.

- The cable operator does not extrict excessive profits due to its monopoly power in the
market. Excessive profits would unduly raise subscriber rates, and would inhibit demand
and extension of network facilitics.

-I'he pricing structure should establish cconomic signals that promote efticient use of
scarce resources, such as upstream bandwidth on subsplit systems.

The pricing mechanism used to set leasing fees should be based on the premise that the cable

129

operator is mandated to Icase a specified number of channcls This climinates some of the

incentive tor the operator to set prices so high as to discourage competing service providers.

We bricfly discuss two types of pricing mechanisins; the first is rate-of-return (ROR) and the second
is open bidding. Extensive cconomic analysis and evaluation of pricing mechanisins for leased access
channcls is beyond the scope of this report. We believe that interim leased access policies can be
implemented without thorough resolution of pricing issues; and if nced be, that they should. But, in
the long-term, as the markets for information and data communication services develop, the

importance and complexity of the markets will make rigorous pricing mechanisms necessary.

Most parties, both opcrators and city authoritics, agree that the complexitics and inctficiencies of
traditional rate of return regulation should be avoided (sce Chapter 5). Nevertheless, the problem
remains for operators to set leased access rates, and for authoritics to monitor their fe‘lirncss. Rate of
return regulation applied to cable television Ieased access channels (not to the entire cable network)
requires calculation of average variable costs, and of a fair figure for the percentage return. Cable
television poses a unique problem for regulators that is not faced in telephone regulation; namely, the
marginal cost function is not continuous. Marginal cost is close to zero when the channels are empty
but it increases discontinuously, and significantly, when the channels are all occupied because the
cost of installing additional facilities is large. Therefore, so long as there is additional capacity on
existing facilitics, marginal cost is low, reflecting low risk, and ROR pricing on the leased channels
based on average cost allows the cable operator an cquitable rctux:n on its facilitics. In this instance
ROR regulation succeeds in preventing the operator from exploiting its monopoly power by pricing

access high above marginal cost: but, because the ROR price may be lower than the market clearing

129[n those instances where no leased access market develops over an extended period, the operator might be allowed to use
the channels on a short-term basis.

113



price, demand can exceed supply and some mechanism, such as a lottery, is nceded to allocate the
limited available spectrum. When all channels become occupied, marginal cost is suddenly greater
than average cost, reflecting the high risk associated with installing new plant, and ROR regulation
that requires the operator to accommodate additional demand at a price based on average cost, is no
longer cquitable. In addition, the marginal cost function for upstream and downstream access will
differ on subsplit systems due to relatively scarce upstream capacity. In conclusion, ROR regulation
for cable television leased access must take the discontinuity of the marginal cost function into
account, which complicates an alrcady difficult task. A bill which is under consideration by the
Massachusctts State senate proposcs ROR pricing for Icased channels:

No charge shall be made for such leased capacity beyond the cost of
the Operator of providing it, including an allocated share of support
of public access, plus a reasonable rate of return.

Note that the Massachusetts Senate bill does not specify how this cost is t0 be determined, nor how

construction-costs for additional facilities arc to be accounted for.

As an alternative to traditional ROR pricing, cable authoritics might choose to mandate marginal cost
pricing without actually engaging in rate of return regulation. In this way, if abuses are encountered,
a basis for action will be in place. Members of the cable industry have proposed that if marginal cost
is used as the basis for lcasing fees, the cable operator should be paid a percent of gross or nct
revenucs to account for the substantial capital investment made in the home. Others arguc that price
must reflect the opportanity cost of leasing the channel. The actual opportunity cost is difficult to
determine: although one pay television channel may providc' large revenuc strcams, it docs not
nccessarily follow that an additional pay television channcl will also return.such high revenucs.
Aliernatively, the opportunity. cost- could be cqual to the revenues gencrated on the least-tucrative
channel, since it is that channel that would be superseded by the new -application. A complicating
issuc is that some channcls arc technically unsuitable for vidco, but can be usced for data. These

factors must be taken into account when calculating the opportunity cost of a channel.

Bidding, or auctioning, is a pricing mcthod that docs not depend on accurate estimation of cost,
rather the charges should reflect market demand. Bidding can be implemented in a number of ways.
For example, the operator can set an initial rate and scrvice providers can bid the price up or down
until all channels arc leased. When the leasing period is over, both new and existing service providers
bid for access, giving the cxisting service a chance to outbid newcomers and thereby protect its

investment; this should prevent investment from being inhibited as a result of uncertainty posed by
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the leasing process. Charges for upstream access on residential subsplit systems should be higher
than those for downstream access, to encourage cfficient use of the relatively scarce upstrcam
bandwidth.

Bidding does not require as much government intervention in the setting of rates. But, neither docs
bidding prevent the accrual of monopoly-profits to the operator. Nor docs it climinate the relative
advantage of the opcrator as a scrvice provider; namely, the operator docs not [ace the same access
costs as do the other service providers. On the other hand, if the cable television medium is not in
high demand, then the operator may be forced to lease access at a rate below average cost or marginal
cost, and therefore below its own cost. in the long-term such a situation should not persist; if it docs,

then it refutes the need for leased access.

The competing scrvice providers must base their bids on cstimates of market demand for their
respective services. These market demand estimates should take into account many factors: number
of subscribers, penctration level, and the price clasticities for usc of the cable medium by service
providcrs130 . There arc very few information and data communication service providers in
operation, which limits our ability to calculate the market cluslicitfcs. If these clasticities are
underestimated then competing service providers will bid the leased access rates too high; resulting in
excessive costs to service providers. These high costs would be passed on to subscribers and would

result in excessive subscriber rates and suppressed market demand.

Despite the fact that bidding dacs not achicve some of the criteria listed above, it is a possible
alternative to ROR regulation. Bidding has also been proposed as a method for leasing of satellite

transponders.

There are difficult and important implementation questions which arec common to all pricing
schemes. These include the proper leasing time-period, and the handling of transitions from one
leasor to the next, i.c., what happens to the customers of an information service if the service provider
loses a renewal bid? Units of leasing for communication services must accommodate on-demand
intermittent access, as well as dedicated circuit access. On-demand access is suited to a two part
scheme with a fixed access fee and a usage sensitive fee based on packets, similar to toll pricing but

with a different metric for usage. Leasing of channels on the residential network to information

130Pricc: clasticity of demand is a measure of the effect that an increase or decrease in price has on demand, i.e., if demand is
highly elastic then a small increase in price will lead to a proportionately large decrease in demand.
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providers raises the question of contract length. The information provider and subscriber desire
stability, while the cable operator typically desires flexibility: "TThe absolute longest period we like to
consider these days is three years, we really like to look at a business plan for a local programming

scrvice that will pay us back in two ycars."m

. 'This comment reflects two scmewhat scparable
concerns on the part of the cable operator: the length of the payback period, and the length of the
commitment made to any single service. One resolution for the short-terin ié to allow the opcerator
and scrvice provider to decide these details, overseen by the cable authority to assure that community
goals arc being met and that any complaints on the part of scrvice providers are addressed, via
interim revicws and, if nccessary, the courts. In the long-term, if demand for two-way capacity
continucs to cxceed supply, then the cable operator \i'ill find it cconomically fivorable to expand
capacity. The reduced scarcity will reduce the uncertainty of service providers and subscribers.
Eventually, the cable industry may become convinced that the information services market is

sufficiently active to make complcte scparations acceptable,

In addition to the rate policics, the authority must determine the number of channels to be leased.

Geller and Barron [27] propose the following channel assignment scheme!32

- 30-49 channel systems -- 5-10% of the channcls
- 50-99 channel systems -- 15-20%.

- 100 or more channel systems -- 20-25%.

Subsplit, single-cable, two-way cable nctworks only accommodate four to five upstream television
channcls. But, a single television channel can be subdivided using frequency division multiplexing
(FDM) to accommodate multiple lcased access service providers (sce Chapter 2). The authority must
also cstablish proécdurcs for accommodating demand when it grows to exceed supply. Traditional
common carricrs are required to add more facilitics to meet demand. Unlike the telephone company,
the quantum of growth is not one voice circuit, but an entire cable of 50 or more channcls, i.c., the
quanta of capacity and cost are large. Unlike clectric utjlitics,_thcrc are no alternative scrvice
providers on which to off-load demand until a critical mass is reached which warrants new

construction. In addition, the cost of new facilitics can not be spread over ratepaycrs throughout the

l:"lMany Lafferty, Cox Cable, cited in Cablevision, [52).

nll‘he particular numbers chosen by Geller and Barron are somewhat arbitrary but reflect the belief that the very large
systems will be less financially burdened by leased access requirements than will smaller systems.
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state, as is the case with other utilitics. 1f cable operators are forced to accommuodate new demand,
they may discourage usage so as to forestall the capital investment in new plant. There must be pcht
up demand before the cable operator can, or should, justify investing in installation of additional
cable facilitics. One alternative to adding new cable is more intensive usce of the existing spectrum.
"This would require upgrading of all modem cquipment (although infeasible in residences, this could
be feasible for institutional applications). For example, a contention access scheme which makes
more cfficient use of upstrcam bandwidth than does I'DM might be used to subdivide a single

upstrcam channcl.

A possible short-term strategy for cable authoritics is to enforce a timeline for implementation and
announcement of rates for leased access channels, but to withhold judgment on additional rate and
access policies. The cable authority and the operator would agree upon interim review procedures
whereby those market imperfections that might be cvidenced during ll;c specified experimental
period could be rectificd with appropriate pricing policies. During the experimental period, the cable
authority could collect data on the rate levels, as well as the non-discriminatory, first come first serve
access policics of the cable operator, for use during interim reviews, This strategy would avoid the
uncertainty and burden of continuing intervention by the cable authority, while giving the operator

the incentive to price access fairly enough so as to avoid rate regulation at the time of interim review.

6.4.2.2 System cxpansion

Citics typically sct provisions for assuring adaptation of ncw technology which becomes available,
and cconomically feasible, during the term of the franchisc. The following is an cxample of a "state-
of-the-art” clause taken from a propbscd bill before the Massachusetts state scnate [40].

Al CATV operators in the commonwcalth shall make available, on each
of their systems, any services that the same Opcerator makes available

on any of its other systems, wherever situated, as such services

become available from time to time.

It uses as its criteria for statc-of-the-art, technology adopted by the operator on other systems. The
assumption is that the operator will offer these new technologics only as is needed to compete with
other operators in the course of franchise contests. This provision attempts to grant old franchises the
same treatment as new franchises, thereby protecting the system from obsolescence. If these
provisions are financially burdensome, opcrators might be discouraged from including new

technologics on any nctworks; particularly once the cable franchising process is over and the
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competition with other operators for new business is reduced. The authoritics should provide for
interjection and review of community requests for new techuologics during intcrim reviews of

operator performance and rates.

As we discussed in Scction 6.4.2.1 a particularly complex problem ariscs in regard to leased access. T'o
what extent is the operator obligated to accommodate incrcased demand that exceeds its existing
channel capacity? A procedure for detecting and reacting to this situation should be established. This
procedure must detect when pent-up demand has reached a level adequate to assure coverage of a
fair portion of the new plant. At the same time, the city should discourage the cable operator from

overextending itself as a result of mismanagement or overzealous external pressure.

6.4.2.3 Separation of institutional and residential networks

Some cities require that the institutional network be “provided, operated, and managed through a
separate but affiliated corporation ... so that the costs and revenues of such service can be
differentiated from those of the Home Subscriber Network™ [20]. This arrangement can scrve to
protect against any cross subsidization between residential and institutional services which might
otherwise occur do to differences in the clasticitics of the rcspcctivc‘markct demands and franchise
restrictions on residential subscriber rates. Other cities have taken this one step {urther by requiring
that the institutional system be operated by the city s a municipal utility. No such systeius are yet in

operation, leaving us with little empirical evidence as to the relative merit of these approaches.

6.4.2.4 Operator liability

In preparation for extensive use of institutional network services, cable authoritics must define the
liability of the cable opcerator for providing a reliable (MTBF), maintainable (MTTR), and secure
network to subscribers, information services, and communication uscrs. Some customers will require
and be willing to pay for more than others. This problem is not unique to cable networks and is not
trcated in depth here. For the most pa.rt, it is unlikely to be adequately addressed until services are in
widespread use. The privacy and sccurity problems discussed in Scction 2.3.2.2 lead some to the
conclusion that the cable network not be used for sensitive services that might be targets of

maliciousness!?3.

133Saltzcr. )., Suburban Data Communications via CATV -- Preliminary Thoughrs, Working Paper, Laboratory for
Computer Science, M.LT., May 1981.
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6.4.2.5 Privacy

If and when residents and business users begin to mistrust the privacy protection offered by the cable
facilitics, it will be in the operator’s interest to provide a high degree of privacy protection to maintain
and encourage use of the cable facilities. Unfortunately, in the meantime, damage to individual
privacy and the hardening of unsatisfactory practices can occur. Therefore, the cable authority
should mandate some preventative practices, as well as provisions for future review by the city.
Privacy provisions should include both protection of data stored in centralized facilitics, and
protection of communications transmitted over the cable. The privacy guidclines proposed by
Warner-Amex excmplify a concern on the part of the cable industry (sec Scction 2.3.2.2); although
these provisions do not include desirable restrictions on the storage of information in a form which

can be traced to particular individuals.

Although adequate treaument of this subject is beyond the scope of this report, we hope to emphasize

that it is a social and cconomic policy issue that deserves extensive public debate and rescarch.

6.4.3 State policies

Currently, only eleven states regulate cable. Conscquently, cable policy is established primarily at the
local level. As systems interconnect, jurisdiction will move into state and federal domains.  State
governments play a potentially important role in cstablishing state-wide guidclincs,an& standards for
cable nctworks installed and opcerated throughout the state. In addition, the state should officially
grant local governments the authority needed to govern cable!?*, State-governmental bodics should
contribute technical expertise and resources, not available at the local level, to aid the municipalities.
This could imprdvc the quality of decision-making, pave the way for future system interconnection,
and perhaps help to isolate cable policy from other local political issues which have no relevance to
cable but which nevertheless impact decisions due to the dynamics of the local cable franchising

process.

13411 puts them in a stronger position and protects against the precedent of the Boulder decision.
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6.5 Summary

We address local and state policy makers in emphasizing the importance of establishing a suitable
infrastructurc for two-way data communications. Because of its desirable applications and the need
for advanced network planning, most citics should assign high priority to the data communications
infrastructure which consists of both technical and operational requirements. Nevertheless, demands
should be moderated by an understanding that increased demands in one area of system capability
implies reduced demands in others, because of capital constraints, financial burden on subscribers,

and negotiating stratcgics.

The cable authority must also decide to what extent it should, or must, participate in implementation
specifications, beyond the level of general infrastructure. In making this decision, the cable authority
should be aware of which capabilitics must be incorporated into the initial cable design and which
can be implemented in later stages, without incurring prohibitive costs. [t should understand the
costs and trade-offs and cncourage the cable operators to make some comproniises on near term cost
minimization in return for longer term capabilitics. But, at the same time, the authority must be

prudent in its demands and avoid overextending the cable operators’ resourccs.

The operational infrastructure for data communications primarily consists of structural regulations
which will adequately scparate the content and carriage functions combined in the cable operator.
Lcased access provisions, which sct aside a portion of the cable network for operation on a common
carricr basis, present an attractive alternative for reducing the conflict of interest posed by the cable
operator’s combined content and carriage functions. The pricing scheme applicd to leascd channels
should be carcfully selected to climinate the incentives and ability of the cable operator to behave in

an anti-competitive manner.
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Chépter Seven

Conclusions

Cable television networks applied to data communications arc unique and valuable municipal
resource; but their utility will be deterinined by the diversity of services, and scrvice providers, that
arc¢ accommodated. Maximum utilization requires:

- A technical infrastructure that accommodates multiple servers and a varicty of service
characteristics.

- An opcrational infrastructure that ensures nctwork access to a multiplicity of scrvice
providers and communication users.
The efforts of both the city cable authoritics and the cable industry arc necessary to construct these

infrastructures.

7.1 Network planning

The access schemne used will determine the future viability of the network for switched any-to-any
communications. Currently, two-way communications on cable is conceived of in terms of polling
for residential networks, and point-to-point FDM links for institutional networks. 1f cable is to fulfill
its potential as a data communications medium, systems must be designed with the technical
capabilitics for implementing more flexible communications techniques such as contention, and DA-
TDMA. Evcmuuliy, additional higher-level protocols will be needed to support interconnection of

cable systems with cach other and with other networks.

The noise and ingress on existing, as well as future, cable systems will be the largest technical hurdle
faced in implementing two-way, quality data services. The usc of bridger switches, while quite
appropriate for a polling architecture, is not compatible with distributed networking schemes desired
for city-wide business and residential communications. Thercfore, other methods of reducing the
noisc on the upstream channel must be found. One scemingly appropriatec method, is the use of
digital rcgencrators, in parallel with some of the return path amplifiers. In addition, aggressive

maintenance procedures must be implemented. Ingress from interfering sources is greatly increased
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by leaky connectors. Most connectors must be tightened once or twice per year to insure proper

fitting.

The high cost of installing cable will be overcome by the profitability of Pay TV services. Similarly,
cable systems will be updated to meet franchisc rencwal requirements. In some areas new cable must
be laid, in others, only two-way amplificrs modules need be instalied, and the headend updated. All
construction planning should take into account the relatively low marginal cost of adding cxcess
capacity at the time of construction (cither original or rebuilding construction) as comparcd to the

high marginal cost of adding additional capacity after construction.,

The proper architectures and media (c.g. cable vs telephone) for future transaction, vidcotex, and
data communications scrvices is irrevocably ticd to the applications that develop. 'The use of
wideband media could well be overkill for textual transaction services. Likewise, the use of phone
lines is unacceptable for heavily used interactive image or facsimile services. Potential information
scrvice providers must make a thoughtful assessment of what is likely to be needed, demanded, and

accepted in the next 5, 10, and 15 years.

7.2 Strategies for the cable industry

The challenge facing the cable industry is to establish a communications infrastructure that will
support a varicty of information and data communication servicces, as well as entertainment services.
Initially two-way communication capability between subscribers (or users) and the headend will be

adequate. But, switchcd any-to-any communication will be nceded to accommodate future growth.

In the long run, to be competitive, an information scrvice must be deliverable over a multiplicity of
communication media, since the availability of appropriate cable or telephone facilitics will vary from
city to city . Likewise, the communication scrvices offered over the cable network must accommodate
many services from a multiplicity of sources. The cable industry should encourage the growth of other
information service providers, since the success of all information services to the home and business rests
on the existence of an information marketplace which is attractive in the aggregate. Because all services
will be accessed via common interface and transmission facilitics, they must be sufficiently attractive
and varicd to warrant the initial invest ent. To the same cnd of encouraging a multiplicity of
services on the network, cable operators should encourage resident-to-resident communication

applications. Person-to-person or interest group communications is the primary application of most

122



cxisting computer networks, in particular the clectronic bulletin boards usced by hobbyist, i.e.
personal computer owners. More market study is needed, but it is likely that there will be a market
for such services among residents as well. Such services will place added pressure on the operator to

show increased respect for the privacy aspects of cable communications.

In addition to in-house rescarch and development efforts, the cable industry should encourage -
development of other picces necessary to make data communication services cconomically viable; in
particular, affordable home terminals and modem development.  Some of the major cable
component manufacturers are sccking joint ventures with established data communication f{irms to
gain the much needed expertise in this ficld: examples are General Instruments and Sytck, and
Scientific Atlanta and Amdax (sec Appendix A). This is providing the cable industry with the
technical workforce, and the data communication firms with the large amounts of capital necessary to

producc equipment on the scale necessary for the cable television industry.

In both the residential and institutional markets the operator should offer multiple channel types -
broadcast, point-to-point; high spced, low speed; dedicated, bursty. In the institutional market, on-
demand communication services should be offered in addition to dedicated private line scrvice. On-
demand service is suited to the intermittent nature of small business communications and promotes
cxperimentation. Most importantly, the broadcast nature of cable network communications is suited
to bursty mode packet communications; this feature gives it a competitive advantage over telephone
local loop facilities. The tariff structures adopted by the cable operator should also accommodate

intermittent users. That is, charges should be based on the data volunie, not the conncction time.

7.3 City policy |

We address local and state policy makers in emphasizing the importance of cstablishing a suitable
infrastructure for-two-way data communications. Becausc of its desirable applications and the need
for advanced nctwork planning, most citics should assign high priority to the data communications
infrastructure which counsists of both technical and operational requircments. Nevertheless, demands
should be moderated by an understanding that increased demands in one arca of system capability
implics reduced demands in others, because of capital constraints, financial burden on subscribers,

and negotiating stratcgics.

The cable authority must also decide to what extent it should, or must, participate in implementation
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specifications, beyond the level of general infrastructure. In making this decision, the cable authority
should be aware of which capabilitics must be incorporated into the initial cable design and which
can be implemented in later stages, without incurring prohibitive costs. It should understand the
costs and trade-offs and encourage the cable operators to make some compromises on near term cost
minimization in return for longer term capabilitics. But, at the same time, the authority must be

prudent in its demands and avoid overextending the cable operators’ resources.

The operational infrastructure for data communications primarily consists of a structural regulations
which will adequatcly separate the content and carriage functions combined in the cable operator. In
a speech before the National Association of Telecommunications Officers and Advisors (NATOA)
convcmionns, N. Miller described some possible abuscs that might arise if this scparation is not
achieved:

...cross subsidizing the program costs from the facility’s construction
costs and revenucs, ... price discriminating in favor of its own
services when a competitor secks to use the facility, or ... simply
limiting the capacity of the system so no competing scrvices can get
on the system.

As a society we often hesitate to intervenc in market operation as a means of directing technological
development. But, in this instance, as in others, we must recognize that support of the status quo in
itsclf will "determine” the development of cable television technologics and markets, as much as, if

not more, than support of new structural regulations.

7.4 Suggestions for further research

Further research in the following areas is requisite to the ability of cities and the industry to effect the

infrastructures described above.

- Market rescarch is nceded to ensure cable opcerators of a financially sccure environment
in which to invest. This is particularly truc of the residential market. This rescarch must
encompass developments in home terminals and information and transaction services.
The cable network only comprises the communications medium that will link subscribers
with cach other and with service providers; without affordable home terminals, and
attractive scrvices, there will be no need for such a link. In addition, the nature of these
services and terminals will determine the relative attractiveness of cable television as the

135Miler, N., Specch to NATOA, October 23, 1981.
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communications link, versus the telephone local loop (c.g., the need for high bandwidth
graphics). The traffic generated by this market will in turn determine the appropriatencss
of the various access schemes described.

- Experimental research is needed to rigorously characterize the technical fimitations of
upstream communications via cxisting cable television systems. Technical mechanisms
for combating the problems and their related costs can then be evaluated and applied to
decisions of rebuilding versus upgrading existing networks.

- Higher level protocol standards are needed to support effective and efficient networking,
Development of adcquate but not constricting protocols is nccessary, along with general
rescarch into the standard-sctting process.

- Sound leased access pricing mcchanisms are nceded that will accommodate growing
demand, cificiently and with community intcrests satisficd.

- The potential for privacy abuse, which is intensificd by the use of some computer and
communications technologics, is a social and ecconomic policy issuc that deserves
extensive public debate and research,

- City authoritics and communitics, along with responsible cable operators, must address
micthods for making these services and facilities available to the information poor, as well
as the information rich. The potential educational value of the scrvices, as well as
opportunitics for increased "technical literacy™ to those houscholds with access, will
otherwise only serve to widen the gap between these two groups.
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Appendix A
Provider Industry Structure:

snapshot of the industry, January, 1682

The cable industry is currently an cntertainment distribution and programming industry, not a
communications industry. ‘The provider industry for data services over cable comprises a number of
participants: cable opcrators, cable and components manufacturers, modem manufacturers, LACN
vendors, in addition to the information service providers who will be both customers and supplicrs.
What follows is a snapshot of the cable industry as it looked in January of 1982. Given the rapid
changcs in this field, the reader should regard this only as a representative sample, and should consult

the trade press for more current information,

A.1 Customer Premises Equipment Companies

There are three types of firms that manufacture .cable interface units: thoéc that dcsign cable
converters for residential use, those that design FDM interface units for institutional markets, and
thosc that. design LACN interface units for private commercial networks. While the converter
manufacturers have an advantage through their understanding of the residential market, the modem
manufacturers have significantly more technical expertise in the ficld of data communications. The
[LACN manufacturers have the most sophisticated distributed data nctwork expertise, but have no |
cxpericence in the arca of public networks, and residential services. The following discussion of the
key players in these markets will pxcxxlplify the different approaches taken in addressing the

residential and institutional two-way data communications markets.

A.L.1 Converter Manufacturers
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A.].l.l E-Com

E-Com Curp.] 36

manufactures both polled (TRU100, TRUS00) and FFDM (I'RM202, TRM159)
modems. The polled models operate over 0.250 Mhz, and 1.5 Mhz chanunels, and achicve data rates
of 0.384 Mbps and 0.300 Mbps, respectively. The typical price is from $50 to $125 for residential
terminals, and $200 for commercial terminals. 'The FIDM modems can accommodate both point to
point and point to multipoint communications. They operate at 9.6 Kbps over a 100 Khz channel
(0.096 bits/hz), and 1.5 Mbps over a 1.5 Mhz channel (1 bits/hz) at costs of $750 per circuit end, and

$3000-$6000 per circuit end, rcspcctivclym.

A.1.1.2 Control-Com

Control-Com!® | a subsidiary of Burnup and Sims Inc., has developed an advanced communications
network based on cable technology, which they have implemented in private arcas such as the
Disneyland Hotel. Currently they are developing a two-way data system which will make extensive
usc of "arca microprocessors” (intelligent bridgcr switches), which in addition to reducing the

upstream channel noise, will perform network management functions.

The system will offer 9.6 Kbps service, with an aggregate data rate of 50 Mbps. The pbl]ing scquence
to all arca microprocessors will take less than 1 sccond. 80% of all upstrcam communications is
expected to be home monitoring data which does not need to be cominunicated to the headend.
Rather, the area microprocessor acts as a subnetwork headend which receives all monitoring signals
from home units and only transmits thosc that require service to the headend. The cffective
upstrecam bit rate for cach uscr is cxpected to be approximately 1 Kbps. More advanced network
features can also make use of the arca microprocessor, for example jamming detection. Logic for the

interface unit is implemented in a single custom chip.

136!nformation on E-Com systems is derived from a speech given by R.V.C. Dickenson, E-Com Corp., entitled. "Digital
Data Transmission on CATV Systems”, at the Canadian Cable Convention, 1977. The President of E-Com, Robert
Dickenson, was one of the prime developers of the data services oflered by MCTV.

137E-Com equipment brochure, available from E-Com, Stirting, N.J.

13 8lnfommti0n on Control-Com developments is from Personal Communications with Jim Crocker on November 2, 1981.
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A.1.1.3 Tocom

Tocom has over 10,000 units of subscriber cquipment in use in the U.S. and Canada. They offer
sceurity, teletext, and interactive data retrieval using a polling access control scheme. The Tocom 55
Plus was delivered in June 1981, The 5510A is a two-way home informational terminal adaptor
which offers 55 teletext channels, in addition to interactive data retricval, formatted screen data entry,
and entertainment television. [t costs $250 in volumes of over 10,000. ‘The 5510A uses a color
graphics display with intecrnal RAM. There is both vertical blanking interval (VBI) teletext, and full

channcl teletext.

The two-way interactive features include a built-in return transmitter which can communicate with
the headend on up to three different return frequencies. The terminal supports opinion polling,
subscriber response, pay-per-view, and channel monitoring. The system supports aggregate sampling
via polling for collection of audience statistics, but does not allow individual monitoring, and docs

allow the uscr to disable the monitoring function.

Screen-formatting functions arc supported for interactive transaction processing.  Data cotry is

accomplished using formatted screens and a small keypad.

The 55 Plus system also includes headend facilities called the Programming Control System (PCS),
$155.000. It contains subscriber and programming data bascs which can be maintained via opcrator
consoles. The PCS communicates cémrol information to the Headend Video Processors(HVP),
$3,000 per channel controlled. It also provides a return path for two-way communications. The HVP
buffers and transmits the teletext data on the VBL. A Sclective Data Retricval processor operates the

full channel teletext.

The Screen Composition System is used to enter the screen formats for subscribers. Communications
with external computers for homie information services, is supported via a processor which forwards
external communications to the proper off-network site, and returns responses to the proper

subscriber station.

139
1981.

Iligh Technology Group, “Interactive Technology Review for Cablevision's Boston Franchise Application”, April 16,
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A.i.l.d Pioncer

Pioncer developed the hardware for the Warner-Amex Qube system, Sce Scction A2.1.1

A.1.1.5 Jerrold

Jerrold controls over half of the customer premises equipment (CPE) market for the cable industry.
In addition to sccurity, entertainment, and polling, Jerrold offers Communicom which. is a two-way
polling access communication system for pay-per view and opinion polling applications. ‘The
modified converter costs $195 which communicates with the headend via a sccurity interface unit.

Teletext is also offered.

Activitics in the ficld of two-way data have not been aggressive. This is likely to change with the
recent investment in Sytck Inc, Jerrold's parent, General Instruments. ‘The planned system is

described in detail in Scction A.1.3.1.

A.1.1.6 Oak Industrics

Ouk industrics developed the interface unit used by Cox Cable for their Indax system(Scction A.2.1.2

below).

A.1.1.7 Scientific Atlanta

Scientific Atlanta manufactures cable distribution plant components as well as cable converters. The

newest Scientific Atlanta cquipment announced requires a $300 per mile upgrade to receive and .

140 1

transmit high speed data This data modem was developed by AMDAX Inc.!*! and will be

exclusively marketed and manufactured for the cable industry via Scientific Atlanta.

140, ple Vision, December 21, 1981, pg, 133

141Sce Scction A.1.3.2
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A.1.2 Modem Manufacturers

A.1.2.1 Mitre

Mitre designed the network cquipment for the first true broadband based local arca network.
Originally it was designed using a TDMA access scheme, and currently runs a contention scheme as
well. The system runs on a dual 300 Mhz cable system where one cable was used for upstrearn and
the other for downstream communications, exclusively. Mitre, a non-profit corporation, docs not
commercially scll its equipment, but does license its designs. Current licensees include Digital

Communications Corporation, a subsidiary of MA/COM.

Although designed by Mitre private networks, the technology is now being adapted, by licensces of

Mitre, to run on urban cable systems.

A.1.2.2 Local Data Distribution

LDDM2I3I4 o Sffiliate of M/A-Com, has recently completed a joint experiment with Satellite

Business Systems, and T'ymnet, in local distribution over both cable and radio. The CARAVANMS
involved two-way data communication over the institutional cable facilities of MCTV in Manhattan
and Viacom Cablevision in San Francisco. As of 1Dccember, 1981 there were two cable subscriber
stations in San Francisco at an average distance from the headend of 10 miles. The MCTYV cable

system in New York had six subscriber stations.

The cable headend transmits all downstrcam data in a TDM fashion to all subscribers in the high
frequency band. Subscribers respond using a TDMA technique in the low frequency band. The
headend is linked point-to-point over the cable to a satellite carth station for long haul traffic. The

system uscs a 1.5 Mhz channel for 1.8 Mbps aggregate data rate (1.2 bits/hz). Channel allocation and

142Richmond, R.1.. Digiial Communications Corporation, "Recent Advancements in Local Data Distribution”, Working
Paper available from DCC, Germantown, Md.

143"SBS, TYMNET, LDD CO. Report Success In Local-Loop Demonstration Program”, Press Release No. 81-39, Tuesday,
November 24, 1981.

M4Swinton, W., Tymnet. Inc, "CARAVAN: Experiment in Widcband Local Digital Data Distribution”, National
Telecommunications Conference, 1981.

14SCable And Radio Architecture for Value-Added Networks.
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switching providing full connectivity arc implemented at the headend. The cable cquipment used is
approximately 30% lower in cost than the microwave radio facilitics which were also part of the

experiment.

Digital Communications Corporation, another subsidiary of M/A-Com, and the designer of the
modems used by LD, has installed a system in the Las Colinas, 12,000 acre, master planned
community in [rving, TexastS, The system operates on an underground triple wrunk, one subsplit,
and two midsplit. It is configured in a single hub and is currently being upgraded to provide dual
distribution 400 Mhz capability throughout the system. "The services planned for the network include
residential vidcotex, as well as business data communications of varying grades for small, medium,
and large businesses. All services will be based on the DCC TIDMA technology, with some additional
polling equipment as well. Transmission speeds will be as high as 1.544 MBps, and will offer full

conncctivity between subscribers.

A.1.3 Local Area Computer Network Vendors

The past three years have witnessed the development of a new, and still very small, industry of
I.LACN vendors. These companics design nctworking equipment for diverse digital devices and
computers which are spread over a contained area such as an office building. The state of the art
distributed nctwork products do not come from the manufacturers who have long been making
modems for industrial cable networks but from this crop of new companics, growin.g out of the mini-

and micro-processor industry.

Both the industrial modem manufacturers and the LACN vendors are gearing up for producing high
speed data interface units for intra-city communications. FDM and Polling cquipment is widely

available, while contention and TDMA cquipment is still largely in the experimental or design stages.

A.1.3.1 Sytek and General Instruments

Sytek and General Instruments are jointly developing an advanced data communications system for

14GD: Silverman, P. Freedenberg, D. Schoen, “"Architecture Analysis for the Las Colinas Association Communi_cations
Network”, EASCON 81, Washington D.C., November, 1981
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cable called Metronet™7 . Sytek is a communications consulting firm which has a growing linc of
broadband based LACN products on the market. The LLACN is called [oecalNet and uses a
contention, CSMA-CD, access scheme. LocalNet20 runs at 0.020 Mbps, and LocalNet40 runs at 2
Mbps (0.33 bits/hz). General Instruments recently invested heavily in Sytek. General Instruments,
through its Jerrold subsidiary, has extensive experience in the cable industry:  Jerrold controls over
half of the cable customer interface unit, and distribution clectronics markets.  The cumulative

installed terminal base through the end of 1980 was 11,850,000, 52% of which were General

Instruments products148 .

Sytck, where the R&D activity for Metronct is centered, is still in the carly planning stages but they
have sct out requirements and a general architecture for Metronet with impressive foresight. FFor this

rcason, the details of the Sytek design philosophy are outlined below.

Sytek has designed Mctronet under the following assumptions:

- Concentration on data traffic.

- Equipment should operate on Subsplit systems, operating at 25 Mhz in cach dircction (4
upstream and 4 downstrcam channcls of 6 Mhz cach.)

- Primarily small business and residential customers.
- Bandwidth should be assumed to be scarce.
- The network should be designed to withstand hostile environments.

- User interfaces should be IEEE 802 compatible. The network itself is not designed to
follow any standard. . )

The Network Requirements are defined as follows:

- Large subscriber capacity -- 50,000 to 200,000.

- Adcquatce expansion for 10 years, without any increase in bandwidth.

]47]nfonnalion about Metronct is derived from personal communications with Robert MacNamara of Sytek, on November,
1,1981. Metronet is strictly in the planning and design stages and is not an annotnced product or offering.

Ms"Rccord Levels”, Cablevision, November 2, 1981

19112121 802 is the draft local area network standard.
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- Adaptability to new services.
- Non-disruptive expansion.

- Packet switched, with a maximum access time greater than 100 ms., no more than 1% of
the time.

- Geographical extent less than 40 to 50 miles'??

- Residential network would use primarily CSMA-CD. 1!
- Conncctivity of any two subscriber nodes.

- Point-to-point, full duplex, connectionless service.

- Support up to 20 Kbps per node.

- Off-nctwork nodes with proper interfaces to serve as gateways to SBS, public switched
networks, ctc.

- Control requirements:

* Grant or denial of transport scrvice access to any node.
* Identification of source and destination node for cach session!2,

* Control of illegal usc of access and bandwidth.

* Protection from physical attack -- vandalism (detection, isolation, and repair); lhcft
(detection, denial, and-enforcement); privacy.

. * Administration to adjust traffic load.
- Pricing, flat rate per access or per packet.

- Diagnostics -- Check channel and equipment; Time-outs.

Network services will include caller and callee charging options, polled service access, and videotex

using the AT&T Presentation Level Protocol (PILP). Value added services will include translation,

15oAs was discussed in Chapter 2, contention access protocols such as that proposed by Sytek, presents a trade-off among

distance, data rate, and packet length: therefore, the exact distance specification will depend upon the data rate used.

151Sytek's bias towards this technology should be kept in mind because of their established expertise in the area.

]5Zn\is capability will carry with it the possible need to regulate the use of this data, as with the telephone company.
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speed buffering, and key distribution. S'ytck belicves that most of the information will not be

considered worth encrypting with the obvious exception of banking services.

The network architecture will be based on a distributed intelligence approach, in line with the
[.ocaiNet architecture, with some cxceptions.  Because the network will not be owned. used, and
operated by a single organization, as is the case with most LACN's, the network will have some
centralized control of communications, to recalize the nctwork monitoring and management

necessary.

Virtual circuit initiation will occur on a per session basis. Each node will have a hard wired node 1D,
and a commonly known node address. 'The headend will establish network authenticity through use

of these keys, upon receipt of out of band requests for virtual circuit establishment.

The 25Mhz will be divided into 100 channels cach supporting a data rate of 0.1 Mbps (0.4 bits/hz).
Each nodec is assigned a home channcl. When a scssion is requested the headend will verify the
authcriticity of the source and destination, check traffic loading, and then signal the source to switch
to the destination node’s home channel, assuming it is free. After the destination is notificd, the
headend Data Channel Access Monitor (DCAM) will exit the process.  If any channel becomes
unusable, the DCAM will reinitialize the communications on another channel. The projected cost is

$50,000 for the headend. This is almost 20 times the unit price of the LocalNet headend.

The expected usage traffic is 1,000 to 2,000 simultancous sessions per channel with 60 Kbps
throughput at peak load.

A terminal with sophisticated graphics capability will be sold by Jerrold. It will be based on a
Motorola 68,000 xﬁicroproccssor, and 174 to 172 Mbyte of memory. When the market grows large
enough to warrant a VLSI version, the price could drop to $200153 . Sytck feels it is necessary that the
cost per node be kept in the $200 range, which is how much addressable video converters currently
cost. Sytek would like to kccp the monthly network fee in the $20 range. Given 10 channcls with
1,000 subscribers per channel, the syétcm should be able to accommodate a 15 minute scssion per

average residential subscriber per day.

Sytek is still establishing its plans for an i-stitutional network. Currently the targeted customer base

153No cstimate was given for current, 1.S1 versions but similar devices such as the Radio Shack TRS/80 seil for $4,000.
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is leased lincs users. Sytek feels that the institutional market will evolve into transport scrvices
between LLACN sites, or as last mile transports to long-haul networks, i.c. private lines. In addition, .
they feel that the cable network could end up being used primarily as an alternative voice medium.

For the institutional market, both TDMA and CSMA-CD are possibilities for the access scheme.

It is clear that Sytek is designing a communications system intended for the use of multiple "servers”,

and not a vidco entertainment, or videotex network with a single server, as is the current model.

A.1.3.2 Amdax

Amdax supplics much of the point-to-point FDM interface cquipinent for MCTV. These interface
units arc used in their first private LACN product which implements a switched FIDM access scheme.
More recently, Amdax has announced Cablenct, which uses a DA-TDMA “access scheme for campus
and plant-wide [LACN’s. "They propose to extend their products onto cable systems and have sighed
an cxclusive manufacturing and marketing contract with Scicentific Atlanta for sales to the cable

industry.

A.1.3.3 Wang

Wang's LACN, Wangnet, uscs FDM to divide 350 Mhz of bandwidth into threc indcpendent bands:

1. Interconnect band -- many point-to-point channels using FDM at data rates up to 64
Kbps (frequency fixed modem, $1,250), and 9.6 Kbps (frequency agile modem, $1,250).

2. Wangband -- a 12 Mbps contention channel which runs over 18 Mhz (0.667 bits/hz,
$3,800) .

3. Utility band -- for survcillence, instrumentation, or teleconferencing.

Wang uses two cables, one for upstrcam transmission and onc for downstream. It covers arcas up to

10 miles in diameter.

A.1.3.4 Interactive Systems/3M

1S/3M has sold broadband communication systems since 1974. Their systems are intended for use as

private LACN’s but arc applicable to urban cable networks. Their systems arc of two types, TDM
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and switched FIDM. Low speed FIDM moaicms for both point-to-point and multipoint applications
offer data rates from 600 bps to 9600 bps, and medium speed modems from 1200 bps to 96kbps.
IS/3M also designs and manufacturcs higher speed modems for OEM applications. Many [.ACN
and private firms buy rf-modem hardware from 1S/3M for use in LACN’s with more complex

communication protocols. 3M has recently announced a 1.5 Mbps ri-modem tor $400.

A.2 Services

A.2.1 Cable Operators

Currently over half of all cable networks are owned by small companics. Systems in the larger citics
arc increasingly being consolidated under the operation of a few big firms called Multiple System
Operators (MSO’s). This consolidation process is likely to continue and speed up over the next 5
years, as morc of the old franchises come up for renewal. At that time it will be increasingly difficult
for the small operators to compete with the offerings of the large, wealthy, MSO's. The large MSO’s
will offer to retrofit the systems for two-way capability, or to rewire if necessary, and thercby win the

franchise renewal.

A.2.1.1 Warner-Amex

Warner-Amex, jointly owned and operated by Warner Bros Communications and American Express,
offers an interactive cable service called QUBE, based on a polling access protocol. The system has
32,000 subscribers and the cable passcs 100,000 homes™*, Qube was the first interactive two-way

residential cable network and, even today, has few compctitors.

The headend computer is made up of three Data General Eclipse S-200's (16-bit multiprocessor
minicomputers with 256Kbytes of main storage). The system offers three interactive scrvices:

response polling, sccurity monitoring, and pay-per-view television billing,

The Qube system relies heavily on the use of bridger switches to control the impact of insertion noise
on the upstream channels. This method is compatible with the polling access scheme used. Qube

developed this technique which has since been implemented in other two-way cable installations.

154Cablc\'ision. October 12, 1981, "Qube Under Fire.", pg 73.
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All subscribers have addressable terminals with 4-bit microprocessors. Three to four times a minute
the terminal is polled by "name”. The terminal responds to a few commands: status (on/off),
channel number, last response button pressed on keyboard, and OK for security monitoring. ‘The
intcractive terminal is called a BT1300 and transmits and reccives at 0.256 Mbps. [t costs from $245 to
$465, in quantitics over 30,000, but is expected to drop to $200. Packets of 1K to 2K bits are

permitted.

The price to the subscriber of the premium channel, which includes full polling capabilities, is

approximately $15 installation and $4 monthly.

A.2.1.2 COX Cable

Cox'% is operating an experimental system called Indax (Interactive Data Exchange) in San Dicgo,
California. Additional systems arc being installed in Atlanta, New Orlcans, Omaha, and Tucson.
The Indax system is one of a few two-way, fully interactive videotex systems designed for cable. The

network will operate 60 0.056 M bps156 d

ata channcls, using 0.3 Mhz spacings (three, 6 Mhz channcls;
0.186 bits/hz) . The downstrcam channcls will operate at 15 to 17 dB below the video carrier power,
which allow them to be run on three lower channels which are not normally uscd for video because of
interference in these bapds. The upstream channels will operate between 5 and 30 Mhz, The
uncorrected bit error rate is specified at 10 '8, and the corrected BER (with cyclical redundancy

checking, and retry) at 1012,

Cox uscs a fully redundant Tandem Computer for headend control. The estimated per subscriber
share of the headend fixed costs is $75. The traffic capacity of the system was estimated, using a
simple model, to accommodate an average of 18, 15-minute scssions per month per subscriber, It is
cxpected that 90% of the data will travel downstream, and the remaining 10% upstream. The Tandem
is cxpected to handle one transaction cvery two scconds. Accounting for a 4-hour busy hour, and a
peaking condition of 6% of the users at any onc time, it was calculated that the system could have
available for vicwing approximately 5,000 onc-way pages. This is considerably more pages than

cither phone-based videotex, or teletext systems can provide with the same response time.

]Sslnfnnnation on the Cox system was taken from a speech by Gary Tjaden of Cox Cable, on March 19, 1981 at a M.LT.
Communication Seminar on Home Information Systems, as well as from personal communications on October 14, 1981.

156Som(: of the Indux systems will operate at 0.028 Mbps, such as that being installed in New Orleans, La.'
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‘The home terminals are microprocessor driven and are therefore fairly expensive.  Fstimated costs
are $320 dollars per subscriber terminal with data communication capabilities, and $120 for two-way
capabilitics without data. The data channcls arc accessed with the contention protocol, CSMA-CD.
Using this method, it is assumed that channcls can be run at 85% cfficiency. Approximately 15,000
could be served on a 16 processor Tandem system, and 100,000 on a system with 10 data channel

pairs. The two-way interface units arc being supplicd by Oak Communications.,

In total, Cox cstimates that it will cost approximately $250 per subscriber to offer two-way Indax
services. A base cost for a two-way addressable 54-channel cable system is $500 per subscriber,

placing Cox’s total system costs at approximately $750 per subscriber.

Cox will offer a varicty of services, including Electronic Banking and Shopping. The software is
being developed by Homeserve, a division of American Can. The cable operator will in turn act as a
carricr between the subscribers and the service provider, who will act as an interface to the

subscribers’ banks. Shopping services and a “commercials” channel are proposed as well.

Information data bases arc connected to the headend via X.25 lines. Information which is frequently

accessed, such as the UPI news data base, are stored at the headend.

In addition to a residential Indax system, Cox is installing a 20 mile dual cable midsplit institutional
network in New Orleans, as part of the franchise agreement. The communications service on the
institutional network will be owned and operated by a scparate affiliate of Cox, Comline. It is not yet
determined what services will be offered at this time, although some point-to-point high speed data
communications and tcleconferencing will be included. The suggested tariffs range from $37 for 1.2

Kbps to $1000 pcr month for over 19.2 Kbps service.

A.2.1.3 Times Inc. -- Manhattan Cable

MCTYV offers the only non-experimental data communication service via cable, and has been doing
so since 1975. MCTV is a wholly owned subsidiary of Time, Inc., onc of the largest MSO's in the
U.S. MCTYV currently scrvices four major banks in Manhattan at data rates up to 1.544 Mbps on a
dedicated cable that runs the 5 miles between Manhattan’s downtown and midtown financial centers.

"The links are strictly FDM, and arc offcred as a leased-line alternative.
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MCTYV guarantees maximum down-time of' 18 scconds per day"7 and a bit crror rate no worse than 1
in 10, The downstream channcls are operated from 160 to 360 Mhz; with 5 to 110 Mhz used
upstream. Standard data rates arc 2.4 Kbps, 4.8 Kbps, 9.6 Kbps, 19.2 Kbps, 0.056 Mbps, and 1.554
Mbps. '

The monthly lease rates range (rom $220 per month for 2 0.0024 Mbps tine to $1000 for a 1.544 Mbps
linc'*® . Installation charges arc $150 to $200 per end. depending upon the data rate. 1f the site is not
near the trunk cable, construction may be needed to rcach the building with additional drop cable.

Thesc construction costs could prove prohibitivc.159

A.2.1.4 Rogers Cablesystems

Rogers Cablcsystcms“’o

is currently developing a packet data network for upstrcam carriage of
videotex and home computer communications services to the home. ‘frials arc being run in Oregon,
and are scheduled for a Minnesota system as well, Rogers plans to serve 10,000 per network, using a
8 Mhz frequency allocation, for a-data ratc of at least 1 Mbps. Rogers will also operate over a

previously unused part of the lower video spectrum.

Minncsota Cablcsystems Southwest (CSW) is a 400 Mhz system which will scrvice over 56,000
homes, on over 700 miles of plant in 5 citics. A separate 166 mile institutional and busincss network
will serve tcleccommunication users. ‘Telidon services will be available, with up to 10,000 pagces

accessible. Rogers will offer botly in-home, and "shared” Telidon terminals.

The radial hub configurcd 400 Mhz system uscs "intelligent” bridger amplificrs. The code operated
switches at cach of the trunk aniplificrs, gates the upstream transmission of that trunk which is in the
S to 12 Mhz band. The central computer continually scans the switches. An entire system scan takes

a total of 6 scconds.

157'lhis is cquivalent to 99.98% network availability. |

158MC I'V, Manhattan Cable Communication System, Monthly I .casc Rates, June 1, 1980

159
1930

International Resource Development Inc., "Local Networks and Short Range Communications”, Report # 158, October

60lnformmion on the Rogers System is derived from a speech by T. Chislett of Rogers Cablesystems cntitled, "Enhanced
Two-Way Residential Systems”, presented at EASCON, November 18, 1981
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The business network will interconnect educational, governmental, medical, and business institutions
over a scparate radial trunk system. Interconnection with Telenct via the headend is planned.
Rogers expects the institutional network "to become the high-speed local loop for various satellite
carriers wishing to service customers in the arca without the penalty of very cxpensive land lincs or

installation of carth stations at cach location.”

A.2.1.5 Sammons Communications

Sammons Communications has an operating information retricval scrvice via cable in Highland Park

161

and University Park, Texas, a Dallas suburb ™' . There are approximately 12,000 homes in this arca

and a large percentage of high income ¢xccutives.

The system is a 35 channcl 300 Mhy. subsplit system which began operation in December, 1979, All
services are on a polled basis with 56 Kbps downstream data rate, and 28 Kbps upstrecam. The system
is expected to handle 280 customers per second. Currently the services offered consist of professional
data bascs offered through Dow Jones, in Princeton, New Jersey, and Belo Information Scrvice,
which is a consumcr oricnted local service. It is expected that most national information scrvices in
the near future will be offered through Dow Jones, although it is possible to conncect directly to the
system's headend.  All communications with the headend are currently via 9600 baud telephone lines.
In addition the upstream rcquests are accepted both via the upstrcam cable channel and via the

telephone. The hardwarce is provided by T ocom. 162

A.2.2 Transaction Service Providers

The banking, catalog shopping, and travel industries are intcrested in cable as a medium for
transaction services for consumers. In addition the banks sce cable institutional networks as a

medium for communication with commercial clients in downtown centers.

In the long run banks arc unlikely to turn over control of residential service offerings to the cable
operator. In the short run, joint ventures are procceding between banks, and "software houses” such

as Homserve. Those industrics interested in the transaction market will feel compelled to enter into

1615 caddy, " Active Information Retrieval in CATV®, EASCON ‘81, Washington, D.C., November, 1981.

1625 ion A.1.13
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these ventures as a way of testing and promoting the market. Hlomserve and Bank One arc currently

developing an experimental system to be run over the Cox Cable Indax system.

A2.3 Information Service Providers

Information scrvice providers currently consist of a sclect number of banking institutions and
professional data base services. In the future, they will be joined by advertising firms and retilers,

among others.

In addition there are the professional data bascs such-as Nexus, Lexis, Dialog, etc. These firms will
benefit from the increase in outlets for their information, and will play an active role in encouraging

such development.

Much has been written about the vidcotex services offered in other parts of the world, most notably,
Prestel in the U.K., Antiope in France, and Tclidon in Canada. In all three cases the services use a
ccntraﬂly organized and controlled data basc. The data base facilitics are made available to
information providers on a "common carrier”, first come, first serve, basis and is operated by the
P1T. The U.S. has no PT'T, but AT&T has proposed a videotex standard, PLP which it would like to
offer over the telephone network (a hybrid network is also being considered). AT&T is restricted

from content oriented functions such as information provision.

A.2.4 Communication Service Providers

Telenct, Tymnet, Graphnet, SBS, and MCI all have a stake in the "last mile bottleneck™. At 'the same
time that their services will be greatly enhanced by an improved dclivery medium, they might also
find the cable companies alternative digital communication networks offering competitive value

addced services.
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Appendix B |

Glossary of mnemonics

ACM -- Association for Computing Machinery

BER - Bit crror rate. A mcasure of transmission reliability, the number of bits incorrectly

transmitted.
C ATV -- Community antenna television. The original name for cable television.

CSDC -- Circuit switched digital capability. A new capability proposed by the telephone company

for digital transmission over existing local loop facilitics, see Chapter 4.

CSM A, CSM A-CD -- Carrier sense multiple access, and carricr sense multiple access with collision
detection. A contention access protocol for sharing a single communications channcl among many

users, sce Chapter 2.

DAV -- Data above voice. A technique for transmitting digital data signals in the frequency spectrum

above analog voice signals over local loop facilitics, sece Chapter 4.

DTS -- Digital termination scrvice. A local distribution technique using digital microwave, sce
Chapter 4. - )

FCC -- Federal Communications Comimnission

I'DA! -- Frequency division multiplexing. A means of obtaining a number of smaller channcls from a

given frequency range by dividing the larger channcl in frequency.
IELE -- Institute of Electrical and Electronics Engincers

LACN -- Local arca computer network. A communications network for devices within a campus-

sized area.
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LADT -- Local arca data transport. A name uscd by the phone company to describe services based

upon DAV, sce above and Chapter 4.

MSO -- Multiple system opcerator. A cable operator that owns multiple systems.

MTRBI -- Mean time between failure, The mean tine between failures of a systeim component,
MTTR -- Mcan time to repair. The mean time between failure of a componcent and repair.

NA TOA -- National Association of Telecommunications Officers and Advisors

NCT A -- National Cable 'T'elevision Association

NTI A -- National Telecommunications and Information Agency

PSTN -- Public switched telephone network. Traditional telephone network.

TCM -- Time compression multiplexing. The transmission method used to implement CSDC, sce

above and Chapter 4.

TDAM -- Time division multiplexing. A mecans of obtaining a number of channcls over a single

frequency range by dividing the channel in time. .

TDMA -- Time division multiple access. A means of sharing a channcl among many usecrs by

allocating different time-slots to different users.
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