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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.

) . i o . \‘ ;?a EIRTEIIE Rt .”.«‘
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.

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

- System engmeermg that syppons dgta cgmguqmguons Aamong many nodes,
other than on a point-to- -point basis,.

‘5%

If the cable industry applies the ‘resolifces 'ri‘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, MWW’WWMWMG'V available to a diversity
c

of users and service providers, local cabl 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 channel atcess requiretents, Wiich '@horée Hinted- Separations on' a ‘channet by
channel basis, can allow the operator to serve in both capacities, thereby both encouraging

investment in. facilities aad-limiling the:opperiuniVes lor-astiompetitiya: practices: The rate
structures and levels adopted by the operator will determine the extent fo _which leased

chaniel ocess successluly achieves thisend: - " "

s t 5 s e R AP TN T S TR | G L el Y R o :
More than in the past, cable authorities will find themselves monitoring and specilying details
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.
‘Thisthesisisintentitld as'a rescunte for caiedenthbritigs, ak Wwellas titbie-operatofs; as they'
establish the, role of cable. television netwarks.jp- the.data. cammunicplions - markel,. Ja-
particular, Chapter G serves as a quide for city and state cable authorities to incorporate the
technical detail and regulatory structures RaEesiany 18F data'eominunieation services int6’
existing cable policy.
: RES EENERR o TN sy Do
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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. recgption 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 of delivering premium television serytce_s"’.

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

Data communication places intense technical demands on the performanco of a cable
television network. Therefore. to ensure that data communrcatrons capabillttes are not
4 precluded by poor engineering, the clty cable authority and the cable operator must denﬁfy
and overcome the technical barners to the application of cabte televrsron networks to data
_communications. More than in ‘the past, the cable’ authority will find itself specrfymg details of
the network mfrastructures, both techmcal and operatlonal to‘ ensure that ‘suitable facmties

are constructed and that adi versaty 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 systema”.

280 referred to as pay-television.
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1.1 Motivations and applications .

This section sets the stage for opu,r dlscussuon of data communications via cable television
networks. It is not a rigorous survey or; th‘e 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, commergial and government users\and;j}eﬂgablgm ustry, | ot e
S U1 £ T ETRERA TR R S LR TS
' 1.1.1 The markets 8 R AL R A

There are two distinct markets for data communications? fesidential and institutionat: * There
are also two categoriés of service: information arid Edifnihication. inforiation’sstvices reter
} to those servuces whereby a second Qarty prowdes thg\cpntent which ts accessed requested.

or responded to by the user Commumcatron servnce? provide oqty the transmrssron and

CHETTHGE 28 D P sat ol

rrrrrr

;’v}

servnce provnder, users bemg persons. orgamzatrons, comDUters or other commumcating

devices.

, The mtracny market for busmess data commumcatrons atready e§lsts Pro;ectrons for its
growth are based on the mcreasmg use of computer equcpment \gtth!i{n the ofhce whlch wrtl in

e e P R A St Lras NG 10 RS

turn generate demand for mcreasmg amounts of mtracngy commumcatlons Currentty.

mtracuty communlcatuon needs must be satashedzé)‘y‘ the wlephone company (see Sectron 4)
intermittent ¢ demand for data commumcatlons;ts gat'lstned tpy dlal -up facilmes at speeds up. to
4800 baud Dedrcated fac.mttes are also avanlable iat spepd up to 5§ Kbps Potnt to-point
commumcatuons facrlmes are avarlable at higher speeds, but switched servnces 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
&

3Logal and medical data base services.
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Unhke the institutional market, the residentral market for mformatlon services does not exist.
Prolectnons for its growth are based pnmarnly on progections, of suppty, rather than demand.
Although wdeotex is touted pnmanly as a home mformatnon servuce, it wull grow as a mass
media service aﬂer itis &stabhshed in the commercial sector [ 7] Most exustmg residential
data communications demand currently takes the form of professmnals working at home
using terminais 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 capabilities.

An informal random polling of 200 residents in a 'suburb »-0' Boston which has a high
concentration of professionals, resulted in approximatety 3% who reported having terminals
or personal computers in their-homes*, another .13% reperted having video games. -in
 addition, the local cable operator sstimates that spproximatsly 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 rescdents with
video games indicates the number of resrdents who fend to invest in "high technology"
entertainment devices for the home. Finally, the number of. pay-teievision 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 degres and form of their
success is still uncertain. To a large extent it hinges on .the development 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. householkds. The lamedsystem had 188,880

Survey conducted at M.I.T. Laboratory for Computer Science, Januory lhrough April, 1982, SUpemaed by Prof.
J.'Saltzer, and D. Estiin.
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subscribers®. Although most systems have 12 channels, systems constructéd 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 varlatlons, it |s kaal that half of the homes passed by

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

televusnon°

1.1.2 Proposed services

In 1974 Baer et. al. [8] outlmed a menu of possible apphcataons for two- way cable systems.
see Table 1-1. ) C ’ V

Baran also studied the applications of broadband information networks and.suggested the
following categories of applications, many of which today appear farther off than they: did
eight years ago. SRR s

1. Work at home
- Person-to-person . electronic mail.
- Secretarial assistance. -
. Access to eompany files.
2. Transaction services
- Banking services.
- }Shoppino-
-'Price lists and‘nﬂormatlon g
- Consumer advisory service.
3. General information access

Newspaper

5Cox Cable San Diego system.

B able television statistics are reported weekly in each issue of CabieVision, Titach Publishing Inc., Denver,
Colorado. o
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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 Tele¢om:which’ ‘abvelbbdd and offered
the serv'ce. itis used pnmanly by the busmess communlty

viagr

b. In contmst 10, the, yﬁdeotex expenema the gne way, t&lplgxt sxstEm ugw}
offered in the U.K. appears quite successful among resmlents . This Is

“aittributAble to' lower tsletest access cOsid RS WelPay i
natyre of the information pmwderm%wmm Aot require . . -
the enhanced access features ollered by videotex.

JAxentn hig ,;

. . C.Lexus andNem&leod and medical data base sesvices. ..

 d. Dow Jones stock market Information services. *

1.2.A possible scenario

If the short term cable operators wull real' ize proltts lrom mstttuttonal cornn\umcatton servrces.
in competition with the local telephone company ln ‘the longer term, as mlormatlon serwces
and inexpensive terminals: besorme available, the resideatial ‘ warkét ‘Wil “also become
important revenue sorce. As was the case with the. telaphong,, fesidential subscriber
services will be spurred by the desires of commercial users to reach consumers. Many of the
first generation of information service$ may only affow” Users’ {5 dommunicate with the
headend and amy sarvicesthat reside:there.. To.further their grondh, and increase subscriber
penetration, cable operators will find it worthwhile to provide for muitiple setvéF Hetworks (see
Section 3.2.2). As a resuit of these developments, inlormatiog,s’;\dg;e;qndacommuq{cation
services would be ellectwely merged The cable operator would then oller commumcation
service? to both information and enfertainments service provnders and commumoattqn .Lsers,
and would itself act as one of the service providers on the network

T

1
138 o

1c‘ln a 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 rretworks fulfill their potential as important and unique, municipal
resources they’ should be made wrdely available to a dtversrty of users arid service providers.
Therefore, local cable authontre& in. addruon 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 lnhlbrt this dwersrty | ln addltron data
communication places intense technical demands on the performdance of a cable television
network. Therefore, to ensure that data communrcabons capabmttes are not precluded by
poor engineering, local cable authaorities 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 qu’estton's
regarding the proper |mplementatron and operatron ot 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 handie two way data‘transmission?
- How much will itcost to implement such provisi;pn:s?: ‘

- What higher level communication protocols, such as addwessing. should be
implemented? L .

- 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.




con P

The first half of this report concenteate/on tachnkal fagtiésthat are not yet widely understood
or appreciated in the cable television community. In particular, the cable industry must

develop the expertise necessmgrw Wﬂ 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
capabnlrtlee%t;ca:btg ngtygrksr y

ety A0 P S HNIPARYT 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

219} 073 IS Iﬂ‘)?"‘ 2 ed T &‘ a2
lssues and trade otts encountered m the desrgn of data commumcatrons facr tes
il SRRy SISO RO D sinh i E
servrces We fmd that the commumcatrons protocols adopt Iargely determme the
watan oldpn hunnndng §
capablhtres and pertormance of the system In partlcular, the abrtity to commumcate wrth
awt neeaneotann ety :

many other pomts on the network re not only the headend wrlt be essentral to‘tuture

l,A
(i iy Oy S

servuces Performance |s constramed byupstrea‘?n‘ n tse and tow rehab ty’ whtch may result
Sy figll bo oi (g 1 anQuss

trom poor system engmeering and the relatlve ?nexpertence (le mdustry wrth data
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commumcatlons ’ In Chapter 4 we ldentlty the umque properttes of cable televr on
technology (e.g., an economical, high-bandwidth medium that accommodates broadcast
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The second halt of thls report addresses ‘the’ natronal regulatory and local pohcy |ssues
5 Ho owsrdw angn 2 Of agissied fogmi
assocrated wrth the operatron: of data communrcatrons services via cable telev sron networks
of DBy 9§ Sl
Chapter 8 outtmes the policy context and proposes how t regut{atory framework of cable
5 soiese el 1o enaatm B 28 Dop

television might be most suitably adapted to data communications applrcatrons ln Chapter 6

we inteqeate the technicaland regulatory. details oraepnted in sarlier chapters, This chaptet,

serves as a guide fox city cable authgrities ta incorpargle the tachnical detail egqrmulemt
sifugtures, necessary, for dala  Gommunicalion PENIGES. Jalq. guising , cable, poligy. 1t
emphasizes that not all two-way, cable, communicaliqns. fechnolagias gm.gguaﬂyﬂdmmq,
for the full range of data communications applrcattons and therefore, in addition to dictating
operational palicies, - the cabie’ authority must rediew: mm:mnxpromw the/

operdilor, to-iksure that suitable facilities areinplesoce: -~ -0
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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 televnsnon networks as
applued to two-way data commumcatuons We rewew the hardware components of both
tradltlonal and enhanced cable networks and descnbe the commumcatlons protocols that
can be brought to bear when |mplement|ng two way data commumcatlon serwces We
conclude with a discussion of the pnmary technlcal lrmutatlons to implementatlon of two way
data commumcatlons It is found that the communrcatlons protocol largely determnnes the,
capablllty and performance of the two way system glven the hmltatlons of upstream noise

and low relrabtltty

Cable Television systems, also referred to ‘as Cable (Community Antenna Television, CATV)
systems, were designed to distribute television signals from a central location to résidential
homes throughout a Iocal reglon These systems were used onglnally to provrde
entertamment television to reglons where oﬂ the alr receptton was\ not satrsfactory
Increasingly, they are used to provnde a greater dtversnty of programs than spectrum
limitations permit, and as a means of dehvenng 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 communications. Two-way
systems are those which carry ‘signals from subscribérs béick 1o the headend (upsrream), in
addition to cfstnbutmg signdls from the headend to subscrfbers (doWrrstream) ‘ o

The two-way data - communication capabilities: of. -cable technolegy have been most
extensively exploited in private Local Area Communication Netweorks (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

o liad atchiiis o i
sides eat o oanilaheins
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configuration of broadband coaxial cable, amplifiers, bridges, and feeder cables. The srgnalsv

1 azamc ey Yo 2leeed yowng S ansia
travel, via 'the @i stnf:ution pfani to the subscr'iﬁer% the interface equipment
Gyt rvse zelseneqG s Divl BI6L 9 ‘

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 Compenpgts (Scmtmc Aflanta Cable
Communications Products 1581 )

2.1.1. 1Y 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 sighals were thanstriitted onto
the cable. Today, in. addition to. traditional over-the-air hroadcast: signals an increasing
amount of programming material is received from satellites: -

Over-the -air srgnats are otten translated from therr ongmal trequency to a part of the spectrum
compatlble wrth the rest of the cable system mrogrammrngr and the transmrssrqn
charactenstlcs of the cable In addrtron to translatron and retransrnrssagp, the headend
equalriee the power Ievels of the mcommg srgnals to mmlmlze mterference among the srgnals
on the cable, and compensates for ﬂuctuatrons in brpadcast srgr;als to insyre that a noise- -

"2Scientiic Atianta Cable Communicatoins Products 1881; Scientific Atianta, Atlanta, Georgia
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free, steady srgnal is transmltted onto the network Some headends also phase Iock the

frequency offsets of i mcommg sngnals to reduce vrsual mterference among them

E ~:¥— {% i ,-,’T Y ,?‘

2.1.1.2 Cable distribution plant -- cable, ampfifiers, bridging amplifiers, . . ..
The cable plant is comprised: of broadband coaxial cable; esignal - amplifiers, and: bridging
amplifiers. All transmission-over: cablé: networks:is Frequency Division Multiplexsd: (FDM), i.e.

the total frequency spectsum:: of the cable is:pubdivided -into::channeis. - Each .chainel
allocation is typically equalita-a standard télevision: Channel;: 6:Mhz:: The bandwidth that can:
be transmitted over conxial cable is largaly determined by theamphifiers used. ‘Thicable itselé
has a bandwidth in the giga:Hz range but the: active: components, ‘namely. amplifiers, are

limited in the bandwrdth that they can transmrt wrthout causmg excessrve cross talk‘a.

i""“'

The amplifiers used on older cable systenis transmitsless than::300: Mhz-which limits their
carrying‘capacity to between: 12 and 20 channels; these systems make: up: more'than80% ob
the cable systéms in use today'é. - With: appropeitte enginearing, :newer systems, whose
components transmit 300 Mhz, will carry up to 30, 6 Mhz (TV) channels, systems whose

.....
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components transmit 400 Mhz will carry up ‘to 59 TV énifinels. One problem expenenced w‘th
400 Mhz and hlgher ampl‘ ﬁers is that due to the extra c’hanhel’loaa‘ ing there is a degradaﬁon
in the composite tnple Beat ratmg ‘of the ampllfrers“[?{&l“} [5] “thé tnp’le beat phenomenon s
caused by different’ lrequencres mtertermg with one another and‘ generatlng n0|se, in

particular, the sum and différence frequencres produced lrom ‘the producf of three
vt

LJ

lrequencnes15 Three different types of coaxlaf ca‘hle “in' most systems trunking

cable; narrower and more flexnble dlstnqutlon cable tor petwo b% nches; and leeder cable
Wthh carries the sagnal to each mdlvndual household from the dr;:ntgutlon cable The latter
two cable types have greater attenuatlon than that of trunkmg cabte byt are less e;tpenslve

e AETH 351

;;;;;

13Cross-talk refers ta the undesired transfer of energy from one. channel to anather.
14NCTA3“ﬁ3ﬁ°- 1961, Wendell Bailey - Cou BRI O P A0 2 DR Vo U Eel
Thetrlple beat phenomenon, aleo known as thisd order intermadulation; Js e beating: bf one signel zarrier with

the second harmonic of another signal carrier (2t + 12) or the beating of three signal carriers together with or without
modulation ({(f A 2) + f3} f +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 Cornrhunicatiors'®)

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 configurad with - mwlliple. intefcannected: hubs tocover
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 bptics; are typically ised for thedintér-hib IHKS: THESE methods ahu media are currently
economicaﬂy pi‘émbﬁWe for’ﬁée ﬁﬂ uther segiﬁahté of tﬁh &Bfg *ﬂint '

S R

2.1. 1 3 Interfaceggulpment

o

The. ieedet cable. taps. off of the dtstnbuhoncahleaq mﬂqu&!% thesubsmhﬂr
The intgrtace.wnit, which is alea referrad, to: 8. the: customar . premiges: equipment-{CRE),
connects thefeeder cable to the customer's, TV.set. \The iaterfage 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 (Data Communicatiqg§'7)_
equipped with descramblers'®,
2.1.2 Two-way cable system components

2.1.2.1 Headend

Two-way communications on a cable system requirgs.that the headend receive upstream
signals from the cable dist(i%tigg iglapL in\;adgj;‘iggigg trmnnmqg @Qgg@tﬁﬁggqug@am, Somg
of the control structures for data communications require only that the headend transiate
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 headéhd to other péints.on or off of the cable netwbik, while others
may be destined forthe headend itself. Exactly what-equipirent i-needed depends onthe
application. To ensire compatibifity with video ’tmﬁsmissmns, some Headends also frame the
datasugnalstalookﬁkevﬂee o S :

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

18Alternativeiy. the pay-television signals are trapped out at the trunk connection to 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 mintcomputer 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 Cabie distribution plant

‘Two-way capability iniplies that the cable distribution plant ‘traf$mits signals in both
directions. ' The coaxial ‘€able ‘itself has’ this capability: bit; -the staridard one-way calile
amiplifiers must be modified to' accommodate- two-way ‘transmidsion. " Two-way amplitiers
amplify a portion of the cable's ‘frequency ‘spectrum’in: fheupetrehm direction; -and"the
palance in the downstrearh dfréction. The upstream and déwnstfream portions need not be of
equal ‘bahdwidth, ‘and i fidst cases are ‘fiot. - THE frequency"bandwidthis aflocated for
pstream and downstreart transthission sre‘compietély detsriined by the ampiifiers used.
Any one-way System’ tan, in principle, be converted into & two=way system ifthe amplfﬁefs are
replaced with two-way amphifiers®™®; s coe ‘ " :

Two-way cable systems vary in the number of channels ‘affocated’ to Upstream
communications. - Residential systems typically allocate ‘figst-'of ‘théir ‘cabilg’ channels' to
downatréam transmission -- 54'Mhz to 300 Mz Yor dowistrearm, and %:75 Mha t5'29.75 MHe!
for upstresih, transimissions 6n'300 M2 syétéifé.- THese are reférred to a8 subipiit systenis.
Most institutional cable systends, s el 28" piivats LACN's, ‘8 midsplit systeths.” Yhébe
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.to: 300 Mhz for
downstream, transmrssron on 300 ’Mhz. sysfems These frequency essrlgnments are somewhat
arbftrary, usmg over- the alr T V. transmrssaon frequency assrgnmpts so as to take advantage
of wrdely avallable (and therefore mexpensuve\)ﬁar&ptif" and retetie)dieqmpment Some cable

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

18110 amphfiers on two-way ready systems have stots reiidly 16/ insertion of updtréam smplifier boards. This
techmquewasprescribedbytheFCChfhemdseventresforalHargecablesyﬂm it was an attempt to minirize
‘the cost of future refrofitting, withe récoghizing tiaf ¥ tio- WMWWﬂ% o sachoh 2122
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See Section 2.3 for other practical limitations to two-way transmission.

* 2\ Cranriefs T1 T using standind cable nomenclature
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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 subscnbers” .. Unique digital
addresses are hard-wired or programmed into each of the subscriber.interface units.

The performance of a polling scheme is characterlzed by the response tlme 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 wrth 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 mtellrgenr bridger- swrtches The headend polis one branch
of the network at atime by addressrng the appropnate rntellrgent bﬂdge amplrfrer and allowing
all nodes on that branch to srmultaneously transmit (usmg separate. preass:gned frequencres)
their upstream signals onto the entire upstream portron of the trunk cable Since only one
branch is aliowed to transmlt ata tlme, the entrre 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: teng poliing cycles. - The
headend sends out polling messages to all points:on the: nstwork: it the:headend receives a
response it locates the responding devrce (or one of them) usrng a btnary 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 thls 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 rn 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.




2.2.1.2FDM

Frequency Division Multiplexing (FDM) can be used to divide each 'ofthé 8 Mhz channels into
smaller subchannels for dedicated tise by subscribers®. Thé oM Trtérface unit is a standard”
rf- modem tuned to dedtcated treduencies, one for traﬁémitting Wid" ofvéfor' receiving. “The-
recewmg frequency’ serves as the Ginit's digital address. The dath raté is a funcﬂun of the
channel bandwidth and the number of bits pér hertz tfansmmd PR i l *‘

Switched FDM schemes resembie the current architectiwe of the:telephone system. Each:
user is assigned a dedicated subchannet.- This frequency aesijnment serves as. the user's
address. The headend reads addressing. information.onsupsitéam communications: and
routes the itformation Yo the proper dowsstrearh-subchannel, :performing: the-appropriate
frequency transiation. This:access method:is appropriate for. systems. with-a:limited number ok
users whose communications are reletively uniform overtime: - Ehe:pumber-of users who.can
be served by such a scheme is limited to the number of available subchannels, which:in turmn 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 sy;tem(&lsog or )rg;ore,)._b but ylsf
possubly adequate for an mstttutnonal system

Dynamic ‘assignment FDM makes use of frequency ‘agile mddems: which allow:users- to
transmit: via one of a et ‘of frequency subcienmels; the: particular frequency: used I8
detetthined by the user or by a teintral :controliér; Le., the headend.  The central controller:
dynamicafly dssigns the calling and ‘caléd nodes & frae subchamiot 0r-the duration of ‘tveir
communications; pofling cari‘be used:to identily e hode thatiwishes:to set Up ‘& connection.
While' silfowing: service t0' miany more: users; this amiethod is: still dess sulted’ 1’ bursty:traffic
types such as’computer communications which:is bharacterized by:short, Ngh intensity,
infermitteAt communicitions. Using FDM ‘Slone & the atiess soneme®’;when achannelis.
assighed %o #'device, even if dynimuym it wmwmmwmmm
deﬂcehm“nbmwimmlt o om0 vl Gis

2 sanhattan Cable Television (MCTV) in New York city uses this approach. MCTV has operated a data
transmission service between uptown and downtown Manhattan since 1975. The service is primarily used by
banking and other financial institutions with branches in both locationa.

27 Note that all cabie television uses FDM to divide the 300 or 400 Mhz of bandwidth on the cable.
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2.2.1.3TDM

Time division multiplexing (TDM) allows mulhple dewces to share a smgle FDM channel or
subchannel by assigning each-user a fixed time slot during | whnch it sends |ts data A user's
address is his time slot. A tqrm of TDM called Time DlVL(V' [ ,Mumple Access (TDMA) allows
many devices along a cable to share a TDM channel. dev;cgs lnsert data into thelr slot at
multiple points along the cable. . There are a numger of methods for controllmg allocatlon 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 atransmission channel. This technique was devaloped for satellite: communications, and
is generally applicable to: high bandwidth muftipoint cemmunications networks. DA-TDMA
uses -inteiligent. microprocessor  controlied: interace. units, as well .as a-fairly powerful
minicomputer at the headend, to allocate: time. siots. on ‘an as-needed basis. DA-TODMA is
appropriate for ‘both high and low speed users, particularly:users with high volume
requirements:

2.2.1.4 Contention schemes

Contention Schemes are another form of TDMA. ‘Aldha [1],‘Hé£1rrier Séhse“Multiple Access
(CSMA), and CSMA with-Collision Detect (CEMA:CD)-[41] are. ali. candidales. for .use on
residential cable systems. Contention schermes allow all ysers to sharg a single chanpel, or.
multiple subchannels can.be interconnected :using. a :bridging device. . For example, using
CSMA, when a device has date to:send; 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.¢;:a collision occurred when two.or. moramits atllempted to use.the ghannel.
simultaneously, resulting in- destroyed packets), it retranemits. the packets. The more:
sophisticated schemes allow. the devices to deleet other traffic.on the channel hefore or
during broadcasting; thereby reducing the:prabahility 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 mirimum packet sn*:eﬂla Although LACN contentlon
systems operate at speeds as hlgh as 5 Mbps per 6 Mhz channel"’9 peak dpta rates for a
regidential cable are probably limited to 1 or 2 Mbps per 6. Mhz channel (0.166 to 0.332
bits/hz), due to wider oquraphlqal coverage and lower guaranteed signal to nolse_raﬁosm.

Contentnon schemes achleve complete connectnvrty through drstnbuted control In contrast
to DA TDMA contentlon systems requlre no added complexlty at the headend beyond slgnal
condltlomng. the switchmg functlon |s mherent to the way in whlch the channel is shared
This reduced complexity and distributed control ls very attractive for the dlverse communlty of
users that is to be served |n the resldentlal and small busmees market Contentlon systems
are appropnate lor multlpomt commumcatlons 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 accgss to the physiGal medium; the .
node which holds (possesses) the token has momentary control over the
medium. ; T T Aty ML PY

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 c‘onmnctlon with @ datatraihé (lmp?lclt tokén)

initialization, recovery, and general housekeeplng ol the Ioglcal

BEN

Monrtormg lunctlons wnthm the actlve nodes provrde a basis for

28Estnn. D Some Technical Considerations in Uslng a 400MHz CATV Systom for Data, Workmg Paper
Laboratory for Computer Science, M.I.T., May 1981.

2germann-Bass Inc. [63], Net/One Broadband; Wangnet achieves 12 Mbps over 18 Mhz, or 4 Mbps per 8 Mhz.

leckenson [21] suggests that well mamtau;ed aystengshgu agnal fo noise ratios of 40.d8 or
greater, which is more IHan adequats for high pedormance. But, oré are G Blatistic ‘currently availablé as to the
number, or percentage, ok ragidantial cable sysiamn that fil. thie jpuon..i0,aoditon, the esidentisl cable syatem
is exposed to a harsher, and less controllable envrronmont than a bultdingwide LACN ie. nuklng ltdltticult to

3 Institute of Electrical and Electronics Engineers, Project 802, is attempting to set standards ‘for Tocal area
network communication protocols. Standards have been established for both contention and token access
methods [32]. T o ’




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.

34




The throughput experienced by a single device on all varietles of* TDMA' charinels " is
determined-by the number of devices setved on:the channel, ie:., the fcad factor, since the
channal rate is usually-equally divided. among ali nodes; Thethroughput is aiso determingd
by.the channel bandwidth.allocation, and the spegifications.of the interiace hardware;: :

2.2.2, 2 Connectivlty

Connectivity is the ability to communicate with.every. ww pmnt on. the notwotk. “This.
requires that each point have a digital address and that cammunications 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, because 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

R ti%

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

FDM channél' services can resemble point to pdint déditated ‘tteptiorie lines which only
achieve connectivity between a pair of points, or multidrop lines whith allow a‘transmitting
device to communicate with multiple listening devices. Switching can be implemented at the
headend in much the same way as the telephone caapany 10 achieve complote connectivity.

The Tacilities af the headend of the DA-TDMA system, i.e., a computer and the appropriate
softw it ”‘ar‘e‘.' typicelly‘ ‘implemen"'i ts@iﬁéﬁiﬁb‘as wellzasalloca caton of e 5:&'.&3&5«”&0&6“ switching
""" "‘“‘?:h*' jystems can achieve complete‘

uin i ‘?ili .

connectivity

Contention access scheme protocols achieve. compists connectivity among all nodes on &
channel.. Multiple ‘contention: channels using diffevent Tregueticy  bands:require. additional’
tacilities for-compiete connectivity-across the system. A-iridge:is & device used 16 connect:
ottverwisg: mmman a: mmmwmmmly ‘adxdressed packets
from the one channel to the othver™, i TR R I e

3371is type of bridge is distinct from the bridging amphfier ducrmod :urlhr which translates electrical sionnls
from the cabla trunk onlo a branch ol the cable system. . . s e . 3




2.2.2.3 System availability

The availability of a system islargely dependent on the.complexity of the control.and-interface
equipment.. The more complex the equipment; the more linited ase replacement parts, the
more difficult are organizational and techhical procedures for operation and maintenance,
and the more frequent and lengthy is the average downtime.

Protective measures from both intentional and unintentional ‘interri;Btion of the
communication channel are requited 10 assure systeifi:diaitability. ‘The susceptibility of the
network to jamming is partially a function of the sctess 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 lncreasrng the lrkehhood with
whnch a malfunctronmg mterface umt can dlsrupt servrce to others In both cases, where
system avarlabrhty is valued, momtonng and detectlon schemes should 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 assocrated with each of these access schemes is drvrded between
the central control equrpment at the headend and the rntertace unlts The chorce between
centrally controlled or drstnbuted communication schemes presenis a varrety of 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 contral equipment is lower.. The choice largely rests on the numbet
of devices using the system. When the numbser of devices served becomes large, it generally
becomes less expensive to use-a system whose incramental, disiibuted, costs are low™ .. A
second fundamental tradeolf is that of cost.and function. -Not anly tdoes the equipment cost
rise with added complexity, but the maintenance costs rise as well.

3'4A¢:tual equrpment cost frgures are dlscussed in Sectron 3 3

351'h|s is not true if the cost of the central control equipment intreasas signiﬂcantty with the number of 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 :-

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

* Reliability and security problems due to thedimculty of lccating the fault or
source of rnterference on the network

. Compahbllity with \ddeo transmlalion
- Organizational

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

* Large mvestment necessary to retrofrt exrstrn system ampliflers and
headends to' accofruﬁodafe two way swnchéd gervices.

* Large mvestment necessary to wire cmes and buuldings

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

channel and ingress noise iato "leaky":cable cable sysiems. Noiss is important because it
limits the data casrying capacity of-a.cable network. Noise;enterthe sysiem.at many points
atong the cable piant. in Figure 2-3; twelva noise-aoyicen are identified: receiving antenner at
headend, headend, local origination studie:.the Wank, cabis {issgest diameter cable; shielding
provides high noise immunity), leakage  at the:tsunk. amplitierleahage :at the bridging
amplifier, the feeder cable (narrower, and therefore lower noise immunity than trunk cable),
leakage at the tap, the drop cable (narrowest, and lowest noise immunity cable), the interface
unit, and the communicating device (computer or. tgivisiop:sel), leakage. a the ine extender
amplifier.

2.3.1.1 Insertion nolse

RELEN

The noise on the upstream channel inthe wmmt)c oum headoad is: thesurn of all the noiae
“inserted" by all the units which tap onto tha channel.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.

TSR
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1. Antenna at headend

2. Headend. -
3. Locat erigination studio.
4. Trunk cable.

5. Trunk amplifier.

6. Bridging amplifier.

7. Feeder.cable.

8. Tap.

9. Drop cable.

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 frominsémon nolee becﬁvsb. due to the
inferior dtstortion characterigtics of 40 Mhz ampm;ers theyare desiqrted tom mlnimtze branch
length, i.e., conﬁgured in a hub fashion (see Section 2.1.1. 2). %

Feeder cable has poorer noise |mmumty characteristics than does dtstributlon oor trunk cable.

Significant amounts of noise- thereby enters the system through the Iinks between the

interface units and the distribtstion cahlet ‘Commercial users can usuatly alford, 10 use higher

quality feeder cable to run from the ne'twotk trunk to the building; theretore, insertion noise
~can be counteraeted;. for a price, on |ns§tuhma| networks.

2.3.1.2 Ingress

Loose connections, for example at a subscriber tap, can allow the ingrese of outside signals
or noise. This leakiness s first 9("3“ dde to poormeghaﬁ‘ xa.(desmnand engirgering of the
cable plant. Even if a system is carefully mstalted the connectors need to be tightened
regularly or significant leakage will develop. Connectors typically beg"ln o leak stx moqths
after installation due to the effects of temperature variations on component materials. itiis.
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, mmmgaty ueedf

system can cause complete disruption of communications in the lower part of the cable
spectrum38 [4]. In extreme cases, intermodulation into other video bands can t)(:t:m'a

’M‘;‘ B X . )

A related problem is interference of data signals with television stg’ﬁ”éls’"bn‘ 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,

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

39lntermodulation results in signals generated at frequencies equal to the wmmddlﬂerem:ea otthe mlsthat
are interfering with one another.




experience has shown the problem of cross-channetinterference to be controliable. Systems
are typically designed to transmit data ‘at power fevels approximatély 18-dB bélow the levet of
the TV signals. Problems of cross channel interference are liely to- be2somewhat more
srgnmcant on older residential systems than on newly mstalted resndentral or institutional
systems because of rntenor ‘construction and components tn parttcular amphﬂers tended to
be desrgned to weaker specnhcatlons than they are todéy because tﬁe electromc components
were more costly In addrtron, the older systems wuth smalter channel capacrty pertormed

quite well wrth Iess demanding practrces of constructron and mamtenanée

It is possible that channels that are unusable for video transmission can be used for data
transmission. In particular, channets 14, 15; 18;'and 41 carinol be'used for vided-because of
interference to aircraft communications; data signala 8sdt: are propéfly-placed may ot create
such interference. ' ‘Similarly, €ach community cable sySew’is unbblé to-tansmit Wa the
frequenties used by local television broadcasters becdusé of interferenée from the over-the-
air signals; data signals may be more immune to this interférence:than ave 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 levals

Bridger switching was described previously in connection with. a polling access scheme.
Bridger switches were originally intended to limit upstream traffic/ta 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 mtcropnoseasbr 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 signiticantly constrains the type of communication access

40Control-com Corp.tefers to the inteliigient bridger switches-as-sise micraprocessors. -They are used for fault
detection, jamming dete€tion, traffic monitoring, and security subsystem management.

41



scheme which can be.ipplemanted. in parioulan, ji-8.ingompatible with.cemtention protocals
which require the channal:io remain gpen,  In {act, bridger:swilching is anly Mfw uae
with-polling-access schemes. e

An alternative tp bridger swttching tor reduction of nonse is the use of dlqual regenerators on
the upstream channel Lgntlke anatoq repeaters ; m gllt;grhs) whtch ampmy both stgnal and

nonse, regenerators extract the data sggnat and regenerate it withput the noise compohent

.,«:, 510

Regenerators can only be used on a chehnel that is transmitgtt%g‘ digital ‘dia?.a."',‘j“};','\OQ form, as
opposed to analog stgnals such as voice of video that have not been digitized. Not all
amplitiers-an. the upstream channel woukl need i0-be replacad:by: regenerators; the number
can be adjusted depending upon.aysten apise levels rand the. desimd. BNR. .. Retrofilting a
cable systam .10, uge digital. Fe@aRerAloss. wauld nvaive; pulingoff, the desired. ypelream
trequencies, hypassing the upsisgam amplifier. and aending.4hq eslecied sigaals: threugh. 4
upstream amplifier, see Figure 2.4.'. The telephane company-weas T1:(1.544: Mbpg) digital
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 ingortion noise on:upstream
channels. All future systems. both resrdentral and mstltutlonal should be desrgned |n a hub
fashion to reduce upstream noise and to Timit the need for addmonal componentasueh as the
digital regenerator described above!

To avoid mterference on leaky systems from C B and Ham radlos, channels corncndrng with

these bands can be avorded A related alternatrve rs to allow commumcatrons circuits to
gy sff 1
sw:tch from one channel to another rf the channel in use becorpes unacc.eptably norsy This

1%

would requrre frequency aglle modems and an addrtlonal level of complexrty and control
[ i e
capabrlrty at the headend.

LT

relative to the noise. Thls optron is constrarnedby the avatlable b,afndwrdth .Whrle bandwidth
4oy oo tm i

may be plentrful now, it rs Irkely to be an mcreast vply scarce resource in the future Flnally.

bt B ey

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

"“l'*"%{:: i

reception even in the presence of nolse

Some compensatlon lor the hrgh nonse Ievel can be achceved through the desugn of the
communrcatron equrpment and protocols Moet packet sc ‘mee ar' deslgned with tho

waerkigee

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 theavarlabrlrtyand quality of
service. it depends upon the following network cCharactbristics: ’

- Noise immunity of the transmission medjum.

4111, distortion characteristics of high bandwidth amplifiers mandate limited cascade lengths, therefore all 400
Mhz systems are designed in a hub fashion. - . e

rmwmmmummmm mmum pnohourror
and retransmission rate.




. Mean time between tailure (MTBF) of system components. -

Sensntrvrty of network operatlon to the tarlure of slngle components of the
network. '

- Susceptibility of the network to jamming.

Broadband coaxial cable (see Sectlon 2 1 1 2) has a hlgher noise :mmumty than does either
baseband coaxlal cable or twrsted pair This hrgher rmmumty results m speclfred brt error
rates (BER) of 108 to 10° ‘0‘3 Bnt error rate rs also proportronal to the data rate used
therefore lower speed transmrsslon 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, mdlvrdual components tend to be highly relrable
Measured MTBF’s lor ampllhers are as hrgh as 50 years Manufacturers guaranteed MTBF's
are as hlgh as 20 years [66] However. tallures are not dlstnbuted evenly over time. Also, the
additive probability of failure of a long cascade of amplmers rs notnecessanly negllgible

The headend equrpment used in slmple FDM or polling data networks ls relatively
standardrzed and rellable Headends that lmplement complex addressrng functrons use fairly
sophrstrcated mrnrcomputers The computers used are not partlcularly 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 rnterlace 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. ' B

The most significant reliability problems of technical origin, are:
- The |solat|on of faults
- The susceptibility of the netwark to malicious behayiar, 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 tracing techniques are
ineffective, and reflectometer processes are not employable because of the ampilifiers [66].

43 o dem. menutacturers clainy that leas than 3% of il cable sysiems actuslly expedence BER's better than 108
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 as;far from the user as is possible,
perhaps outside of the users’ premises. The mere distance would irhibii- malicious actions.
Currently, interface units are powered from building power supplies, and not from the cable
cable television facilities; thus a power feed would lave 10 be run to' ttie intérface unit as well
‘as a communication cable. Sophisticated networkiriy téchifijués can fhake use of frequency
agile modems to provide alternate routing capabifitiés to avold jammeéd or ricisy channels.

2.3.2.2 Security and prlvacy

From the end-users’ viewpoint, the responsibility.. qt tbe commun;cgpn network is not. just
transmission of data, but communication of messages and information agcure fram invasion
of privacy. . For this reason, network security is often considered as a factor in system
reliability. issues of message contént ‘security are:not Gualatively- different oh broadoust
‘cable: networks than they are on the traditional telephiwie nbtworki: e précaution-taken in
both cases will be end-to-end encryplion. Nevérthveloas, »wrmmmt weveteppmms
‘easier on a broadcast netwoerk, where all the traffig: ﬁusesibvwafy icustomser. - .

Susceptnblllty of the network to trafhc analysns, is hlgher on broadcast packet networks than it
is on the star-configurad telephone network {36].  Catantion schdwes, in‘particular, require
that every unit on the network inspect évery:packet heades that is:transmitted on the channel
so that each unit can detect when a packet i8 addressed:to it: Tis tomiél scheme tends itself
1o monitoring of all traffic on the chanmel: Encryition schemes havs:not yet been developed
which can prevent traffic analysis on broadcast {cabie) channeis. Iroparticular, this problem
can not be addressed on an end-user basis, a5 cars:protecon of medsage content through
encryption. But, most users do not fear traffic mmtw#se exwmtisueb vierabliities
would deter them:from-using the system. - BRRERE S S STE A a :
In practice, secunty measures are ﬁke!y to be leu agmrelx xama u,sar Ims means, tha: end
end encryption will be implemented, of. not, by the end user, and not by the network. ope;m
It also means. tbat there will be .no security measures. taken; against. traffic.analysis on
broadcast channels other than monitoring for foreign devices.and wiretapping. -




2.3.2.3 Institutional roadblocks to system.ieliability

Reliability is only partially a technical problem. Therefore, it can only be partially addressed by
technical solutions. The level.of service demanded: by fiusingss 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, lechnical training, andegugpm?ntmmwageew heayily tax the level
of expertise and competence common to most cable companies.

2.4 Summary

Two- -way cable system hardware drffers trom one-way system hardware prrmanly in the Ievel
of complexlty required at the headend, the type. ot amphtrers used |n the dlstr;butuon plant
and the interface umts used to transmrt 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 soﬂed tfor more demanding
applications (i.e., moderate and hrgh speed any -to- any). contentlon} ;)rotocols are better
suited and are more ecanomical because of the complexity:and: cost.entailed in-enhancing
the simpler methods. Mast existing.cable systeme are limited-in: their applicability;to two-way
services because of excessive. upstream noise ang-iow: reliability. The primary source of these
problems has been cost-minimizing engineering: practices which did nat-adequately value
two-way capability; mest.of the Jimitatians can be:overcome-in newer gystams. - .

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

DR A Wi
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Chapter Three
Cable Television
as a

Data Transm’issiun’Medi{um: ..'A“nalysvi's_'y

In this chapter we analyze the relative merits of service structure options and their assoclated
costs. The ablllty to communicate with multiple servers, i.e., not only the cable operator at the
headend is found to be essenﬂal for’ support of future serwces “We' begm ‘with a brief
duscussnon of mstntuhonal |mpedlments to the development ‘of data servucbs. the largest of
which is the market uncertainty Yacu'”rg the cable indusfry which inhlbits mvestment in data
cnmmumcatuons facilmes and expertise T '

3.1 Impediments to Data Se rvice Development

Data communication services wil:not succeed until:the subscriber market reaches a critical
mass. - On the:other hand, farge numbers of cibie sydtems will havé'to bé upgraded to two-
way active status before: this ‘critical-mass deveidps: - ‘A "chitken -and ‘egg” syndrome
develops, in which:the cable operator does riot want 20 invest in two-Way consiruetion without
assurance of a market; but the market cannot develop withbat such’candtruction. -An external
force is needed to break the cycle of mterdependence Concerted "technology -push"” efforts
by equipment manufacturers, or demands of cny cable authorities. mlght prowde such a

T AN SR

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 instali underground cable. In




addition to the cost of wiring the city streets, there isi@ cost of wiring: the buildings in the
downtown sectors. ngh speed data commumcatlons IS not of much use to a corporate
headquarters lf the data stréam must trickle through Yhe harrow Ban Width of telephone lines
once it reaches the building. Therefore, for full utilization, tﬁ’e buifmihgs must also ‘be wired.
Thus, effective corporate use of cable must await wider use of LACK:d: These pioblems are
diminished inthe more recently franchised cities, wherq institytional ngtwork requirements are
included in the franciflse'comtratt. « <0 nen e D B IRGE T

.....

plant. If cable aperators;:and their: finanding instiutions: were:condictint in thecexistence of a
market and attractive revenues, the cable and other necessary facrhtres would}bei installed.
’3' ‘., G FA

One method for assuring the market is through joint ventures wtth interested high volume

users sich a4 "Barks arid’ aifiihes. " addhno v py&étﬁth?& i Blistbiner b&ﬁe ‘these joint

s DI BIDOHIDE
ventures could contribute to mtelhgent user dnven desrgn of facilities and out- front financing.
Dol s T ol L et 0l DSOTATEO B Y gt L

In addition to physically appropriate facilities, hrgher level communlcatloﬁ*protocols must be
implemented and -standadized. in, erder for .communication, hased, sprvices: to develop.
Terminal manufacturers, information providers, cable apevtors, amnd:Oeers must all
partnclpate in thls process for |t to be truly attecttve. a dttﬂcult rt not impossible task.

RIS oottt op Y TR PuTEs Pt DRI RSt (63 SO
Even if joint vertures: re not coofdibated, itlg ikehxtirat many of the major cities will bewired
as part of resideritith cable franchising sjresnients. incréasimz numbers of -cities/'ere
requiring the instetation of an thstitesonal networkiin:thelr dowmewe icenters for government
and commercial s8ctoruse. Some of these-sysemsare slng cowkdlied: separately fromithe
residential network** Although local franchise agreements will insure that the institutional
cable will be installed, if 8 mgrke,t tgr mege,servm s J;pt vmg&e, gthe systam. might,rematp
unactrvated A tmal obstacle to development of the market, is that national service operators
wrtl be faced wrth provndmg serv:ce on muttlple cabte{pilanqts whrch va;y‘ergni{ficantly from one
another in quallty of tmnsrn;sgron, and headend« Mw Thie “will placew‘ s.SR.iicéht
importance on media- transparent service systerh de%si;r\ Sﬁ% ‘%c‘tioh servrces wrglgl‘ have to

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

“1n New ngqns the mumiopg is being run by a ablg operator (COX Cable).

in“Tucsbn, the ndtitutional Eabie will be owred b ¥is fror




3.2 Service Structure Gptions

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

- Residential Systems

"+ Banking, ftransaction, and information rélrieval sServices, ' requiring
communication between subscribers and commercialaervers,. ; ;. -

* Subscriber-to-subscriber commynications for mall, messaging, and games.

* Home-to-officé communications:for professionals working at home.

lnstntutnonal Systems

* High speed data commumcatuons bstween c,ommercial and ,mstatutional
users - inter- corporate and intra corporsto

* ngh speed data communication connections to long haul packet network
- serv.m N . . :‘ . it [ . ¥ ;ik' . i

* Subscriber-to-subscriber communications ‘tor matt messaging, facsimile,
--and resource-sharing. - BT nE ;

Each service structure implies\ a difterertt | set of requrrements for the communicetton
architecture of the cable system, the physical eagineering of the cable netwerk as well as the
higher level protocols: used. -The-architecture determines who can inltiate.communications,
who confrola the establishsent.of communication cinouits.: who can -be: uniquely addressed,
and-how much communioation capacity is available 1o dillerentclasses.of users. . .

<

3. 2 1 Conventional Resideﬁtial Systsms .- Hesdend to Suﬁscrtbor ;

epybe oo
”i SNy

Conventnonal cable networks whlch dq__stnbute video entertamment have srmple and Ilmlted

SR ‘ﬁ

commumcatrons structures Convertttonal systems share the common feature that all

T3k kl“E‘ ‘ 443&

commumcatuons are erther origmated or are addressed to the headend

ETRIE

3.2.1.1 One-way Systems

In the simplest one-way systems, the headend transmits slgnals to aJI pomt”s on fhe network
indiscriminately. Tiered services Bﬁuip“m L‘"-‘"”" et : il o v




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 spscmcailon that all subscrlbsr rsqussis are ”rvicsd lgy ghs Izndsnd Is ths fundsmsntal
limitation o! ihs convsnﬂonal hudond to subscrlbor communlcsiio?l muciurs

3.2.2 Multiple Server Residential Networks

Not all transaction and iniormation rsirisvsl appiicstiom can bs sppfopriateiy ssrved by a
single server structure such as 'that dsscribodu bove. { o ;E ,;a

f participants in ths growing transaction sorvicss indusfym;iilgs gn;iﬂk;iy to hand ovsr control
of such services. let aiono sccsss to nnsitivo

dats, to the sopsrator Thsywiil

RTINS S TR Tt 3 14 R TR e b

require server status on the cabie nstwo:rii whorehy they ccn conirol cggnmupications with
subscribers directly. A second sxampie is of t; Iocal prinﬂnq servico Higi; c?uality printsra 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 photocopietsi' the iecal, dry-cleaning or
local drug store might olier. a; pRNKNG: 8e1viee sk localons.other.than the headend;: thay to0
would require server.staius. Broasthand iechnalogy.requires shatish slonals passtaeougiy the
headend. The dilacence betwoen:the multipla and single sanier. siswcluses is that iniiation,
interpretation, and processing o.$he CORMMS o alloweash M. poiaks athet: than the
headend. This configuration has profound institutional and ischnical implications.

i

3.2.2. 1 lnstituiional requlromsnts

The cable operator must agres.10. mﬂhmmina rioomwmqaiions s;rvico
and not a programming .or. informalion. Sesvica,.., Jhak:is, the coble; eperator. will provide
‘transmigsion, memmmw itching, but.will: nat: be involved. in. the cantent

Havmg all communications proceswd through the hssdsnd givss extanswe control of ssrvics
implementation and quality to the cable operator. This is likely to raise concems on the part
of other service providers and suheor threapectto: . -

- The proprietary nature of the data being exchanged,:the inability of the, geevice
provider to control the qusiity of the user- mwfsco and

-The impiicationsofcompstitivs ssfvicss offsrsdbythscabie opsrator in addition
to other sanvice pravidess.: : st ey S v B

“Mthssmm.ﬂnwwnm-m information provider itself on other channels.
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anacy ‘concerns aré not inherent or unlque 10 the-communication structure. End-to-end
urity 6f soms datd, both Jj?&pnetary and pnvate. on

HElatsTe]
any cable communication system. Authentlcatlon of the message source will also be required

in some applications. Both authentication and-key distribulion: are-examples of:-enhanced
. services that might be: offered by service pmndusahrrttmmm operator.

encryptlon will be required to msure sec r‘lty

The success of transaction sennces wrll depend on the quallty ol the user mterface
- Therefore, service proveders will want direct contrQl over the releyant aspects of subscnber
sens wty pf the servnce to the

SO Y
quallty of data commumcatlons on the cable network sq;gal to nonse ratlos tralhc delays, btt

; commumcatlons The partlcular appllcatton determtnes the

error rate, etc. For instance, an electromc funds transfer (EFT) service for banks will be more
-sensitive:to-bit error-ratea than will an electroniqgame serviens Similaly, o highly-interactive

service will be more sensitive to traffic delays than-wilha batch:setvice: To: the extent that the
- cable operator offers-services that areaqually: sensilive. senvice; prowders other, dhan the
. cable :operator will: have -aocess to-adequate iransmiasion; 300(i0es; tervice providers with
_more sensitive applications will haxe to:coavincethe openpies ivat.demand is bigh enough o
wargant investment in. highenquality sanemission facililias:: However; in-order. to have.irue

control over the quality of the.user interfage, ithe service. providers; .and mot the .cable

operator, may wish- t0: control-such apgplication lavel leatures #a: rospanse time,. screen
- format, error-handling, and query format. T AR EIE 55 TRRRETS SR ¥
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It |s llkely that if the cable operator and othersemce prqwders are compelmg for the same

subscrlberS. the operator wlll have access to unlor ation 2 and c.ontrol wlm;h q.ould provide

ann competmve advantages The potentlal lor abusels hlgh ul ,the cable operator controls the

el o

user mterface for competmg serwces (see sectlog 53 5) Fo r;stance\ servnces that use

«”J’?&.ﬂ B .‘ ‘-\'"&“n

hugh resolutron graphlcs can be very annoylng to yse |l‘ the data rate is so low that the user

Ql"”&.v Bfreo

must watt for the screen to be painted" m such lt ls eferable to use Iesser quality
guch Gases it s prefa

e

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

operator to implement their-servicas-at satislagtory speeds: - ...,

3.2. 2 2 Technical requlrements

The techmcal requirements for muttiple-sétver edlhfﬁunlcaﬁom W

: A high bandwidtfi tink befwee! arver an. 16 hiéadaid tn take advantage of
the high bandwrdth downstream link to subacrlbers
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. The capabliity to address directly multiple servers, or she ablility.of the headend to
respond to requests for communicetien links between ei.gbecribers and server
nodee,Ie compiehloqicel conneciivi(y e siihodie.

On conventional two-way systems, the vast malerlyoimuuveisirom the headend to
subscribers. This is consisteint with the iarge amount ol beridwikiiv: that ig available on the
downstream path, compared to the small amount of upstream cspacity Server nodes that
operate independently of the headend will require sigriiﬁcanﬂy fore upstream capacity to
transmit data to the headend for translation onto down-stream rrequencres“' . ReSidential
subsplit systems will accommodate oniy a fimited numﬁer of server hodes in addition to the

b

headend. The number wiil depend on the volume oi iniormafion ind number of submribers

Most experimental videotex systems 0 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 fargely due to thabottieneck creuted:by narrowband: local, or
long haul, lines which connect the servers 10 the headend. - eerver dttempted to irderact
with subscribers in a “pass Wrough”*’ manner,#t would>be greatly:constrained by this phone
fine bottieneck, particulady in the: ¢ase of multiple ‘simultenecas: requests. if the typs and
amount of irformation which is to be seiit by these videotex and transaction services:does
require & high' bandwidth medium, and if storege of “requently used-information at the
headend is not acceptable to the service providers, ¥vehai move apprapriate configuration is
to allow iocal servers to commumcate with the heedend and submribers vla upstream cable
channeis or other hrgh ‘bandwidth media Altemative iechno’iogies such as pomt to-point
microwave, DTS, ieased teiephone lines, are eiso pow‘bmifes ih of the transmissim of the data
between the servers and the heedend downstream data originated by the

server, asweiias

upstream data adclressed to the server by wbscribers W the cbmmunication services are to
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‘be used ior commumcations among mulhpie C ’ ". as opposed to between a ferminal
and a computer. high bandwidth chenneis wiii be neede& in both directions o

Network nodes must be able to addréss each other and conirol commwinications with one

“Thenu\dnﬁmwmhwicﬂyadammmuonhmdhowm mdioiundemermily

Paeﬂ\rouﬁneiembn
active participation, other than y




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

The connectivity and efficient bandwidth allocation offered by contention and DA-TDMA
schemes are necessary and economically practical whgn services involve significant
commumcation in both directions and between many partles Therefore, these are the
preferred access schemes The current cost of these schemes may be prohibitive to use in
residential networks This wrll change but in the intenm other Iess surted ‘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- dynitihically dHocated: Fiefefore. although they
provide the connectivity, they are inappropriate for multipoint subscriberto‘-se'rver
communications, where there are thousands of "bursty" residentiel nodes.

Of the access schemes discussed, Poling is'least Suitee {0 fast'fesponse, interactive; any-to-
any communications. ‘Nevertheless; on-iany residential-aétwadiils; equipment avaitability,
limited cable operator expertise, and:interface unit.GosEwiibrasult:ivan atfempt to use pofling
for such applications. One method for implemeriting’ dfy-to:any conimunication - services
using polling is described here to ilustraté the difficultiés. The headehd’ polls subscribers for
packets and forwards each’ packet to the atidraibéd Wsiver:(vid the cable retwoik’ or other
established communications: media). - Servers’ silifilafy’ addréss &l packets to “particutar
subscribers and the headend iansiates thede PaeKéts oMY the “dppropriate downstream
channel. In the case of a confinuing Féractive:Sescion the Headent miglit:set up 'a virual
circuit between the server and subscriber engaged Upon request of a sessuon, packets are
automatlcally routed between the two untii the session is cﬂr;‘ripieted Throughput ‘and
response time are critical in interactive commumcations, 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 of each device;
once every minute, devnces that have been actlve wrthin the precedmg mlnute are polied ten
times per minute, and devices which have mm meﬁhe paeeedang tenthofe minute
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are polied every one hundredth of a minute. In this way, faster response is directed to thoge
devices engaged in interactive sessions. The downgtrggmpba@gﬂ operates in a broadcast
mode, where all subscrrbers listen to & common frequency band far their communicatigns,
but only the addressad. device actually reads the qgntente of the communjcation. Although
technically possible, polling schemes are not optimaily suited to htghly intereotive, fast
response communications among multiple servers.

3.2.3 Hybrld Residential Networks

One method ot achrevmg the switched multrpomt two way_ communicatlons capacrty required
is to use the telephone network as the upstream Irnk Thrs method has been proposed by
AT&T as a means of dehvering vrdeotex and transaction servrces “ The subscnber uses a
modem and the standard telephone lines to communicate requests and"ihtorrnatron to the
sarver. The server them transmits the. addressed data ef-repiyto. the'mableﬁmmrm
leased lines, and the headend sends it.t0: the subecriber on.the apptopriate downsiream

trequenoy

The advantage of a xhybrid system over a stricttjr tel:e;phone:hased videotex system':k is the
higher bandwidth available for.downstream communicatians,: High-teaolution graphiss take@
long time to transmit aver the narrow. bandwidths.auailablg.on ielephone links. The.advantage
of the hyhrid over a two-way cabla system, s the.qxisianse of-the Jalephone a8.a. ubiquitous,
addressable, ypstream madium which. avaids the.cost of satroliting ong-way cable systems.
Hybrid, systems do..entail the isherant disadvantages.of ceordinating the. organizational;
pricing, and technical operations between the-telapbens; and ceble-nampanies, in.addifion 1o
tying-up of phone facilities for veice communicalions; in particulns; the: sesident is-uasbie: o
place or receive phone calls, and the telephane:axchange AXPERERCeS loagerholding: tirmes
(see section 4 further. diecussion of data-communicationy.Mia islephone lines).
[T S S R TR

Their success is Iargety dependent on the relative attragtiveness ot interactrve servrces that

,,,,,,,,, 3‘:_"‘

AT&T will offer subscnbers as compared to thoee which cabte operators could otter AT&T
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via:the telephond; and eceives data oW i downsiresm chiiel - :
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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 esttmates for cable based services. Cost estimates are
derived from recent cable franchise proposals [43] [20] NCTA stetisttcs, and research
conducted by M. Akgun Government of Canada. Department of 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 instattatron, operattons and’ maihtenance, and programmtng
fees. '

The headend for a simple "community antenna” costs approximately $105,000 dollars. This
number includes the cost of the antenna for receptton of oyerrthe atr sngnals Satelllte earth
stations are an additional $95 000 for two. The cost ot the headend per home passed is from
year®!, CPE for basic cable systems consist of tetevrsaon ‘Converters which are low cost items
in the range of $50 to $80. The |ns€a1tatton cost aSsociated wi‘th brmgmg ‘service into a
customers home, is from $40to $50 [13]. ‘

Table 3-1 illustrates typical 1981 prices for cable, distribution-plant, hardware components52
[37]. - ” R

Cabling costs 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 t0:$6,000 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 install cable underground: This raises: the cost of underground
installation to anywhere between $15,000 and $100,000 per mile. The average cost of the
cable plant installation per home passed ranges from $75 to $200 [46]. The total cost per

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' uwammmmnwm with' the 110
subscribers per mile figure used by Akqun .

5'These estimates of headend cost, per homepmed,erqlarperpmnttmguenmhbless-zw 3-3 because
in the tables the cost of studio facilities tor video progremmtng Letuted eepsrately

52Ftoberts L., Karp, P., "Companson ot transmnssoon medte for Loca! Aree Oommumcatron Networks" Paper in
praparation; ivailable from P. Karp, Amdax Comp:; ‘¥Hvine,




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 franchises include entire staffs for jocal.origination; while bthers 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 residentiat data communications will eritalf the ioiiuwirig sdditibnal costs beyond the
EE R

basic costs described above: an upgraded headend, more sophisticated CPE, retrofitting of

existing one-way cabie plant, addition of appropriate’ -eduibir?&rtr to compensate for

upstream noise, and increased maintenance and service requirements
4 %,

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

3.3.2.1 Headerrd and Customer Premises Equipmeat

The cost of an opgmded*headend includes the onst of the:handware and software required to

......

management addressmg. network management and .. c;ji1 Detv ; servi
Therefore, the cost will vary depending on the capabrlrties desired. Aithough the costs of a
sophisticated headend for. a large-system oan:-reach adew seillioadoliars; it-is still relatively
amalh compared:to:the bundred. million delias tokak systsins ipstaiiatiod gost. - A 1878 study:by
the Depariment of Communications: mmwamwammmquwmm headend

Qasts for systems 8arying wp1o- 100,000 BDSCHBNa: .« s 1 JE 0 ot T s e

i Ry BRI S L R T

- $160,000°: Yeletaxt™ T oA

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

- $950,000 -- packet switching functions.

ST TN N LIV RIS E CANNEE & EEEFIa S

53Thssnumberisveryiowpossrblyaseresultofeversoinotooethersystmwithmdivithoutiocaiprogramming
facilities.

R RE YT
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54/t the system is being newly installed, as opposed to retrofitted, the retrofitting costs do not apply.




The headend used in the Cox Cable videotex system, Indax, will :cost: $2.8 million [20]
-~ (assuming the system accommodates 50,000 aubscribess, the; cost is $56.00 per subscriber).
The headend for the Warner Amex Milwaukee system will oost $1,..}-million [43] (assuming the
_ System accommodates 50,000 subscribers, .4he,.cot,js $22.00 per suhscriber). -This
_ differeace, $17 per subscriber, for the most part teflects the expense. of implementing Cox's
higher - speed (0.028 Mbps, see section A.2,1.2), broader. capability . infarmation and
communication services, relative to Warner Amex's polled transagtion. services which are
rather limited and inflexible(see section A.2.1.1). Both system headends are more than ten
times the cost of a basi¢ ona-way cable téfevision network, $105,000 (see Table 3-2). -

Cox Cable’s two-way residential interface units, which use a 0.028 Mbps (0.223 bits/hz)
contention protocol, will cost between $200 and $250%. For comparison, Warmner Amex
estimates approximately $100 per subscriber for a simple.polling unit and. an average set-top
- converter for video reception casts approximately $50. . ‘

The cost of FDM mterface units vary accordlng 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 reflectlon 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 unttl they are manufactured in much Iarger
quantrtres - Amdax Inc. manufactures both FDM and TDMA cabte rnterface umts for data
commumcatrons 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 logrc necessary to
implement the commumcatron protocol wrll drop as LSI and VLS| costs drop, but, rf

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 m its New Ortcans 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 phant instafiation costs' of over $15,800-per mile ($159 per
subscriber) for the NéWw Orleanis Indiix syStem. Witrner Amex datitiites that It would ‘costover
$1 5 000pern"li’lé*-t)f aeriat'cable m&w«szeow‘aerm %lwemmundcabretnstanaﬁon
“Bridge’ timpﬂfters‘ aré irvatalled at a frequency of 8'per nille; aﬁd‘éﬂst!‘rﬁoo each{$9.00 per
subscriber, pér mlle) Themanomy of the cable lnstamoh cOBtS mtﬁﬁbr related

......

These costs refer to Wuctlen of new cabie sysiems, - Tbecos&assoclatod with ummding
existing systems, to allow for two-way services, is also relevant for analyzing the comparative
economics of using cable systems for data communication-ssivices. Retrofitting of twd-way
ready systeths 1o two:wiy active systems th¥olves inséitigivf Upstréiim amplifier moduiles into
- al amplitie? boxes.  These modules cost in the reightsik 3
Engineering Ltd. study® estimated the total average cost of retrdfitting ‘a ils of cable to be
$783 lor densltles of 110 households per mile ($7.57 per subscriber) Retrotlttmg ot older

‘r’“i‘ [ER S AN 1

systems whlch are not two way ready could approach the cost of lnst Illnq a new system
: U B

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

Il

- i Mw i
transmlsslon performance of the upgraded system is sutficrent th? ampllhers used to replace
; BEIStIsic 4] et
the 12- channel amplmers can be two way as well One way modlhcatlon modules typlcally
Gt e e 2afnY BI00 SRS
cost $340 aplece, or $204 per mlle ($2 04 per subscrlber) It is estlmated that the per mlle co&
s

tor rebulldmg a system |s $1300 ($13 00 per submrlber) more than the cost of upgradlng an
exlstmg system [55] In many cases the transmlssion pertormance ol‘ these modrlled systems

. Cots YO
may not be adequate for two way data,commumcations and the resulting hlgher mamtenance
B . 1 31 TN
costs mlght outwelgh the hlgher cost ot rebutld;ng Warner Amex estlmates that when trouble
SIS ¥ w oo [
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 ol CATV SQrvlces Cablesyatems Englneenng. June 1978, Contract Report Clted
by M. Akgun [3]. : 5 wroonn

58510000 to $15.000 & mile, since rnostoltheae oldersysteme are in ruralor suburban areaawherethecabllno
costs are not as high AT ot :




communications over existing cable plant and will cantribute 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 inatalled in.neisy systems, in conjunction
with bridger switches to clean upstream channels. The gigital -regenerator, hardware
potentially costs approximately $70 apiece, but no_ene manufachires cable-ready-examples.
Pigital regenerators are manufactured for use in telephene 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 maintenance 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 pumber should significantly

_increase with increased sophistication of the interface umts utilized). Warner
Amex estimates that they receivé an averagé ol‘ 78 troubté calts per month per
100:subscribers. ‘ E ; RS Lo

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

Software and service costs assocnated wuth offermg videotex and other transactlon serwces

are largely unknown.

3.3.3 Two:way Institutional System Costs

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

59110 particular numbers cited in this and other franchise proposals often reflect demands made by the local
cable authority. .

eoRetmﬁttilng not relevant since most existing: institutional systems were recently biilt.
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Institutionat network headends are ordinarlly lower: irf cost than rssidential headends because
the ‘system coats: for the high dpeed communications Seivices:are offlvaded émo the CPE,
Residential transaction andirformation’ serviced’ réqeive et mdre control and solware
compléxity reside in the headend. Institutioial: WetWork: headéndd are ot  equipped with
antenna for over-the-air receéption but méy be ‘eguipped with'asatelite dish for-connection to
long-haul facliities. importantly; the elasticity’ of deimand for dae Brinunication services in
the institutional market is ‘riuch Jower- thar iIn e ‘résidential 'merket.  Thevetore higher
interface unit costs for higher speed services are tolerated.

The services and equipment costs offered on institutional ‘hetworks most closely resembie
those offered on private LACN networks. ‘But,"EACN' hiéuidends are significantly less
expensive than institutional, cabie teléviston, network headerids- L ACGN headends act strictly
as frequency tranislators, and do not Have the facilities fot Teception ot over-the<il signats. in
addition, most LACN's do not implement information and tran&atif6r sérvices at tie headend.
Therefare, thay do not require a headend minicomputer and seltwaseof the same complexity
and size.. Amddbx Inc. offers a single chiinnet DA-YIIKEA ‘systeif, -Cilbienet, withi 0.088 Mbps
user data rate and 14 Mbps aggregate data rate over two channels (1 bits/hz). The headend
is specified to serve up o' 4000 user reeaﬁens“ and: costs$0\750 ($218 pet user
Iocatnon) [37). Intertace umte, each vnth four ports, cqst wQOO g@feqe In urban systems. the
cost of the headend is likely to be increased, so as to offload the price fromihe ssbscribers as
2 Mbps (0. 33 blts/hz) ovena mdem ﬂm mr mmm Mhpsa SMs»Lochetzo
accommodates over 100 128 Kbps contentlon channets 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, a DA-TRINA systeny which provides
user channels from 1200 bps (0,0012 Mbps) up. tq,rl.m‘Mpps (0.257 its/hz) on a demand
assignment basis . User node costs e on the arder QBOOO, a central node for an
institutional cable system costs between $59 ,,,,,, ar)d 7§,W0,, Thege relatrvely hlgh prices
refiect the higher data rate offered, as well as DCC s position as the sole current supplier of
equnpment with these specrﬂcatlons Table 3«2 glves estimates of broadband LACN system

61Each user location on the-nelwork sccommadetes ug to four devices.:
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Table 3-2::Breadbandiacahamme Datswark-wendor prices

Amdax - pEC Sytek® Wang
Controlls o emmn see e
2 Port 1,800 1,176 -
4 Port . 3,900 2,400 3,800
16 Port L . A200
Heagend'  §.960 DA 6 800 12,000

Cost/node® =~ 984 600 76 T g2
User data rate 56 kbps N/A  19.2 kbps. - N/A
costs for intra-plant networks, as opposédtb Ihtra‘ﬁky Tiétworks®2.

To summarize our discussion of systent cBsté we present below approximations of systém-
campenent costs for three residential cable systems of increasing sophistication (sg¢e Table 3-
2). The residerital sitems ard ‘aspmed to serve 5000 subscribets.' 100 subsdribers per
mile;’ with appromuy mmm penetration oﬁwhanced serwcu 'Fhefinstituibml
systém is assumed to haSlQ §°Q whégribera“ ? )

R o
The following table (see Table 3-3) contains rough estihates bfthe typical costpet subsctiber

for cable:network facilities (capitakeqsts) and system omeraion{egerating costs).

64 Calculated for a 1,000-station system.
62poberts, L., Karp, P. ibid.

658ecause there is only one inalitutinnal system in operation this numbar is.not repcessatative of any LS. average.




- -Yable 3+-3: Cost'profies of foursystems - -

Components de-way ready ﬁarner Amex Cox Insti;gtiona}_i
Headend $160,000 . $1,100,000. . $2,800,000 $100, 000
$3/sub $22/su $66/sub $2007/sub
CPE®S $75/sub $100/sub’  $260/5ub®? $500-$4000/sub
Cable $7,500 to $100:000 per mile installed; $7.60 to $100

per subscriber, Actual cost dependg,‘gpgn amount of pole
and underground duct space availablé. '$783 per mile of
cable retrofitted from one-way to twp-way; §7. 83 per .
subscriber. -

Table 3-4: Typlcal cost’ per subscnber f‘assume 50,000 subscribers, |

Basic headend : $3 ok © He'd@eny maintenance 30.06
Satellite receiver = $2 § aplg maintenance $10

“Extra for interactive '$60 rogram material $60
Studio equipmeat - - $20. memmmm 880
Customer equipment $80 - ,.Pole_ % ... $10
Extra for interactive $40 B &‘f‘ﬂ%‘l‘. ation $20
Installation $40

Cable plant $360-$708-- . . .o o e

Total -$000-%102¢ -~ - Tttt $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, the telephone company.

Cable operators do not maximize total revenue minus total cost (TR- TC).‘_‘,;;‘__B‘:afég)»e‘r, because

66Cusmmer premises equipment.

e estimate assumes iarge:production volumes wivich-are not:yet in produciion.




currently there are excess channels, the.value assigned o a channel is zero, and the cable
operator maximizes total revenue minus marginal costs (TR-MC). This 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 flat rate plus a per usage charge
Warner Amex proposed a $29.95 installation’ ¢harge’ and a $4.905 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 Serwces, etc.. Theréis a $19.95 instaltatrbn charge, with a
$4.95 monthly fee (note. thereis noume charge). Cox Cable's mdaxproposed setvice tariffs

2_00 m‘stauatlon plu_s,jsg 5;§1g per mqnth for secuntxi rnonrtorrng systggts, ,

The only exrstmg precedent for mstrtutronal 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 institutional service will continue
to,be priced in this mannex, since the threat of entry, of an altesnative instititional service, due
to high prices islmjnimalfajsg., lnstaqlla_t_i_,onaph;argesﬁairg @g 50to$200per end,}..depend[ing upon
the data rate, The Cox tariff is proposed for.the New Orieans Instijutional cable. Institutional
interface units are in the $1000 range.

In addltron to subscnber tanffs, 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
wovlé beectw{aad to commem.awamesaf .~ le,at.idmee tee 'pfmspusesed_ws?%ss rsfer@ only
to downstream transmission. There is litie pracedent gn which tq base estimates of the tariffs
that Would 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, Monthily Leese Rates; June 1, 1080.°
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Tabile 3-5; MCTV monthly lease rates, June 1960 - -

Bit rate’° Cox Cable MCTV

1200 bps $37/month $146/month

2400 bps  $56/month ’Slﬁollmoht.h | - ;,
4800 bps $110/month  $200/moath’® . . o ..o
9600 bps $230/month = $300/month -

19.2 kbps  $500/month 's4zo/month (synch)
66 kbps $1000/month ,v’$475/mnt,h (;ynch)
1.54 Mbps  $1000/month  $1000/month (syach) - -

Service” structures In which the headend is the' orily ‘serier would ‘Yot entall a
"communications” charge to other ‘parties. “Instead; 'drfangémients Betweefi information
service provnders. such as banks CompuServe, ‘or Lexis. would inmalty be established on a
case by case basis

N

Eventually, both servers and subscribers, are likely to be charged on'a usage sensitive basis.
Only in the case of dedicated charinefs, or extremely Hght “usaoMrtat rates remain In Usé.
This need for usage sensitive pricing i due to-the incrédsing: rharginat 608t of niost systems,
i.e. performance degrades with heavy usagd.’ The réastm thatitwill fiof sectr immediately, 1§
that until the communications facilities are minimally loadéd. ‘margitarcost i hot Thcredsing,
and therefore the cost of momterlqg esa_ge rs r:owt ;ustlﬂed DA TDMA and contentlon

schemes in partrcular can suffer trom abusnve overuse ot_ the fiat rate servroes beeauseet the
degradatlon in servrce that is expenenced wrth severe oveﬂoading ’

S

Cable network fees are likely to be Insensitive to“iitiiéf&gé: since il éémmuniications is focal.
Communications which travel off of the cable rietwork will bé chiarged according Yo the costs
of the communication facmties over M’r’lch‘“tdyﬁavel‘ le., lh% MW‘&WMM to

ey 1%
HEST i By o

the user. b -

mBit rate per 6 Mhz channel.

7! 1his compares to a cost 9£.$400/month. including interface unit rental for 2 isased voice oragde line. -




Many institutions are strongly adverse tohawng AI@I mstructures remain as the model for

communications pricing. in fact an alternatnve to AT&T pncmg methods could be the primary
attraction of business users to cable ugage, beypn?xthe ayanabmty of hi gheg speed and
quality services. Other technologles with which cable will be competmg wﬂl face the same
challenge. Ma;or users in New York face a 40% mcreaae gn their cpg;mgmcatrons costs over
the next year. Users are anxn&hs to ﬁroteét tﬁf isbivess troih the&@fraté mcreases

3.5 Summary

Networks that will support future servicés must accommodate ‘domiinication with multiple
servers. The costs incurred, above and beyond the &o8ts " assodia ed":’w‘th traditional
networks, are concentrated in the’ ‘headend, interface’ equipMent, Hiiifténance, and where
necessary cable plant upgrade and noisé correction haasures. THe Sophistication 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  bliebetf By the &bphorié: company.
Resndentual charges, tor those sennces that are in operat;on. are tter structured Rate Ievels

are dlfhcult to predlct pendmg more data on dema »elasticm

TR

_ We have presented our analysis of cable s a data tranghitssion” médiiim; including technical

complications and remedies.; :: We ‘have: also-discussed :the: implementation. decisions
associated wlth higher level communtcatoon prdtocols fﬁ“bartrcum abcess schemes in the
next chapter we compare the antrcnpated performance ol mw;gm aystems with
servnces)prpppsﬁed by the phone compahy4 and otheréspeerat carners for the 1982 to 1985
timeframe. o , o R,
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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 facilities for data traffic leads to high access.cost and contention with normal
voice service, in addition to suboptimalbtransmission 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-gra_de lines. The service is offered in a Itmtteetinumber of cities, at
relatively high monthly f??é*-ﬁ The monthly rate for a 24 Kbps DDS line, within a city center, is
approximately $250, while a standard, analog, leased fine, within a city ‘cg’nfé’r. 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. Using emstmg 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 ,to;,ﬂ\e._ﬂcpgt;gbm switch components that the
overall economics makes it increasin‘gkI{y»WOr"th'wﬁﬂe to use digital transmission for voice

Ty S

services too; this contributes to the trend towards an all digital network.

The largest remaining bottieneck in end-t6-end digital Service'is the-local foop. The following
section’ will' describe two communications technologies; whith Wive been described ty' the
telephone company in the technical-literature, for digital WansmissioW over the existing local
loop facilities. In addition to the technical detalis; we heope to identity the cost, maintenance,
and implementation difficulties which will impact the attractiveness oftheseéervbes relative
to cable television based services. o ' :

4.1.1 Circuit-Switched, Digatal Capabiﬂty

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

‘ L] Exlollng Switches
. # Btagnderd 2-Wire Loop

Network Access o Alternate Analog/Digito:

™ Interface

G——— 1aess | — - - 4ESS

G vhuu) e 4ESS

‘Network Access interface
ad/s ;
4 Wires Dlglnl (Dal:)

2 Wisex AnslogiVoipe)
2 WkQOEWO Ceatrol ;

Figure 4-1: Circuit Swuchedmgnar(:apabimy AN. Long. Betl
. Laborstoripa’™®).

A new transmission technology, tir‘r'mfo';::mpre‘ssién mumplexmg (T CM) [2], allows full duplex
56 Kbps digital trangmission iueing the existing two-wire subecsiber loops.. Switching .is
achieved via minimally modified telephone company local awitches and unmodified toll
switches™. The expected market for this capability is institutional users for.applications such
as high speed facsimile, bulk data, transler,and othes; compuler 1o, compuier
communications. The CSDC architecture is.very simiiar. 1o -that a!:axm«vdm,m
facilities, therefore few difficulties are foreseen in its development-and maintanance.

7211,is figure was provided by N. Long of Bell Laboratories‘at-a seiminar entitled New technology and the local
loop; CommnocauonsPoueyRuoarchProgrunm M.l'r c.ubndge mmta,mm. 1981

3110 modifed local switch is the #1A ESS, mdthetoﬂswm;histhe ness essmndsfore:ecmuc
Swilching Syatem, and'is & fiimily of compiter controllad-iSléptohe switdhed us ' sphol
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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 termmatuon card at each customer's premises.
Each line card is estimated to initially cost $600, or $1200 per Ime connectlon". This cost
estimate is based on high volumes of production, i.e., »g_ojaintmes musgn b?_f“ﬁ' icient to justify
production of a TCM chip: SRR

The alternate voice/data channel unit is shaVed by mulhple sqbscrlbers and is only in use
during a data mode call. An average umt serving 10 subsqnbhrs ig estimated to cost $1000,

i o 3

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

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

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

The services will be offered by the Iocal operating comipanied  Equiit’ access rules that apply
to standard telephone service will largely be applied.ta, GSDC, i.., mter.!aces to the local
telephone companies’ faculmes will have to be made pubhc and accommodate other long haul

PRI i f BN L

carriers.

4.1.2 Data Above Voice {DAV) -- Local Area Data Transport (L;A,Pﬂ services

Local area data transport services are intended to provide residence and business customers
with-network inferfaces throligh which they can access a packét switched metwork, primarily
for communication with véndor data bases (s66 Figure 4:1y Applications inélude forrte or
business, interactwe, mformatron systémS' security. and mérgymahagement systéins '

R ¢ L ”%té!—
The serviceis desngned to provide moderate speed (1.2 Kbpsto&KboaMm communications
to "bursty!"‘users in the home and smaik-businesses. ' in addition, -the:data eapability  is
designed so as not to contend with: traditional voice-services for the use of transmiasion

Eshmata are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalute of Bell- Northem
Research, February, 1962. J;: McDonald of MBX inc.; formerly of TRW-VIDAR, estimaias that both the network-acuit
termnnoncqmptwntmdlhemoﬂmlinecammmesmmhahould be as low as $300 each.

75nnnotclearoxacWhow!hebcdtehphomcmnpmyuﬂllpumhanﬁuaoltmﬂﬂ.ﬂ&puswﬂch,or
S10,mtmmmmdmmmmchmuummcoﬁedhhﬂmmmm
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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 these classes of lisérsihd dﬁﬁh%aﬁ'oné

18 By e SRTAT AN

The user will access LADT vig. me same wire D&lLA&SQd“(QI mge telgpbpqe service. Data
circuit equipment_an, the, customer's, premiges .and. ling. iojgrface, Fards, gt the m""

exchange will put the digital data signals in the frequancy seeeirym.sbove the analog voice
signals, a technology referred to as Data Above Voice (DAV)"’. Using this technique, the data

circuits wilt-niot: conteénd :with. voicke' telephong wsage: (as dees; CSPO), but -wilt: operate
simultaneously over the same twisted pair: Fhe-interface unit wilkhave a data-input port whioly

will conform to infernationsd data communication standands™.«~ . o voeen
mm N ) . ‘ v L N B U"": ‘ . i
7 Long, N., ibid. b

TBCCITT communication starndard: X.25, level 1
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The voice and data-will be separated (filtered) and the. voice.will b& passed on to the local
switch, - At the entrance 1o the' local switch; the data:signals will be connected to a port ofa
statistichl muttiplexor. All-data:signals will:be concentrated and sentto a packet switch via §8
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 fot'data would preciide voice.communications.

Unllke. CSDC, the packet archltecture of DAV sermces otfers,.new challenges 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 o be experimental.

BT WA P

4.1.2.1 Costs

The data crrcuut equupment on the customers pr:ermses and the entrance unit hardware
requlred in the central offlce wrll cost between $200 and $400 mstalled"0 i volumes are large
enough to warrant the use ol custom LSI these costs vwouldfdrop srgnllucantly81 The
statlstlcal multlplexor will present somewhat of a barner in that ms a hlgh flxed cost |tem To
|ust|fy it, there must be a critical mass of subscnberg;to LADT based servrces in the same
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 of technology and frxed cost
than does CSDC Thus. LADT serwces wnll be mtroduced 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 oftered on a city-wide scale.
l P &
Selscor Division markets an Integrated Data Voice Carrier (IDVC) system otlormg smilar capabilmes at speeds
up to 8.6:16tips, Gver: 3.6 mite rurs; tor $534. New York TFolephone is-currntiyevalizsiting this preduct.

a‘manmwm awmmwammmuwwm
Research, April 1982.




All facilities, including the packet switch will lbe owned:by the local.teleghone company.
Therefore, equal tocal facility acoess and:interconmection-will- e provideria; ali fong: haul
carriers and packst network services wia & standarti:networicto-network interisce. ATAT hae
already introduced proposals to the CCITT for new standards to govern DAV.

4.2 DTS

In 1981 the FCC approved a petition by the Xerox Corpomiion toalocate spectrum in the:10
Ghz band (10.55 - 10.68 Ghz) for a high speed, local, data communication service called
Digital Termination Servics T8, 1 the ensbing Vér, Hany specializéd carriers have
submitted requests for licenses®®. DTS uses a tiked Bailoiar radit teehiue whereby tssrs
communicate with one of foré Toddi hEdes “which 1 Hr ‘Hinfmunicate With Yonghal
facilities. One or more nodal stations communicate with muitipie user stations within a radius

of up to 4 miles.

The user experiences data rates up to 1 544 Mbps TDM is ueed 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 staiion and
$117,000 per 120° central node sector“ ‘

4.3 Comparison

Institutional cable networks wrll compete for the commercral data commumcatrons market
with existing telephone services (ODS and leased hnes) fu'iure 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
mAttrsr observing umw WMM nmm&emmum tol'llnh

mmmmummmmwdmsmeﬁ
Telenet estimates that installed costs are approximatety $113,000 and $400,000, respectively.
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At rates up to 56 Kbps, CSDC is an anractlve auegnatmerto institutional cable service. But,
there is no reason to believe that market demand“v-vrll‘ etop at 56 Kbps. In those cities with
moderate amounts of traffic, CSDC wrll be adequate But m thge cities with large demands,
or with installed institutional networks cable services wm find their place for rates greater
than 56 Kbps. The competitive dynamic between cable and telephone services will be largely
affected by the tariff structure of the telephone company. At the same time, the existence of a

competing medium will force the telephone company's rates down.

[RE A A

DTS has the advantage of low constguction cos,,tsr,re_l,eti\g.e_, E;t,gk_,‘ingt_i,t;g_tional‘ c,ablve‘;, but, if the
institutional cable is already installed, this advantage s;tis;wp‘e‘areS As was exemolified in the
LDD-Tymnet-SBS. expenmeng (sea Section A.1,2.2), cable and DTS ;;omplement each other
Therefore, in those cities that_have mshtutionel cable ne wkek me advantage of DTS is
unclear, unless it is used to complement the cable jacimges, tn thoge cities that do not have
institutional networks, DTS is attractive on a cost. bes;s It will be many years, before DTS
equipment drops in cost low enough to be of interest in the resudentral market.

LADT is a very attractive alternative for the residentlg[ market, The total ,gkost of upgrading the
telephone local 0p for DAV servioe is sstimale 10 be smwnag ,es; than that of upgrading
ubiquitousness of telephone facilities gives meeeaervices .a tremegdous _adventage In
addition, ‘the“star configuration of the telephonenetwork oﬂeremumvand #raud advantages
over a shared channel cable architecture see ‘Section 2 3 3. 2 omﬁe other hand, there is no
telling how long it-will. tahe for M servicea 10 bem wdelvavmlabb W when they do
become available, whether the peak data rate offered will be'adédate: In the mean fime, the
development and avarlabllity of cable services could consume all of thos apparent advantage
As in the msmutronal market all three medra. as well Aae‘ others wrll be a part of the

ommumcatrons backbone The charactenstrcs of the parhcutar commumty and compamee
mvolved wrll determme the outcome

Having presented and analyzed the technical charactéfistics of cabfe-television networks as a
data communications medium, in the following chapter we bridfly réfév this information from
the perspective of cable operators.

85Snowden. Personal telephone communications, February, 1862.
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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 f6r communication industries that both
operate the communication ‘conduit and sell services over it whethér pay television, 'videotex,
or electronic mail. In this chapter we outline the policy context ‘of data communications via
cable and propose how the reguiatory tramework of came television might be most suitabiy
adapted to data communication appllcations ‘

Cable television networks offer peak communication data rates that are orders of magnitude
greater than the telephone company’s narrowband locat I6op. The "local foop”, i.e. intracity
communication facilities, is an important but weak fink in the ‘U.S. telecommunications
network, as Charter et. al. note [18]. ' R

The availability of diverse communications services ‘can provide ‘powerful
leverage for greatly enhancing the nation'sinfermation-based economy.- The weak :
link now in providing advanced commumcagor\s services, 10, t;usmess and the
publuc is at the local distribution level. The diversity of sefvicés possible through
locat distribution is being’ inhibitéd by traditional views on Jocal 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 entertalnment televrsron srgnal transmission But gwen proper
system design, it is equally appropriate for transmrmng and recelvmg data to and from
residences and businessgs. Data over cable posesfundmmal and compelling policy
questions. Such questions include:

- Is cable operation a broadcast or common carriage function? is tboth? -

- Under which jurisdiction should cable fall -- local, state, federal?
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- Should the operator of the network facilities: have full control over the services
provided over the network?

Cable is currentiy categorized as a broadcast service and is only minimally.regulated by the
federal government. Operators are granted franchises,and given local monopolies by local
governments vvhich last typicallv tifteen:;vgars, Inlcontrqg}-,i_t‘ﬁ!egbpng and most other
transmission services ‘are regulated as._commaon. Qarriers bx. both state-and federal
governments. Common carner regu;atron tradmonaI!y tmpues rate .of return regulation and

two fundamental behavroral stipulations:
1. Services are made available to everyone on a noh-discriminatory basis, and
2. No control is exercised over the content;ot;the,gommunicatiotta:: .

The drchotomy set up in the’ Commumcatrons Act of 1934 treats common carners and
broadcasters qunte drfferently Broadcasters are glven control Et:roth over thetr transmrtters
and the programs ‘or content of ‘their broadcasts Indeed they areMd accountable for the
content through such means as the Falrness Doctrme and commumty semce rules gI‘n
contrast ‘the common carrier controls only the conduit or transmlssion medra over whrch
communication sngnals are carrred and i specifrcally prohiblted from exertmg any control
over the content of those signals. The 1934 act granted the Federal ‘Communications
Commission (FCC) jurisdiction over both sectors, wgth a separate se ¢ of provrsrons for gach.
In addition, the act stated that services regulated under one set ol pravisions could not be
sub;ect to the other set as well. Until recent!x it was not. difttcu}lt to determine . gvhl,ch
commumcatron servrces belonged under whqch category Today,, rust as the drchotqmy
between computmg and commumcatlons has blurred as . a Tesult of technological
developments so has the demarcatron between Qertain comman. carrier and broadcast
technologles. Home and busrness mformatron servrges are prqposed whlcb will deliver text
and data via broadcast medla whlch are traditionally 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 1989 Southwestern décigion® the FCC's. rote in cable reoulatlort was deﬂned to include
jurisdrction over all seMces Which were "enéﬁtary td broadcahtiné" The sole tunctton ‘of

The FCC's 1972 Cable Television Rgport and Orger™. set.fortb rqgerar constraints on cable.

In addition to channel capacity requirements, the order included a two-way capacity
R LR R R o R T N s L e L

requirement for all systding ‘Serving Major mérkets. “Thé requitément statéd that each plant

should have the "techmcal capacity tor ‘non-voice retum cor mumcations"k but did naot

were premature. the rationate behind such a ' egu tigt wa; to Iimrt the costs for addmg two-
way capabrlrtres in the future In June ot 1972 the FCQ npdrtred thls regulatrqn by restncting
local franchise boards from requmnq more stripgent two-way requrrementsm Thg FCC was
afrard that some requrrements |mposed by gocal bodrfes wquld be beyond the state of the -art,

and would prove prohnbrtnve to the cable operatgrs

g iy

In 1975 the FCC opened 'a‘n mvestrgation 'into the vrabr’lity ot mamtammg the two-way

markat still showed no signs of producir\é revenues tor the operators the extra cost of
mét"afting two-Wway systems was viewed as oveﬂy bur&‘e’r‘rsomé The indbstry claimed that the
Extra cost was anywheré from 10 to 14b percént highar for two-way capacity systéﬁstirat also
satisfied the hew channel cabacity fequireménts. “But the FCC maintairied its position that the
very high cost of rebuilding # 6hé Wy system wiiranted the relatively small additfonal coet

(SRS PR

United States v. Southwestern Cable Co., 382 US 157, 1068.
1934 Communications Act, Section il
Cable Television Report and Order, 36 FCC 2d 143, 2 February 1972.

Reconsideration of Cable Television Report and Order, 36 FCC 2d 326, 16 June 1972

8 B 8 3 8

Notice of Proposed Rule Making in Docket 20508, 53 FCC 2d 782, 784, 3 June, 1975.
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incurred in building with two-way capability from the start:" The FCC did limit the requirement
to only those systems with- 3500 or more subsoribers; 60 as not o buvden’ ¢matlér less
‘profitable systems. ‘ BRI E '

The Junsdnctaon of the FCC was queshongd under the NAR.U.C. demsa .. which
concluded that two-way cable communications, gwhich“wqge;nqqmgegyare‘;ngt; "ancillary to
broadcasting”, and therefore did not fall within the. jutisdiction: of FGC regulation of cable
television established in Soytgwestern. in addition, they were withia the intastate restrictions
of the Communications Act of 1834.

In 1978 the courts acted to severely limit the FCC‘s junsdlctuon ow)er cable by overruling the
agency's authority to establish local access. reqwemms <. . The twaway requirements were
also struck down. The basis for the decision was that these fequirements byrdened the cable
operator with common carriage responsibilities. The cgmmygiqg,ﬁgnsacgpmj};@ﬂys&atesm
if a media is regulated as a broadcaster, that it must be exempted from commeon carrier
regulation. Therefore, so long as the FCC chose to regulate cable "angillary 10 broadcasting”
(as stated in Southwestérn) !he FCC dould not enlorce tie bommon’ carﬂag& !'emmements
By this time, however, two- way cgpabmty had bQC:OMG a cruclaj element m the franchusmg
process. *

5.2.2 State and local regﬁilétioh and federal breen{pildn

The Congress and the FCC currently advocate increased dergggl?tlon of cable at the federal
level. This leaves the states and municipalities to apply regulation as they see fit. In the past
this responsitility résted with e’ muiicipii-fanchishvy bodies. BiN! as the ‘ihtiuence of the
federal government recedes, the state legislatures and public utility commissions (ISUCs) are
playing a larger role. So lorg & the’ cdble Systems remiin intrastate; the emphasis- on local
and state regulation is in accord with jurisdictional precedent: ... -

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

91Nmtlonal Association of Regulatory Utliity Commissioners (NARUC) v FCC, S RR 2d 393 US Appeals District
Court, 1976. 7

92Mldwest Video Corp. v. FCC, ACLU v. FCC, US Court of Appeals for the Eighth Circuit, 21 February, 1878
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governments to protect existing industries; in this case the local telephone company [42].
This could bias the state PUCs towards enforcing strict common: carsier regulation for data
over cable as a means of protecting the telephone company. But, should the state PUCs take
action that is undesirable to the cable operators, the operators could respond by running their
systems across state lines and thereby fotcing themseives beyond state jurisdiction; assuming
that the operators gain rights of way from nigighboring states.’ Similarly, the FCC or Conigress
‘might react to seemingly unfavorable state regutation 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-wide 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 Representatives recommended that State regulation
should be relied upon more heavily. with simuttarieous IeSsenhg of local and Fedéral
powers [19): ; ' : ‘

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

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

1. lsit ancnllary to broadcastmg?

©ogt

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

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

regulation:

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

3. Intrastate transniiésion.




Preemption of content regulstion provisions are- likely on.the basis -of resulting First
-amendment.infringement. . Similarly;: under Brookirasen™;: rcwlaﬁodsnﬁhtrastmm for
information: mcesmigbtbepmempudmprwmudmﬂmwm §T D

Yai

The most difficult case is that of intrastate transmlsglon, Fede[ql p{eerqg}lon was expl:cltly
struck down in NARUC 1I®* because toq little evidance was.pyt forward 1o, show that local
regulation would hinder Jegitimate. natipm] pglu% The 1976 su ittee report [1 91 stated

0 10 o3

vvvvv

Jocal i%l,ep-hngem"emn and therﬁtoaﬁ,. t was ~995;een ma'e Qnecomwsvethatme
federal government doss resirict Jocg} opersting. companies fram, gifering  information
services ovef their Iocél loop facilities And theref(;re. fedéral regulation to assure somg;;ggg,rg‘e
of separations or leased access on cable facilities is appropriate (See Section 5.3.5). In
-addition; use of cable for data communications ingresises: the possibility: that- national policy
will:be disrupted-if no-federal-coordination is: allowed for:  indight of the proposed consent
‘dacree between ATAT.and the Depastment of Justice, theiesue: of -actess lees and the
relative competitiveness of local operating companiesis:ohincreased 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 criteria are
minimally determined by federal regu1at|b;\;. eé ! twt;gw'ay ready capaﬁll:ivé;i 'maxnmum
franchise fees that can be required of the cable operator by the city, etc. The franchising
process has become highly competitive, and requires significant resouross:om:the past ofthe
cable operators, particularly in the larger cities which.pramise large markets, - Competition
has led prospective franchises incregsingly.io Pmise two-way.agrvices in an effort to win the
‘fran,qhg)se. DR : : e bl RERIET
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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 to overses the process jo insure adequate
community input. . Nevertheless, the-éelection 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 mdte sophisticated anﬁaaa resuft it is even more
difficult for the local governmenits to toth define Fealistic franchnsa ‘tequirements and to make
intelligent and ihforméd ‘decisions. The involvemant of the lo&Al commercial sector in the
franchisé definition and selettion process could fend somie téchnical éXpertlse necessary. On
the other hand, there aré potential conflicts of interest that might arisé between commercial
and community interests Currently parﬂclpatidn By poténﬁal comrﬁérciai users of cable is

mlnimal

During the next two years the franchising process will:come 1o a close in most. of the major
cities in the U.S. in the meantime the refranchisirig process wilh begin as- fifleen year-oid
franchise contracts begin {0 expire. Municipalities; oecators, and users will-‘have:to adjust to
a new setof issues and procedures-associated with: this:phase 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. .

5.3 Cable as Carrier and Broadcaster

5.3.1 introduction

The appfication of cabie systems to data communications raises many questions as to the
proper categorization of cable as'a broadcdst mediam: " adiitioh, antl-compeétitive 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 facmtioa and programmﬁvg‘ ThisWnedWl aise has
anti- competmve |mpllcat|ons Others argue that anhough there is only one cable system per

REXBIR

S7R. Pepper noted that traditional anti-trust notions may, gt provide aufficient protection on fhese grounds'and
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city there are other competing communication services which prevent cable from acting as a
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 far 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 spectrum 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 carriage principles
have been relied uponto fegulate the use of bottisrieck tesourcesin our society. ‘

To date the FCC has not clearly determined what. thatcue rola of these services should be -
broadcasting or comman carrier. The FCC has hesitated ta effect a separation of carriage
and content in cable in response to the argument;that without.cantrol over pragramming 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 contral over content and carriage, and non-
discriminatory offering of services to ali®®. 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 1o all entails a commitment to bulid facilities on demand. This is discussed further in Chapter 6
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might be placed on cable services, including entertainmant: video. : ‘Henry. Galler and. lra
Barron convincingly. argue-in- a petition 10 the £OG: [a7) that-vegulation. of cable services
should be on an individual channel basis, as opposed to a system-wide baais, since aome
parts of the cable are used for traditional broadcast services, and some parts are used, or will
be used, for two-way communications of Variou§ types. This woulkd:insiire’ ¢able- operators
their fair profits on’ pay-per-view services, while insufing the public ‘#ir use of the cable
spectrum used for "communications*, as oppdcedto 'broédcasnng*(seess 5.

it is tmponant to examine what cemmon. carrisge-- shaecfimm tmpliea. 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-is reasonable to consider the cibig’ speétru- to'be a limited resource,
which is "affected with the publié intarest.® ¥ Précdedinig seétiohis 6f this teport support this
riotion, .e., in many commiunities; cable will indeed be ‘a uhiqiie’and’ usefut medium for both
private and public sectors. It is In the communities' 'Bést ihtétests that any unique medium be
accessible to all partieson a nqndiscriminatqry basis. _

In Chapter 3.2.2 we discussed the need for rhuitiple server systerna-in somie detail. It is in this
capacity, in which the cable operators have no effect orf the contents 'of the communications
between parties, that they might be asked 16 ‘operaté in' the spirit'of a-cbmmon cartier. The
separation of control over content and carriage coiild obviate the need for special regulation
of cable carriage services. The opérators'’ cofiflict ‘of ntofest betweén renting
communications capacity to other sétvers, and: oMeériivy services ovir-the mediufm which face
competition from' thede other ‘serveérs would be ‘shimiiated. -Compléte ‘séparation is not
feasible in the imtnedl‘ate future for écoriomic, pofifiéal, and'institutional reasons which we
discuss below. '

Given that the confict of interest does exist, the community -is'éoncerned that the cable
operator not infringe on first' amendment rights by- monop&izﬂ'tg ‘a medium of
communications, and “that the operator “not engage- in’ ariti-compettive: practices, by
monopolizing the cable-based services market. In the past, most public discussion of the
potential for First ameindment infringement has focused on video entertdinment uses of cable.

1004 1ate, Troatise de Portibus Maris fHarg Law Tracts 78 cited in Munn-va Binois 84.U.6. 113 (1877).




In particular, by controlling-alt'channels on the cable network the operator potentiafly exerts
excassive cohtrol over content and therety iimits thé tiversity of voices ahiinfrihges on First
affiendiment Hights of dubiscribers and: Gther programmers. Teddy, these drguiments carry
ddded weight due“to the anhtcOmpetifive imphications  'of ‘mofAopoly>icontrol over data
communications services via cable. It is not only a concern for the pnvaterestdenm
commumty, but for the commercral mformatnon servrce busmess whrch plan to offer cable
based servnces as well e g banks catalogs, other vrdeotex servers, and entrepreneurs
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1 Content regulauon promotes the provrsron of pubhc lnterest programs. exclusron .
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2. Economic regulation promotes reasonable, nondtscnminatory rates and rate
_ structures
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. 8. Structural regtiation: promotes etbeiemcy eomaetrtm'oﬁdmers&v of-control: Aa

Neustads, et..al, paint out, "(rlecens regulatary acti %;;« 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 éontent regulation is not
necessary for data and information services if stru gt‘t’fréf 'W economlc r‘eguiatnons are able to
assure &t & maftipheity of voices has access to tive hedhiin. -~ . e

5.3.2 Content regulatlon .
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Content regulation, as a\pplteg to television broad ing. was an attempt to address the
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scarcity of broadcast channels'%2. 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.ig also a concern but content regulation
does not appear to be an appropriate 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. Thig transactional pature provides. for user discrimination, not
necessarily available on broadcast television where there are.a scarcity, of channels (other
than by turning off the receuver altogether) i is also lmportant to note that the mere quantities
of information avaulable from non- bruadca.st tq(ormatnon sennpes make enforcement of
content regulations infeasible 104,

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 appropriate modet for a communiéa’tidnstacimy.

02The area.s m which content regulatlons are currently applled by the FCC tnclude

- Falrness doctrme equal treatment of edutpfial sub,ect matter.

- Personal attack corollary -- right of an individual to _access in orgder 10 defend himself/herself against
personal attack on the media.

- Political broadcasting rules -- equal access to all candidates.
- Local origination -- channeis where the operator is the only designated proomntmen
- Obscenity -- restriction of certain material considéred offensive to the cormuriity.
- Advertising codes -- legal and fair advertising practices.
1(J"‘*Cc:mtent 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.
1o‘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 acceas procedure, i.e., how hard it is for a user to find something in a
very large data base. : .




o PR AR T e e S T

S 3.3 Economtc regulatlon
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Rate regulatlon |s used m the case of most publlc uttllttes, mcluqu telephone, and could
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concervably be applaed to cable 'The oblectwe is to hmlt the utihtys ablllty to extract
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monopoly prohts on the basrs\j} ot |ts naturgl or granted rrtoni poly) N and to msure
nondrscnmmatoryrlpncmg structures Rates are ty}plcaltywset a::egrdmg to an allowed rate ol
return (R(?R) on the firm's mvestments or rate bgse ;‘l:he'frategs{téucture |§ also”evaluat‘edto
assure equal access to all users_q;fhe hlstory °'."§§§° Legguta}t{ton)ig Mlgered The regulated
utm_tlesﬁ(_eg gas electnc:_v telephone) havebggentbgu{dheged - the! slow admilnststratlve
processes necessary to ento‘rce the Iegulatton (rigulatog t‘f{“’&% ’a‘reﬁg&arstlcularly dltflcult
m tlmes ‘_of “'91",.!2{}3."9“ Some econom{rstswtzealle,ye“tt‘tatqthe consumer 1 has also been

burdened- by the hypothesszed tendency ol utmtws o over- caprtattze and thereby tncrease
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their rate base [7]
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There are a number of reasons why it ts desrrable to avgrd tradltronal rate regulatlon in the
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case ot data over cable ln addmon to th ‘mperfectlons of unplemeptmg tradittonal rate
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cable operators mrght stifle developmeqt
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regulatron the drsmcentwe |t would pose to
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Currently. cable operators are not sublect to traditronal rate regulatton apart trom Iocal
e T Tale B30 1 o CostoiRs Bt en
constramts on baslc, premtum and pay pe iew televrsapn subscrtber tees By entermg the
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uncharted market of two way commumcattons servi
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they would face both uncertaln
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revenue streams and a restncted return on them as well; in addzltron there is tl'ge possubitlty
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that thrs reoulatron mlght be extended to other catgle services such as premlum and pay per
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view telewsron On the other hand gwen that the cable taclltty is to some extent a unique
municipal facility, it might be desirable to restrain the potential monopoly power of the

operator. SR
ltccess or service charges will be paid by both subscnbersand lntorrnatron 'service,provlders.
Subscribers will pay fees to the cable operator for access, and/or to the data base vendor for
the information which is accesséd o provldéd“&b?& a’écﬁeefifeaesare already ‘monitored by
the local franehise-bomrds and stajejegisiatunse . Regulation.ol the:date base Tates is widely
viewed as inappropriate because of growing competition in the "informiatiori marketplace”
which is beliaved will effect-efficient priging.dmeanicslar; we are:hesitant: to: mandate
“proper” rates for pieces of injarmation.. Thersiare othare appeage:no- partisular 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 ln the local loop But, because there is generally only one cable
system per municipality and the franchise i is granted by the crty. monopoly power does exist in
so far as the cable facalmes oller more than other avatlable Iocal Ioop 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 lnlormatlon servrces, instead of data
communications services. They could set the access rates t% data commumcatlon users high
enough to disuade potentlal busmess users whlle still complying wrth any structural
requnrements set out in the franchise. The second concern is that monopoly rates will be set

excessively high rates and accompanymg underutilization.

Rates charged to data base vendors wnll undergo even more distortion because cable
operators will typlcally be acting 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 drscourage
information providers from using the cable medlum. thereby retaimng a monopoly for the
operator. As we will dlscuss in the followmg Section 5 3 4 structural regulatlon is Irkely to be
the most effective means of preventmg such abuses, although it ls probable that at times'
some economrc regulatnons may be needed to account for remammg market lmperfectlons

Ty §t.

5.3.4 Structural regulation

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

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

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

If cable offers an advantage over other eompetlng media the operator could wield significant
monopoly powsr; resulting in excessive Tates; a8 well gxcessive control-over the content of
communications.




The cable operators argue that cable is not a mbndpoly since there are competing
technologles, eg., telephone, airwaves, neWSpéﬁerﬁ For cortaify sérvicts alternativé forms of
distribution are equally attractive. But, for wide Banawiath, tebiway aﬁ;ﬁi&aﬂoﬂs, dable offers
a cledr advantage' * E8t exdmmple, oneway “textudl’ Tnformation might be just’ as ‘Suitably
fransmitied Via dver e alr tetetext""" ‘Whetills Wiaebte¥ fraphiée brHigh speed CompUter 10
computér commumcat‘toﬁs id'hot Available’ al comiparable tosts Bit any iher existing Tacilities
(See Section 4} Cénteritdia dconctiic regulatiols cotd Ft5a apisHed In' Bh attempt 'to prevent
dbuse. But “itis ot ‘sHiediive dnd ‘éfﬂ‘é‘iem to”aﬁacﬁ thé ‘Wn of tﬁa“ﬁroﬁlém 1é the
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The tools of structural regulatlon mclude

1 Entry
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' 3 leutatlons on vertlcal mtegratlon separation
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ARthough' most mumctawmés‘édofﬂﬁm graft exclisive franchises; thé ‘econdmic baftiers to
conistruting & secon cabiie #ieHity in & iGHICiaMy-tre i MSsaNE Miere dre fow exampios
of competing companies. Therefore, entry policies are not effective at this point intme'¥?, 5o

Lintitaétibns on veﬂi'cafift‘ttegr‘éﬁon‘*by'deﬂhitidifwemdéﬁtﬂ-mwtﬁmraﬁbﬁs-‘po‘llcy
16 istflate the conitrol over carfiage hd comtent. Linitations 'ofi Worzomta integration:would
also ‘entail some degree of sefiarations. HdrizoMAr WSQritioR TENed' to“the contrel ‘over
multipfé chiannits: If cable operators give' up’Coritrel Bveria-portion Ot channels orvthe
Citbfle they Wwill neverthelass Be Hidpbnsibie for e carviagé bf those-Bigrisis. Therslore, on a
pottion of the netwdfk they woutd ba actim: w*enws?om vuach B’équlvalent’ﬁ nm;d
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Separatlons would require that the cable network operator completely separate its signal

1051 cJetext information is transmitted during the vertical blanking intervaig

108E, clusive franchise contracts. ey be hekd i violation,of anttrust igwa, see Community Communications-Co.
v. City of Boulder, 630 F. 2d 704, 1960. ST e ‘ o
[a ba alovasd A
1G’SWe might tmagme that in the luture, demand will exceed the aupply of cable channels and at that time, entw
provisions regarding additional cable tacilities may be effective.
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transmission functions (i.e., ca(riage) from its programming h;r?gg'ons (i e, content) The
cable operators insist that services would be sagrificed by limiting, the mcentwes of cable
operators to enter both markets In addltipn thgy fggl that m rder to attract an apequate
revenue stream, control over the entire package, both oomegt and transmussuon, is
necessary'®. The cable indusiry alsp argues that sepasations regulation i |$ in abridgment of
both the first and fifth amendments: the. first through constraint qf content. control by the
operator, and the fifth through congyaint of due  pracess o {;}Q@&‘?PIQ operatqr toearna farr
return on the facility. In _support of their. ﬂr,stpamngmnt P :lonl the Natronal Cahle
Television Assocratlon (NCTA) has argued that "cah!e smems shoy pe treated in the same
manner as newspapers." [13)

Separations was rejected as a policy alternative in both the 1972 aho 1974 Céble'TeIerisioh
Report and Order [14]. In 1976 the house subcommittee expressed the imb‘or'tknoe of
separations as soon asit became "feasibla’ but agresd: that 1876 was 1003008 te do:s0{19].
In 1979 the court found that "