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Abstract

Cable television networks offer peak communication data rates that are 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.

beys : o Gl gtn ot e D
Data communication places severe engmeenng demands on the performance of a cable
television network. Therefore, to ensure that data communications capabilities are not
precluded by poor engineering, local cable authorities 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 insertion noise and ingress on
upstream channels.

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

- System engmeermg that sypports dgta c,oqumguons Among many nodes,
other than on a point- to po;nt bagjs. o

‘5%

If the cable industry applies the resotifces 'ﬁ‘ec‘fésf\sa'ry"ffré sa’t}i"sify‘these requirements, cable
television networks can gain a lucrative share of the growing residential and institutional, data
communications and information services markets, in competition with telephone company
and cellular microwave services.




In order to make this important, wwm;wgmwmw available to a diversity
ca

of users and service providers, local cablé authorities, in addition to the cable industry, should
establish structural mechanisms to eliminate the cable operator's potential conflict of interest
between its carriage and content functions, which might otherwise inhibit this diversity. The
nature of appropriate regulatory mechanisms has been a source of conflict and confusion
because of the unclear status of the cable operator as broadcaster or common carrier.
Leased channef a¢cess requirements, Wiich ehhored el Separations on' a channgt by
channel basis, can allow the operator to serve in both capacities, thereby both encouraging
investment.-in. facilities and-limiling the-opperunives r-amtinompetitiva; practices: the rate
structures and levels adopted by the operator wrjl determine tlfwe qxtent to whrch leased
‘channel abces*s successluw ééﬂféveé voR A
e o e
More than in lhe past cable authormes wrll rmq tpemgel\ges mqnpgnng ar\(l specrfyrng detarls
of the network infrastructures, both technical and operational, to ensure that suitable facilities
are constructed and that a diversity of service sources are granted access ta the medium.
-,Thismeslsialinlenddd as'd: Wmﬁmﬂhbr% ak me wemtom" a'they'
partrcular Chaptér 6 serves as a gurde for crty and state cable authorrtres to mcorporate the
technical detail and regulatory structures Wétuesshny {8F data 'eomimuniedton- services intg’
existing cable policy.
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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 originally
to provide entertainment television to regions where over-the-air reception was not
satisfactory. Increasingly, they are used to provide a greater diversity of programs than over-
the-air spectrum limitations permit, and as a means ot delivering premium television serytce_s"’.

Although one-way television stgnal distnbutton continues to be the primary appllcatton of
cable systems. the technology |s ‘also appropnate for two -way ‘communications, This report
tocuses on deve|opments in two way communlcatlons over clty cabte systems. in parttcular.
two-way data communication services. ' ‘

Data communication places mtense techmcal demands on the performance of a cable
television network. Therefore. to ensure that data commumcattons capabihttes are not
4 precluded by poor engtneering, the clty cable authority and the cable operator must tdenﬁfy
Vand overcome the technical barners to the application of cabte tetevrsron networks to data
communications. More than in the past, the cable authority will find itself spectfymg details of
the network mfrastructures, both techmcal and operattonal to‘ ensure that ‘suitable facmties

are constructed and that adi verstty of service sources are granted access to the medlum '

1Also 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™.

280 referred to as pay-tslevision.
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1.1 Motivations and applications- '

This section sets the stage for o(gr dlscussuon of d?ta commumcatlons via cable television
networks. it is not a rigorous survej or; the market reeearch in this area, but provides a
sampling of envisioned markets and applications. In so doing, we hope to communicate to the
reader why data communications via cable television networks is of interest to cities,

residents, commercial and government users, and the cgbleindustry, |,
B BN £ TRRERR PR RNCT RIS L0 Eo SR TR TR
1.1.1 The markets - G EA R PR

There are two distinct markets for data communications:fesidential and Institutionat: * There

are also two categoriés of service: information and &dtifhuhication. intormation’saivices refer
. 1o those services whereby a second Qarty prowdes ;hg\cpntent which ts accessed requested.
or responded to by the user Commumcatron servnce? provude oqty the transmlssuon and

VRTS8 28 VDI
,,,,,,

servnce provnder, users bemg persons. orgamzahons, comDUters or other commumcating
devices.

, The mtracny market for busmess data commumcahons atready e§l§ts Pro;ectlons for its
, growth are based on the mcreasing use of computer equcp;nent wtthin the ofhce whlch wntl in

turn generate demand for mcreasmg amounts of mtracng; iz:onfm:mcahons Cunentiy.
mtracuty commumcatuon needs must be satasqhedzir‘yﬂ therwlephone comp,any (see Sectlon 4)
_intermittent ¢ demand for data commumcahonsﬁts ggt'lshed tp{ dlal -up facilmeq at speede up to
4800 baud Deducated fac.mtnes are also avanlable ats opd: %‘uo to 5§ Kbps Potnt to-point
commumcatlons faculmes are avarlable at hlgher speeds, but switched serwces are not I 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 services exists and is growing. Services such as Lexus
and Nexus® will be spurred by the growth of standardized videotex services for the business
sector. These services will provide a common standard, or gateway, whereby users can
access many information sources.

L
&

3Loga| and medical data base services.
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Unlrke the institutional market the residentlal market for mformatlon services does not exist.
Although vrdeotex is touted pnmanly as a home mformatron servuce, |t wrll grow as a mass
media service aﬂer itis establrshed in the commercial sector [ 7] Most exrstmg residential
data communications demand currently takes the form of profeesmnals working at home
using terminals and modems to talk to central computers and information services wa phone
lines. In addition, increasing numbers of personal computers, used for both personal and
small business applications, are equipped with communications chpﬁbiﬂﬂes \

An informal random polling of 200 residents in a ’suburb »-0' Boston which has a high
concentration of professionals, resuited in approximately 3% who reported having terminais
or personal computers in their-homes*, another .13% repertad having video games. -In
 addition, the local cable operator sstimates that spproximataly 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 Simrlaﬂy the number of resrdents with
video games indicates the number of res:dents who fend to invest in "high technology"
entertainment 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. T

Projections for future applications of residential data commumcaﬂons range from transaction
and information services to electronic mail and multi-person games Services 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 develppment and-availability of
information providers and inexpensive 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. households. The lamedsyetem had 188,880

Survey conducted at M.L.T. Laboratory for Computer Science, Januory lhrough April, 1982, SUpervraed by Prof.
J.'Sattzer, and D. Estrin.
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subscribers®. Although most systems have 12 channels, systems constructed dunng the past
10 years have a minimurm of 20 channels, and newly designed systems may have 50° or more
channels [46]. Although there are wide vanatlons, it i rs kaal that half of the homes passed by

the cable subscribe to it, and half of the subscnbers purchase premrum semces such as pay

televuslon°

1.1.2 Proposed services.

In 1974 Baer et. al. [8] outlrned a menu of possible appltcattons for two way cable systems.
see Table 1-1, ) o : V

Baran also studied the applications of broadband information networks and. suggested the
following categories of applications, many of whicl today appear farthee off than: they did
eight years ago. v .

1. Work at home
. Person-to-per_sen - electronic mail.
- Secretarial assistance. -
. Access to eompany files.
2. Transaction services
- Banking services.
- »Shoppino-
-'Price lists arrd‘mformatlon g
- Consumer advisory service.
3. General information acce&

Newspaper

5Cox Cable San Diego system.

6Cable television statistics aré mponed weoekly in each m of Cablovmon, Titach Pubblhing lnt:. Doaver.
Colorado.
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Fares and ficket reservations.
- Legal information.

- Library access.

4, Entertainment

- Games.

- Multiperson games.

| Titerictive 1aStANU10HEL prograns | CilputatClaty ‘bustiddge -
Fire and burglar alarm monitoring Telaconferencing
- Tiletatell JOCMRE T VST Ll L ) el 10MREE] of gulilic dteds.

Utility meter readings

of wkidity Smwuicew (it {H

Gepticul

Opinion polling

Market Faepsrgh gurweys ;.. -
Interactive IV guu

v Qudm ohawm i e
Pay v ! '

Special interest group conversstioms
Electronic mail delivery

Electronic delivery of newspapers

and periodicals
% “and colpater .
time gharing
_ fatalog displays
s w&rﬁo: quitstiods

Tnquirie: Epci. Eactows diestorise =
Local suction sales and swap shops
Electronic voting

' Sebisgxiher

‘Inurncttu vocationsl eomonn.
Local osbudeman
hl.oyn-n:. health care, homtu.

T e

information retrisval services
Dial~up video {0 libragies
Dial-up video spd gudto libraries

f

Fire detection
-gwmim Bt
Traffic coatrol

FFingezpuint end: pholiograph -
identification

tr tters/receivers for
crascton IR T

Bducation extension classes
Televising menic mttn
228 4 ’"‘l&&ﬁni‘f PR o ..

Mmz Tesponss oR loul uouu

ok WC&I&MW

zw&mww_ .

Jingdub Wi inoay; Supll izber
public iaformmtiea programs

mtun tnn.ctuu
jbemdsel Etaiitin:’

it

Industrial security

| Estmrop st

Libury rdunet“w R

Wm& S

lhu.epl ecord
T ncht(?
Ao et BB BHOIVIDE NG

xih] YN LT gl

vy

m:rmw"‘“““‘" ”

Table 1-¥%: mwmmmmm :
2 (Cabié Tolovision: Fraitlitsig Consricratione?y - :

"Baer, W. [8)
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Jones et. al. outlined urban public services which rely upon. telecemmunications.and would
be well suited to the use of broadband facilities.

1. Delivery of government services.
2. Citizen-government interaction.
3. City administration.

4, Status monitoring.

1.1.3 Existing applications

Since the time when these applucauons were proposed, seven.ygars. aao, few of the visions
have been realized. Why daes the apphcanon of. G&N&mm 3771 data cemmumcatuons
seem any more viable today? The: pnmary neason is that today mmy M me aonices already
exist but use different, narrower banmw ‘higher cost, modta such as Hephone lines:
connection of automated:teller: machmeﬂo bank branch offices;- eonneeﬁan of terminals in
urban and suburbarr‘scheols to mcdmﬁusr facilities, connectlc;n of aimne reservation
terminals to centrallzed data base fac‘iﬁtbs ' '

In fact, cable televnsnon technology is akeady in use asa data communications medium

1. In the summer of 1081 New Yark City's Computer Service Center; swm:hed from
phone lines to Manhattan Cable Television (MCTV) faeilities for communications
with the Manhattan municipal bullding, The switth ‘redlucad’ the ‘¢ify's data
transmission: ooot byaappvoxmmly mthlrd mwmnmaoe'

2. Financial institutions in Manlmnan bm been mg MCTV facms ainco 1975 to
connect Walt Street and M ‘bwrfdlﬂi:es. -

3. Brown University in Rhode Isiand uses a broadband cable mlevision 'network to
interconnect terminals and mm:athmughout thennmpus P

5
a

4. In addition, mformatnon services are bemg used, if primarily by businm.

a. In the United:Kingdom, there is: a.twa-way. information service, Prestel,
which uses telephone.lines.tp send:information $a.and. fram: users. Contrary

8 Annual municipal data transmission costs for the City of New York are eatimated 1o be $10,000,000.

95ytek Inc., LocaiNet 20 system, see Appendix A.
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to initial expectations of the British Teleesthiwhich'develobdd and offered
the servrce. itis used pnmanly by the busmess communlty

S

b. In contmst 10, the, y;dectex expenenaa me 309 wax t&!ﬂ?’ﬂ SXStﬂm “‘3‘”,
offered in the U.K. appears quite successful among re&dents This Is -

“aittributable:to lower teletext actess) Ut RS WelFaY t:
natyre of the information provider senvices whish-therelfore slo:not require. - . -
the enhanced access features otfered by videotex. ,

ey hKipun v

;  C..Lexus and,Nexu&teod and medical data base services. ..

d. Dow Jones sfock market Information sérvices. ~

1.2.A possible scenario

ir the short term cable operators w:II real‘ze prohts ‘from mstttutronal cornn\umcatton servrces.
in competition with the local telephone company ln ‘the longer term, as mformatnon serwces
and inexpensive termindls: become available;- the residential ( warkét Wil “also become
important revenue soyrce. As was the case with the. telsphone, fesidential subscriber
services will be spurred by the desires of commercial users to reach consumers. Many of the
first generation of information services may' only affow’ Users 18 éommunicate with the
headend and amy services:that reside:there.. To.further their groush, mnd increase subscriber
penetration, cable operators will find it worthwhile to provide for multiple servét istworks (see
Section 3.2.2). As a result of these developments, information.serviges and .communication
services wculd be effectwely merged The cable operator would then otter commumcation
services to both information and enfertainments sarvice provndere and commumcattqp users,
and would itself act as one of the service providers on the network.

T S T

e
L8 T

1‘:'|n & teletext system pages of information are "grabbed " from a constantly cycling data base of pages to simulate
interactivity.

17




1.3 Overview of this report

If the cable television rtetworks fulfitt their potential as important anct unique, municipal
resources they should be made wrdely available tD a dtversrty of users arid service providers.
Therefore, local cable authorme& in, addmon to the cable mdustry. Should establish structural
mechanisms to elihinate-the cabte operator‘s conthct ‘of thtereSt between tts carriage and
content functions, which mught otherwrse |nh|b|t this dtversrty | ln addltron data
communication places intense technical demands on the performance of a cable television
network. Therefore, to ensure that data communrcabons capabmttes are not precluded by
poor engineering, local cable authorities and the cable industry must rdentrfy and overcome
the technical barriers to the application of cable television networks to data communications.

The application of cable television facilities to data communications raises many qtl'estton's
regarding the proper |mplementatron and operation of the facmtres In thrs report we address
these questrons some of which. are listed below:

- Can data transmission bg accommodated on existing-cable networks?
- What engineering provisions must be made to handle twé: way data‘transmission?
- How much will itcost to implement such provisi;gn:s?‘ ‘

-What higher level communication protocols, such as addwessing, should be
implemented? Lo _—

- Who should offer services?

- Who should decrde what services are to be offered, and how should it be
“decided?

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

- What regulatory or policy mechanisms are needed to achieve societal 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?

18.




onoi iR,

The first half of this report concenteatesron tachynkael fastiésthat are not yet widely understood
or appreciated in the cable television community. In particular, the cable industry must
develop the expertise necessppy-for dagign: 2l imyjeshpntifiion of network facilities and
services; the city cable authorities must understand the technology well enough to evaluate
and monitor network planning and operathn, %the users and information providers, need
to plan their applications according to the exrstmg, as well as potential, data communications
capabnlntlee%t;ca:htg ngtygrks s

Pttt ol 0P EHTISARYT T B0

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
optnons These chapters should help the cable commumty better understand the technical

: ohad 8 IN9oar ow
|ssues and trade otts encountered m the descgn of ‘data commun?catrons t'acmttes and
"",J‘“? ,;_x iwij ﬁ-‘g‘jrm-r~ oF 5 s
servnces We fmd that the commumcatlons protoc&s adopted Iargely determme the
wisia oldss husin ! :
capablhttes and performance of the system In partlcular,' the ability to commumcate wrt
awet onmdosesnetning nenbhey g :

many other pomts on the network |e not only the headend will be essentrat to‘tuture

PG £

i IS ’” 51 i it T

servuces Performance IS constramed by upstream n tse and Iou; rehabmty whtch may result
I gt sy b {)i f: # znoisy ¥
trom poor system engmeertng and the relatlve ?nexperience cable mdustry wrth data
sntglng boe ehling o

commumcatlons ’ In Chapter 4 we ldentlty the umque properttes of cable televt o'h'
technology (e.g., an economical, high-bandwidth medium that accommodates broadcast
Gammunications) .by comparing jt, with ofher. regignal.data %"9##99{!'!?9‘“ Qrs, apd
tg,ﬁphpne)‘f OF [N Porpaies o seosra whatdeh of Baoped ARSI

24y !l fies H
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‘ 2 i Degy o8 o
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television might be most suitably adapted to data communications applrcahons ln Chapter 6

we inteqate the technical.and. reguiatory. details praagnted in, eariiar chapters, .This ghaptet.
serves ag a guida for city cable authgrities ta incorparate, the, technical detail WIPQ"‘W‘
SHuelLSs, neceasary. for, dalp, communicalion ABRYICES 0l 2uiine., abie, peow. 1
emphasizes that not all two-way, cable, communicatiqns. techaglegiss are equally Admatq,
for the full range of data communications applications and therefore, in addition to dictating
operational policies, - the cabie’ authority must resiew: MMme’ptoM\w the!

operdior, tbindure that suithdle facilities arein place: -0 iy
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Chapter Two
Cable Telev-tsion :
_as a

Data Transmission Medium: Tutorial

In this chapter we present a tutorial on the techmcal aspects of cabte televrsnon networks as
applued to two-way data commumcatuons We rewew the hardware components of both
tradltlonal and enhanced cable networks and descrtbe the commumcatrons protocols that
can be brought to bear when |mplementmg two way data commumcatlon serwces We
conclude with a discussion ot the pnmary techmcal lrmitatlons to implementatlon of two way
data commumcatlons It is found that the communrcatlons protocol largely determlnes the,
capabllnty and performance of the two way system gwen the hmrtatlons of upstream noise

and low relrabrltty

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 Iocal reglon These systems were used onglnally to provrde
entertamment television to regrons where ott the atr receptton was not satasfactory
Increasingly, they are used to provnde a greater dtverslty of programs than spectrum
limitations permit, and as a means of dehverlng pay televrsron

Although one-way television signal distribution continues to be the primary application of
cable systems, the technology is also appropriate for two-way commmunications. Two-way
systems are those which carry signals from subscribeérs béick 16 the headend (upstream). in
addition to distributing signals from the headend to subscrivers (downstream).
The two-way data communication capabilities: of cable technolegy have been most
extensively exploited in private Local Area Communication -Netwerks (LACN's). These




networks transmit two-way video and data'througﬂeut large buildings, industrial plants, and
campuses. This report focuses-on developments |n two-way deta commumcatrons over city-
wide cable systems as opposed to campus-wide systems. '

Cable networks are of‘fwohpes: residential and insriturional Residential networks distribute
video entertainment programming to. residential subecnbers in “rural, sub,urben and urban
areas. In contr&t me&tutional netwerka are located tn city centqmand eemebusmess needs
of commercial and govemmemal subscribers.'! Reddentlal rletworks earry most- of their
traffic downstream ir mgport of the&rprimery uryice. wdemtermnment However.
services, such as home aecuri:y lnteracﬂve videotex, andmcpion servh:es. require an
upstream capability. Ingtitutional networks. given their bu%ee* clih'\tele wlll typically

-experience a more eve distribation of commumcattons to: and kor’\ subscnbers Proposed
institutional servrces'mcmd&high speed two-way data. comnwnmmm, m adcﬁtron to closed-
circuit television, for edueetren and teleconferencing Ry

2.1 Cable system components ~

This section describes the elements which comprise a cable system. The first part describes
those hardware components common to all cable systems. Wp‘mgeeg@beg the additional
hardware necessary for the provusron of two way data commu{mca)tlens
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Ali cable systems: ang:composed of a headend; & distibution’ prant; &id Inteftace equrpment

In a traditional video distribution cable!network; théNeedend receives
and translates them to frequency bands that are appropnate for transmission onto the cable
plaht. Programmmgm&tenal ‘that is prepared ‘(aily fr;r 5&5!2 %agsn‘“é&?é’é at mehe;dené s
ahd 1§ #56 trandmitted &5{’(13 the cable piant. A& 2abie distribution [ plant is a tree-like
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configuration of broadband coaxial cable, amplifiers, bridges, and feeder cables. The srgnalsv
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travel, via 'the @i stnf:ution pfani to the subscr'iﬁer% the interface equipment
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transiités the signals into a form recaivable by the subscriber's television (Figure 2.1).

110nly a few institutional networks are curiently operational.
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Figure 2-1: Cable Network Componggts (Scmhhc Aflanta Cable
Communications Products 1581 )

2.1.1. 1 Headend equipment

Cable systems were first burlt in the 1950'5 to prdviee impr‘ov'edk reception of tele\rision signals

to geographically obstructed or isolated areas. In this capacity, the system headend referred

to the location of the large receiving antenna from which the sighats were thansniitted ‘onto

the cable. Today, in addition to traditional over:the-air hroadcast: signals ah inereasing.
amount of programming material is received from satellites; -

Over-the -air srgnats are otten translated from therr on mal trequency to a part of the spectrum
compatlble wrth the rest of the cable sxstem _program n
charactenstlcs of the cable In addrtron to translatron and ret srnlssrgp, the headend
equalrzes the power Ievels of the mcommg srgnals to mmlmlze mterference among the SIQnals
on the cable, and compensates for ﬂuctuatrons in brpadcast srgr;als to insyre that a hoise- -

"2scientific Atianta Cable Communicatoins Products 1881; Scienific Atianta, Atianta, Georgia
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free, steady ssgnal is transmutted onto the network Some headends also phase Iock the

frequency offsets of i mcommg sngnals to reduce v:sual mterference among them

PR S £ P AR A LT T i e s
2.1.1.2 Cable distribution plant -- cable, amplifiers, bridging amplifiers., . ..
The cable plant is comprised: of broadband coaxial table;:signal-amplifiers, and bridging
amplifiers. ‘All transmission-over: cableg: networks is Frequerncy Division Multiplexed (FDM), i.s.,
the total frequency spectrumeof the cable is:subdivided -into..channeis. < Each .charmel
allgcation is typically equalita a standard télevision channel; 6:Mhz: : The bandwidth that can
be transmitted over coaixial cable is:largely determined by the amplifiers used. 'Thocable sl
has a bandwidth in:the ‘giga:Hz range bt the: active : componegnts, ‘namely. amplifiers, dre

limited in the bandwidth that they can transmit without causing excessive cross-talk '3,

The amplifiers usad on older cable systenis transmitsless than! :300: Mhz: which limits their
carrying‘capacity to between: 12 and 20 chanmels; these systems make: up: more 'than50%: ob
the cable systéms in. use today'®. - With: appropeinte. onginearing,newer systems, whose
components transmit 300 Mhz, will carry up to 30, 6 Mhz (TV) channels; systems whose
components transmit 400 Mhz will carry up ‘to 52 TV EhaRaIs. Oneproblem expenenced 'with
400 Mhz and hlgher amprﬁers is that due to fhe extra chanheﬂoa&‘ng there is a degradaﬂon
in the composite tnple Beat ratmg “of the ampluhers‘ﬁ‘fé“} [5] ‘I‘hé tnp’ie beat phenomenon is
caused by different’ frequencnes mtertermg with one another and’ generatlng nolse, in
particular, the sum and différence frequencues produced from *t’he producf df three
tised ‘in"friost systems - trunkirig

frequencies'™. Three different types of coaxial ‘Chble aF
cable narrower and more ﬂexlble dlstnqutton cable for petwo anches. and teeder cablq

Wthh carries the sagnal to each individual household from the dl;lrltgutlon cable The tatter
two cable types have greater attenuatlon than that of trunkmg cabte buyt are less e;tpenspve 3

YR nliﬂ

;;;;;

13Cross-talk refers ta the undesired transfer of energy tromonecj\ampl to anather.
15The triple beat phenomenon, also known as thidd order.intermoduistion; s tee beating: bl one signal carvier with

the second harmonic of another signal carrier (2t1 4 12) or the beating of three signal carriers together with or without
modaulation ({(f 1 A 2) )+ f3} = t3 +6 Mhz).



Amplrfrers are placed throughout the cable plant to compensate for attenuatron whrch occurs
when a srgnal IS transmltted over Iong dlstances The number of ampllfiers needed per mlle of
distribution plant depends on the attenuation charactenshcs of the cable An ampllfler
cascade refers to the number of amplifiers which a signal passes through between its source
and destinatiofi polt. Becelise all amplitiers Enfribune sohié distdrtion to e signal, there is
a strict upper limit to: the length of a cascase which-can: be:tolerated -before the .signai
becomes distorted beyond acceptable. levels - in. additian, the: wider- the : bandwidth:: of . an
ampilifier, the more difficuit itis to control signal distortion. Therefere, the maximum tolerable
cascade for 400-Mhz systemsiis smaher than that for 300 Mhz:systems {58]. -All-branching is
achieved-with:the use of biidging amplifiers which fead amplilied signais from. the trunk-cable
onto aarstribwmeaue while keeping the trunk cable slectrically isplated. . - :

PR s 1R

The geographrcal coverage of a cable network is Irmlted by the signal Ioee over the cable, and
by the-distortion’ charactaristica of the amplifiers. The systems deactibed:in;this report aperate
over areas-of-7.10 50 miles in diameter:-For the case 0f 400 Mhz:companents, the:maximum
aliowable amplitier cascade limits the diameter of single hub amm about-10 miles. .

The cable drstnbutron plant is typrcally arranged in one ol three tqpolqgres, referred to as
|oop, tree, and hub A qup desrgn resembles a enake and requrree the fewest of ampliﬁers,
but entarls the longest ampldrer cascades The GM? pf 8, lgop desrgn network is
proportlonal to the total drstance whnch ‘the cablg traverses For thrs reaeon, the Ioop’

topology ls only appropnate lor syetems wrth llmrted geogrgphlcal coverage and the low

.....

rrrrr Arbiiaas,

carry the 5lgna|8 closer to ‘ﬁte subscribers premnsee (Frgure 2 2)‘ ?hrs topology reduces the'

.....

component or interface unit malfunction, i.e., individual network branches, without halting
total system operation.

The inferior characteristics of 400 Mhz amplifiers restrict the topology of 400 MHz systems to
a hub design whose branches are shorter than those of tre¢"#uctures (Figufe 2:3). This
conﬁguratienéreoembleeam with-the headend at eltc-nbt, and-multiple- radially distributed

RS %
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Figure 2:2: Tree Topology{Data Communicatiorns')

trunks. The maximum distance between the farthest subscribe; and the headend Is thereby
minimized. This reduces the length of the amplifier cascades necessary to cover a given
geographical area. Systems can be configured with mwitiple. interconnected hubs to:cover
larger geographical regions. Enhanced transmission methods that are more resisitant to
noise and inter-modulation are used to connect the hubs (e.g., digital transmlsslon, frequency
modulation, wider guard bands). Wideband, low-attenuation media, such as microwave or
fiber bpics; &re typicalty Used for the‘intihub IHKS: THESE methods anu media are currently
onomicaﬂy pafanmﬁma fomsemumr segnsanw dms&aw*aim |

o . B2

2.1. 1 3 Interfaceggulpment

o

The- ieedm: cable.taps. off of the dtstnbuhoncahleaq mﬂqu&!% thesubsmhﬂr
The -intgrtace.unit, which is also relerred to:-as. the:customar . premiges equipment-({CRE),
connects the-feeder cable to the customer's, TV.sel. The interfage unit transiates 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-
television programs, which are sometimes scrambiled before transmnssion, have conver!ers

ih

16Dinescn. M., Picazzo, J. [22]
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Figure 2-3: Hub Topology (Rata Communicathm\;").
equipped with descramblers'®,
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. upstream
signals from the cable dist(i%tigggglaDL in\;adgj;‘iggigg traagmitting signals downstream. Some
of the control structures for data communications require only that the headend translate
specified upstream signals onto select downstream channels. Others depend upon the
headend for additional addressing and switching capabilities. Some of the upstream sngnals
may be forwarded by the headeid to other péints on or off of the cable netwbik, while dthers
may be destined for-the headend itself. Exactly what-eéquipment i-needed depends onthe
application. To ensiire compatibifity with video ’tmﬁsmissmns, some Headends alsd frame the
datasugnalstalookﬁkevﬂeo o Cona :

1-'Dine:aon, M., Picazzo, J. [22]

18Alternatively. the pay-television signals are trapped out at the trunk connection o éach Siibscriber's fééder
cablg who does not pay for the premium service. . L




Most large systems today, both one-way and two-way, employ 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.

-2.1.2.2 Cable distribution plant

‘“Two-way capability iipiés that the cable distribution plant ‘transmits signals in both
directions. ' The coaxial ‘Cable ‘#self has' this capablility: but;-the ‘standard one-way cabile
amplifiers must-be ‘modified to accommodate: two:-way ‘transmigsion. ™ Two-way amplifiers
arfplify a portioh of the cable’s frequency ‘spectum’ In the upstréam direction, and"the
balance in the downstrearh diféction. The upstream and dawngtream portions need not be of
equal bandwidth, and i o8t ‘cases are ‘fiot. - THeé frequency bandwidths aflocated for
‘upstream and downstream transmission sre‘completély detérinined by the amplifiers used.
Any one-way System tan, in principle, be converted into & two=way system if the amplfﬁefé are
replaced with two-way amphifiers®™®: e . \ - ;

‘Two-way cable systems vary in the number of channels 'affocated’ to Upstream
communications. - Residential systems typically allocate ‘iost ‘of ‘thiir ‘cablé’ channels to
‘dowristréam transmission -- 54'Mhz to 300 Mz Yor dowistream, ‘and 575 Mhz t6'29.75 MK
for upstresih, transimisions 6n'300 Miiz sy$téifié:- These are reférrad’to a8 subsplit systeiris.
Most institutional cable systems as: welf a8’ pivate EACN's; aié' midsplit systeths.” Yhiébe
allocate the same number of channels to both upstream and downstream transmission; for
example, 575 Mhz to 108 Mhz for upstream (reverse), and 163; Mh3 .o 30Q Mhz for
downstream, transmrssron on 300 ’Mhz. sysfems These frequency assrlgnments are somewhat
arbftrary, usmg over- the arr T v transmrssmn frequency assrgnmpts so as to take advantage
of wrdely avaulable (and therefore mexpenslve\??ar&ptif" and ’9!"3"139“'9"'9"‘ Some cable

systems. reterred to as dual cable, use two cables 'The cabfes gan be operated as two
subspht or mrdspht systems, or one of each A fourth optfon uees an entfre cable for

Hrhe ampifiers on two-way ready systems have siots ralidly 10 irisertion’ of upstriksim smplifier boards. This
techmquewasprescribed by the FCC in the mid-seventies for all large cable systems. It was an attempt to miniize
‘the cost of future refrofitting, Withe réCoghizing ‘tiat  two- mmamary&’éag o sacioh 2122

HES TR LI A ES TS 3

See Secfion 23 for othor practical limrtafions to two-way tranoml.bn

' z’cmnmh’rf mrmmadcaohmmmm
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downstream, and operates the second cable as either midsplit, or subsplit, or entirely
upstream”.‘ A

The data transmission rate achieved on each channel is determined by the number of bits per
hertz (bits/hz)23 transmitted. This in turn is affected by the noise limitations (see Section 2.3),
and the sophistication (and cost) of the modem. The data rate experiericed by each uséris
also determined by the access scheme used (see Section 2.2),.as well as the geographical
coverage. Existing cable based data communication. networks achieva aggregate data rates
-up to 5 Mbps over each 6 Mhz channel (0.833 bits/hz), depending upon the.access scheme
and geographical coverage®®. Aggregate data rates achievable over the full spectrum. of a
midsplit cable system range upwards of 300 (300 Mbps is an arhitrary example of the data rate
achieved assuming 0.5 Mbps.per 6 Mhz channel). In.comparison,: Multipoint: Distribution
Systems (MDS), which use microwave transmission facmtig; -offer. atmogone or two 6 Mhz

company, local loop facilities (twnsted wire paors) offer up to&,&&hps.

Two-way bridge amplifiers are used to amplify signals onto, and off of, segments of the cable
plant which branch off of the central trunk. In.some two-way.systems the bridge amplifiers are
equipped with added electronics which ajlow them tp be addressed and. switched.on.and off
via signals from the headend. In more sophisticated twe-way .sysiems, bridges might be
equipped to perform diagnostic checks on the netwerk aswell,, . .

2.1.2.3 Interface units

lThe interface umt for a two-way system must convert srgnals frorn the termmal into a form that
can be transmltted over the desrgnated cable channel and reoewed by the headend The
function and complexrty of the mterface umt depends upon the type of fermmal and access
scheme used The mterface unit consasts of two parts one |s the rf modem, and the other is

T

the control Ioglc (both drgrtal hardware and software)

2Wang uses a dual cable for its Wangnet and clajms to mmmmmmmm at 20% additional cost.

Z8its per hertz is the invarse of the etficiency rating, mwuumummm;mwmmm in this
instance and will be used throughout the report.

24Cox Cable's Indax system runs at 28 Kbps over 125 Khz subchannels (.223 bits/hz). Wang's broadband system

runs over shorter distances at speeds up to 12 Mbps over an. 1§;Mbz-channel (0.867 bits/hz) Usgermann:Bass runs
at 5 Mbps per 6 Mhz channel (0.833 bits/hz), over distances up to 10 miles.
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Radio ‘frequrency modirator-demodutators (rf-modems) convert digitat’ signals from digital
“devices into analeg signats which can be carried by the -cablé fietwork much - like video
signals. f:odem technology has proven very poputar for industriat use, and ore recently
for commumcatlons m busmess envrronments however. it remams a relatlvely costly
technology for resrdentral use Rf modem costs range upwards of $400 Thus hrgh cost is
’partrally due to the lrmrted quantrtres currently manufactured ln addrtron the analog

complexrty of radro trequency components makes Large Scale lntegratlon (LSI) drfﬂcult
therefore. the costs are not expected to decrease as rapldly as many dlqital cornponents

In" a telephone system ‘every customer has its ownr-dédicated wiré pair; on a cable television
network nodes share a common trunk which passés’ manty Wouisehiolds. An access schere or
protocol controls how the cable capacrty is shared Each umt must also be grven an unique
dlgrtal address to ldentrfy rt for receptlon of downstream srgnals Thus. m addltron to the rf-

'modem a two way mterface unlt contams control loglc whrch rmplements the commumcatlon
RERE T e

protocol The mtertace umt desrgn and cost |s largely determmed by the access scheme used

on the network Fmally, the mterface may |mplement addmonal capabrlmes such as antr-

(IR TR TR

|ammmg techmques, encryptron or other enhanced features N

- Fa

-2:2 Access schemes and communmahonfpmtocols for two-
- Way: dataecommunteahona 1 : o :

A number of alternatlve protocols tor data communrcatlons_ over broadband cable have been
|mplemented Each ot the protocols has a system structure and user envrronment tor which it
rs most appropnate Resrdentral and mstrtutronal networks maylrequrre drtterent schemes,

EER LR 14 I GLAT VA SRS

based on the drfter_ences in therr appllcations Eventually, agreed upon standards will be

ERTA Fe R

needed to support mterconnectron of networks wrth dlssrmilar hlgher Ievel protocols

2.2.1 Description of access schemes

2.2.1.1 Polling

The most _common access scheme currently used for two way communrcatlons on ceble
systems is pollmg The headend contmually cycles through the system, addressing a
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message to each interface unit to see if it has data to send. It can take as long as 6 seconds
to poll every user in a large system, on the order of 100,000 subscnberszs ~. Unique digital
addresses are hard-wired or programmed into each of the subscriber.interiace units.

The performance of a polling scheme is characterlzed by the response trme realrzed by the
subscriber and the amount of data sent per response Some pollrng schemes allow the polled
device to reply to the headend only with one of a set of predelmed responses. others allow
more flexibility i in the allowed length of the response Pollmg is most often used for pay -per-
view billing, as well as for security and energy monrtorlng applrcatrons Pollmg methods are
appropriate for transaction services and other data. communications services only when
traffic is very light, and when response time is not critical, =

A modified version of polling uses mtellrgent bndger swrtches The headend polis one branch
of the network ata time by addressrng the appropnate mtelltgent brrdge amplrher and allowlng
all nodes on that branch to srmultaneously transmit (usmg separate. preassrgned frequencres)
their upstream signals onto the entire upstream portron of the trunk cable Since only one
branch is allowed to transmlt ata tlme, the entlre upstream channel spectrum can be used by
the nodes on a single branch. This method achleves hrgher data rates than most srmple

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: terig poliing cycles. - The
headend sends out polling messages to all points.on the notwork: #f the:héadend receives a
response it locates the responding devrce (or one of them) usrng a bmary search techmque
The headend turns off half of the network branches and polls the other half i there is no
response. the originally respondrng devrce is known to be on the other half ot the tree The
network is configured as a long branchlng tree and thrs divide-in- hall process contmues untrl
the headend has |solated one respondmg node on the network The customer rs servrced and
the process begins again. Thls method is only effectwe in reducrng delay |l there are few

simultaneous users with messages to send, e.g., security monitoring.

25The Minneapolis cable system being built by Rogers Cablesystems Engmeenna of Canada, specihes a 6 second

polling cycle.




2.2.1.2 FDM

Frequency Division Multiplexing (FDM) can be used to divide each ofthé 8 Mhz channels into
smaller subchannels for dedicated tise by subscribers®, Thé FOMTitériace unit is a standard”
rf- modem tuned to dedlcated freduencies, one for traﬁémming Whd' ot for- recéiving. The
recewmg frequency serves as the'Unit's ‘digital addréss. The dath raté is a funcﬁun of the
channel bandwidth and the number of bits pér hedz tfansmmad Ahs ‘ o

Switched FDM schemes resembie the current architecture of the: telephone system. Each:
user is assigned a dedicated subchannet. - This frequency assignment serves as: the user's
address. - The: headend: reads addressing: information:on:upstieam communications: and
routes the information Yo -the proper dowsstrearh-subchannel, -perfarming: the- appropriate.
frequency transiation. This .access method is appropriate’ for: systems with-a:limitead numbern of:
users whose communications are reletively uniform-overtime: - Fhe:pumber-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 subchannel. This is far fewer than the
number of residential subscribers on even a small two-way sxgtecg(alsog Egzr)ttg;ore,).ﬁ but ylsf
possibly adequate fo_r an instﬂu;ional syst!enm. -

T, I

Dyhamic ‘assignment FDM makes use of frequency’-agile modems: which allow:users 10
transmit' via one of a et ‘of frequency subichanrels;  the: particular: frequency: used is:
detetthined by the user or by a central :controliér; l.e.; the headend.: The central controller
dynamicafly dassigns the calling and ‘caNeéd nodies  frée subohawhol 0 the duration of tiveir
communications; polling can be used to identify W node that'wishes: to set ip a connection.

While allowing: service 0 miahy more: users; this Method: is: still: kees suited 10 bursty traffic
types such as’ computer communitations whichis tharatterized by:shon, hgh imensity,

intermittenit communicitions. Using FDM ‘alone a¥ the acéess sorwme?when a<channelis.
assighed %o #:device, even if dynsmuym it wmwmmmmmm
deﬂcehm“nbmwimmlt o SRR s

ZManhattan Cable Television (MCTV) in New York city uses this spproach. MCTV has operated a data
transmission service between uptown and downtown Manhattan since 1875. The service is primarily used by
banking and other financial institutions with branches in both locationa.

ﬂmmatmumuewuonuusFDmodwuemaDOorwomabwmhonnnum.
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2.2,1.3TDM

Time division multiplexing (TDM) allows multiple devices to share a single FDM channel or
subchannel by assigning each-user a hxed ttme slqt durmg whnch it sends |ts data A user's
address is his time slot. A tqrm of TDM called Time Divigi Ji ,Mumple Access (TDMA) allows
many devices along a cable to share a TDM channel. dev;ces lnsert data into thelr slot at
multiple points along the cable.. There are a numger of methods for controllmg allocatuon of
the time slots using a TDMA scheme. Demand Assigned-Time Dms:on Multiple Access (DA-
TDMA) is a more sophisticated TDMA scheme which aliows dynamic allocation of time slots
on a-transmission channel. ‘This:technique was:deveioped for satellite. communications, and
is generally applicable to: high bandwidth muftipoint cemmunications networks. - DA-TDMA
uses -intelligent: microprocessor - controlled: interlace . units, as ‘well .as a-fairly powerful
minicomputer at: the headend, -to allocate: time slots. on an as-needed basis. DA-TDMA is
appropriate for ‘both high and . tow speed users, particularly .users with high volume
requirements:

2.2.1.4 Contention schemes

Contention Schemes are another form of TDMA. ‘Alcha [1],J(F:Serrier Sehse“Multiple Access
(C5MA),. and CSMA- with- Collision Detect (CEMA:CD)-[41] are. all. candidates. for use .on
residential cable systems. Contention schemes allow all ysers to sharg a single chanpe), or.
muitiple subchannels can.be interconnected:using. a :bridging device. . For example, using
CSMA, when a device has daie tosend; the interface. unit broadcasts packets of information
onto:the .channel. - if the unit does not receive an-acknowledgment that the, packets were
received intact {i.e..a collision:occumed when two.or. soreunits altempted to use the ghannel.
simultaneousty, resulting in destroyed pagkets), it retensmils. the packets. The more.
sophisticated schemes: allow..the devices to deteet other traffic..on the channel hefore .or
during broadcasting; thereby reduicing the: prabability of collision, ‘For.example, using-CSMA-
CD, if more than one device broadcasts at any one point in time,:there.is & cellision.and both
devices backoff and try again after some short but random period of time. Every device scans
the address destination attached to each packet on the channel but reads only the contents
of those packets that are addressed to it. Contention'systems present a tradeoff among data
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rate, geographical coverage, and minimum packet sn*:e"‘Ba Although LACN contentron
systems operate at speeds as hlgh as 5 Mbps per 6 Mhz channel"’9 peak dpta rates for a
regidential cable are prgbably limited to 1 or 2 Mbps per 6. Mhz channel (0.166 to 0.332
bits/,hg). due to wider Qquraphi_qal coverage and lower, fg,uar_%an,t‘eeg signal to nolse_raﬁosm.

Contentnon schemes achreve complete connectrvrty through drstnbuted control In contrast
to DA TDMA contentron systems requrre no added complexlty at the headend beyond slgnal
condltlomng. the switchlng functlon |s mherent to the way in whrch the channel is shared
This reduced complexity and distributed control ls very attractive for the diverse communlty of
users that is to be served |n the resrdentlal and small busmess market Contentlon systems
are appropnate lor multlpomt communrcatlons between bursty users at medlum and hlgh

iEe

speeds, 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 tp 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 phase and a tokeft'"
transfer phase. The two phases may be combined, in which case the
toker is transferred in conmnctlon with @ dataﬁaihé (lmp?lclt tdltén)

Monltormg tunctlons wrthm the actlve nodes provude a bgs,h for
initialization, recovery, and general housekeeplng ol the Ioglcal

2=y

28Estnn. D, Some Technical Considerations in Uslng a 400MHz CATV Systom for Data, Workmg Paper
Laboratory for Computer Science, M.I.T., May 1881.

29Unqermann Bass Inc. [63], Net/One Broadband; Wangnet achieves 12 Mbps over 18 Mhz, or 4 Mbps per 6 Mhz.

Dickenson [21] suggests thﬂt well. marntauted aystengshgu

greater, which is more Ian adequats for high pedormance. But, oré aie 1o 3 currently availablé as to the
number, or percentage, ok residantial cabla sysieme that fil. tye i iadition, the residentiel cable system
is exposed to a harsher, and less controllable envrronmont than e bulldingwide LACN is. nuklng ltdrmcult to

3\ nstitute of Electrical and Electronics Engineers, Project 802, is attempting to set standards ‘for tocal’ area
network communication protocols. Standards have been established for both contentron and token access
methods [32].
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ring. The monitoring functions may be replicated among nodes of the
network, but only a few nodes at a trme carry the pnmary recovery
responsibility.

As on the contention channel, packet headers are scanned by “all interface units on the
channel but are selected by only that unit to which they are addressed. In contrast to the
contention method descnbed above thls method does not present the speed, drstance.
packet Iength trade off. it therefore can be used to achreve hrgher speeds over Ionger
distances. In addmon, the performance of a token passrng channel does not degrade under
heavy Ioadrng as severely as does a contentlon channel On the other hand rf the channel is
Irghtly Ioaded longer delays will be rncurred wrth hrgher probabmty, thrs could be aggravated
by extended geographical length of the channel and poses an upper bound to the
geographrcal coverage [54]. A central monrtor statron rs ordmanly used to ensure the
integrity of the token, i.e., that it does not get lost or duplrcated Thrs monrtor could be Iocated
at the headend®2.

2.2.2 Pertormance characteristtcs of access schemes

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

2.2.2.1 Throughput

The throughput is the data rate experienced by anrnduadual user. It is only a portion of the
aggregate data rate offered on the channel. Polling typically otfers the Iowest throughput to
the user. Some rmplemerttattbns of bndger swrtch polling attow a stngle branch to make use
of the entire upstream channel capacity at a trme Although this increases the peak data rate
accommodated the pollrng cycle delays effectrvety reduce the throughput experrenced by the
subscriber.

The throughput experienced on a dedicated FDM channel is equal to the data rate of _the
modem used. Higher data rates requirg more dedicated bandwidth, Timiting the number of
users who can be served ina- gwen frequehc‘y aﬂocatton sendtng ﬁmerbits perhertz results
in cheaper modems but the rneffrcrent use of bandwrdth Irmrts the amount of traffic that-can be
accommodated.

32Phase-locked regenerators would be used along the channel to ensure proper transmission of the token.
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The throughput experienced by a single device on all variees of~ TOMA charinels Is
determined-by the number of devices served on:the channel; i;e., the joad factor, since the
channel rate is usually-equally. divided. among ali nodes: Thethroughput.is aiso determingd
by the channel bandwidth.allpcation, and the specifications.of the interiace hardware;: :

2.2.2, 2 Connectivlty

Connectivity is the ability to communicate with_ every. W amm an. the notwo;k. “This.
requires that each point have a digital addrass and that.campunications can be. transparted
from each-point to every other point on the network, i@, unique addressing and switched
services. - ‘ _ SRR

Pollmg is not well sulted to mumpount -to- multlpomt commumcatnons, becap‘se the task of
collectmg and forwardmg messages, us cumbersome Pomng ls best applaed ln systems
where multaple dnstnbuted devuces need to commumcate wnth a smgle central devuce whlch

[ S 1a1% o i

executes the pollmg and processes the messages (See Sectnon 3 2 2 2)

FDM channéfl services can resemble point to point’ dédicated ‘tétephiorie lines which only
achieve connectivity between a pair of points, or multidrop lines whigh ailow a trangmitting
device to communicate with multipie listening devices. Switching can be implemented at the
headend in much the same way as the telephone gompany 0 schieve complote connectivity.

The Tacilities at the headend of the DA-TDMA system, i.e., acomputer and the appropriate
softw ’Aar‘e‘.' typically implement switching as well as afiocation of time 5:3{‘553{3*)\%0&6}:\ switching
is not mherent to DA- TDMA it can be assumd‘ﬁiat"'”éh" ystems cb.n achieve complete'

connectivity EEER L

B I : [
Contention access schenme: protocols achieve -complete connectivity wwong all nodes on &
channel. . Multiple ‘contention: channels using diffevent Tregueticy bands require. additional:
facilities for-comipiete conniectivity:across the system. A-bridge:is & device used 10 connect:
othierwise: independent channeis on a MWWM ‘adxdressed paokeb-
from the one channel to the othver™, R SIS R VLR i

F1nis type of bridge is distinct from the bridging mnplmuducrlbodurlhr ‘which transiates electrical signnls
from the cable brunk onlo a.branch of the cable system. . R o e P y




2.2.2.3 System availability

The availability of a system is-largely dapendent on the.complexity of the control-andinterface
equipment.. The more complex the equipmeént; the more liniked -are:replacement. parts, the
more difficult are organizatiomal and technical procedures for operation and maintenarice,

and the more frequent and lengthy is the average downtime.

Protective measures from both intentional and unintentional ‘interrirotion of the
communication channél are required 10 assure systefi:dvaitability. ‘The susceptibility of the
network to jamming is parfially a function of the access protocol used. Point-to-point,
dedicated FDM linés are less susceptible to accidental disruption by users: because there is
only one designated user per channel; the user's equipment, even if it jams, is likely to disrupt
no more than the smgle channel to which it is assrgned DA TDMA, and contentron schemes
allow multlple users access to a common channel thereby mcreasmg the lrkehhood with
whrch a maltunctronmg mterface umt can dlsrupt servrce to others In both cases where
system avallabrllty is valued, momtonng and detectron schemes shoold‘be rmplemented at the
headend, in the interface units, or at desrgnated pomts in the cable network to assure that.
jamming devices can be isolated from the network either 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 assocuated with each of these access schemes is drvnded between
the central control equrpment at the headend and the mtertace umts The chorce between
centrally controlled or dlstnbuted communication schemes presen gs a vanety ot trade offs.
The majority of the centrally controlled communications cost is in the headend equrpment, In
a distributed system, the interface units are more complex (and therefore more expensive),
while the cost of central control equipment is lower.: The choice largely rests on the . numbet
of devices using the system. When the number of devices served becomes large, it generally
becomes less expensive to use-a system whose incremental, disiributed, coats are low™® .. A
second fundamental tradeolf is that of cost.and function. -Not enly does the equipment cost

rise with added complexity, but the maintenance costs rise as well.

3'4A¢:tua| equrpment cost ﬂgures are dlscussed in Sectron 3 3

351'h|s is not true if the cost of the central control equipment intreasas stgniﬂcantty with the number ot devices
served.
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The interface unit is comprised of an rf-modem and digital logic which impiements the
communication protocols. The cost of the rf-modem is.a function of t_t,;effrequency 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 simblest and therefore requires
the least expensive central control and intéface equipinent. *Gentratized equipment is
typically an inexpensive minicomputer with appropriate software. The. rf-modems used in
these low speed deviqes are relatively inexpensive. as is the digital‘logic.

FDM interface units require only minimal confrol Loglc Their cost ié-piimarily a function of
their transmussnon speed. As rf-modems are manufactured |n Iarger quanlmes. the cost of
FDM units will drOp sngmﬁcantty Only frequency translatlon ns nggessary at the headend for
point-to-point FDM coimmunications, while the equivalent of a telephone switch is required for

switched FDM services.

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 controt at
the headend for time slot allogation. Contention schemes reguire: sophisticated logic in the
interface units but no central control beyondrequency translation and signal conditioning™

The relative economics of contention and DA-TDMA Woﬁmm&ebeeds depends largely
on the number of users served and their traffic volume.

2.3 Cable system limitations

Privately constructed and operated industrial and campus broadband networks, LACN's, can
come close to realizing many of the favorable communications features_ descrlbed above; the
same cannot be said about existing cable networks. The problems are 'I;eth of techmcal and
institutional origin. The following constrdints wilt hampéf implémeﬁtaﬁon of economical, high
speed data rietworks over cable television systems:

Bnetwork manaoemem functions tor a contention systeni may be implemented in a centralized headend facillty,
but unlike many other access schemes, such a facility is not necessary to basic system operation.
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» Technical :-

* Ingrm and lnsertfon noise due to poor censtruetlon and mam‘lenance of

* Reliability and security problems due to t‘niaédimculty‘ of r'oéa'u”ng‘ the fault or
source of rnterference on the network

. Compahbllity with video transmlalion
- Organizational

*Lack of common cable network specifications and communications
protocols which preclude the use of standard approaches or equrpment. .
theretore not providkiqecoﬁﬁnﬂcs of’scde '

* Large mvestment necessary to retrofrt existin Is;rstem ampliflers and
headends to accofmﬁodafe two way swnched sers rvices.

* Large mvestment necessary to wire cmes and buuldings

2.3.1 Noise and corrective measures
h H . o
Two types of noise problems on two-way cable systems are msemon noise on the upstream

channel and ingress noise inlo "Jeaky":cable cabie sysiems. Noise is important because it
limits the data casrying capacity of-a:cable netwark. Noisa;enten-thesystem at many points
along the cable plant. in Figure 2-3; twelva noise.aoyrcen are identified: receiving antenne at
headend, headend, local origination atydie;.the ank;cabiafissgeat diameter cable; shielding
provides high noise immunity), leakage- at the:isunk. amplier. leakage :at the . bridging
amplitier, the feeder cable (narrower, and therefore lower noise immunity than trunk cabile),
leakage at the tap, the drop cable (narrowest, and lowest noise immunity cable), the interface
unit, and the communicating device (computer or. igiavigionsel). Ioakqge at the line extender
amplifier.

2.3.1.1 Insertion nolse

t] NS

The noise on the upstream channel inthe ylmmty GN;G headoad is: thgsurn of all the noiae
"inserted" by all the units which tap onto tha chaqnel.and the. inssrtion naise from every
amplifier between the farthest subscriber and the headend. Thus the longer the distance
between the subscribers and the headend, the greater the noige relative.to_ the signal.

s
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8.Tap.
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10. Interface unit.

11. Communicating device
12. Line-extender amplifier.
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Existing 300 Mhz residential systems are typically configured to minimize the total number of
amplifiers needed, as opposed to the length of the maximum branch, or amplifier cascade.
This design typically results in some long, noisy upstream channels. The majority of two-way
active and two-way ready systems are tree configurations, and many conﬁnue to be built in
this fashion. 400 Mhz systems do not suffer as much trormljsémon nolse becase, due to the
inferior distortion characteristiés of 40C MRz, ampmm w“m desiqrted { minimize branch
length, i.e., conﬁgured in a hub fashion (see Section 2.1.1. 2).

Feeder cable has poorer noise |mmun|ty characteristics than does dtstributlon or trunk cable.

Significant amounts of netse thereby enters the system through the Iinks between the

interface units and the distribtstion cahl& ‘Commercial users can usually afford, 10 use higher

quality feeder cable to run from the netwotk trunk to the building; theretore, insertion noise
~canbe countereeted. for a price, on mstituttona! networks.

2.3.1.2 Ingress

Loose connections, for example at a subscriber tap, can allow the ingress of outside signals
or noise. This leakiness s first 9[ all due to poor mect\aﬁ‘ a( deslgn and engunbenng of the
cable plant. Even if a system is carefulty mstalted the connectors need to be tightened
regularly or significant leakage will develop. Connectors typically begin tolealistxmoqths
after installation due to the effects of temperature variations on cmemmnah. Atils.
difficult to engineer around a leaky system, on anything other than a case- by case basts

because the noise which resuits is not randomly distributed; therefore, mmmpmy uudf
engineering techniques cannot be brought to bear. C-B and Ham radios neaf: & feaky Cuble
system can cause complete disruption of communications in the lower part of ﬁhe cable
spectrum® [4). In extreme cases, intermodulation into other video bands can o(:t:m'a

e tiVECt 8 : . - 'i

A related problem is interference of data signals with television stghéls on the cablé. Noise
levels as low as 60 dB below the television carrier can cause television interference .
Although the power levels of the television and data signals must be carefully balanced,

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

39Intermodulation results in signals generated at frequencies equal to the wmmddlﬂererm otthe dgnelsthtt
are interfering with one another.




experience has shown the problem of cross-channékinterference to be controliable. Systems
are typically designed to transmit data ‘at power levéls approwimatély 18-dB beélow the level of
the TV signals. Problems of cross channel interference are liikely-to  bé’somewhat more
srgnmcant on older residential systems than on newly mstalted resrdentral or institutional
systems because of rntenor construction and components tn parttcular amphﬂers tended to
be desrgned to weaker specnhcatrons than they are tod3y because tﬁe electromc components
were more costly In addrtron, the older systems wrth smalter channel capacrty pertormed
quite well wrth Iess demanding practrces of constructron and mamtenanée ’

It is possible that ctannels that are unusable for video transmission can be used for data
transmission. In particular, channels 14; 18; 18;‘and 41-carinol be:used for vided-because of
interference to aircraft communications; data signals Wt are propéfly-placed may ot create
such interference. ' Simitarly, each - community cable syswi‘is unhblé to: ansmit va-the
frequenties used by local télevision broadcasters becduse of interferenée rom the over-the-
air signals; data signals may be more immune to this interférence:than are vidéo signals. *

2.3.1.3 Corrective measures

Some of the noise problems -- both insertion and ingress -- can be alleviated through careful
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 connectors 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 upstream trafficita one branch-at a time so
as to limit the insertion norse that accumutates on the multuple brmches ot tree structured
systems. tntethgent bndger’swrtches with mocropoooeasor oontrdl can act as subsystem
controllers. These controllers can perform services otherwise pertormed by the headend, and

can reduce the cost of individual interface umtsi through added functions.*® .

Using bridger-switching in this way significantly constrains the type of communication access

‘OControl-com Corp..refers 10 the intelligent bridger switchd a8 dssa microprocissors. -They are used for fault
detection, jamming deteClion, traffic monitoring, and security subsystem management.
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scheme which cen be.implamented. in pariowian. i-s.incompatible with-contention protocols
which require the channa):to- remain gpen, . in {sct, bridgerswitohing je anly Mfw uae
with-polling access schemes.

An Aalternative t9 bridger switching tar reduction ot nonse is the use of dlgual regenerators on
the upstream channel Lgntlke anatoq repeaters ; m gltt;grhs) wmch ampllty both stgnal and
nonse, regenerators extract the data sggnal and regenerate it withput the noise component

TR RIS T

Regenerators can only be used on a channel that ts transmitting data m enaloq form.

DO DFUHDOETG opest fhn

opposed to analog stgnals such as vmce of video that have not been dtgitized Not all
amplitiers.an the upstream channel would need to:he-replacad:by regenerators; the number
can be adjusted depending upon.gysten apise levels apd the: desimd BNR. .. Retrofitting a
cable .systam 1. uge digital. regeneraios: wauld mvaive: puling -oft, the desired ypelream
frequenciee, bhypaesing the upsisgam amplifies. and sending she eslected sigaals: through 4
upstream amplifier, see Figure 2:4.:. The telaphane Corepany-ueasT.1.(1.544: Mbpa) igital
regenerators extensively, which has brought down their cost to approximately $70 each.
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Hub systems have shorter amplifier cascades, resulting in-less insartion noise on:upstream
channels. All future systems. both resrdentral and mstltutlonal should be desrgned |n a hub
fashion to reduce upstream noise and to Irmtt the need for addmonal componentaeueh as the
digital regenerator described above*!

To avoid interference on leaky systems from C-B and Ham radlos, channels comcndrng with

these bands can be avorded A related alternatrve is to allow commumcatlons circuits to
T T P B RE

sw:tch from one channel to another rf the channel in use becorpes unacqeptably norsy This

145

would require frequency aglle modems and an addrtlonal level of complexrty and control
E e =
capabrlrty at the headend.

LT

Another approach is to use a low blt per hertz ratro which allows for mcreased sagnal energy

€4 B lf‘ ERRTR - T L TN
relative to the noise. Thls optron is constramed by the avatlable bandwrdth Whrle bandwldth
5 vk Lo tag [
may be plenttful now. it rs Irkely to be an increasi ?ly scarce resource in the future Fmally.
SThL 5. §t S

more sophtstncated -- and expenstve - modems can be used whlch allow correct srgnal'

et e b sveaicd b et
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reception even in the presence of nolse

Some compensatlon lor the hlgh nonse Ievel can be achceved through the desugn of the

communrcatron equrpment and protocols Moet packet sc ‘mes'are destgned with the
' Ealesss ARSIV RE A LATNAY

expectatron that some packets will be lost or damageg and therefore they provade for senslng

and retransmlssuon mechamsms‘z

2.3.2 Reliability

2.3.2.1 System reliability

The reliability of a communication network is a measure of the avarlabrlrty and quality of
service. it depends upon the following network chsractbristics: ’

- Noise immunity of the transmission medjym.

“17he distortion characteristics of high bandwidth amplifiers mandate kimited cascade lengths, therefore all 400
Mhz systems are designed in a hub fashion. - . e
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- Mean time between tailure (MTBF) of system components. -

Sensrtwrty of network operatlon to the larlure of slngle components of the
network.

- Susceptibility of the network to jamming.

Broadband coaxial cable (see Sectlon 2 1 1 2) has a hlgher norse :mmumty than does either
baseband coaxral cable or twisted pair This hrgher rmmumty results m specrfred blt error
rates (BER) of 108 to 10° ‘0‘3 Blt error rate |s also proportlonal to the data rate used
therefore lower speed transmrssron can be used to overcome norsy systems Most cable
video channels operate at a signal-to-noise ratio (SNR) of 40 dB.

Cable television is a mature technology, mdavrdual components tend to be highly relrable
Measured MTBF’s lor amplrhers are as hrgh as 50 years Manufacturers guaranteed MTBF's
are as hrgh as 20 years [66] However. tallures are not dlstrrbuted evenly over time. Also, the
additive probability of failure of a long cascade of amplmers rs not‘necessanly neglrgible

The headend equrpment used in slmple FDM or polling data networks ls relatively
standardrzed and relrable Headends that lmplement complex addressrng functrons use fairly
sophrstrcated mrnrcomputers The computers used are not partrcularly new or rrsky, but their
lifetime, let alone their MTBF is srgniﬂcantly less than 15 years, m tact MTBF tor most
computer equipment is measured in days. The reliability of the mterface technologres varies.
In general, those that have been used most extensively in the field, polling and FDM, are most
reliable. They have been well tested and are the least complex. ' ‘

The most significant reliability problems of technical origin, are:
- The |solat|on of faults
- The susceptibility of the netwark to malicious behayior, i.e.. deliberate jamming.
Among the primary faults that can occur in ‘the cable plant are conductive shorts, open

circuits, and amplifier failures. In the case of conductive shorts, signal tracmg techniques are
meftectwe, and reflectometer procewes are not employable because of the amplllrers [e6].

deem.- manufacturers claim that leas than 3% of all cable systems actusily experience BER's better than 10'6
due to degraded signal to noise ratios which result from insertion noise.
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Fuses may be placed throaghout the éable system to improve reliability; as suegested by D.G.
Willard of- M!treCorp 168] T ; '

Mean time to rapair. (MTTR) is as. lmponant 2 Measure as. MTBF,, lsolation techmques must be
engineered, at the interface. unit, bridger. switch.aad headend. layels. to assure service
availability despite component failures. Willard discysses " pllot monilgring subsysiems ™. as-a
powerful means of identifying and isolating component failures. The use of parallel redundant
amplifiers limits the effect of a single amplifier loss to only 6 db. By turmng vanous bndges on
and off, one can then isolate which amplifier has the reducec} gam For mdustnal users. who
demand high avaﬂabiﬁty eehirally contralled fauﬂéstfng ma& be *extendad 1o the chstomer
intertace unit as weft. ' o ST A '

Headend failure brings. all. sommunications 10 a halt;-Therefore, it is: vital to-have. resilient,

replaceable. and:probably. redundant headend equipment altheughthis. conflicts .with the
desire-for mare -sephisticated headend capabilities. - Aggressive maintenance and protection
of the headend-ia sisn important:. Contention acoess-systems,:which require -the. least
complex headend, can be expected to be more reluable than pollmg or DA TDMA schemes.

The cable netweork is vulnerable to.a mety of malicious behaviors which interrupt service t0
network users and are largely unpreveniable via ‘echnical means. ; This is part of a:general
class of problem, called denial of service. whicl is experienced iin:most computer. systems,
and satellits communicagion:systems as. well. i i3 a:simple-matterto siter an interface unit so
that it sends a jamming-signal:on the hretwork therehy. depying-service to: all users-on that
channel: Fault isolation techaigues can aid in.the isolation of tampered iinterface sunits,
thereby limiting the: aumber of usens-that.is: afected: by the jammer. ‘in-.a hub design; the
headend can determine which of the networks radial Arunisa the offending:unit is using. in a
tree design, addressable bridger switches can be used to locate the brarch of the offending
unit: Eventually, alf active coriponents, 1.¢’, line artibiitiel$, ilght tie addressable so that the
smiafiest portion of the neétwork is disrupted. ‘Ofi¢- éxamboi‘i‘if this’prdbiém, Is thé jatmming of
an alarm security channel by a burglar who sib rHuttiles a neigﬂborhood or cify
block, while the:atatifi service bperstor I§-trying 10 105a1 tHié problefn. i the offending dnit
can be immediately isolated to within a block, the alarm system can remain effective; but if it
can only be isolated within a neighborhood, i.e., one radial spoke of a hub network, the alarm
system is worse than ineffective because of the false sense of security.
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it may also be desirable to locate the interface units 88 far fragm the user.as is possible,
perhaps outside of the users’ premises. The mere distance would inhibit: malicious actions.
Currently, interface units are powered from building power supplies, and not from the cable
cable television facilities; thus a power feed would have 10 be' run to' ttié intérface unit as well
‘as a communication cable. Sophisticated networkinly téchiijues‘can ake ue of frequency
agile modems to provide alterate routing capabifitiés to avold fammineéd or rioisy channéls.

2.3.2.2 Security and prlvacy

From the end-users’ viewpoint, the responsibility;: qt the commun)cgtpon network is not. just
transmission of data, but communication of messages and information sgcure fram. invasion
of privacy. = For this reason, network security is often considered as a factor in system
reliability. lssues of message content security are: not Guaiatively different ‘on' broadcast
‘cable: networks than they are on the traditional telepivowe nétworki: e précaution takeft in
both-cases will be end-to-end encryplion. Nevéntheless; »wmmm WeteppMas
‘easier on a broadcast network, where all the waffig: ﬁusesibywafy icustonser.: .

Susceptnblllty of the network to trafhc analysls, is hngher on broadcast packet networks than it
is on the star-configured telophone network {36].: Coiantion echdiwes, inparticular, require
that every unit-on the network inspect:every:packet header that is:transmitted on the charinel
8o that each unit can detect when a packet is addressed:to it. Tis comi'ol scheme lends itself
to monitoring of all traffic on the chanmel: Encryption schemes v not yet boen developed
which can prevent traffic analysis on broadcast (cable):channeis. Ariparticular, this problem
can not be addressed on an end-user basis, as:carsproteciion of medsage content through
encryption. But, most users do not fear traffic mawsawme exwmtasuoh vimerabilities
woulddetermemfromudngmm Db e T :
in practice, secunty measures are ﬁke!y to be leu egmrelx xame u,sar Ims means, that end
end encryption will be implemenjed, of. nat, by “‘Q-MMQQLM&%PY;WQW?*;WW~
It also means that there will be .no secyrity measures taken; against. traffic analysis on
broadcast channéds other than mgm:qnng for foreign d ices M;WQW e i




2.3.2.3 Institutional roadblocks to system teliability

Reliability is only partially a technical problem. Therefore, it can only be partially addressed by
technical solutions. The level.of service damanded: by iﬁlﬂngss data communications users
will not be met by the quality of service 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 tralnmg, andegugpm?ntmmnapeew maylty m the level
of expertise and competence common to most cable companies.

2.4 Summary

Two- -way cable system hardware dlffers from one-way system hardwafe pnmartly in the Ievel
of complexlty required at the headend, the type. of amphttefs used |n the dlstr;butuon plant
and the interface umts used to transmat and recelve sgnab The commumcatlons protocol
also referred to as the access method, largely determmes the qualoty and vanety of services
available; the selection of a protocol poses trade-offs between complexlty, function, and cost.
For simple applications (i.e., low speed, point-to-point or point-to-multipoint), minimal-
function, low-cost methods such as polllng and FDM are best stmed tfor more demanding
applications (i.e., moderate and hlgh speed any -to- any). contentlon}})rotocols are better
suited and are more ecanomical because of the complexity: and: costentailed . in-enhancing
the simpler methods. Maost exisling-cable systema are limited-in their applicability;to two-way
services because of excessive: upstream noise and-iow: reliability. The primary source of these
problems has been cost-minimizing engineering: practices which did not- adequately value
two-way capability; mest of the.limitatians can be overcome-in newer gystems. .

Havmg described the basic network components and hlgher Ievel commumcatlon protocols
in the following chapter we will discuss the service structure opttons and costs associated
with implementing data services on cable television networks.

DR S A AN
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Chapter Three
Cable Television -
as a

Data Transm’ission’Medium: H’A‘nal\ys’is_f

In this chapter we analyze the relative merits of service structure options and their assoclated
costs. The abllrty to communicate with multiple servers, i.e., not only the cable operator at the
headend is found to be essential for’ support of future servrces We begm ‘with a brief
discussion of institutional rmpedlments to the development of data servrcbs. the Tlargest of
which is the market uncertainty Yacu'”rg the cable industry which inhlbits rnvestment in data

I

cnmmumcatrons facimres and expertise

3.1 Impediments to Data Se rvic,e'Deﬁy‘elopmye{\n:t: |

Data communication services will:not succeed until:the subscriber imarket reaches a critical
mass. - On the dthier hand, farge numbers of cibis sydtoms will havé to bé upgraded to two-
way active status before: this ‘critical-mass: develdps: - ‘A "chitken and ‘egg"” syndrome
develops, in which the cable operator does ot want 6 invest in two-way: consiruetion without
assurance of a market, but the market cannot-develop withbat such’ caatruction. - An external
force is needed to break the cycle of mterdependence Concerted "technology push" efforts
by equipment manufacturers, or demands of city cable authorities. mrght provrde such a

podt MR

force.

Another barrier to achieving the critical mass necessary is the high cost of wiring the city
center. It is the area of highest data communication activity but also the most expensive area
to wire. The high cost is due to the density of buildings and the lack of empty pole space.
This forces the cable instalier to tear up the streets in order to install underground cable. In




addition to the cost of wiring the city streets, there is 1@ cost of wiring: the buildinga in the
downtown sectors. Hrgh speed data communications IS not ot much use to a corporate
headquarters rt the data stream ‘must trickle through the hafrow ba dvrrdth of telephone lines
once it reaches the building. Therefore, for full utilization, tﬁ’e buifmrhgs must also be wired.
Thus, effective corporate use of cable must await wider use of LACKNg: These probéims are
diminished inthe more.recently franchised cities, wherq instijutional ngtwork requirements are
included in the francifee:comtract. = For e e aann T

.....

plant. If cable eperators;:and their: finanding irstitntions: were-confiiéint in thecexistence of a
market and attractive revenues, the cable and other necessary facrtmes would be installed.

S At Heb IX341 P
One method for assuring the market is through joint ventures wtth interested high volume
users such ad-banks and aiffikes. m addhro A ﬁ’%@ ;g)is@{ﬁ&f b&ﬁe ‘these joint
LENE R B i W R FAHGL
ventures could contribute to rntelhgent user dnven desrgn of facilities and out- front flnancmg

i3 D e s anHAMOY Fa 0 L iph i
In addition to physrcally appropriate facilities, htgher level commumcatloﬁ*protocols must be
implemented and -standardized. in, order. for .communication, hesed, services: to develop.
Terminal manutacturers, information providers, cable @sevators, amd:beers must all
partncrpate in thns process for |t to be truly affective; a dtthcult rt not impossible task.

ER oottt op pre wonaintoLn s Ao
Even if joint vertures are-not coordivated, itig kel vt many of the major ¢ities will bewired
as-part of residertial cable franchising ajresmients.  incrdashwr numbers of citiesrere
requiring the insteMation of an thstitesional networkiin:thelr dowmmeseicemers 1br government
and commercial - s8ctoruse. Some of these-syshems:are bsing ondlied separately fromithe
residential network** Although local franchise agreements will insure that the institutional
cable will be installed, if 3 markef for these.services.is gL visiple, the systam might.remaip
unactrvated A tmal obstacle to development of the market rs that national service operators

...... jiorss s sl Aty SRR g A Vil I

wrtl be taced wrth provrdmg serwce on muttrple cabte plants whrch vary srgnificantly from one

JiyErey AR YIS jd [ty Y ian

another in quallty of transmmon, and headend capabfmy fhts will place sigmfrcant
st e e S v DSTRIRTG e hie s
importance on media- tranaparent service system degatgn ‘tr%n;action services wrll have to

operate over telephone, two-way cable, and hybrid networks.

~'in New Q’%ﬂ"‘mmww e} % 2l operator (COX Cable).

in“TucsSn, the Indtitutional 466 will be ownd




3.2 Service Structure Gpt‘ions

The service structure optlons for offering data commumcations wa cable must be evaluated In
terms of the two primary ‘mrad,tets.:

- Residential Systems

'+ Banking, transaction, and information rélrieval $eivices, ' requiring
communication between subscribers and commercialservers,. : - -

" Subscriber-to-subscriber commuynications for mail, messaging, and games.

* Home-to-officé communications for grofessionals working-at home.

lnstltutronal Systems

* High speed data commumcatlonﬁ batween cpmmercial and ,Jnstrtutional
users - inter- corporate and intra corporato

* Hngh speed data communication connections to long haul packet network

* Subscriber-to-subscriber comimunications ‘for mtﬁt measaging, facsimile,
.-and resourcesharing. - o

Each service structure implies\ a difterertt | set of requrrements for the communicatton
architecture of the cable system, the physical eaginearing of the cabla netwerk as well as the
higher level protocols used. -Fhe-architecture determines who can initiate.communications,
who conjrola the eatablishent of communication cinciits. who . can be; uniquely addressed,
and-how much.communioation papacity is available 10 ditierent classes.of users. . . .-

=

3. 2 1 Conventional Resideimal Systoms .- Heedend o Suﬁscrlbor "

! oot
[?i L" !

Conventnonal cable networks whlch dr__stnbute video entertamment have srmple and Ilmtted

B SIS .
commumcatrons structures Conventtonal systems share the common feature that all
. GEOEY

commumcatrons are erther origmated or are addressed to the headend

3.2.1.1 One-way Systems

In the simplest one-way systems, the headend transmnts slgnals to aJI pomt”s on fhe network
indiscriminately. Tiered services ei:uip ividt érface vArying”




pnwleges typically accordmg to the monthly service- fee pald by the user. Transmlssuons are
still distributed to all points on the network from the headend méiscnmmately, but only some

nodes are able to receive or descramble the signals.

A one-way information service, such as teIetext can also be operated using a stnctly one-way,
headend to subscnber servrce structure Unhke over the a|r teEtext WhICh uses only the
vertical blanklng mterval (VBI) m the broadcast sngnal cable systems have the optlon of
allocatlng an entlre channel to teletext mformatlon For thls apphcatlon the subscnber ls
equnpped wuth a page grabber and a keypad lor selectlng teletext pages However no

mformatnon is sent back to the headend or the lnformatron prowder

3.2.1.2 Two-way Systems

‘Conventional two-way systems allow for some infgimation to flow from the subscriber nodes
‘to the hefidend. This.capability is most widely used for:sscurity and #ive-alarm monitoring, or
for pay-per-view television requests and billing. Both of tlidse services frot only: wqulre Tinited
up-stream communications; but unlquemrewmty aswell. ‘ 8

A simple, polling, access scheme is typically used for these services. For monitoring and
security systems, there need only be three message states -- alarm unactivated, alarm
activated, and device inoperative. Pay-per-view televrs;on services requrre enough message
states to communicate the identity of the' charivef“or Brogrim being viewed o' the headend;
the headend responds by fogging the requést of thé' subitiiber for bfing: purposes. In the
case of alarm systerits, the headenid responds to any “alanti activiited™ ‘or *alarm inoperative”
message by signalling the local police and fire departrhﬁé’r’vlC ‘or Cable répairman, respectively.
Thus addmonal communications is required between the headend and the pomt of ﬂnal

ST I

message destlnatlon

Conventional two-way systems can also be used for simple videofex Services which:
- Reqtiire limited upstream data.
- Access mformatlon which is located typically at the headend

-Can tolerate long response times typically assocm -with -polling access
schemes.
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The specmcatlon that all subacrlbar roqucm are ”Mcod lgy gha Izndcnd Ia tho fundcmcmal
limitation o! tha convenﬂonal I'mdond to aubacrlbor communlcauo?a muc!ura

3.2.2 Multiple Server Residential Networks

Not all transaction and informaﬂon Mriml app!icatlom can be wopriately aerved by a
single server structure such as thlt ducribod -bovo For oxample banks as prlmary

ol et ey

;pamcipants in the growing tranuction services lnqu will be unukdy to hand over control

Cafnnn sty ixetalet of lgninens

'ofsuchservices.leta!omuccmtogpdﬂvg data, to the cabl eoporator'Theywlll

Dadvaed B obBns oedsin .

require server status on the cable M Mym can conirol q?mu:mdtm with
subscribers directly. A second example ia of a local printing aervico ngh quality printera are
similar to photocopiers in that they are high, fixed-cost items that are used intermittently but
that must be easily accessible. Therefore, as with photocopieds; thd lecal, drycleaning or
local drug store-might olier a;priniing aervios -t locelione ether-than the headend;: they. too
would require server status. Broahand technalegy. raquires shal:sll slonals pgss \eough the
headend. The dillerence between the muliipie and single:sarves.stiuctuses is that initiation,
interpretation, and processing ok.the comn Ao -alloweash M polote Athes: than 1he
headend. This configuration has profound institutional and technlcal implications.

1

3.2.2. 1 lnsmunonal requlromcnts

The cable operator must agres.10. mmmm;nhcowmm ssrvico
and not a programming . or. informetion- pesvice, .., Thak.is, the cabie; pperator. will provide
transmission, wmwm but.will: pat: ke invpived. in. the cantent

Havmg all communicatnons proceswd through the headend gives extansive control of aervico
implementation and quality to the cable operator. This is likely to raise conoems on the part

of other service providers and swheori threspectte: = ..

- The proprietary nature of the data being exchanged,:the inability of the. garvice
provider to control the quality of the user- momoo and

- The umplicationsofcompomm sorvices offarodbymecable opefator in addition
10 other sarvice pravidess. - : O S BRI ot GNP

“Mthoamm.ﬂnwwnm-m information provider itself on other channels.
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anacy concerns are not inherent or unleue to the-ocommunication structure. End-to-end
encryption will be required to msure r‘lty of some daté bdth erﬁpnetary and pnvate, on
any cable communication system. Authentlcatlon of the message source will also be required
in some applications. Both  authenticetion .and -key distribustion: ane-exampias of: enhanced
. services thatnﬁ@th&*oﬁuedbrsew'm prawiders otiver-than:the.cable operator.

The success of transaction sennces wrll depend on the quellty ot the user mterface
- Therefore, service provrders will want direct conter over the rele antaspects of subscnber
. communications. The partlcular appllcatton determmes the Sens vity pf the servnce to the

LT LIS EERRS)

quahty of data commumcataons on the cable network srggal to no;se ratlos tralttc delays, blt

error rate, etc. For instance, an electromc funds transler (EFT) service for banks will be more
:sensitive: 1o bit error-rates tharr will an electroniagame serviea: Similaely, & highly:interactive

service will be more sensitive-to traffic delays than-wiiha baich:aetvice: To:the extant that the
-cable operator. offers services that are equally: sensijive; aemnvice;prowders other dhan the
. cable :operator. will: have -aocess to-adequate iransmiasion; 30avines; sernvice providers with
-more sensitive applications will haxe to:coavince:the openpies ivat.demand is bigh.enough to
~wargant investment in: highenquality iansmission facilities:: Howewer; in.order 1o have true

control over the quality of the.user inleriace, .the service. proxiders;: .and mot the .cable

operator, may wish-to: control-such apglication favel lestures aasi.raspanse . time;.screen
- format, error-handling, and query format. SRR E A 0 RSN SR

B S Titow

It IS llkely that |t the cable operator and other'semce‘prqwders are competlng tor the same
subscnbers. the operator wlll have access to mlor atton and c.ontrol whrqh eould provide

antn competmve advantages The potentlal for abu'sels high ut ,the cable operator controls the

nslmed o Gng 2w

user mterface for competmg servrces (see sectlog 53 .5). For lr;stance\ servnces that use

i SR I " ¥ Trap B 91
hugh resolutron graphrcs can be very annoymg to yse |l the data rate ls S0 Iow that the user
must want for the screen to be painted" m such W rt ls preferable to use Iesser quality

graphics. Therefore, transactlon and mformatlon service provlders are dependent upon the

operator to implement their-servicas-at satisiactory speeds: - .o,

3.2. 2 2 Technical requlrements

The techmcal requirements for muttiple:sérver ddlht‘flunlcaﬁoﬂs meﬂxae‘

A high bandwidth Tink befwae arver angi e HéadafidIn take advantage of
the high bandwrdth downstream Ilnk to subecrlbers
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- The capability to addresas directly multipie servers, or she ability. of the headend to
respond to requests for communication links between subecribers and server
nodee,Ie complehloqlcalconnecﬁvity etwoe

On conventional two-way systems, the vast majority of data travels from: the headend to
subscribers. This ls consistent with' the iarge amoum ol baridwicki: thit is available on the
downstream path, compared to the small amount of upstream capaclty Server nodes that
operate independently of the headend will require elgdiﬁcanﬂy fore upstream capacity to
transmit data to the headend for translation onto down stream frequenclee“' . Ree’ldenthl
subsplit systems will accommodate oniy a limited number of server ‘hodes in addition to the

T8

headend. The number will depend on the voiume of infermafidn W number of subwrtbers

Most experimental videotex systems 10 date transmit all data-via telephone lines. In these
experimental: systems: information: and- soltware - frequently : called upon.- by subecribers is
stored at the headend.  This'is:largely due to tha bottieneck creuted:-by narrowband: local, or
long haul, lines which connect the: eervers to the header. i x'server dttempted to irleract
with subscribers in a “pass through”*” manner, t wouldbe greatly:constrained by this phone
{ine bottieneck, ‘particularly in the: ¢ase of muliple ‘simullaneoas: requests. i the typeand
amount-of information which is to be sefit by thees: videotex and transaction services does
require & high' bandwidth medium, and if storage of requently. used-information’ at the
headend is not acceptable to the service providers, ¥venai move apprapriate configuration is
to allow Iocal servers to commumcate with the heedend and submdbers vla upstream cable
channe!s or other mgh ‘bandwidth medla Altemative rechmﬁogiee such as pomt to-point
microwave, DTS, leaeed teiephone lines, are also pow‘bmtfes fgr’tne tranemfssion of the data
between the servers and the heedend downstream data originated by the server, as well as
upstream data addressed to the server by eubecﬂbers Lk the communication services are to
‘be used for commumcations amonq mulhple computer ". as oppoeedtgo{bérweegn a"fermlnal
and a computer. hrgh bendwidth channeb wiﬂ be needed in both direcﬁons o

Network nodes must be able to addréss each other and: control communications with one

“Thenu\dnﬁmwmhwicdyadammmumnmduowm lndillundamermlly
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active participation, other than thé m




another in a dynamic fashion. This capability requlres that the headend be equipped with a
computer and software that is significantly more complex than thét needed for a simple
polling scheme. In addition, the interféice units of both ‘Setver and ‘subscriber nodes must be
equipped with sufficient electronics and program control to i‘rhpiemeht the appropriate access
scheme or switching methiod. ' S

The connectivity and efficient bandwidth allocation offered by contention and DA-TDMA
schemes are necessary and economically practical whgn rse[vices involve significant
commumcation in both directlons and between many partles Therefore, these are the
preferred access schemes The current cost of these schemes may be prohibmve to use in
residential networks This wrll change but in the mterim other Iess suuted ‘access schemes

will also be |mplemented

Switched FDM or TBM/TDMA services are not well'sulted to *bursty” traffic, since the
bandwidth is dedicated, as opposed to- dynimhically ¥Hecated: “Fhefefore. although they
provide the connectivity, they are inappropriate for multipoint subscriber~to'~se'rver
communications, where there are thousands of "bursty” residentiei nodes

Of the access schemes discussed, poling is'least Sulted {0 fast'fesponse, interactive, any-to-
any communications. ‘Neverthelass, ‘on many: residentiatnetwdiils; equipment avaitability,
limited cable operator expertise, and Interface unit GOSE will-résult:in*an attempt to use pofling
for such applications. One methbd for implemerting’ afy-to:any comirunication: services
using polling is described heré to ilustraté ‘e difficuliiés. The headehd’ polls subscribers for
packets and forwards each packet to the ‘addrabed Beiver-(Viethe cable retwoik or other
established communications media). Servers siliiilafy’ addrads "8l packets 'to ‘particutar
subscribers and the headend iransiates thede MERSE: dMY: the ‘dppropriate downstream
channel. In the case of a confinuing WNéractive:Seacien the Teadend might set up 'd virtual
circuit between the server and subscriber engaged Upon request of a sessron, packets are
automatically routed between the two until the eession is cﬂr;‘npieted Throughput ‘and
response time are critlcal m interactive com‘municatlons, and are very sensmve to the type of
polling scheme used. Therefore, differential polling techmques can be used which adjust the
polling frequency accerding to the Status ot each device;
once every minute, devnces thet have been actlve w:thin the precedmg mlnute are polied ten
times per minute, and devices which have mm Meﬁhe meodane tenthefe rminute

.




are polied every one hundredth of a minute. In this way, faster response is directed to thoge
devices engaged in interective sesgions. The downetrggmfcbaoggq gpergtes in a broadcast
mode, where all subscrcbers listen to a common frequency band far.their commuynications,
but only the addreseed device actually. reads the cmtenta of the qommunjcation Although
technically possible, polling schemes are not optimally suited to highly inte;;active, fasg
response communications among multiple servers.

3.2.3 Hybrld Residential Networks

One method ot achrevmg the switched multtpomt two way communications capacrty required
is to use the telephone network as the upstream Itnk Thie method has been proposed by
AT&T as a means of deiwering vrdeotex and transaction eervrces “ The subscnber usep a
modem and the standard telephone lines to communicate requests and"inforrnatron to the
sarver. The server them transmits the. addressed data ef-repiytp. thmcableﬁmm,vta
leased lines, and thehaadendeendeiuemeaubcpsihwes the appeopriate downsiream
frequency.*®

The advantage of a Khybrid system over a strictitr telephonebased videotex system.:! is the
higher bandwidth availabie fer.downstream commuaicatians,. High-teaglition graphics lakea
long time to transmit.aver the. narrow. bandwidths auailable.on lelephone links. The.advantage
of the hyhrid over a two-way cabie system, is the.exisiange of-the Jalephone 48,2 ubiquitaus,
addressable, ypstream madium. which. avaids the.cost of sateolitting: ong-way.cable systems.
Hybrid, systems do. entail_the .isherent disadvaniages: ok ceerdinating the. organizationsl;
pricing, and technical operatiens between the-telaphene: and cable-sempanies, in.addition to
tying-up of phone facilities for veice communicalions; in pasticulas; the: resident is.unable: o
place or.receive phona calls, and the: iplephane: axchanEe A PORERCeSs loager:halding: tmes
(see section 4 further diacussion of data.communicationy,wia islephone lines).

fain e

Their success is Iargety dependent on the relative attragtiveness ot interactrve servrcee that
,,,,,,,,, t e 15]

ATET wil offer subscnbers as compared ‘t thoee which cabie operators could ofter AT&T
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ooy mrie owin ovpe i e
Seminargivenpxnmniss;qygn VR, W n AI&T,HWWonWMDW
Universlty October, 1981, =
Tt Yidg 3 38 1 Sl

mbmmm“mwrommmmunwmmmmummmmm
vit the 1lephone, and receives data oW the downstream chimnel = :
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has technical, caprtal and mstltutronal resources to draw together a hrghly attractive service
package. "Ythe cable operator desrres the most attractive package in order to attract
subscribers to cable. It is ‘possible that the increamd number of subsbnbers, and resulting
revenue might be significantly higher than the revenue lost from subscriber fees for cable
provided information services. In addition, much of the: subssritier lerminal development
would be left to. the telephone company which has.the ability and capital to develop the
technology with the proper econamies of scale. Use. of telephape lines for upstream
'transmission woulid also allow cable operators to meet some franchise agreement schedules

for two-way services.

3.2.4 Instltuttonal Service -- Point to Pomt and Multtpolnt

Unlike residential networks mstrtutlonal cable networka wrlt lnmally be used in place Of leased
telephone lines for paint-to- pornt applrcatuons aqch as large file trgnsfers between the offlce
ofa mulubranch company, or as a means oj ac_cegsrng specialized cammon carrrers Many
cable operators will benefit from the "data commumcgnpnsexpeﬂence" of thls basK: pomt -to-
point service, before developing more sophisticated multipoint networking services.

i B NI A

Advanced data services are best served by a switched m~ultipoint net\‘lvork; bata networks
using cable technology in a switched multipoint configuration are currently in operation in
industrial plants and ressarch campuses for communication within and- between buildings.
These methods could be appliad in the institutional markaet over the next five.yaars. One
example is the communication natwork needed:io intetconnset automatad. telier machines
-and bank branches. /ncreasing dependence onihigh spped communications:within corporate
offices will increase intra-urban communications requirements.

3.3 Costs

Cable is a high-fixed-cost, low-uariable-cost induatry. Cable must ba Jaid and:programming
acquired independent of the costs per number of subscribers. \'he princlbel variable cost is
the interface unit. in the Casam dattl communichﬁons !ervteeﬁ‘ tNeSetJn"ttsﬁt’é signiﬂcantty
more expensive than srmple converters in eddition the heedend facilm&e for data
communications add fixed cost and cormmsity Qm mmmmuomon&\mll shamly; rncrea,se

labor requirements for servicing and maintenance of both CPE and the cable plant.




In this section we examine cost estimates for cable based services. Cost estimates are
derived from recent cable franchise proposais [43] [20] NCTA statistics and research
conducted by M. Akgun Government of Canada. Department oi Communications [3]5°

3.3.1 Basic cable System Costs

The cost of traditional video distribution cable networks consists of the following: headend,
CPE, cable distribution plant instaiiatron, pperatrons ‘and maihtenance, and programming
fees. '

The headend for a simple "community antenna” costs approximately $105,000 dollars. This
number includes the cost of the antenna ior receptron of oyerrthe arr srgnais Satelllte earth
stations are an additional $95, 000 for two. The cost of the headend per home passed is from
$15 to $25, assuming that penetration grows from 25% In the first year t0'45% in the fifth
year®!, CPE for basic cable systems consist of television ‘Gonverters which are low cost items
in the range of $50 to $80. The lnstaitation coet aSsociated wi‘th bnngmg service into a
customers home, is from $40 fo $50 [13]. ‘

Table 3-1 illustrates typicai 1981 pnces for cable, dlstrtbutlon plant hardware components
, [37]. '

Cabling ¢osts vary depending on the:density of the area being: wired.. Urban centers are very
expensive, whereas rural and:suburban areas are not. Aeriad: Installation costs range from
$7,500 to $15,000 per mile ($75 to $150 per subscriber), $2,500 10:$5,000 per mile are labor
costs. If there is.not enough capacity in existing -ducts or -aerial:poles, the cable company
must dig up the streets to instali cable undergrournd. 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

SOWe 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 represetative of - noii:rural arelts 'and: is comparable with' the 110
subscribers per mile frgure used by Akoun .

5 These estimates of headend cost, per hmiepmd,uqlarp«pmnnmmenmnbiees-aw 3-3 because
in the tables the cost of studio facilities tor video programming Letuted mately

52Ftot:erts L., Karp, P., "Companson ot tranamrseion medta for Locai Aree Oommumcatron Networks" Paper in
preparation; tivailable from P. Karp, Amdax Com:; livine,



Tabte 3- 1: Distribution plant component prices{1881)

Coaxial cable S 0.35/foot
Drop cable 0.31/foot
Amp1ifier 7 1,500.00
Power supply (amplifier) . .. ..400,00

Tap foﬁ powar 30.00

4 port tap h o },»_:16.00

8 port tap ' ' 35.00
Br1dge tap | 36.00
Splitter (2-way) - 31.00
SpYitter (3-way) ' 8 Cht 48,00

1/2" connector T 300

1/4" connector .50

1/2" terminator 3.50

1/4" terminator - : ' A .80

4 Port interface unit B 4,800.00

home passed by cable thérefore ranges from $1 75 to $300 given a 50% penetratnon rate. the
cost is $350 to $700 per submriber -

The operating expenses of cable systems are similar:in most respects to other businesses.
Unique expenses includetopyright fges, 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:gystéwis bave: iowar operating costs of 45%
to 55% of revenues. These expenses consist primarily of technical maintenance staff. The
NCTA suggests the following average maintenance costs;

- Headend maintenance and repair: $3,000 per year.

- System maintenance: $75.00 per mile.

Programming costs for new systems in large metropolitan and suburban areas are estimated
as high as $1 million in the first year. The operator pays in the neighborhood of $50 per year,
per subscriber for pay-television services such as HBO, Showtime and Galavision.

Local programming expenses vary considgrgblyvqepe‘nding‘ on the Vfranfchise’ agreement.




Some recent franchisea include entire siaffs for local:origination;. while pthers include none.
Net of advertising revenues, the NCTA cites local programming expenses at $2,500 per yee.r"3

3.3.2 Two- way Resldential System Costs
Two-way resrdentidt data communications wilf eritali the ioiiuwirig sdditional costs beyond the

RT3
basic costs described above: an upgraded headend, more sophisticated CPE, retrofitting of
existing one-way cabie plant3, addition of appropriate -eduibn?&itr to compensate for

upstream noise, and increased maintenance and service requirements
Ca %,

At the end of this section we present a table of cost. a.pproxmetwns ior three hypothetical
residential systernsiof increasing sophistication (see Teoireis-z)_.w o

3.3.2.1 Headend and Customer Premises Equipmenti —

The cost of an opgmdedtheadend includes the cost of the:handwareand:software required to

......

management addressmg. network management and . Qgi1 Petwork servi
Therefore, the cost will vary depending on the capabilities desired. Aithough the costs of a
sephisticated headend for a:large-system.oan-neach afew snillioa-dadiars;: it-is still relatively
amall. compared:to.the buadred: million delias, tolak systina ipstaiiatiob.gost. : A 1878 study: by
Haeﬁepmetpi:(?mmms mmwawngmmmuqummm ‘headend

sastsfor systems sasying upto- 100,008 anbacribers: - - O SIS R FA I T N ST

G e S e . . STy . '.

-$160,000: Yetetext™ R cmeTa

- $325,000 -- interactive polling.
- $600,000 -- digital switohing functions.

- $950,000 -- packet switching functions.

N S S SRR IR TO RS e

&Thhnumberisveryiowposslblyasnresultofavereoinotooethersystmwlthmdvivitiioutiocaiprogranuning
facilities.

S G bl G LI BT T @l AT T TR
s‘iithesy’stomisbeingnewtyinstailed.aeopposodtoretrotitted.lheretrotitthgcomdonotapply.
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The headend used in the Cox Cable videotex system, Indax, will .cost $2:8 million: [20]
. (assuming the system accommodates 50,000 subscribess, 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, js $32.00 per suhscriber).  -This
_ difference, $17 per subscriber, for the most part reflects.the expense of implementing Cox's
higher speed (0.028 Mbps, see section A.2.1.2), broader . capability . infarmation and
communication servicgs, relative to Warner Amex's polled transagtion, services which are
rather limited and infiexible(see section A.2.1.1). Both system headends are more than ten
times the cost of a basi¢ ona-way cable tetevision network, $105, Mfsee Table 3-2). -

Cox Cable’s two-way residential interface units, whrch use.a 0.028 Mbps Q. 223 btts/hz)
contention protocol, will cost between $200 and$25055 For comparison, Warner Amex
estimates approximately $100 per subscriber for a simple.polling unit and.an average set-top
- converter for video reception costs approximately $50. ‘

The cost of FDM mterface units vary accordrng to modem speed and are typrcally upwards of
$500 a prece DA- TDMA units run as hngh as $4000 in current productron quantmes Because
of these hlgher costs FDM and DA- TDMA access schemes are only consrdered feasrble for
‘ mstrtutronal systems at thrs time. These numbers are more a reflectron of the percerved
‘elastrcrty of subscriber demand than of the equlpment costs Interface umt costs for
vmoderate to hrgh speed data rates wrll remam hrgh untrl they are manufactured in much Iarger
quantrtres - Amdax Inc. manufactures both FDM and TDMA cabte rnterface umts for data
communications. The ri- modem portlon of the interface umt currently costs from $200 to
$300 for a0.128 Mbps modem manufactured tn quantmes of 1 000 Thrs cost is expected to
| drop in half if manufactured in quantrtres of 10 00658. The cost of the logtc necessary to
implement the commumcatron protocol wrll drop as LSI and VLS| costs drop, but, f

T

components are currently dtffrcult to |mplement in LSI

5“-’Thns cost estimate assumes significant production increases, and related economies of scale. Cox estimates a
total cost of $33,871,000 for all feeder cables, converters. and CPE rn its New Orlcans network [20]

56Zak Kong, Director of Research, Amdax Corp, personal commumcatton
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-8.3.2.2 Cable Plant
Cox Cable estimates distribution plant instaliation costs' of over' $15,800-per ‘mile ($159 per
subscriber) for the NéWw Orlearis Indiix syStem “Watrner Amex éhtiiates thiat it would cost over
$15,000 por-ivile-of asrial-cathe, and-over $26,000' per tifle of Underground Cabte institlation

" in’ Miwaitikee. Iricluded ir'this cost are the' cabte’ iant componens’ hamely' amptiiers ‘and

“bridge’ ampfitiers, aré installed at @ frequency of .6'per nille, and Cdst $1500 eacty {$9.00 per
subscriber, per‘mlle) Themalorlty of the cable lnstauﬁuoh EoBts: aretﬁﬁbr relateu '

These costs refer to construction of new cablesysnm- Tbosol&moclatod with madtng
existing systems, to allow for two-way services, is also relevant lor analyzing the comparatwe
‘economics of using cable systems for data communication séivices. Retrofitting of twd-way
ready systerhs to two-wdy active systéms ivolies InSeHiBI 6t iipitréim amplifiér modules nto
- &l amplifié? boxes. Thess modutes cost in the reightsihodd of $10." & 1976 Cablesystéms
Engineering Ltd. study estimated the total aveige cést oF retrdfitting ‘a mils o cable to be

$783 lor densitles of 110 households per mlle ($7 57 per subscriber) Retrotlttmg ot older
O T

systems whlch are not two way ready could approach the cost of lnstalllnq a new system

: PR VS i : s ARATH

; ‘These older systems ordlnanly requure upgradmg‘trom té“’channel to 30 channel capacity
ﬁ The upgradmg process mvolves replacement ot all cable plant amplltlers and brldges lt the

itransmrssuon performance ot the upgraded systerznmis eutflclentﬁtt;g amph?ners used to replace
the 12- channel amplmers can be two way) ‘as well) One wafyp }mgod;ﬁca?on modules typlcally
cost $340 aplece, or $204 per mlle ($2 04 per subscriber) Itis estlmated that the per mlle co&
tor rebulldmg a system Is $1300 ($13 00 per submnber) moreht}han the cost of upgradlng an

exlstmg system [55] In many cases the transmlssion pertormance ol‘ these modllled systems

”‘.S: 3’! Q. B im ;,r‘lv "‘
may not be adequate for two way date,communlcatlons and the resulting hlgher mamtenance
. L. 1 {gi o b
costs mlght outwelgh the hlgher cost ot rebunld;ng Warner Amex estlmates that when trouble
DG Hw oo : IR NS VRS SERT!
calls reach a level of 10 per 100 subscnbers per month lt becomes economlcal to rebuild the

system.

Corrective measures that control upstream noise levels are necessary for two-way data

E N. Chislett, et al, Selectablmy of CATV SQrvlces Cablesyatems Englnmng. June 1978 Contract Report Clted
by M. Akgun [3]. : 5 :

58510000to$ts,000amlle slnoemostoltheseoldersystemsareln ruralorwburbanareaswhsrethecabllng
costs are not as high SRRy BT :




communications over existing cable plant and will contribute to the retrofitting costs. - Bridger
Switches cost approximately $360,.but are typically instalied at the ime.of system installation.
As proposed earlier, digital regenerators might be installed. in.neisy systems, in conjunction
with bridger switches to clean upstream channels. The dligital \regenerator hardware
potentially costs approximately $70 apiece, but no one manufaciures cable-ready examples.
Pigital regenerators are manufactured for use in talephene plant.and requira modification for
use in cable plant; initially, this customization might raise 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
services being offered. Warner. Amex estimated the following plant. majntenance expenses for
their proposed. Milwaukee system:

- Salaries: One plant technician for every 2,400 subscribbers; Six preventive
maintenance technicians per every 1,000 plant miles. Total=$220,000 for the
first year5°

- Converter Maintenance: $4.15 per converter {this number should significantly

_increase with increased sophistication of the interface umts utilized). Warner
Amex estimates that they recelvé an averagh ol‘ 25 troubié calts per month per
100:subscribers. - - ‘ ORI Lo

-Pole and Conduit Rental: $160 per mile ($1 60 per subscnber) annually, and
$2,000 per mile ($20.00 per subscriber) annusily, réapectively:

Software and service costs assocuated wuth offermg videotex and other transactlon serwces
are largely unknown. ' ‘

3.3.3 Two:way Institutional System Costs

The total insta’liatibnm cost of an institutional systery is‘cb*tharéiré’tb that of a residential
system. ngher ‘per-mile cable installation charg%s are oﬂset by the typically sma"er
geographlcal coverage of the unstltutional network. "

59The particular numbers cited in this und other franchise proposals onen raﬂect demands made by the local
cable authority. -

60Retrofitting is not relevant since most existing Institutional systems wers recently boilt.
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Institutionat network headends are ordinarily'lower iff cost than fssidential headends because
the ‘system codts for the high dpeed communications seivicew-are offilvaded: énmo the CPE.
Residential transaction and’irformation’ services” riquife that midie control and software
compléxity reside in the headend. Institutiofial: NAWOrk: headéndé sre not equippsd with
antenna for over-the-air reception but méay be ‘eguipped with'asatelite dish for connection to
long-haul faciiities. importantly, the dlasticRy’ of deinand for date SOMMunicition services in
the institutional rarket is ‘msch fower: than in e ‘résidential ‘maviet. | Thevetore: higher
interface unit costs for higher speed services are tolerated.

The services and equipment costs offered on instituficri;i neMoﬂ&smost cicsely resemble
those offered on private LACN networks. ‘But,“EACN' Hiéuiderids ‘are significantly less
expensive than institutional, Cable telévision, retwork hetérids- LACN headbnds act strictly
as frequency translators, and do notHave the faclities fot recepBon: of ovai-theslr signatd. in
addition, most LACN's do not implement information and tran&aéii6rr $érvices at five headend.
Therefare, thay do not require a headend rinicomgutaer :and seltwaseof-the same complexity
and size.. Amddx Inc. offers a single channet DA-TDKEA ‘systein, Cableneét, wnhuose Mbps
user data rate and 14 Mbps aggregate data rate over two channels (1 bits/hz). The headend
is specified to ‘serve up 'to' 4000 user reeasens“ and: costs: $8760 ($2.18 'per user
location) [37]. Interface umts, each vnth four ports, cqst XX f gqfece in, urban systems. the
cost of the headend is likely to be increased, so as to offload the price from:the subscribers as

__,a multlple cbgnnel contgntion LACN whrch runs at
2 Mbps (0. 33 blts/hz) overra mﬂsmm ueay: mm,a M:p& SMsMchem
accommodates over 100 128 Kbps contentlon channels over 10 mrle drstances, the user data
rate is 0.019 Mbps [11] The headend ls specmed to serve up to 100, 000 users and costs

$3500 [50].

Digital Communication Corporation (DCC) offers GAPAG. 8 DA-TRINA systeny which provides
user channels, from. 1200 bps (0,0012 Mbps) up 19 .1.544 Mbps (0.257 bits/hz) on a demand
assignment basis User node costs gre on me orggr‘o{ QBOOO, a cen;ral node for an
institutional cable system costs between $50,000 and 75000, Thege relatlvely hlgh prices
refiect the higher data rate offered, as well as DCC s position as the sole current supplier of
equnpment with these specrﬂcahons Table 3«2 glves estimates of breadband LACN system

61Ear:h user location on thenelwork-scconwedetes up to four devices.:
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Table 3-2::Breadbandiacahome Detiwark-wendor prices

Controllds S RARLE YRRV R e
4 Port . . 3,000 2,400 =, . AA00
16 Port. T : A 200

t

User data rale 656 kbps W/A . 19.2 kbps. .- N/A

X

costs for intra-plant networks, as opposed 1o intra:efty Tiétworks®2,

To summarize our discuasion of systent cBsté we present below approximations of system-
campenent costs for three residential cable systems of increasing sophistication (see Tabile 3
2). The resideritial swtgmgsgq ﬂans§9med to serve 50@00 subscribefs, ‘100 subsqr“ibers per

mile;’ with appromuy -20Rk: ito m penetration oﬁwhanced senncu 'Fhe finstitulbml
systém is assumed to ha&q §OQ b

The following table (see Table 3-3) contains rough estithates of the typical costper subscriber
for cablernetwork facilities (capitgheasts) and system emeraion{egerating costs).

64 Calculated for & 1,000-station system.
82Roberts, L., Karp, P. ibid.

655ecause there is only one inalitviional sysiem in operation this numbaer is.nat repcessatative of any k8. avérage.




- Table 3+3: Cost'profiles ot fousgystems -

Components de-way ready ﬁarner Amex Cox Insti;gtionnl,
Headend $160,000 . $1,100,000 . 2,800,000 $100,000
$3/sub $22/su $56/sub $2007/sub
CPES® $75/sub $100/sub’  $260/5ub®? $600-$4000/sub
Cable $7,500 to $100,000 per mile installed; $7.50 to $160

per subscriber, Actual cost depend@ supgn amount of pole.
and underground duct space availabTé. $783 per mils of
cable retrofit,ted from one-way to at,ygp way; $7. 83 per .
subscriber. - -

Table 3-4: Typical cost per subscnber {assume: 50,000 subscribers,

100 sybscribers/milQ). . oo oo

Basic headend : $3 TnlEy ° Hed@end muintenance 30,06
Satellite receiver . = $2 § AL:W ga%&qnanca -$10
" Extra for interactive $650 rogram material $50 .
Studio equépmeat - - $20. = memmmu C g0
Customer equipment $80 SR < )| 9‘;& % . $10

Extra for interactive $40 K minrseration $20
Installation $40

Cable plant . $360-$700- - - .0 osie

Total - $600-89026 -~ - - Yotal- oo $140

3.4 Prices

It is difficult to know what the tariff structures of two-way data services are likely to be. This
brief discussion attempts to identify possibilities. Currently prices refiect the local monopoly
status of the cable operator, or prices of the closest competitor, thetglephone company.
Cable operators do not maximize total revenue minus total cost (T RTC)Ra;her, because

66Cusmmer premises equipment.

B 67'ms estimate assumes large production volumes which-are not yét in produciion.




currently there are excess channeils, the:value assigned tg a‘channel is zero, and the cable
operator maximizes total revenue minus marginal costs (TR- MC) Thls assumes that there are

no opportunity costs in using a channel.

Current residential cable tariffs only reflect the charges to subscnbers Charges for
interactive services follow a similar pricing structure at rate plus a per usage charge
Warner Amex proposed a $29.95 installation’ ¢harge ahd a $4.95 monthly fee, for its 72
channel basic service. The so-called municipal service:ig $45.00 inglallation charge, and-ne
monthly fee. This service offers 12 channels of communrty programs, and access to home
security (at an additional cost). The Warner Amex Qube service mcludes 14 channels of
teletext, games, polled interactive servicies; etc.. There l§ a $19‘.95'tnst‘altation charge,'Wu‘th a
$4.95 monthly fee (note. there is noume charge). Cox Cable's mdaxproposed service tariffs

2_00 In‘stauatlon“ plu_s,jsg 5;§1g per IDQ‘lth for secuntxi rnonrtonng systggts, :

The only exrstmg precedent for mstltutlonal tarltts are those charged by Manhattan cable
(MCTV), see Table 3-4. These tariffs were set primarily so as to be competmve wrth tetephone'
leased line rates while maximizing revenues. It is likely that ipstitutional service will continue
to,be priced in this mannek, since the threat of entry, of an alternative inslitutional service, due
to high prices islmjnimalfajsg., Instajlation charges arg $150 to $200 per end, depending upon
the data rate, The Cox tariff is.proposed for the New.Orleans Instifutiopal cable. institutional
interface units are in the $1000 range.

In addltron to subscnber tarrffs, future two way servrces wrll mclude tanfts charged to other
service provrders The only anatogous servrce on' vrdeo :systems rs Ieased access, m which
the cable operator leases a vrdeo channel to another programmer Typrcally Ieased access
wo,u!d bercha{sad to commercs.awamesaf : 'ewdmee tee 'mespusm_acs%ss f%&f@d o.n'v
to downstream transmission. There is lttie precedent on which ta base estimates of the tariffs
that \rvould be charged to servers, by the cable operator, for a "communication service".

68It is possible that with the introduction of DTS services this situation will change and rnstntutional servrce rates
will be forced closer to marginal cost.

MCTV, Manhattan Cable Communication System, Montlily Leese Rates; Juhe 1, 1080,
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Table 3-5: MCTV monthly leass nates, June 1860

Bit rate’? Cox Cable MCTV

1200 bps $37/month $145/month

2400 bps  $56/month ’Slﬁollmo’n‘th ;,
4800 bps $110/month  $200/moath’t . . . .
9600 bps $230/month ~ $300/month -

19.2 kbps  $500/month '3420/month (synch)
66 kbps SlOOO/q\onth ,v’$475/mnt,h (;ynch)
1.64 Mbps  $1000/month = $1000/month (syach) - .

Service' structures in which the headend is the' 'orily ‘serier would tiot' entall a
"communications” chargé te' other parties. Instead; ‘arangéments Betwden information
service provnders. such as banks CompuServe, or Lexis. would inmauy be established on a
case by case basis

7

Eventually, both servers and subscribers, are likely 10 be ¢harged’on'a usage sensitive basis.
Only in the case of dedicatsd charnnels, or axtremely It Wwﬂﬂm rates rémaln In Usé.
This need for usage sensitive pricing % due to-the increasing Margindl oSt of nfost systems,
i.e. performance degrades with heavy Usage. The ridsom thatit-will fiot beciir immediately, &
that until the communications facilities are minimally load®d margiHai’cost is not Incredsing,
and therefore the cost of monitoring usage is not justified. DA -TDMA and contentlon

v RN T AT v U Y

schemes in partncular can suffer from abusnve overuseu_e_f the fiat rate servooes beeausek‘ef the

.....

degradatlon in servnce that is expenenced wnth severe eveﬂoeding

Cable network fees are likely to be Ihsensitive to milgage; since ell‘dommtmicaﬂdns ’Q ibcal '
Communications which travel off of tHe cable network will e chirrad according to- '
of the communication facmﬂes over M'ﬁch‘ﬁte’ybave!‘ lel, lhifé éodm‘bepeswdfmouoh to

e 3
HEE T i By

the user. - -

mBit rate per 6 Mhz channel.

71 This compares to a cost £.$400/month. including interface unit rentel for 2 isased voics grage line.




Many institutions are strongly adverse tmhawng 4\;@1 Mstructures remain as the model for
communications pricing. In fact an alternattve to AT&T pncmg methods could be the primary
attraction of busmess users to cable ugage, bey_on?ghe ayarlablbty of hi gheg :speed and
quality services. Other technologles with which cable will be 6ompetmg wﬂl face the same
challenge. Ma;or users m Ne;y York f ce‘a 40% mcreeae gn their cpgmunrgatrons costs over

the next year. Users are ananUs to ﬁro ect tﬁ ' s frof t!hegsf‘raté increases.

3.5 Summary

Networks that will support future servicés must aocommodate éofnmunlcatnon with multiple
servers. The costs incurred, above and beyond’ ‘the costs” assoérated w‘th traditional
networks, are concentrated in the Headend, interface’ gujuipnteﬁt,% fisifténance, and where
necessary cable plant upgrade and nolée correction easires. THE ¢ spphistrcaﬁon of the
services provided will most significantly affect the cost of the interface equipment. Prices of
existing services bear little relation to costs. Charges for institutional services for the most
part reflect the prices charged for competing services:bliedetf ¥ the:&lphirfé: company.
Resndentral charges, for those servrces that are |n operat;on, are tier structured Rate Ievels
are drfhcult to predrct pendmg more data on demand elasticitl

z, HEL

_ We have presented our analysis of cable &s a data t’r‘é’niiﬁtésioﬁ*niédfﬁfh?inclﬂding'technical
complications ‘and remedies.; :: We have  also- discussed the: implementation: decisions
associated wlth higher level communtcatron prdtoCOls fﬁ“bartlcum abcess schemes In the
next chapter we compare the antrcrpated performance ol M&Wﬁtﬂﬂ aystems with
servnces proposed by the phone company and other speclat carners for the 1982 to 1985
hmeframe | o .
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In this chapter we describe two alternative transmission media for residentisfand imstitutional
regional data communications; the, ielephons locgl, logp and Digitel, Termination Sarvice
(DTS). We find that these media will Gampete with two.way cable teleyision | for the residential
and msmut'qnai d@tg’gggpmgnm?n, ma:;kg}a btg %gg&ggbgq ;em?o Q,Qcqulo,gx is supeﬂor
to both the telephone plant and DTS in many respecis.

4.1 Telephone.local loop

Although the publlc switched ielephono network ia refiable and suppons up‘”to 2400 bps two-
i3 e 3 7y N }' LI Hatss .

way (full-duplex) commumcaﬁons or 4800 sp8 hailf W it's o meer‘éd and tariffed for

volce traffic. Several charagferistics,ol the PSTN make i not wall suited fordgtatiaffic: -

- Analog transmission requites: cosverstaw: o digital \data. signeis. : The:-pastioular =

higtorically d W‘mﬁ 2 o
frequencies, um':n:mtmlledﬁgp R! 'RB W coﬁ W -
‘rhakerit mw "i cdffoing ert! gvsomn “
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- The statistncs of data differ with those of voice The Iong connection times
experienced between terminals and computers, are disruptive to the operationsf
telephone company switches which are configured with a suitable number of
trunks for a 3 minute average connection time (holding time). On the other hand,
for computer-to-computer connections over which only seconds 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 receive data at a much greater
rate than the bandwidth of the twisted pair. Between bursts, the line is idle.
Smoothing the traffic by buffering the data is acceptable for some applications;
for others, the delay incurred by buffering makes the application inefficient.
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The use of voice tacilities for data'tratfic leads to high access.cost and contention with normal
voice service, in-addition to.suboptimaltransmission characteristics. The telephone company
or the user experiences excessivé 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 achieved over
unconditioned lines. Modems can be leased from the telephone company or purchased by the
subscriber independently (so tong as they are FCC approved).

AT&T's Digital Data Service (DDS) ehmmates the need for modems by supplymg digital links,
at speeds up to 56 Kbps, directly to the subscrlber In addmon Ime error rates are superior to
those of most vonce-gm_de lines. The service is offered in a tumtteefjnumber of cities, at
relatively high monthly T??é*-ﬁ The monthly rate for a 2.4 Kbps DDS line, within a city center, is
approximately $250, while a standard, analog, leased fine, within a city center, is only $100 per
month. Monthly rates for 56 Kbps DDS lines are m theﬁ&iﬂtowwmnce

The advantages of end-to-end digital transmission serwces for data contmumcatlons are
clear; but, the majority of telephone network Mc is voice. Usmg exustlng digitizing
technology, the transmission of dlgmzed voooe requures more bandwidth than does
transmission of analog voice. Nevertheless, the cost of the components used in digital
switches is dropping so rapidly relative 1. the cost of-apalag switch components that the
overall economics makes it increasin‘gkI{y»WOr"th'wﬁﬂe to use digital transmission for voice
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services too; this contributes to the trend towards an all digital network.

The largest remaining bottleneck in end:to-end digital Service'is the-tocal toop. The following
section will'describe two communications technologies: whith Wive been described by the
telephone company in the technical-literature, for digihal ratsmisdion over the existing local
loop facilities. In addition to the technical detalis; we hope 1o idehtify the cost; maintenance,
and impitementation difficulties which will impact e ‘attractiveness oftheseéervbes relative
to cable television based services. o ' ; e

4.1.1 Circuit-Switched, Digatal Cwabiuty

Circuit-switched, digital capabmty (CSDC) refers to a 56 Kbps, alternate volce/data circuit
switched capability (see Figure 4-0). {2] Gustomers wslt danl acatl using. endmary touch tone
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facilitios. When the call is set.up-they will be ablé to signal tha switch to allow transmission of
56 Kbps digital data. They will ba able to switch back andforth between tranamming analog
voice and transmitting digital data at any time during:the call. - S

" e Existing Switches
: ® Btanderd 2-Wire Loop

Network Access o Alternate Analog/Digit>:

" Intertace

G&——— 1aess

/

4ESS

o - -
i TAESE } o 4ESS
‘Network Access interface
BeXb/s -

4 Wires mglnl (Dal:)
2 Wiskeu AnalagiVeoise)
2 Wires Mode Centrol ;

Figure 4-1: Circuit Smtchedmgnar(:apabimy AN: Long. Betl
. Laboratoripa’®).

A new transmission technology, tiir‘le:4¢::mpréssi¢$n mulhplexmg (TcMm) [2], allows full duplex
56 Kbps digital trangmission. using the gxisting two-wire subecsiber loops. Switching is
achieved via minimally modified telephone company logal switches and unmodified toll
switches™. The expected: market-far this Sapability is. nstitutional- users for applications such
as high speed facsimils, bulk data.. translers,,.and- othes; .compuler to. computer
communications. The CSDC. architecture is.very :simiiar to that of existing - voice service
facilities, therefore few difficulties are foreseen in its development-and maintapance.

"2This figure was provided by N. Long of Bell Laboratories/at-a Seminar enttied New technology and the focal
loop; CommnacaﬂonsPoheyRuoarchProgmnm M.l'r c.mbnage mmm. 1981
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4.1.1.1 Costs

One circuit termination line card is required, per subscriber, at the subscriber loop interface
to the local switch, in addition to the circuit termination card at each 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.e., quantmes must be suﬁ' cient to justify
production of a TCM chip: s o

The alternate voice/data channel unit is shaved by mumplensobscribersfmd is only in use
during a data mode call. An average umt serving 10 subsqnbprs ig gstlmated to cost $1000,

tmig

yielding a relatively small cost. per subscriber, $100.

The cost of the software module, whlch will be mnortlzed shpuld be in the range of $10,000.

This cost will be dlvnded over the number O\‘ subsoriberdﬂmma smi!t:hw5

The services will be offered by the local operating companies Equst 'accésefn‘iles that apply
to standard telephone service will largely be applied. ta, GSDC, i.e., inter{aces to the local
telephone companies’ faculmes will have to be made pubhc and accommodate other long haul

* l i Ty} A R R R

carriers.

4.1.2 Data Above Voice (DAV) -- Local Area Data Transport (g&DT) services

Local area data transport services are intended to provide residence and business customers
with network inferfaces throligh which they can atcess a packet swifched metwork, primarily
for communication with’ véndor data' bases (seé Figure &:1).'° Applicationes include Home or
busiriess, interactwe mformatron systémS' securlty. and mérgy*mahagement systéms '

S “i"‘?;' ;t" .

The serviceis designad to provide moderate speed (1.2 Kbpsto&&bmim commiunications
to "bursty! ‘users in the -home and small-businessas. ' in addition, -the-data capability is
designed so as not to contend with: traditional veice services for the use of transmission

Estnmata are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalite of Bell- Northem
Research, February, 1862. J; McDonald of MBX inc., formerty of TRW-VIDAR, estimates that both the network-ai¥Cuit
termination equipment and the incoming line card to the switch shouid be as low as $300 each.

nnnotclearexacuyhowmebcdhbphomwmmyﬁﬂpumlmehadtmﬂﬂ.ﬂﬂﬂpuswﬂch,or
$10,000 for one version of the software which would then be copied 1brums o other: locsh awitohes: -
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Figu re4.2:; Local Area Data Transport Capabmty (N Long. Bell
Laboratories’® ).
facilities between the subscriber and the central exchange. Packet smtched data transport
facilities are most appropriate for thése classes of Usérs ihd a\ﬁﬁh%aﬁ'oné ’ o

i By ‘2‘1!\4“ IS

The user will access LADT vig. me same wire paluqsgd“(gr mge telgpbpqe service. Data
circuit .equipment _on, the  customer's. premises .and. ling. injgriace. cards, at the central

exchange will put the digital data signals in the frequangy specirum. above, the analog voice
signals, a technology referred to as Data Above Voice (DAV)?’. Using this technique, the data

circuits wilt-niot: conténd -with. woice' telephone wsage: (as: dees; CSDQR), but -wilt: operaté
simultanegusly over the sametwisted pair. Fhe interace unit wilkhdve a data-input port whioly
will conformito intemational date communication standarde™.: - . - o Lo

Toid R o
T ong, N., ibid.

T8COITT communication stardand:X.25, el 1
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The voice and data will be separated (filtered) and the- voice.will be passed on to the local
switch. - At theentrance to-the'local switch; the data:signals will be connected to a port of a
statistical muttiplexor. 'All-data-signais will:be ‘concentrated and: sentto a packet switch via 88
Kbps lines. ;

Infrequent users of LADT servlces 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 th_e
occasional user would be provided via a standard modem and the dial up network; When
used in‘this. manner,; use:of the facilities for data would preciixie voice.communications.

Unlike, CSDC, the packet architecture of DAV services offers-new chalienges to the phone
company”. In addition the residential information and data markst is bit yet developed.
Therefore, near term offerings of these services are likely to be experimental.

TN TSR P8

4.1.2.1 Costs

The ‘data crrcuut equupment on the customers pr:emlses and the entrance unit hardware
requrred in the central offlce wrll cost between $200 and $400 mstalled"0 I volumes are large
ldfdrop srgmlncantly81 The
statistical multlplexor will present somewhat of a barner in tha i,usa hlgh fixed cost |tem To
|ustuty |t there must be a critical mass of subscnberg;to LADT based servrces in the same

enough to warrant the use ol custom LSI these costs

local area. Nevertheless, it should result in a fairly inexpensive 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 reptessnts. a larger
departure lor the Iocal telephone operatmg company, m terms ot technology and trxed cost
than does CSDC Thus. LADT serwces wnll be mtroduéed more slowly and m few cutles ata
time.

79Although other telephone-switch vendors already offer DAV capability (e.g., ROLM, BNR, etc.), these services
have not been offered on a city-wide scale.
l P 4
Selscor Division markets an Integrated Data Voice Carrier (IDVC) systern otlermo snmilar capabilmes at speeds
up to 8.6:KKtips, over: 3.6! mile rurs; for $534. New York Telephone is: curmniii-esalisiting this pmeduct. . - -

a‘manmwm ew mmmam htneu MWI\
Research, April 1882, : i




All facilities, including the packet switch will :be:owned:by the local.telegghone company.
Therefore, equal local facility acoess and:interconmection -will: e providerio: all fong: haul
carriers and packet network services via & standartiinstworic-to-network interisce. ATAT has
already introduced proposals to the CCITT for new standards to govern DAV.

4.2 DTS

Iin 1981 the FCC approved a: petition- by the Xerox Corponsliian to allocate spectrum in the:10
Ghz band (10.55 - 10.68 Ghz) for a high speed, local, data communication service called
Digital Termination Servicé (DTS)®. In the ehsiing Télr “‘Many specializéd carriers "have
submitted requests for licanses®®’ DTS uses a ﬂxed“&&ﬁﬁhfra&i& técﬁﬁﬁue whereby-Géérs
communicate with one of ‘fore Toédl hides which Th tim Chmmunidate With \onghaul
facilities. One or more nodal stations communicate with muitiple user stations within a radius

of up to 4 miles.

The user experiences data rates up to 1. 544 Mbps TDM is used to transmit from the nodal
stations to the user statrons. white users transmit back to nodal stations. on a TOMA or TOMA-

DA basis. Within 4.5 Mhz of bandwrdth an aggregate dafa rate of 8.4 Mbps is achieved (1 2
bits/hz). The cost of a DT§ system is currentty quoted at $11 500 per user staﬁon and
$117,000 per 120° central node sector“ |

4.3 Comparison

Institutional cable networks wnll compete for the commercral data commumcatnons market
with existing telephone services (DDS and leased Imes) future telepﬁone servlces (CSDC).
and specialized carriers (DTS). Time will prove to be a determining factor in determining
which of these services dominates any particular market.

Xerox originally called the aervk:e XTEN
83 pptar observing nmw casviers that oliered nmm&emmum 10 them,

mmmmammwwdmsmeﬁ
Telenet estimates that instalied costs are approximatety $113,000 and $400,000, respectively.
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At rates up to 56 Kbps, CSDC is an anractlvq alternative-4p institutional cable service. But,
there is no reason to believe that market demand“v-vtll‘ etop at 56 Kbps. In those cities with
moderate amounts of traffic, CSDC wnll be adequate But ln thw cities with large demands,
or with installed institutional networks cable services wm Wnd 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.

[RE AT H I

DTS has the advantage of low construction costs relative to institutional cable; but, if the
institutional cable is already installed, this advantage gisappemsS. As was exemplified in the
LDD-Tymnet-SBS, experiment (sea Section A.1,2.2), cable and DTS .gomplement each other
Therefore, in those cities that_have mstltutional cable ne gnqk thq advgntage of DTS is
unclear, unless it is ysed to complement the cable jacitmes, l,n thoge cities that da not have
institutional networks, DTS is attractive on a cost. p,a.s;s It will be many years, before DTS
equipment drops in cost low enough to be of interest in the resudenhal market.

LADT is a very attractive alternative for the residential market. The total ,gost of upgrading the
telgphone local loop for DAV service is estimated 0 be somwhag less than that of upgrading
a two-way ready cable system for comparable services® For semces less, than 8 Kbps, the
ubiquitousness of telephone facilities gives these aervices a tremendous advantage In
addition, the star configuration of the telephonenetwork oﬁersmuutv and fraud advantages
over a shared channel cable architectuté s&e ‘Section’ 2. 3’5 2 Olﬂﬁé other hand, there is no
telling how long it-will tahe for M servicea 10 bem wdelv&vmlable W whpn they do
become available, whether the peak data rate offered will be’aiigdquate. In the mean fime, the
development and avatlabllity ot cable services could consume all of thos apparent advantage
As in the mst;tuttonal market all three medm. as well Aae‘ others wm be a part of the
commumcatnons backbone The charactenshcs ot the parttcutar commumty and compames
mvolved wnll determme the outcome

Having presented and analyzed the technical characteristics of cabfe-television networks as a
data communications medium, in the following chapter we briéfly reé@év this information from
the perspective of cable gperators.

85gnowden, Personal telephone communications, February, 1962,
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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 industries that both
operate the communication conduit and sell services over it, whéthiér pay television, videotex,
or electronic mail. In thig chapter we outline the policy context of data communications via
cable and propose how the regulatory tramework of cabte television mtght be most suitabty
adapted to data communication appllcations o ' ‘

Cable television networks offer peak communication data rates that are orders of magnitude
greater than the telephone company’s narrowband ‘Ioctiflooo"“Tﬁé "local idop”, i.e. intracity
communication facilities, is an important but weak ﬁnk in the U.S. telecommunications
network, as Charter et. al. note [18].

The availability of diverse communications services ‘can provide powerful
leverage for greatly enhancing the nation's information-based economy.- The weak : -
link_now in providing, advanced commumcagons services, 10 ousmess and the
publuc is at the local distribution level. The diversity of sefvices possible through
local distribution is being inhibitéd by traditional views on Jacal distribution and:

prevailing regulatory policies.

The use of cable lelewsron networks for data communications mvolves a technology and an
industry, both of which already exist, but for wholly dlfferent applrcatrons Cable has boen
used principally for home entertamment televns:on sugnal transmission But gwen proper
system design, it is equally appropriate for transmtttlng and recelvmg data to and from
residences and businessgs. Data over cable posesfundamental 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, federal?
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- Should the operator of the network facilities: have full eontrol over the services
provided over the network?

Cable is currently categorized as a broadcast service and is only minimally. regulated by the
federal government. Operators are granted franchises, and given local monopoalies by local
governments vvhich last typically lifteen:;ygars, In contragt, telephone and most other
transmission services _are regulated as._commaon. Qarr_iers _by . both ,state-and federal
governments. Common carner requlatlon tradmonally lmpues rate . .of return regulation and
two lundamental behavnoral stipulations:

1. Services are made avarlable to everyone ona noh dlscnmlnatory basis and

2 No control is. exercrsed over the content of the commumcations

The drchotomy set up in the Communrcatrons Act of 1934 treats common carners and
broadcasters qunte drfferently Broadcasters are glven control Et:loth over therr transmltters
and the programs ‘or content of ‘their broadcasts Indeed they areMd accountable for the
content through such means as the Farrness Doctrme and commumty semce rules gl‘n
contrast ‘the common carrier controls only the condutl or transmlssion medra over whrch
communication srgnals are carrred and is speclfrcally prohlblted from exertmg any control
over the content of those signals. The 1934 act granted the Federal Commumcatrons
Commrssron (FCC) junsdlctron over both sectors,r wgth a separate set ¢ oj provrsrons for QaCh-
in addrtron the act stated that services regulated under one set o{}pmvrsmns could not be
subject to the other set as well. Until rec:enng it was not difficult ‘Q»,.S’?te;fm'ﬂ??,!’h!@
communication services belonged under which category. Today, just as the dichatamy
between computing and communications, .has lllurred as a Tesult of technological
developments so has the demarcatron between certain -commen, carrier and broadcast
technologies. Home and business information aervrces are prqposad which will deliver text
and data via broadcast medra which are tradrtronally used for entertainment video television.
At the same time, broadcast two-way television services use data communications for polling
subscribers. ' ‘



5.2 Regulatory Jurisdiction

5.2.1 Background

In the 1988 Southwestern deciston™ the FCC's roté in cable reoulatlon was deﬂned to include
jurisdiction over all ‘services Which were "Enéﬁlary 18 broadcahtiné"' The Sole furiction of

AT

cable operators at that time was to rebroadcast ovel thar air télevision signa‘ls “dnd the
Communications Att of 1934 Had grantad the FEE jrddittio véﬁll ‘Broad’castfn

7

IR

The FCC's 1972 Cable Television Report and Orgar®. set.fortb tqgerat constraints on cable.
In addition to channel capacity requirements, the order included a two-way capacity
requirement for all systdins ‘Serving Major markets. The requitement stated tHat sach plant
should have the "techmcal capacity tor non-voice return, cor mumcations"k but did nat
require that the servnces be a?twe Although the FCC rgc gmzed that gpj ve two -way | services
were premature. the rationale behind such a ' egulatigt was to Iimtt tg‘te) costs tor addmg two-
way capabmtres in the future In June ot 1972 the FCQ ntgdmed this regulatnqn by restncting
local franchise boards trom requmnq more stripgmt two-way requsrementsm Thg FCC was
afraud that some requnrements |mposed by tocal bodros uuld be beyond the state ot the -art,

and would prove prohnbrttve to the cable opera!gfs

BT

in 1975 the FCC opened &n mvestrgation into the' vrabr’lity of mamtammg the two-way
regulations® . The cabie industry was eagé? 6 ﬁave e re‘quiremen{ rembved Because the
market still showed no signs of producir\é révenues ‘for the operators the extra cost of
mé&fﬁng two-Wway systems was viewed as ovéﬂ bur&‘b’r‘tsomé The indbstry clatmed that the
Exira cost was anywhere from 10 to 140 percént higher for two-way capadity systenis that also
satisfied the new channel capachty fequireménts. But the FCC faintained its position that the
very high cost of rebuilding # oh¥.(ay System warranted the relatively small additfonal coet

(SRS PR

United States v. Southwestern Cable Co., 382 US 157, 1668.

]

1834 Communications Act, Section Il
Cable Television Report and Ordar, 38 FCC 2d 143, 2 February 1872.

Reconsideration of Cable Television Report and Order, 38 FCC 2d 326, 16 June 1972.

8 B B

Notice of Proposed Rule Making in Docket 20508, 53 FCC 2d 782, 784, 3 June, 1875.
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incurred in building with two-way capability from the start. " The FGC did limit the requirement
to ‘only those systems with. 3500 or more subscribérs; 0 as not %o burdén dmaller, less
‘profitable systems. ‘ BRI '

The Jurisdiction of the FCC was questioned. under . the N.AR.U.C. decision®’ . which
concluded that two-way cable communications, which were.non-¥gice were not. "ancillary to
broadcasting”, and therefore did not fall within, the jucisdiglion: of FCC regulation of cable

television established in Southwestern. In addition, they were withia the iglrastate restrictions
of the Communications Act of 1934.

In 1978 the courts acted to severely limit the FCC‘S junsdnctuon ow)er cable by overruling the
agency's authority to establish local access. requuemnts 1, Tha-PWo-way requirements were
also struck down. The basis for the decision was thel these tequirements byrdened the cable
operator with common carriage responsibilities. The communications act explicitly.states that
if a media is regulated as a broadcaster, that it must be exempted from common carrier
regulation. Therefore, so long as the FCC chose to regulate cable “ancillary. 10 broadcasting”
(as stated in Southwestérn) !he FCC dould not endorce the tommon’ carﬂag& !'equwements
By this time, however, two- way cgpabmty had bggoine a cruclaj element m the franchusmg
process. " ,

5.2.2 State and local regdlétioh and federal breen{p(bn

The Congress and the FCC currently advocate increased deraggl?tlon of cable at the federal
level. This leaves the states and municipalities to apply regulation as they see fit. In the past
this responsitsility résted with the’ muriicipi“franchisivy bodies. B! as the ‘ihtiuence of the
federal government recedes, the state legislatures and public utility commissions (ISUCs) are
playing a larger role. So longias the’ cable:sybtems remain:intrastate; the emphasia on local
and state regulation is in accord with jurisdictional pracedent.. ...

One foreseeable probiem with State regulation of cable is the documented tendency of State

91leonal Association of Regulatory Utility Commissioners (NARUC) v FCC, m RR 2d 393 US Appeals District
Court, 1976. 8

92Mldwest Video Corp. v. FCC, ACLU v. FCC, US Court of Appeals for the Eighth Circuit, 21 February, 1878

8t



governments to protect existing industries; in this case 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 liries and thereby forcing themselves beyond state jurisdiction; assuming
that the operators gain rights of way from neighboring states. Simitarly, the FCC or Corngress
‘might react to seemingly unfavorable state regulation by preémpting state jurisdiction if it can
show that proposed state policy would distupt national ‘poficies, i.e., inconsistent state
regulations could prove a barrier to standardized nation-widle service, just as local regulations
could prove a barrier to coordination of state-wide {?gulatign.

The 1976 report of the Subcommittee on Communications of the Committee on Interstate and
Foreign Commerce of the U.S. House of Represertatives recommended that State regulation
should be relied upon more heavny. with simuttarieous leSsenhg of local and Fedéral
powers [19): ; ' : ‘

The federal regulatory role should be confined to those aspects
requiring. national delineation of standards. Sych argas should:be
defined, and where federal preemption is called for to avoid
interference with federal objectives; the logic of preél'npﬁoh should
be explicitly stated.

In their work on electronic publashmg, Neustadt et. al. [47] propose three criteria for 1udgmg
federal jurisdiction: i

1. lsit ancnllary to broadcastmg?

oyt

2. Does it fall under the common carriage. sacuomsedlou 2. of the communications
act?

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

There are three areas in which the federal govérnment might then preempt local and/or state
regulation:

1. Content regulation.
2. Intrastate information services, i.e., data base access.

3. intrastate transniksion.




Preemption of content reguiation provisions are likely on. the basis -of resulting First
-amendment .infringement. . Similarlyy: under ‘Brooktrasen™;: regulation: of intrastata: vates for
information services might'be preempted to prossow slivergity of conterdisources. - oo

Yai

The most difficult case is that of intrastate transmlsglon, Fedequ p{eerqg}lon was expl:cltly
struck down in NARUC 1I*! because tog. fitle evidange was.pyt ferward to show that local
regulation would hinder Jegitimate. natigm] pglu% The 1976 &4 jttee report [19] stated

RO

vvvvv

Jocal sglep-hgne.reW'eﬂon and therstozg,. t was 995;389'9%%'9-3 Qnewmwwethatme
federal government does restrict locgl operaling. companies trgm_pifering. Information
services over their local loop facilities and therefore, federal regulation to assure somg;ggg,rge
of separations or leased access on cable facilities is appropriate (See Section 5.3.5). In
-addition; use-of cable for data communications ingresses: thie - possibitity: that-national policy
will-be disrupted-if no:-federal coordination. is: allowedfor. - indight -of the proposeéd consent
‘decree between AT&T and:the Depastment:of Justice, theiesue:of actess lees. and the
relative competitiveness of locat operating companiesiscahinereased importance™. -

5.2.3 The Local Franchising Process

Cable operators apply to local governments for city franchises. A board or committee of the
local government detines a set of criteria to be met by all apphcants These crlterla are
minimally determined by federal regu1at|bﬁ;. 9:6 )Vtwt;gway 'ready capabll:he;, 'maxlmum
franchise fees that can be required of the cable operator by the city, etc. The franchising
process has become highly competitive, and requires significant resourcese:om: the pa#t ofthe
cable operators, particularly in the larger cities which pramise large. markets™, Competition
has led prospective franchises increpsingly.to promise two:way agrvicgs in an gffort to win the
franchise. R
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After applications are submitted, they are reviewed by a commitiee of the local government.
In the past, community .groups: have attempted o overses the process {0 insure adequate
community input. . Nevertheless, .the-gelection 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 mdre sophisticated anﬁaaa resuft it Is éven more
difficutt for the local governmenits to bisth define Fealistic tranchise ‘teGuirements and to make
intelligent and informéd decisions. The involvement of ‘the lo6al commercial sector in the
franchisé definition and selettion process could fend somie téchnical éxpertise necessary. On
the other hand, there aré potential cohfiicts of interest that might arise between commerdial
and community interests Currently partlclpaﬂdn W poténﬁal comrﬁérciai users of cable is
mlnimal '

During the next two years the fnanchising process will:come 10 a: close:in most. of the major
cities in:the U.S. in the meantime the refranchigirng process will-begin as- fifieen year-old
franchise contracis beginto expire. Municipalities, opeators,-and users will have:to adjust to
a new set of issues and procedures:associated with:this.phuse of cable development and
operation. In Section 6 we discuss guidelines for making the refranchising process a more
enlightened one with regard to data communications.

N 3 N
:

5.3 Cable as Carrier and Broadcaster

5.3.1 introduction

The appfication of cable systems to data communications raises many questions as to the
proper categorization oF cable as'a broadcast mediafi; i aduitioh, antl-competitive and first
amendment issues are of increased importance because of the expansion of ‘sérvices
possible over this medium. Cable could confuse the separation of-carriage and cuntent
because operators control both facﬁmoa and progrmnmg‘ This"eemnedwml aiso has
anti- competmve |mpl|cat|ons Others argue that anhough there is only one cable system per

syl
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City there are other competing communication services which prevent cable from acting asa
true bottleneck, such as over-the-air television, leiewnéne -digital radio, digital microwave
{see Section 4).

If cable does become a significant and unique carrier for information services, it is important
that many diverse service-providers be rented access to the cable facilities for transmission to
the home®. There is concern that the entire spectmm of the facilities not bg occupied by the
cable operator’'s own services, nor that the cable operator be given ultimate discretionary
powers in refusing or granting transmission :service. Historically, common ¢arriage principles
have been relied upon to regulate the use of bottisrietk resourcesin our society. : ‘

To date the FCC has not clearly determined what the tcue role of these services should be -
broadcasting or commaon carrier. The FCC has hesitated to effect.a separation of carriage
and content in cable in response to the argument that without.cantrol 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 réference to their sérvices as "common
carriage”. Common carrier traditionally connotes strict entry and exit regulation, in addition
to rate of return regulation, separation of control over content and carriage, and non-
discriminatory offering of services to all®®. Many in the cable industry fear that if the state
PUCs perceive these new gervices as competitive with the telephone company, that the PUCs
will attempt to regulate cable according to common carrier guidelines. They believe that
given the capital intensivaness of installing a system. and the long payback period, rate of
return regulation would make their services unprofitable. . In. particular, the cable .industry is
concerned that their premium and pay-per-view, television. profits 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 operators remain concerned about the
separation of carriage and.content, and about.nan-discriminatory aceess requirements which

mIn earlier sections of this report we have provided substantial evidence that cable is indeed a unique medium for
two-way data communications.

Offering services 10 all entails a commitment to buiid facilities on demand. This is discussed further in Chapter 6
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might be placed on cable servicas, including entertainment video. : ‘Henry. Geller and. lra
Barron convincingly. argue-in-a petition 1o the-£FOGC: [27) that-veguiation. of cable services
should be on an individual channel basis, as opposed to a system-wide basis, since spme
parts of the cable are used for traditional broadcast services, and some parts are used, or will
be used, for two-way communications of varioo$ types. This woeld-insiire’ ¢able operators
Sufing the ‘public ‘#étr use of the cable

their fair profits on’ pay-per-view services, whita i
spectrum used for "communications*, as oppusedto "broédc&éﬁng"(see 5.3.5).

itis tmponant te examine what cemmon. carrisge Mimm tmplies. and ‘why the
protections that. it implies are importani-for-cable data.spmmupications services. If: cable
represents a unique communications channel for residential homes and commercial
institutions then" it s reasonable to consider the cibig’ speétium- to''be a limited resource,
which is "affected with the public interest.” ¥ Prideding seétiohs of this‘teport support this
notion, i.e., in many communities; cable-will indeed be‘a uhiqiie’shd’ usefut medium for both
private and public sectors. It i$ in the communities' BéM Thtétests thatafly unique medium be
accessible to all partieson a nqndiscriminatqry basis. _

In Chapter 3.2.2 we discussed the need for muitiple serversystema in some detail. It is in this
capacity, in which the cable operators have no effect ort the contents 'of the communications
between parties, that they might be asked 16 Operaté In the spirft‘of a‘cémmon carrier. The
separation of control over content and carriage colild obviate-the need for special regulation
of cable carriage services. The opérators’’ cofifict ‘of ‘inferest betweén renting
communications capacity to other séfvers, and oMeriiiy services ovir thie mediufn which face
competition from these other servers would be shimiiated.” -Complete ‘separation is not
feasibie in the iminedl‘ate future for écoriomic, pofitical, and‘institutional ‘réasons which we
discuss below. '

Given that the conflict of interest does exist, the community ‘i’ éoncerned that the cable
operator not infringe on first amendment “rights by monop&izﬂm ‘a medivm of
communications, and ‘that the operator ot engage” i ariti-compettive: 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.

100} 100e, Treatise de Portibus Maris /Hasg Law Tracts 78 cited in Munn-ve Hinais 84.U.8. 113 (1877).




in particular, by contiolling alt'‘channels on the cable metwork the operator potentially exerts
excessive control over conteit andl thersby {imits thie tiversity:of volces ahdintrnges on First
aiendment righits of sublscribers and: Sther programmers.  Foddly, these drguments carry
added weight ‘due to the anti<cOmpetitive implications of ‘moRopBly’control’ over data
communications services via cable. It is not only a concern for the pnvaterestdenm
commumty, but for the commercral mformatlon servrce busmess whrch plan to offer cable
based servnces as well e g banks catalogs, other vrdeotex servers, and entrepreneurs
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Neustadt, Skall, and Hammer Sutling thie' threa types of- mgulatton tha! mlght Be apptted to

“alectrshic publishing™ [47}, or for ow"ﬁurpdses two w&y ditta:

. v : 'Aii PR o
1 Content regulauon promotes the provrsron of pubhc lnterest programs. exclusron .

" of offensive afd Megal naferial; and ﬁmgof»aiﬁumpﬁcitv o wévtbotnts‘m“
Lheeotio s '
2. Economic regulation promotes reasonable, nondiscnminatory rates and rate
_ structures

i

cim i

- 8. Structural regriation: promotes eibeiemcy eomaetrtm de diversity of control: As -

Neustady, et. al, paint out, *(rlecent requlatary acti %g;’ have focused in this area,
on the theory that competition can achieve many' of the goals of content and

economic regulation."”
Structural regulation is important in establishing a balanced industry structure and regulatory
environment which will foster and encourage many diverse parties to develop information and
communication services. Economtc regulatton will devetop over time to compensate tor’
inequities which the structural regulation is not ab“e to offset 6ontent regulation is not

necessary for data and information services if stru gt‘t?réf ‘i"ﬁd’ economlc r‘egufattons are able to
assure Hfat a momtioheity of volces has access to'ttie ediuim. -

5.3.2 Content regulatlon .

ST

Content regulation, as applteg to television broad pg, was an attempt to address the

G

Ly

——

B (TS

‘°'rme iIl, Communications Act, 47 U.S.C. 201 (1934)
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scarcity of broadcast channels'??. It is argued that these regulations:have not enhanced the
quality or variety. of programming and have meraly served to.limit the First Amendment rights
of the broadcasters, In the case of data, scarcity.is also a concern but content regulation
does not appear to be an appropriale means of addressing the problem, for reasons
described below. '*

Because of the transactlonal nature of the two way mformatlon servnces dlscussed
subscribers do not require the "protectlon" that some content regulatlon is mtended to
provide, i.e., from obscenities. This transactional nature provides for user discrimination, not
necessarily available on broadcast television where. there are.a scaycity of channels (other
than by turning off the receuver altogether) tt is also rmportant to note that the mere quantities
of information avallable from non- broadcast tq(ormatton sennpes make enforcement of
content regulations infeasible 04,

In the provision of communication services, content regulation is particularly undesirable
because the implied responsibility for matters of content prevents the operator from behaving
like a common carrief: a far more apbfoﬁriate modet for a cornmunioa’tidQSffacilny.

102The area.s m which content regulatuons are currently applled by the FCC mctude

- Farrness doctrlne equal treatment of edutprial subject matter.

- Personal attack corollary -- right of an individual: to access in ordar 10 defend himseif/herseif against
personal attack on the media.

- Political broadcasting rules -- equal access to all candidates.
- Local origination -- channeis where the operator is the only designated proomrnrner{
- Obscenity -- restriction of certain material considered offensive to the commuriity.
- Advertising codes -- legal and fair advertiging practices.
1(J"‘*Content regulation is not applicable to regulation of data communications services, in which the service
provider exerts no control over the content of the communications; but, the inapplicability to information services ia
somewhat less clearcut.
10‘The 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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Rate regulatr_on is used m the case of most publrc uttlrttes, mcluqu telephone, and could

concervably be applaed to cable 'The oblectwe is to limit the utihtys ablllty to extract
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view tebvrsron On the other hand given that the cable taclllty is to some extent a unlque

municipal facility, it might be desirable to restrain the potential monopoly power of the

operator. SR
Access or service charges will be paid by both subscnbersand lntorrnatlon 'service,provldera,.
Subscribers will pay fees to the cable operator for access, and/or to the data base vendorbtor
the information which is accesséd o7 providéd. el atioed tes are allg'gaay ‘monitored by
the locat franchise-bomrds and staje Jegisialures; . Regulstion.of thedaie base rates is widely
viewed as inappropriate because of growing competition in the "informiation’ Warketplace”
which is believed will effect-efficient priging.im pamiomlar; we: arm:hesitant: to" mandate
“proper” . rates for pieces. of injormation. Thersiare cthare -appeags: 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 serwces. the sutuation is analogous to a specialized
common carner operating m the local loop ‘But, because there is generally only one cable
system per municipality and the franchise i is granted by the coty. monopoly power does exist in
so far as the cable facalmes oller more than other avanlable Iocal loop facilities do (i.e.,
bandwidth, transmlsslon quahty, etc) There are two pﬂmary concerns assoclated wrth this
monopoly power. The first mlght anse if cable operators want to use all upstream channels to
carry ‘the return traffic of pay per view telewslon or lntormatlon servrces, instead of data
communications services. They could set the access rates to data commumcatlon users high
enough to disuade potentlal busmess users whlle still complying wrth any structural
requirements set out in the franchise. The second concern is that monopoly rates will be set

too high above marginal cost, resultlng in the traditional monopoly mefficiencies of
excessively high rates and accompanying underutilization.

Rates charged to data base vendors wnll undergo even more distortion because cable
operators will typucally be actmg as data base vendors themselves Therelore there is confllct
of interest between selling carnage capacity and competmg for the sale of mformatron and
transaction services. The cable operator could use excesswely hlgh rates to dlscourage
information providers from using the cable medlum. thereby retaimng a monopoly for the
operator. As we will dlSCUSS in the tollowmg Section 5 3 4 structural regulatlon is Inkely to be
the most eflectlve means of preventmg such abuses, although it ls probable that at times'

some economic regulahons may be needed to account lor remammg market lmperlectlons
EORE VI f

5.3.4 Structural regulation

There are two elements of current cable industry structure which in combination might lead to
abuse: ' ' - ' o .

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

2. The practical- monopoly- mem owr cable -facilities within the
franchised city.

If cable offers an advantage over other eompetlng media the oparator could wield significant
monopoly powsr; resulting. in excessive rales, 85 woll-gxcessive control.over the content of
communications.




The cable’ operators argue that cable is not a monopoly’ since there are ¢ompeting
technologles, eg., telephone, airwaves, neWSpéﬁerﬁ For certhili sérvices alternative forms ot
distribution afe equally attractive, ‘But, for wide Banawiadl, e way aﬁ:ﬁi&aﬂdﬁé “éabie oiters
a clear” advantage' ' E8t” exafple, one:wdy textudl nformation might be jist’ as ‘Suitably
transmitied Via dver the' i teletoxt™"8, whetulls Ve bt graphicsor High speed comiputer to
computér communicafi oﬁs ‘id ot dvairabie’al cdtﬁparabléﬁo%% any Gthet existing Tacilities
(ee Section 4y '"Content dhd ‘ecoromiic regu?ano}fh SUNF Hia appied In' Bh attempt 't prevent
abuse. éut it'is” moré “sffédiive dnd éfﬂ’é‘ieht to Yétack thé ét‘ﬂiﬁn of ’fﬁé“ﬁroﬁl&m 1é the
strictare which permits SoRflict of Interest. £ pret (ATORY peitne
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of competing companies. Therefore, entry policies are not effective at this point inme'¥? oo

Lintitatibns on verticat integration by defihition would entait some Sedhes of separatiohs policy
1t istlate the controt over carriage &hd comtent. Limitations o Wowiota-mtegration would
also entail some degree of ssparations. HorRzoOWIM WSOt FENF3’ 16 the control ‘over
multibfé: channits: If cable opérators’ give' up 'cortrel Bviria-portion SO channcis orvithe
caibfe they will neveritieless B iBdpbnsibié tor e caiviage b thosé Sightss. Therblore, on'a
pomonvf the ne'thfk they wouad be actim}ds enhmb?ohu Mh B’équtvalent‘ﬁ nw
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Separatlons would require that the cable network operator completely separate its signal
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108, cletext information is transmitted during the vertical 'blit\ldng

108 clusive franchise contracts. may be held in vielation of antitryst gwa, see Communjty. Communications -Co.
v. City of Boulder, 630 F. 2d 704, 1660.

[s f1 alev S RN
16’EWe might omagme that in the luture. demand will exceed the aupply of cable channeis and at that hmo entry
provisions regarding additional cable facilities may be effective.
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transmission functions (i.e., carriage) from its programming nggms (ie., content) . The
cable operators insist that services would be sacrificed by limiting, ¢ the mcentwes of cable
operators to enter both markets In addltipn thgy teel mat m rder tQ attract an apequate
revenue stream, control over the entire package, both r;ontegt and transmlssuon, is
necessary'®. The cable industry also argues that sepasations. regylation i I$ in abridgment of
both the first and fifth amendments:. the first thraygh constraint 9f gontent, contrQl by the
operator, and the fifth througb con;tramt Qg due ?rchgg {,}ﬂ}ﬂerggplg operatqr to earn a falr
return_on the facmty In,_support of their, ﬂr,st}gmngmnt f ;”_’lonl the Natronal Cahle
Television Assocratlon {NCTA) has argued that 'ca;;!e ystems pyld pe treated in the same

manner as newspapers." [13]

Separations was rejected as a policy alternative in both the 1972 and 1974 CébIeTeIerisioh
Report and Order [14]. In 1976 the house subcommittee expressed the imb‘iirtknee of
separations as soon as it became "feasibla’ but .agresd:that 1876 was 100:300R e do:so{19].
In 1979 the court found that "(a) business or group of businesses in control of a scarce facllrty
have an obligation to give competitors reasonable access”m Proposals have smce been
made for limited. separations policies such.asJeased access.. Thase are more favorable to the
cable industry and are more-ikely to.be implomented.. Leased ancess will be discussed in
Section 5.3.5 - -

Public utility regulation of cable is anather passiblemadel for. Gable regulation. It has recently
been applied to new institutional patworks, such as the ane in New Orleans [20], which will be
used primarily as : tansmission. networks. for. busingss. and. gavernment. - In California
legislation was proposed to daclate all-cable. cammunicgtégmi,, stoms public, utilities to be

programming selqanon ‘[281, [wlsmmightoon 91, tl;es sartw mﬂw‘%@ fmﬁ@n tatho
Boulder decision made in January of 1882 which stated that municipalities were. not jn fact

exempt from antitrust laws unless they are furthering "a clearly articulated and affirmatively

1°8Prestel the videotex service in the United Kingdom. operam under n soparation prtncrple but does not hee
impediments such as franchisss and calilé systems.

°°syars v. Blult City News Company, fric., 808 F 2d 843, 886 (6th cicult o -

Orpe Cable Cmnmunicahom Act ot 1982 Californra AB 2742 introduoed by Auemblyman Richard Robiqpon
SantaAna.




expressed state policy”'"". This decision threatens the status of municipally franchised cable
systems in those states whose. laws do not expressly assign themunicipalities. jurisdiction
over cable. The most often stated opposition to municipal control is the tendency of
municipal ownership to reduce innovation and efficiency. .

Although structural regulation is ordinarily considered preferable 3‘? content and economic
regulation, L. Auerbach cautions that structural regulation alone should not be depended
upon to achieve society’ s goals [6].

The charactenzatlon ofa highway operator provldlng ,
'non-discriminatory' and 'equal’' access (subject only to economlc and
technical feasibility) masks the pelicy importance of-chaveing: between
alternative technical and.economic ctiteria for access, In fagt, . ;.
since these criteria will constrain access by some but not by othefs
the interesting questions then become ones of deciding fow, and ity
what ways, technical and economic limitations should be allowed to
determine access tothe Electronic:Highway, beth by:potential .
consumers and producers of information. Perhaps, in view of these
limitations to access, other'sociat and political criteria{such as

" the 'public interest")ahould-alse be.used. Economic criteria; by -
definition, duscnmmate onthe bQ.suspf abnhty to.pay. Thls is oot
always a socially or polmcally optlmum outcome

As Auerbach points out, through structural regulation discriminatery practices attributable to
confiict of interest can be eliminated; but, discrimination of ¥ basis of ability to pay remains;~
This in turn necessarily influences content. Therefore although we see structural regulatmn
as the best of exustmg practlcal altefnatlves, we reahze that communihes may need to bring to

bear supplementary mechamsms. such as pubhc and government access in, in order to
achieve social and pohtlcal goals 'We take heed of Auerbach's caveat 16]:

Argumg for separanon of carriage and content wil%subsume the most
important sociopofiticat guestions uhder an-@pparedtly technieal:
distinction,and , even worse, may encourage pegple in.the G@mmem
assumption that the mere assertion of two mutually exclusive
categjories will solve the bouridary issie imphicitin’ diaking the

- distinction.in the firsi place; Thera g no-need o autier frem what
Alfred North Whltebead once called the 'fallacy of mcsplaoed
concreteness W2 v

1 1Oommunlty Gommunications Co. v. City of.Boulider, 630 F. 2d 704, 1980.

12Alfred North Whitehead, Science and the Modern Worid, New American Library, New York, 1948, pg. 58.
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5.3.5 Leased channel access

Provisions for Leased channel access have been suggested as a means of protecting both
consumers and businessas from possible monopeiizing 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 basis. This might imply non-discriminatory, first-come-first-
served access, with no control over message contént by the cable operator. The implication
of leased access for video cable services is the allocation of a cerfain percentage of
downstream programming to parties other than the cable operator.  The implication for
interactive data servrces on resrdentral systems lS the allocatron of some percentage of
possibly both downstream and upstraam ocapacity- to mulhplc rnlormatron providers For such
aliocation to be of use to other lnformatlon pr‘ov‘iders subbcﬁbers must be able to address
parties other than the cable operator

Mandatory leased access could prevent overchames to cubserlbers through competition
while avoiding the drsmcentrves posed by complete separatrons and common carrier policy.
Economic regulation of subscriber rates might be: aveided as a result. of competing services
on the system. Similarly, content regulatiOn wlll not‘be necessary given the drverSIty of
sources. Recognizing the difficulty of enforcrng complete separatlons, it is wise to enforce
leased access in the near future so-as to establish the: process early on in.operation and to
encourage the emergence of service providers [47].

The petmon to the FCC prepared by Geller and Barron presents a legal drscussron ol the
appropriate jurlsdlctlonal posmon of the FCC in regulatrng Ieased access [27] lt ‘concludes
that the FCC does have 3unsdrct|on to establrsh gurdelmes for Ieased channe/ access because
of the interstate nature of some communrcatrons, now and |n the tuture when mterconnectlon
of cable networks is in place. Tho rulings whmh have sewcd m llmlt FCC regulatory
jurisdiction are discussed in detail and can ‘be shown to be lhappllcable grven the true

"communications" nature of the data commumcatlnns serwces u;}de{ dlscussmn here That
is, instead of these services being “anciliary to broadcasting®”, they: are in fact "ancilary to
common carriage"”. This being the case, the ruling in: MldwestVldeollwhch peld that leased
access requirements were in conflict with the broadcast categorization ol ‘cable tunctlon,
would not hold since there is no conflict between leased access requirements and common
carriage. Fundamental to this approach is the treatment of each cable service or channel




separately. accordlng to its function. Only in this way can the appropnate regulatnons be
srio Yoo e
applred to some servcces. wrthout unnecessanly harming other sewfcee

A disivcentive to cable operators is the. vulnerabiity of cable 10 siate  common “cavfier
regulation if leased adcess is offered. Presmplion of th'stalas righe tb'enfored rate of retum
regulation is the approach recommended by the industry. An alternative measure’is %
enforce the model suggestnon by Geller and Baron whereby eech channel is regulated (or not
regulated) separately, and therefore sorie subset of channels igﬁ( be offered on a common
carriage basis without threatening all cable services. " - S R

Fundamental questions arise in the implementation Qﬂeaaagacmﬂf:s =
-Who should set the rates on access to the available chafinel - the caﬁle
operator? The state PUC? The FCC? Accordmg to what c,merla shoqu the;e
ratesbese? | - ‘ o '

- How will leased access requirements impact the status of ;omr ventures between
information service providers and: cable operatorst HEE S R :

- What provisions should be made in theeventthatthe allocated number of leased
“access: channels ‘become -crowded? - Should 'the: nambeér- of Lebised Access <
. channels,required be raiged?. Shoukl separatiqns; ke ealarced,since the mrket

for servers wrll have been proven?

O R S N

-How to ensure equal treatment.Jor those: services that:might. compete with -
services oftered by the cable operator As Neysiadt ef. al. state, " (p)olicing equal
treatiment is a regulatory swamp®. T TR B R L AsER e

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

ey

Geller and Barrop propose that initially Rﬁci%%'%&!%éb%@!w 8 market supply and.
demand. It seems reasonable that this be altempted, but with.close; monitoring,.so that.
discriminatory or unfair behavior is detected qukkly, and the need for regulatory remedies
can be.reevaluated. it would be inappropriate for the:atine PUC's to-estabilsh:a rate oF retum!
policy for tivese naw:services: unless discriminatory prictiobs. aitee: Ratebase regilation:of |
mixed servicesprovided by shared telephibng plarmt husdioen: fraught with eSorfomic adswell'as .
political problems and. the-desire t0 avoid this Tomplication, i poesible; is sivaret ty both the

1350me of these questions will be addressed in the following chiagiter on mindiijsarind state cable policy.




public and private sectors But, if the cable operator sets rates artmcrally high so as to
discourage leasing of channels by competing : servrce provtders, or if the operator exhtbits
other anti-competitive behavrors economic regulatron may be called for One alternatlve is to
implement a bidding system, such as hasbeen ftried for satellite transponders, whereby both
the cable operator and ether information providers bid for use.of a.channel, or a subset
thereof. .

The cable industry presents a number of arguments against Ieased_eccess requirements:

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

2. Leased access requirements burden the operator with added costs of managing
individual channels.

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 each channel will be leased and therefore will be a
source of revenue. In particular, on large systems where there may be excess channel
capacity, the opportunity cost on the nth channel is law.and the operator is likely to make a
profit through leasing. In addition the channel leasing rate wilf reflect any additional system
cost that the operator incurs in providing the channel. vSigzriitican’t additional costs will be
incurred by the operator when channel space becbmes scarce-and the need to increase
network capacity arises. This is a capital and labor intensive process and will have to be
addressed by the local and state authorities. . |

Although it is true that the quality of each service is likely to affect the overall subscriber
impression of the cable sefvice, the incentive to the new senrtces Shouléf Bé equally hrgh to
improvée business and provide as good service as is necessary R

There is some hesitancy on the part of potentisd service providers to actively support Leased
Channel Access Requirements, due to: the petential negative impact on-joint ventures. In
particular, Leased Access requirements might astablish:a precedent that would later be used
to prevent exclusive Joint Ventures bstween a cable operator and & service provider.

Many implementation questions will be overseen by local cable authorities and are therefore
addressed in the following chapter on policy guidelines.
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5.3.8 Telephone company ¢ross ownershlp

114 |n hope

The FCC adopted a ban on |ocal telephone and cable televnsuon cross ownershrp
of encouraging "the full development of non-cable services (e.g., data servrces) that could be
substituted for traditional telephane sepvices.” This was.upheld.in. Geaeral. Felephone Co. of
the Southwest v. U.S."'%. Itis op this same basis that.cable aperators might be.restricted from
exerting monopoly control over the facilities..

i

The access charges to local loop facilmes are of mcreasmq rmportance m Iight of the
proposed separatlon of Bell Operatlng Compames (BOCs) from AT&T"B’ vlt ls poesrble that
the BOCs wnll be allowed to enter the cable market the telephone companles
might lease channels lrom the cable operator lt |s not evndent to what degree the telephone

compames wrll pressure the state PUCs to more heavuly regulate cable The aggressnveness of

lt;;iu Wyl

the cable compames in oflenng hrgh speed data servrces wrll mvanably affect thls outcome.

but how is not so clear For mstance, if cable operators' are, slow to oller these servrces the
state or lederal ofhcnals mrght open the market to the telephone companres On the other
hand, if the cable operators aggressively enter the data.cammunication markets and threaten
the telephone companies, the state officials might .enforce,additional- regulation -under

pressure, ot in protection of the local telephong.companies; .~ -

Thotey

54 Prwacy - Waretappmg, lntmmn, Mreuse m lnformaﬁenf

RTSTEENTE,

Centralization ol the control over content and carrrage also increases the dangers of pnvacy
violation. All home information systems are a danger to personal privacy by the mere l‘act that
they provide a channel by whigh information cap flow: from within:one's heme to the outside
world. But the more direct.the-connection between the infgrmation souroe and sink, the: more:
mativation there is for.invasion of the individual's privacy.. D.C. Nash-and D:A.Bollier describe:
four types of. exposure that consumers sisk: with: inleraciive: home media: - intrusion;.
interception, misuse of information and . aggregation of individual or household

147 C.F.R. 62.64:56; Report and Order in Docket No. 18808, 21 FOC 5d 307, 308
15449 F 29 846 (5th circuit, 1871)

118 ATAT v. U.S., Consent Decree, January 8, 1882; Justice Green presiding
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information [45]. The diversity of channels thrpugh wl)ich we ;urrently communicate. with
others has helped to shelter us lrom these abusee. le telephone, postal marl _on- site

i 4! f\ """
busrness transactlons

Cable systems-pose privacy problems, some of which are’-common to many electronic
communications, information, aid transattion services: arid $8me of which are particutar to
cable. Problems which arise from wiretapping onctabié’ &8 not-qualitatively different than
wiretapping on the telephone system. 17

ety IS sk ETH 8

whose volume of com,mumcatlon warrants the cost ol encryptton_ equrpmenf but rt is not Ilkely

to be leasuble for private resrdential subscnbers unul lncorporat;on of encryptlon devrcee such
as the Date Ener;ptrm Standard (DES) is economlcelly pr;é?oéel‘% R fhe network rtself might
offer encryptuon as a valueaddedﬂserwce, as aﬂ wayofi offlgjadlng the front end costs
Currently, the cost of operatmg thls value added servlce is conslgered prohrbrtlve lor moet
systems. In’ conclusron the ‘pr’oblems ol secure oonl;nunro;tlons and wuretappmg are
comobunded by loreseen cable data commumcatlon sgwiees %ut ‘é}é ni;t unlque

BT T JEn T l RSN

Encryptton can provrde a solutron to large users

AR

Intrasiol via the communications ' modialid’ o foEr thit I8 deepef than &' 1984 paranoia®.

Security ‘and ‘home: Tiionitoring systeims; as‘well a8’ éndrdy’ managemeétnt Services aif-form a
new avenue for the flow of information Gt ot & WBfes i partictildr, Butomatic generdtion of
information, which is not regularly filtered by the residents. This fear has lead some service
providers to give the resident the capacity to turn off all monitoring services at will, but in
gamerdk; the:manitoring is centisidl and:altagethed trgrmperent kthe vesident. it is likelythat

the only alternatwe to intrusion for those who are cogmzant of i, wrll srmply be non-
R e F N S I SRRSO A S T LR I LPNAREIA( R 31 2 IERE R E> UL o S MEA O I

partrcrpatlon

A:legs diract, ‘but- profound 8¢ ol intrugion’ wifl: ome rcufi-thé misuse of information
cottected from the home. : A Bxanwiie i biling WoHNRIGH IRIREELIAG the iewing habits of
individual subaGribers. On 'Some systoms: that Mrs gy Conitdiiiés) Thi® Woudlkd include the
information retrieva, mtmmaﬁlu of Sabatitsers - m%&uwwgmm and

s b
EEAI EVGTINE R IR ilt., Ty a)-?:*‘-?‘f’»!

"7 Athough, as described in Section 2.3.22, wirelapgiog,snd traffic anat
mfwch.m:”' ' % i, a»'l‘bm’”j PR Ve

N84, some extent, it will not become practical until the residential mltét‘eeuhlﬁﬂs a 6bmand for eecure

communications, i.e., that there is a




individual data by marketing firms alone could lead to unfair and vasive generation of
special interest mailing fists. The misuse of information by credit and insurance bureaus is
already an issue of public concern. Prevention of the mistisé of cable data would benefit from
stronger and moré enforceable general legislation: But'in "additi'o‘n;’ bécause ofthe ease with
which valuable information can'be gathéred on cable systems; and bechisé this mformation
can be gathered from points other than the heid-erid. thede‘systems might réquire close
monitoring by federal and Iocal authoritues Thus wm bb ln mefntérést of boih s'ubscnbers.
and the service prowdefa whoae services mu even;uauy wﬁgr qigmy. if the ckentele
cannot trust the security and privacy of their comimufiications:’ Warﬁerms: ‘has proposed
the code of privacy shown in Figure 5-0: S

ing by the subscriber that informatior
contained therein is inaccurate,

©® Any individual subscriber informa-

Warner Amex code of privacy

Warner Amex Cable Communications has prepared a pnvacy code dctmlm; lhe

rights -of subsciibers on ifs two-wiy: dable: télevision service. B 25 mgﬂimm for.only ns longads. .
is reasonably necessary eg to \enf\
. Warner Amex shall explain to its (non-individual) data concermu” h‘“?‘”" .
" “subscribers the mfdrmnimilthermg subscriber serviced for use® i dévelop: - SOME;

functions of the cable communications
services being' provided: ;
® Warner Amex shall maintain ade-
quate safoguands to ensirg the:phydi-
cal security and confidentiality of any
subscriber mformauon .

® ‘Warner Amex subscriber agree-
ments shall mclude the followmg

Individual Subscriber vnewmg or |

.. .responses may be recognized onl
’ »‘whenwiow& ﬁgo)l"

Although this code is an important step in industry recognition of subscriber rights, it does;ﬁd:t
adequately address two particular sources of potential apuse, , If the cable. operator sells

to render a subscriber service. Any

such information  will;
strictly confidential unless :l‘é%c?

" tion is an.inherent part of the |

mg new services Ol' lmprovms CXISNH'

e arser Wq@ ;
su?ﬁui\iy data n'v!::';l I¢ to third |~

ies—whether lfﬁhued or _non-

pa
Hated withi "Amekiss

| out first ensuring that the identity of

fom,; i fromauch Jists. ,

ingividuals. iy a0t gscentainsble:
the data provtaed

B Warner Amex. will refuse u';

to make any individual subscri

. 4mformauqn available to o} ver mcnt,,
U1 hgencied th the & £dth- -

pulsion, i.e., court order. subpoena. If
~redyjests for swuch inf
made. Warner Amex wnl promptly

uon& Abe, ;ubscrjber Rrior tozumpo;;d-n‘ v

tiontare §:

® Subscriber mallmg lists shlll not be
de ull o third parties—
ﬁ A‘ &?ﬁ‘j&dr ‘nonaffiliated

with erner Amex—without first

Wil || - popiding: giviceibers: with the.op-

portunity to have their names removed

® Warner Amex shall comply wnlh

mﬂ; [cderal,sm and local laws .
adhere to apphcnble industry codes of

subscriber privacy.

& BRiFY parties who participate: in
provudmg services to Warner Amex

's;tme reg im)ohémg a Perniitted1o’ d’n’so’&y e'company’s Vacy andt "
' show pmewmncr .. 'iubscrlbersma ex candc ) |ll Warner Amex arrangements re-

No ether.indivituliied inforis: | ary information deveroped by WariLy- | BAceing maehcuérvices shall specifcally

tion concerning viewing or responses Amex pertaining to them at Warner mcorpor:nc this Codc of Privacy by
_Will be develaped upless the sub- | Amex: promists: upon remsenable.en- |- FelEreOee.

scriber has been advised in advance tice and during rcgular business hours o Warner Amex shall conunuuusl\

and given aden}cuate ogpm'lumlyk .

nat to-participa

® Warner Amex may develop bulk

S

such records upon a reaxonablc ‘how-
: iF, X
. s

its Cade of Privacy

kgéc‘n “turrent with tethnological
cllangcs .md new apphcauom

st

Figure 5-1: Warnar Amex Code.of-Privacy
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information services, access to market mformatwn whlch IS speclflcauy restncted from other

parties, i.e.,"individualized m]grmapqn concerning viewing ot reannses" can provude the

operator with.a compemlve advamqga over. other informatvqn sgmces A related issue ls thet
storage of data in a form that is tracesble to individuals. If information s ng to be used for
purposes.pther than billing, some citizen groups haye suggestad that othes infarmation only

be stored in statistically aggregated form [40), "

. All information callecied about subscribers by the Qperator
by any mdependent access corporation ‘other than bolimg mTormation,
© shalfbe storedonly B¥ alygregatiid/ tatisticl W18 w6t entifiably

as to individuals.axcepl to-the-axient allowed by the prior. weilten
consent of the subscriber...

5.5 Summary

Federal cable television regulation grew during the 1960's and early 1970's, uiminating in the
1972 Cable Television Réport and Order. Since tha, mid 1970's. muﬂaﬂdn has subsided.
Throughout this cyclé. reoulatory aﬂd devegnlatary Rrovpions focuwd on-cable lolwision as
a one-way video- dasmbuhon technology Neverﬂipbas m fundainenm reguhtowm that
remains unresolved, nameiy cable television's mmn a common cgrrler or broadcaster.
also the issue of most significance to the apptication of cable telgvisioﬁ networks to two-way
data commumcatmns Structural regulaﬁons have bébn nfopmd to aliminﬁh the potential
for conflict of interest on the part of the cable opemﬁor ?hvase ul htlons wmm assure equal
access to the distrlbdﬁon ‘medium while at the sanva tirde. lsblmﬂg cgmem'relaled decnsions
from government mtewermon. Separations, aﬁmm tﬁis canﬂact hui the cable mdustry
believes that such severe attion w'll leave eabb opemtors iﬁ Ul moamicaﬂy uncertain
position. Leased channel access is a limited fom dtmatoons that is more acceptable to
the cable industry but which moght entail more cumbersome rate- settmg or monitoring
procedures. We support prompt: conMioﬁ of -strictural-regaiations that will establish
cable television as a local distribution mediu?h accessible to a multiplicity of voices and
listeners.

In the final Chapter which’ follows; we' integrate ihe téchnical’ anid réguldtory information
presented thus far into policy recommendations for city cable authorities.




Chapter Six

Guidelines for municipal pelicies

S )

6.1 Introduction

In the introduction we discugssed the applications that might motivate cities and cable
operators to implement dats; communications $ervichn ;on [Chlile iteleyvision: networks. Iy
subsequent chapters (see Chapters 2,3 and 5) we discussed the technical capabllmes and
operational mechamsms that are needed to |mpTement these eppllcations The Iocal
govemmertt m’a adestgnated cabteauthority mm tﬁédedgn hﬁﬂ operation of the city
cable ngtwork through the trmchusnng process.r mtenm revuews o‘t pqrformance, iand the
retranctnsmg> pmoess There are: many nequwemenwm oetiocmt which the:docal -cable
subset of these can be addressed and implemented.. We hepa:to. aid local authorities in
|dent|fytng afnd addressing tﬁose re&uﬁehtents tﬁat are ot qreates‘t"cdﬁéequence to the

.....

W
Data communtcatoons c#pability is wowed as the: Mdanmw wmstmoture of the cable
network because it is the basis for provision of information and transactuon servuces to
resndents, as, well as high and medrum spged get A mumggttons, apd ﬂetWOrkmg to
institutional users. Mt is not. ewdegt 0 what extent the c,ttxpg ,must formylate detaitedl
spectflcatlons tor thls mtrastructure in order to achreve the commumty -] goals

%, . .
EE 0 s TETPAR BN S ST TR S0 MRGITI

In this cbapter we drscuss the relevance Qt data cOmmqu;; pemgeg to the sausfactton

of city ‘goals. : We first.identify: mmr goais and. derive thdr dmpliations: for use and
operatloﬂ of cablie nétworke tordai'ﬁ com’htiﬁtlcmioh rHcES!” W thven t;év‘ew and highlight

e IG2 {f o sbtisxe o
the techmeal capabilities and. Mana# mhmm;thw e i nktse hr the ity to
realize these goets mm@ms of the cwte Mﬂﬂw&&m az;d overseetng the
i oEdiie T3 ERTIAATIF167c) I A D -1

implied capablities and mechanm yt(g reter thgi 10adeL ars 2 and 3 tor further
discussion of technical details.
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Throughout this chapter we present cases in whlch it mrght be appropriate for the city cable
authority to exert external pressures on the cabi&' operafor We wish to emphasize to cable
authorities the detriment that could be caused by overcommlttmq the cable operator.
Overcommittment can resulrin an &}erator th”at ns unfablé’ té acbmre ﬂr\a;"néﬁ'ig, br is unable to
complete construction. Over-ambitious specifications may also discourage the best-
equipped vendor from bidding; leaving only the uninitiated or dishonest vendor to bid.
Therefore, the authority should be prudent in its demands.

6.2 City goais and the role of data Services

Two fundamental crty goals can be served by data commumcatlons services | ’h

- 1. To.provide residents with enriching. facilities and.gervices that will both raise the
"quality of life" and contribute to the economic status of the city. Home
information services can’ brovide convenience, entértaihinent, access to usetul
information, and ftormel: edugation: A twprway: cable:selesigion -networlk is-an -
economical and powerful mgans of transmitting thess services (see Chapter 4).

2. To provide an environment that is atractive to ‘the buginess communily and
thereby contributes to the strength of the econamy.of the qity. High gapability, low
cost, business communication facilities and services enhance the overall
business envrohment, particitarty’ i light-of ificreasitig tse of communitating’
office computers. A two-way institutional cable network is an attractive
alternative to the telephene company's:locallnogy bath. inderms of performance
and economics.

Once a city decides that these facilities dre in fact desirable, there is a second tier of three
goals which c0ncerns trie type and qua"ty of servrée 6ffered vl’a’ mese ?acimies o

1. A maximum number of servers mformatlon and servuce providers should have
_ access ta the facilities in support of the first amendme tgoaJ to promote freedom -
of the press: one factor 1h promoting suéh” frﬁed‘oiﬁ"fs ‘assuring equal access to
the "public” media by a diversity of:voices. ¥ 0:this-amd; thie cabis operator should
not be the only setyice, pro:gagq; qu;pg nﬂjm% 9L should it haye_the power
arbitrarily fo exclude other service providers e operatlonal pollcy needed to
- realize this goal # struetoralvegulition 3R 48 EBSA GcCEss-hat Wil elivinate
~ the. conﬂzagt of intarest. which..aniees -from £aMsok ver:both cantent -and -
camage The technical r urrement implied by this goal are communications_
facilities that supportmultibies &2

2OCabIe authorities may find that additional economic regulation is needed to ensure the effectiveness of leased
access policies, see Chapter 5.
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2 The maximum number of residences and businesses in_the community should
have access to services at the mirimum-easonable ratesyie., rates thatmelose :
to the marginal cost of providing service. The potential monopoly power‘“qt the
cable operator might m|ow«m operator to set prices above mqrgmal cost.
“Therefore, the city shoyld acﬂveirpfomote competmve rate levels ar\d structures
through promotion of' compefing serviee- previders and transmmon media,

where possible, and through' mom}oﬂng -of rates, y-eompelifion .is not’
feasible. In addition, R should not encourgge ave mcmwlhruuw in
- excessive subscriber rdtes. :

‘a. Tbe city should not be precmdad fmtm enuqylru luwro . sorvices because of

obsolete facilities. Theréfon $he Tacilities must be des aqg and constructed to
¥d fninimum cokts in

‘achieve (or at least noj pnohdﬁ;%xibmw, perf{
‘the long-term, as opposed to spectfic functions and agsts! in tha ghort
term. The city must Understédidt the technology iQo wal&aie the ...
proposals of the operator and to formulate dwemhndsA Morée long-term.
yet ‘reasonable investrient on- the part of the mzm _in_particular, network
configuration, reductu}n of - upahbam noise, an Wmer addressing
capabllltles o T i

Data communications requirements must be balanced with other community goals relating to
cable televuswn namely. i mﬂuence over programming declanns. rate settmg. channel

capacity, and Iocal ongmatlon faoﬂm e

6.3 Entry points for municipal input

Cable policy at'the Tocal level Is traditiofaily formutatad and’ lmmétﬁénmd via the francﬁlsing
proéess. The local cable authority \déVitiiss ard Aavertied sdém
for proposal (RFP) and “sélstis trom ‘aidhg ‘the responiding c%iemrmus The cable
network criteria proposed by the city are then modmed through a senes o! n,egotlatlons wnh
the cable operators (see F}gure 6-0)

S TR st e

By the end of 1982, most of the major cities In ‘tiie U.S. wilt hitve’ Eoipleted: this franchisifig
process. Thereafter, local governments will use interim reviews and refranchising processes
as the forums for establishing cable policy, in particular for overseeing cable gperation and

expansmn ‘ﬁee Flﬂlﬂ:ﬁ thnpbw 6) : G VR w wonatees 8O

Franchises gramed in the mid and Igtq 1960 's are cqming dug for contract renewal These
systems are primarily six to twenty channél networkd looatad ¥rrurat areas, whers cable was
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Flgu re 6-1: Cable telews:on system franchismg (Cable Telews:on
Franchising Consideratiths™® R
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 hlgher
capacity systems, particutarly those currenﬂy in thes stk o twelve t:h‘amfer range Thme areas
that are sparsely populated da not offer Jarge enough, markets 1o warrant ingtallation of high
capacity two-way systems. Therefors, in these, comynunities, cable operators are unlikely to
install the higher cost facilities necessary for two-way data m@mypﬂic}atign}spapabiiity'”

The post-1972'2 franchises typically have 25 or more channels and therefore many of these
systems do not require rebuilding. Instead of developing specifications for a new system, the
cable authorities will use the refranchising processto: .

Rger w. i8] -

122, 1980 there were 358 systems of 30 channels and above, 758 aystemsa ﬁ‘to’!ﬁ dﬁhméra 103 systems of 13
to 19 channels, 2,793 of six to tweive channeis, 151 systems of below six channels, in the United States [48]).

123, 1972 the Cable Television Report and Order astablished technichl nﬁuiremehts for cable networks for all
new systems that. would serve over 3500 subscribers, see Chapler§. . ,
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1. Ensure that franchise promises have beeri implemented.
‘2. Propose new system capabmttes

3. Establrsh or modlfy operatronal procedures.

Most of the post 1972 franchrses also provrded for mtenm revreyls by the Iocal authonty
These revrews can also be used to monitor cable pperator performance in meettng franchrsg
agreements, negotlete for addrtional cepabrlities and proytde a channel for community
members to express das{m% to the operator.

VA sy

Aﬁhough interim reviews and refranchismg negotiat‘fons are In some ways srmrlar to the Initial
franchising process, the scope ‘of issues fo be resolved is considerably narrowed ‘For
example, mstead of overseemq network deslgn and ggnstrgctiqn the cutles _oversee
upgrading, or at most rebuilding, of the exrstmg network""4 In addition, if the c&le operator
has performed well or it the franchise is an excluswe one. the clty mlght forego the operator

selection process.

Despite this narrowed seope eubstanttat issués’ remeiwfor thé etty t:dble authorny to address;
in particular, unsatrsfactory or dehcnent operatrgrml gro,c end tephqrcal capa.brlmes
(see Figure 6-0, phase 6, performance momtormg and operatron) Many desrrable technical
capabilities were not rmplemented m the ongmql Imceuse they wqre either
unforeseen or considgrad too. rigly: by the oahte operuor» “M"m a, evatumon of new
services). Most refrafichising demands‘do nét entaifthe’ high '¢osts that inftial cable
mstallatron does Therefore. dependmg upon the specmc market characterr_strcs,rthe operator
mrght be more able and wrllmg to implement capabrtitres whlch heve longer payback periods
(:b:d phase 6 negotnatlon of system expansron) Also. depenquvupog:thfe cahleppenetration

frgures on the exrstmg system. the operator may actrvely seek new teatures whuch witl attract
new_suhscnbers o

24For the remainder of our discussion refranchising will refer to those systems that only require upgrading and
contained amounts of rebuilding. The refranchising process for systems which require extensive rebuilding or
replacement will be considered identical to an original franchising process.

105



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 community goals discussed

above. .

The application of cable television networks to data communications presents complexitiec
and uncertainties which exceed the expertlse of most city cabie authorlties, as well as most
cable operators. As Baer and Pinick’ pol’nt out technicai specihcatibns and’ operational
procedures which were acceptable in the past for entertaihment téfevision are not necessarily
adequate for data communicatio,ns applications [8]. ln eddition the larger capitai investment
necessary contnbutes to the financial burden of both the qperator and subscnber.

The heart of the problegn isthata cable system good enough lor TV |
entertainment may sri‘nply not be good enough for mahy r'ion ént‘ertamment
‘services.

Communities have no easy solutions to turn to. Since most new services

are, by definition, untested at this time, tranchising authorities

cannot specify a cable system design that will rneet all future

requirements. The.mors, tigxibility;apd the mere. sl _

they require, the more the system will cost above one oriented _
" primarity toward entertainment servlces

uds

Most cities have not taced the questlon ot who wull pgy thls
additional cost...(If) the added system-cost cannot be justified
initially,: franchising authoritios should at leastBie-awaie that many:

future services may be diminished in gcope or.forgclaged antisely.

In the followmg sectlon we draw on details provided in earlier chapters to quallfy and bound
the rather dreary picture palnted by Baer et al Thelr statement is representative of
uncertamties which were pervasive in 1975 many ot which can now be resolved The
techmcal and market uncertalnties create fmanclai uncertainties which mhiblt investment
This discussion should serve to encourage such investment, where practical, and to promote
inteliigent construction and operation of the facilities.
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6.4.1 Technical requirements

Two-way capability is the most fundamental techinical requirement for data communications.
As we saw in Chapter 2, two-way capacity can be impleriented in' many different ways,
resulting in widely varyifig ¢apabilities. Therefore, many citigs wif iind It insufficient t6'specify
merely "two -way capabllrty" in the rewew refranchlsmg, or francmsmg processes The extent
to which the cable authonty should establush the techmcal specmcatlons for two -way capacuty
is unclear; but, CItleS must at Ieast deepen thelr understandmg of these |ssues so as to
prepare themselves tor evaluatmg the cable operators plans and performance In this
sectron we hlghhght pomts made in Chapters 2, and 3 m the context ot formulatmg Iocal
poltcy We refer the reader to those chapters for further drscusslon ot techmcal details

ThéiFC’C has identified four classes of cable television channel, the fourth of which refers to
upstream transmission'2. A Class IV channel is definéd ‘s "(a) signalfing path provided by a
cable television system to transmit signals of ‘any type from a substriber terminal to another
point’ in the cable system.” This definition does not specify many capabilities that are
‘necessary to implement the data commuriication schefres described in Chapter 2. Not all of
the requirements discussed in the following section need be thandated by the cable authority.
The cable operator will find many of them attractive’ Etiough 1o ‘adopt without external
pressure, and others can be ‘added incrementally. But, the authority should understiand the
technical trade-offs sufficiently to Identify those capabiiities that“are fundamental to ‘the
rmptementation of data communications services, that cannotbe ‘added tncrernentalty. and
that therefore warrant long-term investments. ’ ’ o

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 operator. But, the city must
make certain that the provisions agreed upon are spetified in enough detail to ensuré that a
syster results which ‘will accommodate the types of’ services d'eﬂitt-id by the domrhuntty, in
addition to those desired by the ¢able operator. ’

125716 first three classes of cable television channel are defined as follow: & Class i charinel carvies one-way
signals that are received by the operalgr over-the-air or are oblained by reigrawave-or by direct coanaction to a
television broadcast station; a Class Il channe) carries one-way signals that can be received by a television broadcast
receiverwithout the use of an auxiliary decoding device, and that are not'part obtwoticast rirmumdssion path; 2 Clans
Il channel carries signals that are intended for reception by equipment other than a broadcast receiver, or by a
receiver that is equipped with special decoding equipment [15]
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6.4.1.1 Engineered for data

In Chapter 2 we identified the design parameters that must be implemented in order to
accommogdate data communications on a cable teleyision network. We review them here in
the context of franchising, refranchising, and interim review processes.

The two-way communications capacity available depends in the flrst mstance, upon the type
of two-way amplifiers used. Subspht amphhers are typacally used m resudentual networks and
will accommodate four upstream TV-size channels. Some cable operators may prefer to
satisfy two- -way requlrements with a hybnd system wh|ch uses the standard telephone Imes as
the upstream channel. Many of the transaction serwces envnsnoned for the resndentlal network
require only limited upstream transmission. The Ilmlted data rates economlcally achieved
over telephone lines (typically 300 baud, see Section 4) will be adequate for these
applications. In particular, hybrid facilities will allow the.cable.operator to offer pay television
services without having to implement "real" two-way transmission capabilities on the cable
network. In the long run, we envision applications that will require larger bandwidths in both
directions (see Chapter 1). In addition, as we discussed in Chapter 4, it is not desirable to tie
up the only telephone line into the home. Some cities do not epvision heavy usage of two-way
services in the near term, and would thereforteiyagreefto the use of hybrid facilities to fulfill two-
way franchise requirements. it should be noted that in so doing the cities may significantly
reduce the cable operator’s incentive to implement "real" two-way capabilities in the future,
namely. by enabling the implementation of pay-per-view, servioes.__r, The authority should be
aware of the limitations and implications of such a degision, while appreciating the positive
economics of the hybrid approach in some instances.

A primary requirement for two-way transmission, in,.adgiti,on to the presence of. two-way
amplifiers, is minimization of the insertion noise on upstream channels. This is achieved by
minimizing, the cable length between the head-end and.the farthest subscriber. Tha system
conﬁguration should resemble a hub, with radially extending trunks, as opposed to a
christmas tree or snake with long winding trunks. In larger communities sub-hubbing,
multiple hubs interconnected by microwave links or cable trunks consisting of lower-
attenuation, higher:cost coaxial cable, may be needed. ta cover the extended geographical
area. In the case of refranchtsing, system configufation decislons are constratned since
facilities are. already in place if the system bemg upqraded to aooommodate two-way

108




transmrssron is poorly configured, other mechamsms for reducing noise on the upstream
channels must be brought to bear. These engmeering details are primarily in thé domain. of
the cable operator and should be recognized as such By the cable astiiority. But, the authority
would do well to understand the nhpllcatlons oi these !undamental parameters so that
operator periormance can, be |nte|l|gently momtored ior |$stancq! when revrewmg the
proposed cable network layout the authority should | be nrepered to understand why multlple

pLIE g .-

hubs and other design choices _were, or were, not, ;nade Q}pm ls_an excerpt from the

New Orlegns cable franchise which exempli!ies hoyv technlcal provlsions might be
incorporated i into a8 frgnghlee documer)t [20]

It necessary to  prevent the build- -up. of noise and dlstortlon L ‘
products, the area shall be divided into sections, and sub- trinks run
to-a tentrat hiuty Withtiv'thé-area. ixeqmwmmmw
addressable taps or switches may be utilized.

A

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

addressable bridger switches to combat lnsertion nonse as an equwalent solution, may
PR SYSTRTS ¢ 104

preclude the use of some addressing schemes. Thts IS an example of thé need ior thorough

understanding of ethnicalissties ommm of i crb-aathotity.

SERRTRISEEVES LS V1 SHETRT T L BTN

T My ey

6 4 1 .2 Addressabillty and access methods

Addressabillty is. needed to suepon .pay-per-view, televw servi;;es, ie., . the subscnbar
interface myst identity the user uniquely o the. hgadend far, pogeaR). selectign and billing., As
was discussed in Chapter 2, the, addressing scheme \argel ,g@temir\qse;heﬂexlbnlityand
performance of communication services on the network; in particular, it determines who can
speak to:whoml!i Mast table opsrators-are not immadintély: thotivieiedto invest in addressing
capabilitios which will accommodine ahly.t0-any cConmnications Sacause the market is as yet
undeveloped. The cable suthorities must evaluate the nseds and desitas of their. community
to estabiish the immediacy o demand; or potantial demand; for sutie servieds; in o doing the
authorities must be careful ot 1o overextend the Opevator s e uﬂmvcn ‘market. e

Many technical componente of addressablllty cap, og sdded toftl;e ggstem pn an mcremgntal
basis, ie., interface.units, headend goftware. But, thereare qther, dacisions, (egarding the
cable plant that might prohibit implementation of particular access methods. For example, a
contention channel cannot be implemented on a cable system that depends upon- bridger
switches to limit upstream noise. Contention channels must be continually open for
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transmission and are mcompatlble wrth the on and oft swutchmg expenenced on a branch of a
network that uses bndger swrtches Therefore, the provrslons m the New Orleans franchrse
mentioned above may prove inedeqo,qtg.

Multiple two- way access methods can be used sumultaneously on’ a smgle cable system
through the use of multrplexmg technrques But grven the' small size of the existing market
mntnally there will be at most one data-communications based serwce. usmg a smgle access
method, onl each residential nétwork. The city faces a chorce between poilmg, hybnd ‘and
contention access methods, the trade-off is hmrted funchon vefsus hrgher éoSt (See Chapter 2
for comparisons of access schemes) Instltutlonal networks whlch 5re largely dedrca!ed to
access methods srmultaneousiy the mnm M mll mmdly be datermned aecordmg to
’the demands of large users.

6.4.1.3 Rellablllty and malntainability

The level of service, i.e., transmission performance.and overall system avarlabrhty (see
Chapter 3) expected by business data communications users exceeds the level of service
expected and delivered to subscribers on a typrcal resrdenhal network Srmrlarly, expectatlons
of residents will increase as the residential services provrded over the cable evolve from
entertainment services to’ houséhold business ahd' other-pritessional ‘services. The cable
operator should be sufficiently concemed about sefvice' pé‘esehtation 10 miake the necessary
provisions because of the poténﬁ’a! impact bn market aemand B -

Reliability measures consist of -built-in redundancy -and: Mnoouo capabilities, :as well as
security provisions for isolation. and. denial.of semco@n;maﬁumonmaﬁuneﬂomng units on
the network. - As with other factors mentioned,. the longterm nature .of the investment
necessary to:improve service: might deter the  operators from -meking: the necessary
provisions. In addition, as W. Baer notes, "...it is extremely difficult :and- expensive o "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 désigning the network fot the operators” Ratfier ‘thé authority should
raise such issues and gather enough éxpertise to UG8 the resphses of thie cable operator.
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6.4.1.4 Communication services

The cable operator should have the capabmty and commltment to offer both commumcatlons
and information services. On the institutional Ioop nfost ﬁoperators do intend to offer
communication services, and the facilities are being designed accordingly. Although
subscriber-to-subscriber communications on the residential:rRveosk imay ‘be premature - for
most communities, subsoribers will desire communications with.seme parties ather than the
cable operater, @.g:- banks, gislines; information:sepvicas,;aducasional and: governmental.
agencies. The technical infrastructure :necessary: for .commupications gervices includes
many-to-many -addrensability, 1.e., -higher level. pratocals S0 allow;. cemmunication among
subscribers and multiple service providers; in addition. te twpway-ransmission {see Sections.
2 and 2.1.2). Communication services require that the operator not involve itself with the
content of communications; i.e., the operator behaves like a specialized common gqr(iqr.

As with the telephone system; institutional users with want-the.aption of attaching privately:
owned equipment. inv addition to:that leased from the cable oparaior, 80 Hong 88:.it: does not.
distopt-or:denage the:netwark. Gitias should encourags:the speraioria-olfer many sefvice
types; notjust private channels on-the institutionatnetwork. Tiie will aliow small hursty users;
who generally do not requise:private chamnsis, to-henefit inom:services. in.addition to larger
firms ‘which generate: enaugh traffic -to: justify:. loasing: . aptire :chanael. $0- long .as. the
network -is well .eaginsered for data. commupigations, -apecification .of..particuler.
communications Services can: occur on anexperimentaliang incrementsl besia. -

GRG0 i

6.4.1.5 Interconnection

Institutional.users will requirg interconnectionwith lgag~haul netwarks, while residential usera
will desise intarconnection. with neighboring cable netwarks. Mare. than-just. physical linkage,
is necessary; higher level scemmunication. protogals muet ba;established and implemented in
order 1o allawseffective sgryiges: to. develop... Ta. this.aneh, e cable, W‘m shouid
today an industry-oriented process.

The number and type (over:the-air, lgcal origination, data) of channels interconnected cqn.be
specified by the authority, leaving final decisions to:thegpwators;in: aocordance: - witly
restrictions on content- regulstion ..(see Chapter 5). .. loterconneation-of - facilities (e.9.,
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microwave links) and operational procedures can be implemented on an in¢remental basis so.
long as provisions are made for cny mput The cable authonty can also enforce a tlmelme and
reserve the authonty to rewew channel selection

6.4.2 Operational requirements

The appfication of cableé’networks to data‘communications ’requm 'more than upgrading the
technital capabilities of the system. As discussed in Chapter 5; use of the cable for data’
communications applications-blur the distiriction between cornwnén carrier:and broadcaster.
Therefore, in establishing the ‘regime for duta, the cities must addvess structural and
operational issuesin order'to ensure the best use of thismedium. - ‘

6.4.2.1 Leased Access

Leased access provisions have besn included in many franchise contracts, but as with two-
way requirements, their méaning is uncisar without the mechanisms to implement them. In
Section 5.3.5 we discussed the importance of leased:dccess 10: the: operation :of data
communication sarvices:via cable. - Cabsle :'Operators have ishowe conkiderable resistance to
leased access provigions, but unlike resistance to other city demands, it-is not primarily due to
the-financially burdensore natore of the:request': implementation.of leased access.channels’
entails ‘minimal costs beyond the: opportemity cost of other.chanmei-uses!?®. Given the
abundance of channeis oh newer ‘systams; this oppoetunity. costis.not yet:-high; aithough as.
the demand for services grows, this opportunity cost will grow. Regardless of the opportunity
cost, cable operators are wary of the inflexibility that leasing of channqﬁ unpljes

The cable industry as a whole'is concerned ‘about the: prétadeivts set by leased channel
access; namely, legitimizing prograrfifing control Vet portiofi of the communication tacility
by a second patty, and behavitig'ifi‘'a manner which resévnbles & chinmon carvier. "(Dhe idea
of first-come, first-served 'on'a calste talevision plaft, asstiming tVat's what'leasifig:means, is
pretty distasteful”'?7 - One-multiple system operator, TCY, has:a:6diperat# policy not'to offer:

126Theopponunnycostisequaltomemanuesvmlchcouidhmbommdvedﬁadmchmnelbeenuaodfor

127} arvy Howe, Vice: President; ATC; & multiple systeny apetator. Gitéd i CirbieVision; {89). -
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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 programiming on it
facilities. Others in the industry feel that if leased access is rejected; the risk is greater that
cable operators Wit be forced into common carrier status’ 2. SuN: others in the industry’
consrder Ieased access as an attractlve source of revenue through leasing iees, and of
mcreased subscnber penetration due to the enhanced servrces available o

In many cities, -no.one has yet requested to lease .a. channg). This situation will begin to
change when data services are |mplemented Data, seemmgly more than video, lends itseif to
entrepreneurial endeavors. note the diverslty oi parties interested in vrdeotex and teletext
This is partially attributable to the ability to target and charge usersidirectly. . To date, the
newspaper industry has expressed the most mterest |n Ieased access They are jomed by
security companies, other information providers, bankmg mstitutions. and Iocal broadcasters.
The American Newspaper Publishing Assocratioﬁ"'(kNP*A)"‘reporfs that’ more than 60
newspapers have arranggments with local cable opesatars 1o program news and advertising
services. Of these, 48 use one or two channels on a full-time basis. Joint ventures between
the cible “opérator and ‘the newspapet account’ for 13 of ‘these, -and leased access
arrangements account for the remaining 35. Otherseperate on adocal ortgination basis’ [52]

implementation. mechanisms for leased.access have notyet been. eﬁt@blrshed The followmg
example of a leased access provision in.the New. Orleans franchise addresses the potential
conflict-ofinterest of the cable operator, but daes. not address. pricing. or technical
mechanisms for its sojution. {(Note.that as a concession, 10 the cable pperator, the franchise.
contract explicitly states that the provision of leased access by the operator shall not
contribute to its being classified as-a common carrier) f20)::: e
 Grantee stvall offer leased channel service on the Home Subscriber’
Network to all residantial and institutional subseribers at. -
non- drscrimmatory rates and on reasonable terms and conditions

*Grantee shall not use its position-as a cabie Sommaniéations systern

operator to refusie leasad: channel service t0:any.applicant who-may -
wish to offer a service competitive with services offered by Grantee.

Nothing contained herein shali be construed as requwihg Grﬁﬁ’teé to
- Opérate-gs a common carrier rior shalt- Grantee be deamed to-bsengaged

Stephen Effros, executrve director Community Antenna Teiewsron Asaocratron (CATA). crted in CableVlslon.
[52]
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in such operations.
in the recently settied Boston franchise, the local. wtmmy hﬂﬁ &“emPted 10, ellmlnate thls
conflict of interest by giving:cantrol over operation of the: leased acgess channels to.an entity.
that is.entirely separate from the cable operator, the Cable Television.Acgess Coalition.. -

A number of dlffncult lssues must be resolved in order to effectively |mplement Ieased access'
policies; in particular, we wnll address the followmg questlons '

1. What should be included i a leased channel, ke, which headend-eefvices? -
2. What role should the cableauthorlty blay in theratesemrggmociess? o

3. Shouid channele be priced on a cost ordemand basis? - ..

4. How long should the Ieasmg period be?

5. How many channels shouldbe,,leased? |

6. How should demand be aceommdmed once itexceeds sbppfy?

I i3

The authority and operator must -denwy which. chmm weto be apqmeq in: thekaasinq,ot a
two-way channel; inparticular, which head-end facililies. are.cansiciared. part of the Jeased.
channel services. On some systems, the channel will include only the frequency transiation,
and signal processing done at’ the hiadend. On-cthisr syiléms; sWiehiing and addressing
capabilities, located at the headend; may be'consideted & part’ oF two-wit§-évamnel sérvice.
The decision skould:be-based on which capabififies” serviié: prowaei% need in ‘order fo
effectniely compete with the cabfe opemoﬁn mwdongfawmc sévPvice:” T
§100 o sady

The cable authority must address the sefting- and- monm ok sales., tn both resmﬂnl

subscribers and communicalion users. As was.discusaedin-Section 5, atcuctural regulation is
ordinarily preferred to econonﬁc re'gﬁieﬁbh B, h the ' h'a%e 8¥ féasad W some

A AT

monitoring of rates is aﬂqecgm to ensurs m&t tha bm ioes,
channel access by setﬁng -rates’ Wabww mmmwmmamm what
degree rates should. he ggg or to what dogree ma[ket fcﬁ'ﬁces
establish efficient rates which are close:t0 cost.: mmmmhb opomor per
community, competmon is limited to that posed by alternative media. In the case of residential
communication serv:ces, the competmon is the local telephone company, in'the” fnsﬂtutiona’l

market, both the telephone company and DTS special carriers (§eé Séction 4.2) are soumes

......
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of competition. The authority's decision should be based dn thé presence and strength of the
competing media in their community. While'various distribution media thight be in operation,
the comparison must be made Between miedia that' seré tHe Same'market. For instancé; two-
way video feléconferencing i$ not feasible over the Sxisting télephidhe total-loop plant; nor
over any of the alternative docat distribiution-miedta- Ehrrently In' phace: simiarly, most of the
alternative pay-television services (HBO, STV, etc.) wilt nét conipéie i the' pay-per-view or
intormati_on services markets_» because th_ey tech two-y!ay eepacity. .

The goal in implementing leased access is'to allow a diversity of information service providers
access to the cable netwdrk in-a manmner thatwik aliow theth 16 conipste on-equékterms with
the cable operator. Because the cable operatoris Nselt dn-intofmitition sefvice provider, le.,
complete separation$ are not enforced, ptovision' aré needed to- prevent this poterittal
conflict of interest from distorting' leging charges; tiérety Giscohtiémg aaeess - Therefore,
any pricing mechamsm should strive for the foltowing vesoks: P - &

Competmve service prowders are not dnscouraged from uslng the cable television
~ neétwork when'itis'the most techmcaﬂy apﬂroﬁﬁ&té%éﬁﬁm\ ﬁvalmb’ SR
s(a? e B
Competmve semce provnders face the same costs |n provndmg thelr servuces that
Yhe cable opera‘tor does in pfowding s:mttareer\?&es

FEESE ko SRVER-T) s17 AU ; . :.&,—." PR ]

All service prowders are treated falrly ﬁnd equally,
- The cable opératér does not éxtract éxcessive: préfits dueté it monopoly power

in.the market. Excessive. profits would. ungutyrsm subscriber, sates, and would
inhibit demand and extenscon of network facmtiea .

,,,,,,,

- The pricing structure sheuld :gstablish. economic: mb Mmmom efficiont
 use of scarce resources, such #s upstream bandwn'.tth  on subsplit systems

S eTEg T
The pricing mechanism used to sét leasing fees shbuld be based on the préemise that the
cable operator is ma’ﬁdetéd to lease d pecified number of hannels'®. ‘Thi efiminates ‘sote
of the’ mcenti‘ve tor the Operator to set prices so hidti‘as tb di‘sbdurage combettng service
prowders

We briefly discuss two types of pricing mechanisms;the first is: rate:of sreturn (ROR) and:the

129,, those instances where no leased access:market develops Gver e sxtended period; the.opacator might be
allowed to use the channeis on a short-term basis.
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second is open bidding. Extensive economic analysis and evaluation of pricing mechanisms
for leased access channels is beyand the scope of this report, We believe that interim leased
accass policies can be implemented without thoreugh resqlution. of pricing issues; and if need
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 mechanismsnecessary.

Most parties, both operators and city authorities, agree that the complexities and
inefficiencies of traditional rate of return regulation. should.be -avoided (see Chapter 5).
Nevertheless, the problem remaing for operalors .to.get leased access rates, .and for
authorities .to manitor their fairness.- Rate of return regulation_applied to cable tejevision
leased 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 unigue
problem for regulators that is not jaced .in.iglephane 1 tion; namely, the marginal cost

function is not contlnuous Margmal cost |s close lo zero when the channels are empty but it

DTN TR

increases dlscontmuously. and ssgmﬂcanu}, when ihe , s ar e all OPGUDled because the
cost of rnstalllng addmonal laculmes is large Therefore. s0 long as there is additional capacnty

on exnstmg laculmes, margmal cost ls low! geflectlng log n,g.k and ROR pncmg on ‘the leased
channels based on average cost allows the cable operator an equitable return on its facilities.
In this instance ROR regulation succeeds i prévéfting thé operatdr ffom expioifing its
monopoly power:by pricing access high-above inarginal cast;-but, because the ROR price
may be’lower than thé market: cleanng prlce. 6émahd ‘caft’ éxcébd sm:pfy and some
mechanism, such as a lottery, is needed to allocate the limited avallable spectrum When all
channels-become” odeupléﬁ marginal *cOSt is MW than: avemge cost, reflecting
the high risk assoclated with mstallmg new plai?m FldR regulatlon that requrres the
operator to accommodate additional demand at a price bgsed on average cost, |s no longer
equitable. In addition, the marginal cost. funct:on l‘or u%stream ,downstream access. wrll
differ on subspht systems due to relthely scarce upgjregm cgpaclty n concluslon ROR
regulatlon for cable television leased access must take the discontinuity of the margmal cost
function into account, which complicates an already difficult task. A bill which is under
consideration by the Massachusetts: State senate proposes-ROR pricing for leased channeia:

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 accass;plus ammhlemd*m :
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Note that the Massachusetts Senate bill does not specufy how this cost is to be determmed
nor how constructlon costs for addmonal facrlrtues are to be accoumed for '

As an alternative 10 traditional ROR pricing, cable authorities might choose to mandate
marginal cost pricing without actually engaging in: rate of retorm:regulation. In this way, if
abuses are encountered, a basis for-action will be in' place. - Membiers of the:cable industry
have proposed that if marginal cost is used as the basis for ieasing fees, the cable operator
should be paid apercent of gross or net revenues to account for-the substantial capital
investment made in the home. Others argue that price must refigct the_opportunity.cost of
leasing the channel. The actual opportumty cost ig difficult to determine, although one pay
television channel may provrde Iarge revenue streams it does riot’ necessarﬂy follow that an
additional pay television channel ‘will' aIso return such hrgh revenues Altematrvely, the
opportunity cost could be equal to the revenues generated on the ledst:lucrativé channel
since jt is that channel that would be superseded by the ngw §a;?phcatlon A complrcatlng
issue is that some channels are technlcally unsultable for vrdeot but can be used for da&a
These factors must be taken into account when calculatmg the opportunrty cost of a channel

Bidding, or auctioning, is a pricing method that does riot dépend of accurate éstimation of
cost, rather the ch’argés':should reflect markét demand, Hidding ¢an be implemented in a
number of ways For example, the operator can ‘set dn initial rate and service providers ‘can
bid the price ip ‘or down unhl ‘all channels are Ieased When the*ieaking peri”od is over, both
new and exrstmg ‘service provrders bid tor access, glving theé exléﬁ" : 'service a chance to
outbid newcomers and thereby protect its investimeént: this shéuid prevent 'investment from
being inhibited as a result of uncertamty posed by the leasmg procees Charges for upstream
access on residential subsplrt systers should be’ highef than thoee tor dowﬁsfréam access, to

g ‘f

encourage e“fhcrent use of the relahvely scarce upstream bandWidm

I

Bidding does not require as:much government intervention.in-the setting of rates. But; neither
does bidding preventthe accrual of monopoly-profits:to the operator: Nor-does it eliminate the
relative advantage of the operator as.a service provider; namelyitise operator doe_s not face
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 Iease access ata
rate below: average cost or marginai cost ‘and therelorebelow ib"m cost in-the long-term
such a situation should not persist; if it does, then-it refutes the need for leased access.
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The competing service providers must base thelr blds £n estlmates of market demand for their
respective services. These market demand estunates should take mto account many. factors
number of subscribers, penetration level, and the price elastlcitnes for use of the cable
medium by service prowiders'> . Thereiare very few infonmation:and date.communication
service providers i operation, which limits our .ability 10.calculate: the market elasticities. i
these elasticities are underestimated. then competing: service:providers: will bid the leased
access rates too: high; resulting i excessive costs 10-sanvice: providers,: These high costs
would be passed: onta: subacribers. and. would Mhmmmmm
suppressed market demand. S g et Y

Despnte the fact that baddmg does not achneve some of the cntena Iusted above. it |$ a possnble
altgrnative to ROR regulatlon Bcddmg has also bqen,,pr o§§g asa method for Ieesgng of
satelie transponders.

O R

There are difficult and imbo”ftant implementation qoelstigne{whi'ch are common to all pricing
schemes. These lnclude the proper leasmg time- benod and the handling of transitions from
one ‘leasor to the next |e . ‘what happens to the customers of an informat'on servnce 'if the
service provider loses g renewal bld” Units of leaging | for commumcetuon services must,
accommodate on- demapd mtermuttent Aaccess, as well dedigated clrcmt access. On
demand access is sulted to 3 two part scheme wnth a ﬁxed access fee and a usage senemve
'fygrent metnc for usage Leasing of
channels on the resndgntnal network to mformqtn provc,derg ragses the quegtnon of contract
length. The mtormahon provnder and subscnbgr dme gtabtlity, whsle the cable operator

He-H e

typlcqlly des:res ﬂextblllty "The ebsolute Ionqegtfw ger}od we Iuke to conelder theee days is

pay us back in two. years "‘3‘ Thle comment reﬂectg tyvo samey Qet} %egarable concerns on‘
the part of the cable operator the length of the payback period and the Iength of the
commitment made to:any single servica. One resoiution:forthe:short-term-is to-allow the
operator and service provider: to. decicle these details; overseen by the cabile authority to

assure that community goals. are being met-and that any complaints 'on the part of service

130pico elasticity of demand is a measure of the effect thatm incrono or decrone in price has on demand j.e.,
if demand is highly elastie then asmail iIncnesad in ptice-will lbad:to s propmwrtionaiwly lerge - decresse in demand.

131 Marty Laftévty; Cox Catite; citedt #hCablsvision, [52].
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providers are addressed, via interim reviews and, if necessary, the.courts.. In the long-term, if
demand for two-way capacity continues to exceed supply, then the cable operator will find it
economically favorable to expand capacity. The reduced scargity will reduce the uncertainfy
of service providers and subscribers. Eventually, the cahle industry may,become convinced
that the information services market is. sufficiently active to make complete separations
acceptable. o R

In addition to the rate pohcues. the authonty must determme the number of channels to be

Ieased Geller and Barron [27] propose the followmg channel assignment scheme 132,

- 30-49 channel;sy,s.tem;s,x +5-10% of ﬂ)actw S
- 50-99 channel systems -- 15-20%.
- 100 or more channel systems -- 20-25%.

Subsplit, single-cable, two-way cable networks ‘ohly accommodaté four to five upstream
télevision channels. But, a ‘single telévision ‘chianfiel 84N be dUbdivided using frequency
division multiplexing (FDM) to accommodate multiple 18480 abtass seflice providers (see
Chapter 2). The authority must also establish procedures for accommodatind detand when it
grows to exceed supply Tradﬁional commOn éﬁ: afe i’éguirea fo addv’ more tacilities to
meet demand. Unlike the jelephone company, the m olsmlemtspne voice circuit,
but an entire cable of 50 or more channels, i.e., thé’Gtida of EMpadity ahd cost aré large.
Unlike electric utilities, there ‘are no-ditsriative service providels orf which'to: off16ad demiand
until a crifiéal mass is reached which warrahts Wew constriiction. i adtiition, té-cost of new
facilities can ‘not be sphaad-over ratépaye "’Mﬂgﬁmt the ‘atat, 'as'8’ the' 'Casé ‘with ther
utifities. If sable opérators are forced o atcommodae few ddfand, they may discourdge
uUsagé so as 10 forestall the Capitil investiment i ‘Rew'Blant. * Thire tust be' pent ip demiand
betore the-cable operator can, or should, justify irivesting’ ifi inskilitition of sdditionat cable
facitities. One titerniative'ts adding neW'cabie 8 mBréINERgIvE:uld of the existing spectrum.
This woukd reqiiire Upgrading’ of all modein Squilgmerit HGUYh ifessble in redidences  this
could be feasible for‘institutional apﬁﬁéhw.‘“m ‘SKAIDNG i Comention secess scheéme

which makes more efﬂclent use of upstream bandwidth than does FDM moght be used to

T VS b A 3N S }:‘f"‘ et ’%z E

SUdeVlde a smgle upstream channel

but reflect the beliet that the very
m .. ! Fw\} iy B ¥4 e

132 The particular numbers chosen by Geller and Berron ereeomewhatubn“
large systems will be féss financialty by teased ucc ’




A possible short-term strategy for cable authorities is to enforce @ timeline for implementation
and announcement of rates for leased access channeis, but to withhiold judgment on
additional rate and accéass policies. The cable authority and the opérator would agree upon
interim review procedures whereby those market imperfections that might be’ evidenced
during the specified experimental pertod could be rectified with appropriate pricing policies.
During the experimental period, the cable authority could coliect data on the rate levels, as
well as the non- discriminatory. first come first serve acoeee policies ot the cable operator. for
use dunng interim reviews. This strategy wouid avoid the uncertarnty and burden of
continuing intervention by the cable authority, whiie givmg the operator the incentive to price
access fairly enough so as to avoid rate fegufétion at the time of intéHmreview.

6.4.2.2 System expansion

Cities typically set provigions for assuring adaptation of new technology which becomes
available, and econo_mioa_ily teasible, during the. term of the franchise. The following is an
example of a "state-of-the-art" clause takenfro@dpmpqsed pili.betgrethe Massachusetts
state senate [40]. | -

~ All CATV operators in the commonweaith shaii make av iebie on each
of their systems, any services that the same Operator makes availabie
on any of its ‘other gysteins, wmmmmm
become available from time to time, :

It uses as its criteria for state-of-the-art, technology. adgptaq by iha eperator on other systems.
The assumption is that the operator will offer thess new tachnologies only as is needed to
compete with other operators in the course of. ranchise cantests, This.pravision, attempts to
grant old franchises the same treatment as.new_franchiaes, therqby. protecting, the system
from obsolescence. If these provisions are. finapcially. burdensome, ;aperaters might be -
discouraged from including new technologies on any.networks; particularly ance.the.cable
franchising process is over and the competition: with..other. ppetators for .new business is
reduced. The authorities should provide fot interjection.and review,of community requests for
new technologies during interim ceviews of operajor, ce and rates..

As we dnscussed in Section 6 4 2 1 a parhcuiariy compiex probiem arises in regard to leased
access. To what extent is the operator obligated to accommodate increased demand that
exceeds its existing channel capacity? A procedure for detecting and reacting to this srtuatron

should be established. This pracedure must detect when péni-itp demand has reached a level
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adequate to assure coverage of a tair portion of the new pilant. ‘At'the same time, the city
should discourage the cable operatorfrom overextending Rself as a result of mismanagement
or overzeaious external préssure.

6.4.2.3 Separatlon of |nsmut|onal and resrdential networks

Some cities require that the mstltunonal network be "ardvnded operated and managed
through a separate but affiliated corporation ... so that the costs and revenues of such serwce
can be differentiated from those of the Home Subscriber Network" [20]. This arrangement
can serve to protect againgt any cross subsidization between residential and: institutional
services which might otherwise occur do to differences:in: the elasticities of the: respective
market demands and franchise restrictions on residential subscriber rates. Other cities have
taken this one step further by requiring that the institutional system be operated by the city as
a municipal utility. No such systems 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 sewicea. cable authorities must define
the liability of the cable eperator for providing. a.raliable (MTBF); maintainable (MTTR), and

secure network to subscribers, information-aervices, and communication’ users. = Some
customers will require and be willing.to pay fos more than.others; ‘Fhis-problem is not unique
to cable networks and is not tweated in-depth:hete. Fos-the most: part; it is unlikely to be
adequately addressed until services .are in widiespread use.: -The .privacy and security
problems discussed in Section 2.3.2.2 lead-some to: theconclusion that.the cabie network not

be used for sensitive services that might be targets of maliciousness '3,

6.4.2.5 Privacy

If and when residents and business users begin to mistrust the privacy protection offered by
the cable facilities, 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

3:’SaItzer. J., Suburban Data Communications via CATV -- Prelimlnary Thougms. Workmg Paper, Laborarory for
Computer Science, M.1.T., May 1081. :
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meantime, damage to individual privacy and the:hardening. of unsatisfactory practices can
occur. Therelore, the cable autharity should mandate some: preventative practices..as well as
provisions for future review by the city. Privacy provisions aheauid;inciude:both. protection-of
data stored in centralized facilities, and protection of communications transmitted over the
cable. The privacy guideline? pro?osed by XVamer Am?x axgmpmy a concern on thg part of
the cable industry (see Section 2.3.2. 2), although these provis!ons do not mclude desirable
restrictions on the storage of lnformatlon in’a ‘f&ﬂ‘rﬂ wiﬂch can be traded fo particular
Indeuals | TR TR e o

ek TR I BV R T AU

Although adequate: treatment of this subject is-beyend the scope: of this: report; we hope to
emphasize that it ia a social-and oconomcvpbucy iissue:that deserves @xtansive public debate
and research. - RIS I mre R :

R T

6.4.3 State policies

Currently, only eleven states regulate cab‘;é; Cbﬁseq'uehtly. <':‘al;leupk‘o‘licy is éstéblished
primarily at the local level. As systems interconnect, jurisdiction will move into state and
federal domains. State governments play a potentially importarit Fole'in ‘éstablishing state-
wide guidelines: and standards {or-cable nstworks instiled:-and opecated: throughout the
state. in addition; the: state:should olficlaily:grantiotal guvertanents the autivority headed to
govern cable'>. State:governmentat lhodies showid contribute: technital -expertise and
resources, not availableiat the:local-level, yo aid the alunidipaities. : Tivis could improve the
quality of decision-making, pave the:way for: futurs -spstenidnwreonnecien; and-perhaps help
to isofate csble pelicy from otser localpoiitioal issties whioh:lawh o relevance to cable but
which: neverthaless: Implcn decisions. due to- 1mwnwwm 1ocal -cable’ kaﬂehlsing
process. T R L TETEL TR IR RS ORI R R S PR I L PRt FEO

13431 buts 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 ‘!n‘,a‘:kers_ in emg@asi_;ipg the importance of establishing a
suitable infrastructure for two-v)éV data ::‘éorﬁ:zrréidr:'iiéfaf‘ions. Because of its desirable
applications and the need for advanced network planning, most cities 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 :qg:g_afeé'of System cggabuhty lmplles reguged dem,ajnqs in others,

because of capital constraints, financial burden on subscribers, and.negotiating strategies.

The cable authority must also decide to what extent it sheuld, or must, partitipate in
implementation specifications, beyond the level of general inffastructure. In making this
decision, the cable authority should-be aware of which capabilities:must:be incorporated into
the initial cable design and which can be infifemented in later stages, Without incurring
prohibitive costs. . it should .understand the costs and trade-offs and -eficourage: the cable
operators to make some compromises on near term cost minimization in:retumn for longer
term capabilities. But, at the same time, the authority must be prudent in its demands and

avoid overextending the cable operators’ resources.

PR

The operational infrastructure for data communications ':'bi'i'm
regulations which will adequately- separate the content.and carriage-functions combined in
the cable operator. Leased access provisions, which-set aside:aportion of the cable netweark
for operation on a common carrier basis, present an ‘attragtive-altermative for reducing the
conflict of interest posed.by the cable operator's-combined conteat and carriage functions.
The pricing scheme applied to leased channels should be carefully selected to eliminate the
incentives and ability of the cable operator to behave.in an:anti-coppstitive manner.

rily consists of structural
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Chapter Seven

‘Conglusipns '

Cable television networks applied to data communications are unIQue and valuable municipat
resource; but their utimy ‘will be determined by the dfwréif? o!" services, and Setvica providers,
that are accommodated. Maximum utilization requires: e B T

S

- A technical infrastructure. that aceommodates multiple.servers-and a variety of
service characteristics

s

- An operational infrastructure that ensures: network scceas to a muitiplicity of
service providers. and commumqathn usars, . . ,

The efforts of both.the city cable-authorities and the cable indusiry are necessary to construct

these infrastructures. ‘ : g :

7.1 Network planning

The access scheme used. will determine the future viability of the setwork for switched any-to-
any commumnications. Currently; two:way commumications on catileds conoceived of in terms
of polling for residential: networks;. and ‘poimtto: point FOMinke for inamutional ‘networks.
cable Is to fulfill its potential: 8s:a data communications mediim,: Systems must be designed
with the technical capabilitigs for implemanting: more | fiexible:icommuhications tachniques
such as contention, and: DA-TDMA. Everituatly,’ additional- highet1ével:'protocols: wik be
needed to support interconnection of cable systems with each other and with other networks.

The noise and ingress on existing, as well as future, cable systems will be the largest technical
hurdie faced in implementing two-way, quality data services. The use of bridger switches,
while quite appropriate for a polling architecture, is8 not compatible with distributed
networking schemes desired for city-wide business and residential communications.
Therefore, other methods of reducing the noise on the upstream channel must be found. One
seemingly appropriate method, is the use of digital regenerators, in parallel with some of the
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return path amplifiers. ~In addition, aggressive maintenance ‘procedures must be
implemented. - ‘Ingress from ‘'interfering  sources is gredtly increased by leaky connectors.
Most connectors must'be tightened once or twice perayaww insure properfitting.

The high cost of installing cable will be overcome by, .the p;ofwny of Pay TV services.
Similarly, cable systems will be updated to meet franchise rengwal requirements. In some
areas new cable must be laid. in others, only two-way pmplitiers modules need be installed,
and the headend updated. All copstruction planning should take into. account the relatively
low marginal cost of adding excess capacity at.the time. of construction. (either original or
rebuilding construction) as compared to the high marginal cost of adding, additional capacity

after construction.

and data,commumcahops services. g‘s_m,evocably.wm ‘tp ftt;e @pﬂWs,.thgt \dgv.elop. The
use of wideband media could well be overkill for textual transagtion. services. Likewise, the
use of phone lines is unacceptable for heavily used. interactive image. or facsimile services.
Potential information service providers must make.a thoughtiul agsessment of what is likely to
be needed, demanded, and accepted in the next §, 10, and 15 years.

7.2 Strategles for the cable mdustry

: §t T

The challenge. facing. the ca.ble mdustry is to.establigh a communu;auons mfrasxructure xhat
will_support..a. yariety of information. and data.. communication .services, as well .as
entertainment services. Initially two-way communication cagability between subscribers (ox,
users). and the headend will be adequate. But, switched.any-t0-any communication will be
needed to agcommodate future growth.

in the Iong run, to be competutlve. an mformation servuce must be dehverable over a

ultlpllcny of commumcatlon medla, snnce the availabihty of appropriate cable or telephone
facilities will vary from city to city . leewme, the commumcatson serwces oﬂered 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
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information marketplace which is attragtive in the aggragate. Becausa sl sgrvices will be
accessed via common interface and ransmission lacilities, they mustibe sufficiently.attractive
and varied to warrant the initial-investment. Tothe same end-of encournging.« multiplicity of
services on the network, cable operators should encourage resident-to-resident
communication’ applications.® Person-to-person’ ‘or Interést gréup '‘Ebmmunications.is the
primary application of most éxisting computer fietworks, i particular ¢ steétfénic biltetin
boards used by Hobbyist, i.0. persBiEl soimpiiter owners. mi%mmetéﬁmmmm but it
is likely that there wilt be a mirket for SUCH SarAcE amBAY 5 43 Welt: ' Such services
will place added pressure on the operator Yo MW rubh'ct ’for the‘privacy aspeew
of cable communications. R W

In addition to in-house research and development efforts, the cable industry should
encourage’ davefopment of' cther pieces nacassary o make ‘dita’ E8imunication services
economically vidble; in-particular, affordable home terminals and hadeth develdpivient. ‘Some
of the major cable Compunert inanufactorers are’Swekint'jditit véitilitds with extiblistied data
communication firms to-galh the much’ rieeded éxpariish 1 Hhis Rekd: examples are General
Instruments and Sytek, &nd Scientific Attanta snd Amddtdee Apbuntiix ‘A). This s providing
the cable industry with the techhicat werkforee: aiit! the datit‘comituriication firms with the
large amounts of capital necessary to produce equipment on the scale necessary for the
cable television industry.

. B P
P T S e oy oo y
T o B j’(f,. IR byl TEVE g

In both the residential and mstrtutaonal markets the operator shouid offer rnultlple channel
types i broadcast, point:to-polfit; “high 'speedl Fow'Wiudd:  Bedicktsd:- burstyth the
institutional market, on-demand ‘cofrnuriication’ Services sRicid' be' BIferédSin' BIS6N to
dedicated private timé'service. On:demand sefiice % m Wﬂeﬁﬁiﬁbﬁﬁwlﬂﬁf& ot’srhaﬁ
nature of cable network communications is suited to WM*W% wﬂmm‘
thrs feature grves |t a competitlve edvantage over telephone local Ioo? facrlities The taritf

5 B SHAOD H
structures adopted by the cable operator shoutd also accoglmodate mtermittent users That
e anain mibem AoHBL DD T o :
is, charges should be based on the data volume, not the connection tlme
SRS T B0 snaigen s N ) st %
By 3
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7.3 City policy

We address local and.state policy makers in emphasizing the importance of establishing a
suitable infrastructure for two-way data communications. Because of its desirable
applications and the need for advanced network planning, most. cifies should assign high
priority to the data commumcaﬂons mfrastructure which cons:sts of both techmcal and
operational requirements. Nevertheless; demands'should be moderated by an understanding
that increased demands in one area of system capablity implies reduced demands in others,
because of capital constraints, fmancsal burden on. aubscnberm negouatmg strategies.

The cable authonty musf atso decide to what extent it should, or must, participate in
nmplementatuon spemﬁcanons, beyond the Ievel of geperal mfrastructure .ln making this
decision, the cable authority should be aware of which mwlrﬁeszmmﬂb‘e incorporated into
the initial cable’ desugn and which can be nnplemented m Iater stages, wnthout ingurring
prohibitive costs it shauld understand the: coste anc& trede -offs :and; encourage the cable
operators to' make some compromises on near terhi cost minnmzaﬁon m re‘tum fOr Ionger
term capabilities. But, at the same time, the authonty must be prudent in |ts demands and
avoid overextending the cable operators' resources R '

The operatlonal mfrastructure for data commuoicatlor)s pnmanly Qonsnsts of a structural
regulations which will adequately separate the content and carriage functions combined in
the cable operator ina speech before the Natlonal Assocratuon of Telecommumcatlons
Officers and Advisors (NATQA) oonventten‘ss N. Mluer dmubedme posssﬂe abuses that
might arise if this separation‘is not achieved: - TR T c

-..Cross subsidizing the program costs from the facility's construction.

costs and revenuee, "y pm;e dgggp(nmaﬁng in fqy@rp{ iixgwn
services when a competltor seeks to use the facility, or .. snmply

limiting the capagity of the, system 80 noconmetm aervices can, oet
on the system. o _ ,

As a society we often hesitate to intervene in market operatlon as a means of directing
technological” devetopment But in thns mstance, Q? m others* Jweﬁwmuet recognze that
support . of the status ﬂuo in. m&f wili deurmine‘? m dovolopmem of eabh tobvislon

53 i PSS

13%iller, N., Speech to NATOA, October 23, 1981,
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technologies and markets, as much as, if not more, than support of. new. atructurel
regulations. ‘

7 4 Suggestions for further research

Further research. in the following areas is- rnewske texibe »mw nf clities. and the industry to
effect the infrastructures described above. - : S e

- Market research is needed to ensure cabie operators of & financially secure -
environment in which to invest. This is particularly true of the residential market.
This.research must eacompass-gdayvelopmenty inthome m&quwmaﬁon e
and transaction services. The cable netwark only compnses the communications

“medium that will link Bubscriters with each btier stvice providers;
without afiordable home: terminals, and:atirantive servioeds, Hiverd: wilkbe:no:need .
for such a link. In addntrgn. the nature ot ege,igemcg&ag temgnals will
determine the relative aitractlveness of cable vision as the communications
link, versus the télephore fecal Ioop (B¢, theinved:for hgh bEAdwitith graphics). '
The traffic generated by this market.will in turn delermioe the appropriateness.of. ..
the vanous access schemes descnbed

- Expenmental research is needed -{0. meroudx charactarize . the technical
limitations of upstream communications via existing cable television systems.
Technical mechanisms for combatin problems and_ therr r Iated costs. can
then be “evaluated ahd’ apblf‘ed to %ec?ﬁdﬁ’s rebur 3%9 ersus upgrading”
existing networks. . - - : e 1S

k -’Hngher level protocol standards are needgd to support eifectwe and efﬁcnent
networking. Development ‘of : adequate bub' #ot' conbtitling - protocols is
necessary, along with general research into the standard-setpgneeess.. - .

-Sound leased access pricing mechanisms dré need8d ' tiit’ wifl-accommodate
growing demand, efﬂciemryand wh commﬁth* e

*? s\i\‘ £¥e}

MHIDGOT &

- The potential for pﬁvacy abuse, wmch is interistiied ﬁftheiu& ‘6‘!”% compufer‘
and communications technologies, is a social and economic polidy i§sue that
deserves extensive public debate and research

- City authontles and commumties along wrth r@pgnsiplq cqgle gperatgrs, must
address mathods Tot making thesie ‘services and ‘facilities  available to the
information poor; aswell as tiveinfermanon:sichi Thiwitential odocitionsf vdlue < -
of the services, as well as opportunities for increased "technical literacy"” to those
households with access, will ctherwise only serve to widen the gap between theee
two groups.

s

Il Coa RRTEL
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Appendix A

Provrder Industry Structu re:

EE]] e

Snapshot of the m th: "try, damrary, 1 982

adis O0F
The cable‘industry is currently ai entertainmenit distrisition and programming-industry, nota
communications industry.  The:provider indisty for duta mervioes 0wt able comprises @
number of participants: cable operators, cable and components manufacturers, modem
manufacturers, LACN vendors, in addition to the information service Rrox;ders vyho will pe
both customers and supphers What follows isa snapshot of the cable industry as it |ooked in
January of 1982 Grven the raprd changes in this field, the reader shauid regard this only as a’y

:}B (SR S A0S 1 ‘_‘,f i
representatrve sample and should consutt ﬁre tr‘ade press for

£ dai)..x R0

more current mtormafion

5 s
Pt 3 e‘“ Yiy il

A.1 Customer Premises Equipment Companies

There are three types of frrms that manufacture cable mtertace umts those that desugn cable

converters for restdentral use, those that destgn ¢D‘A mtertace unFts tor mstrtutronal markets
KL S35t

and those that destgn LACN mterface umts for private commérct’at networks Whrle the "

market the modem manutacturers have srgmfrcantty more technical expertrse m the ﬁeld of
data commumcatlons “The LACN manutacturers have the moot sophré'hcated drstnbuted data '

‘i:e‘T

network experttse. but have no experience in the area og pubﬁc networks and “residential

..............

services. The followrng drscussi&n of the key players ?n ‘these ‘markets will’ exemplify ‘the
different approaches taken in addressing the residential and institutional two-way data
communications markets..
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A.1.1 Converter Manutacturers

A.1.1.1 E-Com Sy by x

E-Com Corp.'3® manufactures both polled (TRU100, TRUSOO) and FDM (TRM202, TRM159)
modems. The polied modeis operate gver G.250H\ harnels, and- gohieve
data rates of 0.384 Mbps and 0.300 Mbps, respectwely The typlcal price is from $50 to $125
for residential terminals, and $200 for commercial terminals. The FDM modems can
accommodate both point to point and point to multipoint communications. They operate at
9.6 Kbps over a 100 Khz channel (0.086:bits /hz);:amd: 1.5:Mbpg:over a 1.5 Mhz channel (1
bits/hz) at costs of $750 per circuit end, and $3800-$6800.pen cirtLit end, respectively’™’.

A.1.1.2 Control-Com

Control- Com'38 . a subsndlary of Burnup and Slms Inc has developed an advanced
commumcatuons network based on cabte technology, whrch they have rmplemented in prlvate.
areas such as the Disneyland Hotel Currently they are developmg a two- -way data system
which will make extensive use of "area microprocessors” (intelligent bridger switches), which
in addition to reducmg the upstream channel norse, wrll perform network management

',i:‘ r SRR T ‘,.‘"*,-‘

functions.

The system wrll offer 9. 6 Kbps servrce. with an aggregate data rate of 50 Mbps The pollmg
sequence to all area mrcroprocessors wrll take Iess than 1 second 80% of all upstream'
commumcatuons is expected to be home momtormg data which does not need to be
commumcated to the headend Rather, the area mrcroprockeesoyr ‘acts as a subnetwork
headend whnch receives alt momtormg signals from home U"'§; end cnly transmrts those that
requrre service to the headend The effective upstream blt rate for each user is expected to

be approximately 1 Kbps More advanced network teatures can also make use of the area

136} formation on E-Com systems is derived from a speech given by R.V.C. Dickenson, E-Com Cory.; entitied,
"Digital Data Transmission on CATV Systems", at the Canadian Cable Convention, 1877. The President of E-Com,
Robert Dickenson, was one of the prime developers of the data services offered by MCTV.

137E.Com equipment brochure, available from E-Com, Stirling, N.J.

138
18681.

Information on Control-Com developments is from Personal Communications with Jim Crocker on November 2,
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microprocessor, for example jamming detection. Logic for the interface unit is implemented

in a single custom-chip. S

A.1.1.3 Tocom

Tocom has over 10,000 units of subscriber equipment inusein ¥he U:S. and:Canada. They
-offer security, teletext, and interactive data:retrieval: using @ polling access control schema.
The Tocom 55 Plus was delivered in June 1881'%... The B510A is-a two-way ‘home
informational terminal adaptor which - offers 55 telatext :channels, in addition to interactive
data retrieval, formatted screen data entry, and: entertainment:television. it costs $260 in
volumes of over 10,000. The 5510A uses a color graphics display wnth internal RAM. There is
both vertical blanking interval (Ve teletexf andmlréﬁariﬂmémeit '

The two-way interactive features include a built:is return:transmitter which-ean communicate
with the headend on up to three different return frequencies. The terminal supports opinion
polling, subscriber response, pay-per-view, and channel momtonng The system supports
aggregate sampling via polling for collection of audlence statlstrcs. but does not allow
individual monitoring, and does aliow the user i to disable tﬁe monitonng function R

Screen-formatting functions are supported for interactive transaction processing. Data entry
is accomplished using formatted screens and a small keypad.

The 55 Plus system also includes headend facilifiés catled thé Programming Controt System
{PCS), $155,000. Mt contains subscriber ‘and Profjfamimitiy’ data bases which “can”be
maintained via operator consoles. The PGS’ ctWimunicates ‘Eontrél information to the
Headend Video Processors(HVP) 88,000 per thanniel: contronsd. it also Brovides a retum
path for two-way communications. The HVP buffers and transmits the teletext datd on the
VBI. A Selective Data Retrieval processor operates the full channel teletext.

The Screen Composition System is used to enter the screen formats for subscribers.
Communications with external computers for home 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. R ‘

139High Technology Group, "Interactive Technology Review for Cablevision's Boston Franchise Application”,
April 16, 1981.
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A.1.1.4 Pioneer

7

Pioneer developed the hardware for the Warner-Amex Qube system. See Section A2,1.1

A.1.1.5 Jerrold

Jerrold .controls over half of the customer:pramises: squipment (CPE)'market for: the cable
industry. . In addition to seaurity, entertainiment;: ahd: pollingi: Jexrold -offers Communieom
which is a two-way polling sicosss commusication sysiesm: fonpay-per view and opiniom potiing
applications. The:modified converter costs $ 185whiich tommunicates with the headend via a
secumymbdaceunit Tolotaokis algooffared. . ..« - 70 hene ratat o

Activities in the field of twf.q;wﬁyl .gq;ginggqupi been,qagrasgve _This s likely to change with
the recent investment in Sytek Inc, Jerrold's parent, General instruments. The planned
systemis described in detail in:Section A t.31. 12w o

Coiakl Lt =ty [EIR LA . [N S ¥ T

A 1.1 BOak lndustrlon

Oak industnes developed the interface umt used by Cq;( Cable for their |ndax sxstem(Section
A.2.1.2 below).

A.1.1.7 Scientific Atlanta

Scientific Atlanta manufaclures. cable distribution. plant ce _ _
conyerters. The newest Scientific Atlanta eguipment. annpuncg# requires &, $360 per-mile

upgrade to recewe and ransmit high. speed-data’?; Thisicata medem was developed by
AMDAX, Ing."*'! and will be exclusively marketed WWWMMMW induetry via

Scientific Atlanta. . = - : S AT gt
et P
i AR H
bl 1.j;¢i fa%1
140

Cable Vision, December 21, 1881, pg. 133
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A.1.2 Modem Manufacturers

A.1.2.1 Mitre

Mitre designed the network eguipment for the firgt:true: breadband based:local area network.
Originally it was. designed using a TDMA access ashame; and cusrently runs a contention
scheme as well. The system runs on a dual 300 Mhz: cabie systém where one cable was used
for upstream and the other for downstream communications; exclusively. Mitre, a non-profit
corporation, does not commercially-sell its equipmeant;. but does fitense its. designs. Current
licensees include Digital Communications Gorperation,-a-subsidiary.of MA/COM.

Although desrgned by Mrtre pnvate networks, the technology IS how beung adapted, by
licensees of Mitre, to run on urban cable systams

A.1.2.2 Local Data Distribution

LDD 42143, “"‘ an affiliate of M/A-Com, has recently completed a joint experiment with
Satellite Business Systems, and Tymnet, in Iocal dlstrrbutlon over. both cable and radio. The
CARAVAN145 involved two-way data communication over the rnsmutronal cable facrlmes of
MCTV in Manhattan and Vracom Cablevrsron in San Franclsco As of December, 1981 there
were two cable subscnber statrons in San Francusco at an, average distance from the headend
of 10 mrles The MCTV cable system in New York had srx subscnber stations

The cable headend transmits all downstream datain a TDM fashion to all s subscribers in the
high frequency band. Subscnbers respond using a TDMA techmque in the Iow frequency
band. The headend is Innked pomt to pomt over, thg cable tp a sa;ellrte earth statron for long
haul traffnc The system uses a 1.5 Mhz channel for 1 .8 Mbps aggregate data rate (1 2

42Richmond, R.L., Digital Communications Corporation, “Recent: Advanédments in Locat Daté Distribution”,
Working Paper available from DCC, Germantown, Md.

43.9BS, TYMNET, LDD CO. Report Success in Local-Loop Demonstration Program”, Press Release No. 81-39,
Tuesday, November 24, 1981.

M45uwinton, W., Tymnet, Inc., "CARAVAN: Experiment in Wideband Local Digital Data Distribution”, National
Telecommunications Conference, 1881.

4Scable And Radio Architecture for Value-Added Netwoiks.
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bits/hz). Channel allocation and switching providing full connestivity-ateimplemented-at the
headend. The cable equipment used is approximately 30% lower in cost than the microwave
radio facilities which were aiso part of the experiment. e

Digital Communications Cérporation, another subsidiary of J/A-Com;-and the designer of the
modems used by LDD, hag installed & system in the Lild Celinas,:12,000:wcve, nvasgter planned
community in irving, Tesas'%:. The system operstes on an:undeigrounid triple trurik, one
subsplit,' and two midspiit. It is configured n:a-eingle Naly and 8! currently being upgraded to
provide dual distribtion 400 Mhz capabiity throughoutthe system.  Thé services plaaned for
the network include residential videotex, ais: well ag businsss duta commihications of varying

grades for small, medium, and Iarge buscnesses All semces will be besed on the DCC TDMA
technology, with some additignal polhng equi‘pmenf as wé’ﬂ Transmlssion sb‘eeds wlll be as

SR T

A ,}‘,“ HU

high as 1.544 MBps, and will offer full connecﬁ\'rﬁy

A.1.3 Local Area Computer Network Vendors

The past three years have withessed the development ofa new, and still very small, industry of

LACN vendors. These compames desugn networkmg equipment I’or diverse dlgltal devices

and computers which are spread over a contained area s‘dc‘:h as’e an ofﬂce buuldmg The state

of the art distributed network products do not come from the manutacturers who have Iong
o A0

been making modems for industrial cable networks but from ?ﬁﬁs crod ofénew companles
growing out of the mini- and mkro-processor\industry. netiys old

]

Both the industrial modem manufacturers and “#é LACN ‘vendors are geanng up for

producmg high speed data 6nterface units for mtra ‘élﬁ' com;n i ”iions Fﬁﬂ and Pomhg

equipment is widely available whnIe confention and fﬁMA equipmenf is still Iargely in th o
expenmental or dasugnm oo o B e

A.1.3.1 Sytek and Generalinstruments .. ..~ . ol

Sytek and General Instruments are jointly developing an advanced data communications

DorAGNren e

46D Silverman, P.Freedenberg, D.Schoen, "Architecture Andynia for the Las Coﬂnas Aasociaﬂon
Communications Network"”, EASCON ‘81, Washington B.C:,:;Nowember; 481 oG
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system for cable called Metronet'” . Sytek is a communications consuhting firm-which has a
growing line of broadband based LACN products on the market, . The LACN lscalled LocalNet
and uses a contention, CSMA-CD, access scheme. LocalNetZO runs at 0.020 Mbps, and
LocalNetd0 runs at 2 Mbps (0.33 bits/hz). Gensral lnstrimeénts’ récentty investérf ﬁéavuy in
Sytek. General Instruments, through its Jerrold subsidiary, has extensrve expenence in the
cable industry: Jerrold controls over half of five ‘éabie t0StoMmerinterfdce unit, and distfibution
electronics markets. The cumulative installed tecminal base through the end of 1980 was
11,850,000, 52% of which were General Instruments products '8,

ot mea B
CEERC

Sytek, where the R&D activity for Metrqnet is centered, ;s §t§ll in the early planning stages but
they have set out requrrements and a general archrtecture for Metronet wrth rmpressuve

o1k}

PR

Sytek has designed Metronet under the followmg assumptions

- Concentration on data traffic.

- Equipment should operate on Subsplit systems. operating a.26 Mhz in each
direction (4 upstream and 4 downstream channels of 6 Mhz each )

- Primarily small busmess and resrdentral customers

- Bandwidth should be assumed to be scarce

. The network should be desngned to mthsmidmsﬂe egwonmam

- User interfaces should be IEEE 802'*° compatible. .. The nebwork itself is not
designed to follow any standard.

The Network Requirements are defmed as follows o 7
- Large subscriber capacnty 50, 000 to 200 000

- Adequate expansion for 10 years, wrthout afnyincreaseinbandwidth

147 intormation-avout Metvoniet is derived.fiom personsl commurications with Rebert MacNamara of Sytek, on
November, 1, 1981. Metronet is strictly in the planning and design stages and is not an announcet product or
offering. . .

"Record Levels Cablevislon Novemberz 1981

‘9|EEE 802 is the draft local area network standard,
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- Adaptability to new services. -
- Non- disruptive expansion

_ -ngiiet swutched with a. mexlmum agggss time gggater man mo ms., Np more
than 1‘% oi the time V

,-,Geogl’aphacai extent iess than 40 to 5@ m““wo

- Residenttial network would use primariiy CSMA CD‘ 16
ol SR

- Connectivity of any two oubscnber nodee.

- Point- to- point full duplex cbnnec“tionfess serv?ée

Wy

. Support up to 20 Kbpa per nnqel L

- Off-network nodes with proper interfaces to serve as gateways to SBS public
switched networks, etc. ' = st oranayteh o

- Control requirements:

* Grantor denial efimmport serviee &ceecﬂo anyﬂoﬁo.

AR ERETaL

* Identmcatlon of source and destination noda for each session

P -
PP TR g e Hi

* Control of illegal use of access and bandwidth

IEERUL TP AN N :

* Protection from physical attack - vandaiism (detectlon, lsolation and
repair); Theft-(deteetion; demal, and én 4

- * Administration to-adjust trafficload. - ¢ S A oo
- Pricing, flat rate per access or per packet.

- Diagnostics -- Check channelandequipment, Tlme outs o

AET T N

Network services will mclude cailer and callee charging optnons. polled serwce access.

150 05 was discussed in Chapter 2, contention access protocols such as that proposed by Sytek, presents a trade-

off among distance, daia sale, “mmmmm&m mm:wm
datamgmed w

Syteksbiastowardstiustechnologyohouldmwmmmdmmﬂwmmhmm
st
152Thscapabilitywtllcanywimittmpoaibbnudtomqulahhunotmm nwiththoblephone
company. LR et . TRt : 33
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videotex using the AT&T Presentation Level Protacol (PLP). Value added services will include
translation, speed buffering, and key distribution.: Sytek beligves that. most ot the information
will not be considered worth encrypting with the obvious exception of banking services.

The network architecture will be based on a distribwuted intelligence approach, in line with the
LocaiNet architecture, with. some exceptions.. Because the nietwark will-not be owned, used,
and operated by a singla organization, as is the:case with most LACN's, the network will have
some centralized control. of communications,  .to. redlize the-network 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:hoadensd will establish -netwark
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 each supporting a data rate of 0.1 Mbps (0.4
bits7hz). Each node is assigned a home channek When a session-is requested the heatlend
will verify the authenticity of the source and destination; check traffic loading, and:then:signal
the source to switch to the destination node's home:channel, assaming:it is free. Alterthe
destination is notified, the headend Data Chanriel: Acsess Manitor (DCAM) will exit the
process. If any channel becames unusable, the DCAM will ralnitinlize the communications on
another channel. The projected cost is $50,000 for the: keadend. This is:almost 20 times the

unit price of the LocalNet headend.

The expected usage traffic is 1,000 to 2,000 simultaneous sessions per channel wuth 60 Kbps
throughput'atpéak foad. - ‘ i S

A terminal with sophlstlcated graphics capablhty will be sold by Jerrold It wull be based ona
Motorola 68,000 microprocessor, and 1/4 10 1/2 Ml;m ot memosy \M;Qn themarket grows
large enough to warrant a VLSI version, the price could drop to $200153 . Sytek feels it is
necessary that the cost per node be kept in the $200 range, whigh is how much addressable
video converters currently cost. Sytek would like to keep the monthly riétwork fee in the $20

15350 estimate was given for current, LSI versions but similar devices such 83.he Radio Shapk TRS/80 sell for
$4,000.
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range. Given 10 channéls with 1,000 subscribers per ichannel;the isysten shauld be-able to
‘accommodate’a 15 minute: mperaveraqe mmatwbeoriberpurday

R Ly

Sytek is strll establishmg |ts plans for an instttutional network Currentty the targeted
customer base is leasad Hries users. Sytek feeis:thut the instilutionat mariet will evolve into
transport services between LAGN gites, or a8 last mils transports to-dong -haul networks, -i.e.
private lines:: in addition, they: feet thal the cable network could :end:up: being : used :primarily
a8 an alternative voice medium. - For the: Ingtitutional: market, BothcTDMA and: CSMA-CD are
possibilities for the access scheme.

Htis clear that Sytek is designing a communications gystem:intended for: the use of multiple
"servers", and not a video-entertainment, or:-videotes: network: wtm:smole sarver, as is the
current model. * '

A132Amdaxr

Amdax supplies souch .of the point-te-point FRM: interface equipment.for. MCTV.. These
interface units are-used in-their firstprivate.LACN peoduct which implements a switched FOM
access.scheme. More fecently; Amdax haz snnaunoed:Gablenet; which; uses a-DA-TDMA
access scheme for campuis and plant-wide:LACN's:  They proposa:tosltend their products
onto cable systems and have:signed an extiusive mansufactusing snd maeketing contract with
Scientific Atlanta for sales:to the cable.industry:. S

A.1. 3SWang

EYST
3t

Wang's LACN, Wangnet, uses FDM to drwde 350 Mhz of bandwndth«mm tgreedndapendem
bands:

1. Interconnect band -- many pomt to pomt channels ustng FDM at data rates up to
64 Kbbsiﬁbqueﬂcy fixed: moaem fﬂ%ﬁ) and'9. &Wéncy agiwmwem

"":2':;Wangt5and a'1% Mbps contention chmmet Which mhs o\aema Mhz tOea-r
bita/ha $ABOOR. i L Blew il

3. Utility band -- for surveillence, instrumentation, or teleconferencing.

Wang uses twd cables, “‘oné for upstrear transniission arid be-for downstream. it covers
areas up to 10 miles in diameter.
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A.1.3.4 interacltive Systems/3IM

IS/3M has sold-broadband- communication systérhs sivce 1974 Their systems are intended
for use as private LACN's but are applicable to’ian“¢dbie hetworks: Their systems aré of
two types, TDM and switched FDM. Low speed FDM modems for ‘both point:to:poinit and
multrpomt apphcanons otter data rates from 600 bps to 9600 bps and medrum sp_eed modems

FELS R ;. TV R

from 1200 bps to 96kbps IS/3M also desrgns and manufactures hrgher speed modems for

: : EETUR - 118 o g beling g
OEM applucatlons Many LACN and private frrm? buy - modem hardware trom IS/3M for use
AN 10} AU 20308t toel oo ;
in LACN s wrth more complex commumcatron protocols 3M has recentty announced a 1.5

Sl b
Mbps rf- modem for $400

A.2 Services : B

A.2.1 Cable Operators

Currently over half of all cable networks are owned by small companies. Sys‘temsin; tt\e |ar§e}
cities are increasingly ‘bemg:consolidated under e’ opdrmtion of a few big firme caliéd
Multiple -System Operators (MSO’s): - This ‘conseNdstion pebosss I8 likely to continue and
speed up over.the next 5 years, as more of the. old:fréinchises comé up for'fenewal. At that
time it will be increasingly difficult for the smal dpératirs €0 compete with thie oflerings of the
large, ‘weaithy, MSO’s:: . The: targe-MSO's will- olfer X0: retroht ’lhétsyﬁemﬁ for: two- way”
capability, or to rewire if ngcessary, mmmwmmm

FORFLT

A.2.1. 1 Wamer-Amox

Warner-Amex, |o|nt|y owned and operated by Wamer Bros Commumcatrons and Amerrcan
Express, offess an interactive cabie. service calied QIUBE, based on aipolling sc0ess protocol.
The:system has 32,000-sulsscribers and the cable passes 106:800 hemes'™. \Qabe was the
first interactive two-way residential cable netwonk and; sven todsy; kes few.competitots.

The headend computer is made up of three Data General Eclipse S-200'% (16‘bit
mumprooessor mimcohrpmms withy Mbyﬁs “of “riiain '8 tord ﬂ&“"*’rﬁé em oﬁers three,

RSN 26 <g;: o pura e [ To BB LR Tee T VoA T T PRI Ty FYSR S

interactive services: response pollmg. securtty momtoring, and pay-per-view televnsron bllmg

154 Cablevision, October 12, 1981, "Qube Under Fire.”, pg 73.
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The Qube system relies heavily on the use of bridger switches:to control the impact of
insertion noise on the upstream channels. This methoduscompatlplewrth the. polling access
scheme used. Qube developed this technique which has since besn implemented .in other
two-way cable installations.

All subscribers have addressable termrnals wrth 4-bit mrcroprocessors Three to four trmes a
minute the terminal is polled by "name" The termlnal responds to& a fevg commands status
(on/off), channel number last response button pressed on keyl)oard and OK for security
monrtormg The interactive termmal is called a BT1300 and transmlts and recelves at 0. 256
Mbps. It costs from $245 to $465, in quantities 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
Diego, California. Additional systems.ane being installed in Atlante, New Orieans, Omaha, and’
Tucson. The Indax system i -one of -a few two-way;: fully-interactive: videotex systems
designed for cable. The network will operate 60 0.056 Mbps!™® data channels, using 0.3 Mhz:
spacings (three; 6 Mhz channeis; 0.186 bits/hz).. Thedawnstream:channeis willoperate at 15
to 17 dB below the video carrier power, which allow-$hem to-be.fun: on three lower channels
which are not normally used for video because of interference in these bands. The upstream
channels will operate between 5 and 30 Mhz. The uncorrected bit error rate |s speclfled at 10
8 and the corrected BER (wrth cyclrcal redundancy checking, and retry) at 10 ""

Cox uses a fully redundant. Tandem. Computer for hesdend control. - The: estimated per
subscriber share of the-headend fixed costs-is $75. The traffic espacity 'of the system was
estimated; using a simple:model; 10 -accommodate an-average of 18, 16-minute-sessibnsg per

55lnlormmlon on.the Cox aystem was laken from a speech by Qary.Tisgeo dm%oﬂ Maggh 19, 1061.at a
M.LT. Communrcatron éomrnar on Horrie lriormatlonSystama nwell aalrom pouonal comnmmcaﬁonsonOctober
14,1881, - : ‘ T PO

15650me of the Indax systems will operate at 0.028 Mbps, such as that being instalied inNew Orleans; La.
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month per subscriber. It is expected that 90% of the: data will ravel dawnstream, and the
remaining 10% upstream. The Tandem is expected to_handle one transaction every two
seconds. Accounting for a 4-hour busy hour, and a peaking condition otﬁ% of the users at
any one time, it was calculated that the system could have.available for.viewing approximately
5,000 one-way pages. This js considerably more, ages than sither phang;based vidagtex. or
teletext systems can provide with the same respanse time.

The home terminals are microprocessor driven and are therefore fairly expensive. ‘éeﬂmatjed
costs are $320 dollars per subscriber terminal with data communication capabjlities, and $120
for two-way capabilities without data. The data channels are accaessed with the contention
protocol, CSMA-CD. Using this method, it is assumed that cbannels can be run at 85%
efficiency. Approximately‘15.000 could be served on a is processor Tandeq}’,system. and
100,000 on a system with 10 data channel pairs. The two-way interface units are being
supplied by Qak Commumications., S ‘ 5

In total, Cox estimates that it will cost approximately $250 per subscriber to offer two-way
Indax services.- A bas@ cost for a two-way addressahie f4:channel cable system is.$500 per
subscriber, placing Cox's total system costs at approximately $750 per subscriber.

Cox will offer a variety of services, including Electronic Bankimg:aind Shopping. The software
is being developed by:Hompserve, a division-of American Can.. The.cable aperator will in-fum
act as a carrier between the subacribers and the seryice provider, who will.act as an interface
to the subscribers’ banks. Shopping services.and a 'commercials” channel are proposed.as

Information data bases are connected to the headend vua X.25 lines. iﬁforfhetioh Which is
frequently accessed, such as the UPlnews database,sre stored.at the headend. .

In addition to a resadentlal Indax system, Cox is installing a 20 mile dual cable mldspllt
institutional network in New Orleans, as part of the franchise agreement . The
communications service on the mstltutional network will be owned and operated by a
separate affiliate of Cox, Comline. It is not yet determmed what serwces will be offered at this
time, although some point-to-point high‘“soeéd data communictions ‘and te‘lecoi‘lferenglng
will be included. The suggested tarifis range from $37 for 1 2 Kbps to $1000 per month for

over 19.2 Kbps service
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A.2.1.3 Times Inc..-- Manhattan Cable

MCTV offers the only non-experimental data communication sarvice via cable, and has been
doing so since 1975. MCTV is a wholly ‘owited subsldiary of Time, fnc., one of the largest
MSO's in the U:S. MCTV curtently services four major banks in Manhattan at data rates up to
1.544 Mbps on a dedicated cable that rans the 5 nilés between Minhattan's downtown and
midtown financial centers. The links ‘aré’ Strictly FDM and are offered as a leased-line

alternative.

MCTYV guarantees maximum down-time of 18 seconds per dayw’ and a bit error rate no worse
than 1 in 107 The downstream channels aré operated from 160 to 360 Mhz; with 5 to 110 Mhz
used upstream. Standard data rates are 2.4 Kbps, 4. 8 Kbps 9. 6 KBp% 19 2 Kbps, 0.056 Mbps,
and 1.554 Mbps. ' o

The monthly lease rates range from $220 per month for a 0.0024-Mbps line to $1000 for a
1.544 Mbps line'®® . Installation charges are $150 to $200 per end, depending upon the data
rate. If the site is not near the trunk ‘cabié, construction may be needed to reach the building
with additional drop cable. These constriiction costs could prove prohibitive.'s®

A.2.1.4 Rogers Cablesystems.

Rogers Cablesystems ‘8% is currently develdping a packet data wetwork for upstream carriage
of videotex and home compuiér communications services to the'home.’ Trials aré being rum in
Oregon, and are scheduled-for a Mirinesota ‘systerm as well. ‘Rogers plafis to sérve 10,000 per
network, using a 8 Mhz frequency allocation, for a data rate of at least 1 Mbps. Rogers will
also operate over a previqusly unused part of the Iowqr yideo 'spectrum:

Minnesota Cablesystems Southwest (CSW) is 400 Mtiz system which will service over 56,000

157 1his is equivalent to 90.96% network av.uabuny

5"Mcw Manhattan Cable Communication Systom Monthly Lease Rates, June 1, 1960

Intemahonal Resource Development lnc "Local Networka aod Short Ranga cqnunymcauons Repon # 158,
October 1880

6“.’Infcrmahon on the Rogen System is derived from a moch by T Chislan of Rooers Cablosystems entitied,
"Enhanced Two-Way Residential Systems", pressnted at EASCON, November 18, 1981.
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homes, on over 700 miles of plant in 5 cities. A separate 166 mile institutional and business
network will serve telecommunication: users, . Telidon:servicaes will-be available; with up to
10,000 pages accessible. Rogers will.offer both in-home; and:"shared” Telidon terminals.

The radial hub configured 400 Mhz syetem uses "inteliigeht;‘ bridger ampilifiers. The code
operated switches at each of the trunk amplifiers,:gates: the .upstream transmission of that
trunk which is in the 5 to 12 Mhz band. The central-aemputer continually scans the switches.
An entire system.scan takes a total of&mcond\s. e

The business network will mterconnect educatlonal governmental meducal and busmess
institutions over a separate radial trunk system Interconnectnon with Telenet vna the headend
is planned. Rogers expects the institutional network "to become the high- speed Iocal loop for
various satellite carriers wishing to service customers in the area without the penalty of very
expensive land lines or installation of earth stations at eath fotation,” *~’ . ‘

A.2.1.5 Sammons Communications
RS

Sammons Communications has an operating information retrieval service via cable in
Hightand Park and University Park, Texas, a Dallas suburb'®' .. There are .approximately
12,000 homaes in this area and a large percentage of-high incomeexecitives.: -

The system is a 35 channel 300 Mhz subsplit system whicﬁ began c;perafien in Deeembef,
1979, All services are on a polled basis with 56 Kbps downstream data: rate, and 28 Kbps
upstream. The system is expectad:to- handie 280 customers /per: second. -Currently: the
services offered consiat of professional data bases:aftesad: through- Do Jopes.:in Rrinceton,
New Jersey, and Belo Informatign: Service, which ia.a-conspmer orientet: local service. it is-
expected that most natignal infarmation :services. in the near future will be offered through
Dow Jones, although it is. possible to..connect. dirattly.;ig:the. system’'s headend. - All
communications with the headend are cuyrrently. via 9600 baud telephane lines.: in addition
the upstream requests are accepted both via the upstream cable channel and via the:

telephone. The hardware is provided by Tocom. 162

161, Caddy, "Active Information Retrieval in CATV", EASCON '81, Washington, D.C., November, 1981.

162g0ction A.1.1.3
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A.2.2 Transaction Service Praviders

The banking, catalog shopping,-and travel industries are interesled in cable:ass a medium for
transaction services for consumers . In: addition the baiks'sue cabile institutionef networks as a

medium for communication with commercial clients in downtown centers.
L R i S I T U0 L N

In theidong run banks are unlikely to turn over control:of residential service offerings to the
cable‘operator. in the short run, joint'ventures are’proceading iétwesh banks, and "softwaré
houses” such as Homserve. Those industrios imlerested ifitheé transadtion market will feel
compelled to enter into these ventures as a way of testing and promoting the market

EREE N

Cox Cable Indax system

A.2.3 Information Service Providers Cete e

information service providers currently consist of a select number of banking institutions and
professional data base services. In the future, they will bp ioined by advertising firms and
retailers, among others.

In: addition there are the: professional data bases suwch as’ Nexs; Lexis; Dialog, etc.” These
firms will benefit fromvy theincrease in Gutiars for their: inforimation; drid wilk pldy an active'role
in encouraging such development.

Much has been written about the videotex services offered Hicether pans of the world, most
notably; Prastel in the 11K Antiope in:France, ting Teliden ipCahada: v &l three ciises the
services: 1ise a centrally: organized: and aontiolicd ol 'BEEE' * Thiy: daty base facilities are
made avatiable: to irnformation providers on & "ComReen GRIeFY; Tret tome, first sorve, basis
and is Gperateld by the PTT.” The Ui8. has no:PTT) blit AT T:Riseproposed o videotex
standard, PLR which it would fike to 6¥er over-thaaslephorn-merwai ta hybid!rietweik is also
being considered). ATST. is restricted Womy covitent DRsRted-furislions durch a8 infdtmation
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A.2.4 Communication Service Providers

Telenet, 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 delivery medium, they
might also find the cable companies alternative digital communication networks offering

competitive value added services.
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Appendm B

Glossary af mnesmomcs

ACM -- Association for Computing Machinery

BER -- Bit error rate. A measure of transmission reliability, the number of bits incorrectly
transmitted.

CATV -- 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 facilities, see Chapter 4.

CSMA, CSMA-CD -- Carrier sense multiple access, and carrier sense multiple access with
collision detection. A contention access protocol for sharing a single communications

channel among many users, see Chapter 2.

DAYV -- Data above voice. A technique for transmitting digital data signals in the frequency
spectrum above analog voice signals over local loop facilities, see Chapter 4.

DTS -- Digital termination service. A local distribution technique using digital microwave, see
Chapter 4.

FCC -- Federal Communications Commission

FDM -- Frequency division multiplexing. A means of obtaining a number of smaller channels
from a given frequency range by dividing the larger channel in frequency.

IEEE -- Institute of Electrical and Electronics Engineers

LACN -- Local area computer network. A communications network for devices within a

campus-sized area.
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.LADT -- Local area data transport. A narhe used By the phone company to describe services
based upon DAV, see above and Chapter 4,

MSO -- Multiple system operator. A cable operator that owns multiple systems.

MTBF -- Mean time between failure. Themeanﬁme*be'mm faﬂﬁres ofa system édmﬁonent.
MTTR -- Mean time to repair. The mean time between failure of a component and repair.
NATOA -- National Association of Telecommunicaﬁons OMCersmdAﬂvssors o

NCTA -- National Cable Television Association

NTIA -- National Telecommunic‘a’tiong and |nformaﬂon Agency

PSTN -- Public switched talephone network. Traditional telephone network.

TCM -- Time compression multlplexmg The transmission‘mathod used to imptement CSsDC,
sze above and Chapter 4.

TDM -- Time division multiplexing. A means of obtammg a number of channels ‘over a single
frequency range by dividing the channel intime.

TDMA -- Time division multiple access. A means of sharing a channel among many users by
allocating different time-slots to different ugers. - o
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