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Executive
Summary 1

THE EFFECT OF INTERNET USE
ON THE NATION'S TELEPHONE
NETWORK

The explosive growth of the Internet and online services has generated considerable
public discussion about the need for our national communications infrastructure to adapt to

emerging technology so that consumers will have affordable access to new interactive
services and technologies as they emerge.

A.t issue is how' best to accommodate increased data traffic on local public nerllJorks.
:i3efore identifying the most lppropriate transmission technologies and deployme:"'.t plans, it
is ·critical to conduct an objective assessment or the current Sltuation, including- the imoact

• .... .>.

chat :he:urrent ;evel or =nternet 'lIld other Jnline 3er',',ce traffic :s lctually JavmgJn ~he

teleohone Jetwork.

In :naking that 1Ssessment. this Study concludes:

Data communications traffic poses no signIIlcant threat to network integrity at the
'Jresent :une,

The increase :n jata ·:ornmunic:ltions :raf::c :1115 Jrcduced ldditional ~evenues ,'or
the local exchange carriers that far ~xceed :nerr :osts in accommodating that
traffic.

• The long,..term solution for accommodating increased data traffic lies in the
stimulatioIl ofcomp~tition an4 in the ieployment of appropriate :iata-friendly
network technologies, and not in the imposition of per-minute "access charges" for
use of the current voice~riented circuit-switched network. '

Several Bell Operating Companies (BOCs) have recently claimed that the growth of
data traffic, mainly calls to Internet Service Providers iISPs) and other Enhanced Service
Providers (ESPs), is clogging the public switched telephone network (PSTN) and is causing
service to the public at large to deteriorate. To support these claims. the BOCs and
Bellcore, have released studies that purport to quantify the costs and other impacts of
ISPIESP traffic. These studies, however. are not comprehensive assessments of the impact
of data traffic on local telephone networks. Rather. they :-ely on anecdotal evidenre drawn
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The Effect of Internet Use on the Nation's Telephone :Venvork

from a few unrepresentative central offices, along with some, theoretical claims. An
examination of these studies reveals that the BOCs' congestion claims are overstated and
their assertions that they are inadequately compensated for data traffic ignore substantial
revenues attributable to such traffic.

,
Data communications traffic currently poses no significant threat to network integrity.

The Study concludes that the Public Switched Telephon~ Network (PSTN) is capable of
accommodating the increasing volume of data communications. including Internet traffic, in
the near term. The very few congestion problems that have been identified as affecting the
telephone network can be easily corrected. ~loreover. the study finds that, on average.
Internet users do not impose disproportionate costs on local phone networks. Thus. any
predictions that tnternet traffic will soon result in a "meltdown" of Lhe network lre greatly
~xaggerated.

The specific areas of congestion identified ~n :he Bee studies are not representative of
the ilation' s 23.686cemral office switches. the "'ast majomy 0f which do not carry
illUC:-J. jata ::ommunications traffic. In :act. ~he 3Ce studies :ocusJnly on 1 handful
of central Jrlices and switching entities. 1:'-:-\ chat serle lSPs. This study does not
suggest that the specific problems that the BeC sruaies have :dentified should 'lot be
lddressed. ':JUt that it is wrong to characterize these c1.d iwc problems as systemic.

The :'ew PST~ congestion ;)foblems that iave been :dentified can be easily corrected.
The specific.:ongestion problems identified by the BOC studies are primanly
:mnburabie :0 madequate ?lanning mdJor :ner':lciem =ngineering, md in my ~vent can
oe easily lddressed ~nd ~esolvea jv 3,v31labie ~e~::celnd ~quipment conrigurations
',vlth j[tle iirficulty Qr :ost.

Any congestion or other problems in the Internet ItSelf. or in a particular ISP's network
configuration. pose no cause for concern by the 30Cs, since these problems do not
signiticantly affect users of the PS~,

• The BOCs' own recent effons to. enter the market as ISPs/ESPs undermine their
argument chat data traffic threatens the. PSTI' as a whole. If increases in on-line
service traffic posed a significant threat to their :letworks. the BOCs would not be
exacerbating the "problem" by offering unlimited Internet access for a flat rate.

The Internet produces net economic gains for local exchange carriers.

The growth of Internet and online service ?roviders has generated significant new
revenue streams for local exchange carriers. At the same time. because the heaviest Internet
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The Effect of Internet Use on the .vation J s Telephone Network

traffic is at non-peak times for the PSTN, this traffic is actually lowering the local
telephone companies' per-minute cost of providing service by utilizing capacity that would
otherwise lie idle. The Study finds that the Bell companies did not consider these
significant economic benefits when they claimed that their infrastructure investments for
managing increased data communications traffic are uncompensated. The Study concludes
that the recent increase in data communications traffic has generated revenues for local
exchange carriers that exceed by a factor of six the incremental costs they incur to carry
this traffic.

• Internet users already pay for the local phone services they receive. There is no "free
ride" for ISPslESPs and their users under :he present local rate treatment; local calls
placed to ISPs/ESPs are ?aid for by the calling party md are revenue-producing to the
BOC. BOCs receive substantial revenues from users through monthly charges for
additional access lines md ISDN lines, and through Jsage-sensitive rees. as well as
rrom the ISPslESPs themselves for the var::ous basic ..md vemcal services and features
that they use. This study :oncludes that. Jationa11y :'rom 1990 through 1995, the local
=xchange carriers ~ave collec:ed :nore than 53.S-billion :n ~evenues ~'rom additional
residential access lines Tor subscribers who llse 1:hem soleiy or ?rimariiy for calling
ESPsI1SPs.

In 1995 alone, some a-million residentlal subscnber lines were used ~xclusively or
';Jrimariiy for online :lccess. Total !1ationwlde) re':enues from :ldditional residential
access lines whose :nstalbtion '.vas1riven JV tne sUDscl1ber" s use ·Jf on-line services
:'eached Sl"+-:Ji11ion :n that 'lear.

Comoaree '.vith the Bellcore study =stimare 'hat remrorc:ng :he ?ST~ 'vill:ost;ome
33 S-~jllion ?er :;ear pe:- Bee ror :.l :01::11 ;1 52.1': -!11.l11ion. '1auonaily~. :ldditional
:-esldential ..lccess -ine sales stimulatedJy the '~ro\\ith vf on-lir.e services :senerated
revenues that ~xceed this figure by :.l factor Jr' SIX.

The Solution: More Data-Friendly ~etworks

The Study concludes that the growth of the Internet and other on-line services does not
present any immediate congestion or revenue ?roblem for the existing telephone networks.
At the same time, it shollid also be clear that the existing PSTN presents formidable
technical impediments to the future growth and development of these new services.
Continued reliance upon circuit-switched technology is ~ot a satisfactory solution to the
needs of ISPs, ESPs and their customers. The ~ong-term solution for accommodating
increased data traffic lies in the stimulation of competition and in the deployment of
appropriate data-friendly network technologies, and not in the imposition of access charges
for use or the current voice-oriented:ircuit-switched PSN.

'111
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The Effect of Internet Use on the Nation's Telephone Network

Congestion internal to the Internet or to ESP Networks does not significantly impact
the Public Switched Telephone Network

Local Telephone Network and On-llne/lntemet service
Prine. PSTN and ESP Elements

~SP

a
7 "v"""

:-----~=~\
"'-or--.... '." NetwoI1c •

-. -, ..
1~A?STNI

I I :W '

3

ESP User

~Elemeots

1. ESP 'Jser's subscriber 1I0eto end office
2. End otflce (class S sWItch) serving ESP user
3. :nteratflce trunks
4. Local tandem switch
5. End office (class 5 switchl serving ESP
S. ESP business lines or trunks to end otflce
i. SSP hardware and sottware
3. ;ntem.t or private network (backbone. routers, 3Qttw.., 3MVel'S. ate.)

This diagram depicts a simplified version of the :ocal telephone network. The public
switched network itself consists of Elements 1 :hrougn6. In considering BOC claims, it IS
particularly important to bear in mind that any problems associated with lines to a particular
ESP (Element 6); a particular on-line service provider's internal hardware or software
(Element 7); or the Internet or other data network (Element 8), have no significant impact
upon users of the local telephone network.

Vlll
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1 IINTRODUCTION

Recent studies issued by four of the Bell Operating Companies (B"Ots) and by
Bellcore i have sought to create the impression. both IDlong industry professionals and the
general public. that the explosive growth Qf the Internet and other on-line services threatens
the integrity of the nation's public switched telephone network (PSTN) - and in particular
that ?ortion of the PSD chat is owned IDd managed by the incumbent local ef(change
carriers iILECs). These studies purport :0 demonstrate that data ~affic on the ?SN is
Lying up the IT...ECs· central office switches. :eading ~o delays in delivering dial tone for
other users of the,uetwork. The studies further :mply that given the massive ..unount of data
:raffic the'! lI'e beln!! forced :0 :1andle. the 3eCs ::an onlv Jrevent J. callaDse of the :mblic.. - .. .. ~ ...

networK by undertaking costly new investments :0 relm'orce lnd expand the ~xisting, circult-
switcned mfrastrucmre.: for '.vhich. they allege. 'hey will receive ;10 compensatory
revenues.

Bce :hetoric In this :;ubject is exempiirled jy :he :-ecent 3tatement by ?!lilip J.
Quigley. the Clairrnan md CEO of Pacific T~iesls. who daimed m J,:;peech Lhis past
October that the dramatic growth of iJn-linelct:viry ~mposes :arge .::osts Dn Pacifi.c Bell :n
terms 'Jf ~qU1pment lild service. .::md.;ven thre::.tens 1 "meltdown :n :he :locai telephone j

l. See "Report of Bell Atlantic on Internet Traffic" 'Bell Atlantic study) June 28. 1996; "Pacific Bell ESP
Impact Study" (pacific Bell study). July 2, 1996; l'..etter :'rom"~ to Jame:> Schlichting, Chief. Competitive
Pricing Division. FCC. dated July :0. 1996 (NYNEX study'; "r,: S West Communications ESP Network Study 
Final Resuits" (U S Welit-Stu~y). Octobc:rl. 1996: and :~rrur Atai. Ph.D. and JaJ:I1es Gordon. Ph.D.• "Impacts of
Intemet Traffic on LEC Networks and Switching Systems-'(Beilcore study), Red Bank. New Jersey, Beilcore.
1996.

2. In a "circuit-switched" network. an open "connection" is established between the calling md called party for
the entire duration of the call. whether or not any iniormanon (voice or data) is being transmitted at any panicular
moment. The alternative to circuit-switched connections :s ";Jacket switching," in which no permanent link is
established. but information is transported via discrete "packets" 0f data from its source to its destination. Whereas
a circuit-switched architecture occupies resources for the juratIon of the connection. a "connectionless" packet
switched (e.g., Internet Protocol (IF) based) architecture GC:upies :letwork resources only when acrual data is being
sent. Hence. while the duration (eiapsed time) of :l :a1l ;s :l :najor driver of the costs ·)f a .::ircuit-switched
connection. for a packet-switched :1etwork the principal ~:::st dnver is volume of data. irresoective of how much
time it takes for a panicular quantity of data to be otfereo :or tr..nSDOrt over the network.
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Introduction

network.,,3 The BOCs' proposed solution for funding the needed expansions and
investments is to single out the on-line service providers themselves - Enhanced Service
Providers (ESPs) and Internet Service Providers (ISPs)-I - who use the PSTN to receive
communications from their customers' homes and offices.s The BOCs argue that as the
causers of the growth in data traffic, the ESPslISPs should be required to pay the same per
minute "access charge,,6 that the interexchange carriers (IXCs) are required to pay ILECs
when they connect end users with their long distance telephone networks.7

On its face, the notion that the cost causers should pay for the costs they impose upon
local telephone networks is hard to dispute. At issue, however. are the factual under
pinnings of this proposition: That users of the Internet and other on-line services are
somehow responsible for causing the Bell companies to incur costs disproportionately
higher th<i.l other local telephone network users. and that Internet and on-line service users
do not cur:~ntly pay compensatory rates ror the services and network demands that they
impose :lpon :he PSTN. As this study will demonstrate. :leither of these claIms made by
lhe BOC; ;s valid.

Rather than present a comprehensive assessment of the ::osts imposed by, md revenues
generated t·rom. ISPIESP 'lse of the ;mblic network. the BOC studies 1ddress ~solated.

:argeiy mecCotal md. in any~vent.mrepresentarive situations :hat they seek to apply
lOr'erentially to the public :;witched network :lS a ·,\Incle. The 3eilcore study. in contrast.
;;resents :.1 theoretical lllalysis of the potential impact or increased traffic on the ?STN. 1S

'vell as a ~iscussion Dr" technological llternatives to circ:lit-~wltcning. However. it does 110t

.iemonstrate that its hypothetical results. or the underlymg :lSsumptions. accurately :-et1ect
-.:::mainons in the ILEC :1etworks. Because :lOne Jr the studies offers a..:omprehensive

, Quoted!fi "?acTd CEO \\larlts Higher Net Charges.' San ;::ranc:sco Examiner. October.i, [996. :It D1.

.i These terms. and others. :rre used to describe entities that JrrerJn-:ine computer-based services to end users
'fla teiecommunicauons connectivity. For purposes of thiS report. :~e :erms Enhanced Services Provider (ESP),
Internet Service Provider (ISP). information service prOVider. me on-line service provider :rre used synonymously
:me interchangeably. .. .

S. Currently, most lo~-volume Internet and on-line seivi~e '.lsers 'lCCess their providers by means of ordinary
analog voice-type calls placed over the local telephone network. The :ails are received at a "modem bank" located
at the ISP' s premises. where the signals are converted to digital form. and are then packetized andlor multiplexed
for transmission to the provider's data network and Internet gateway. From the perspective of the local telephone
network. such calls are indistinguishable from ordinary voice telephone traffic.

6. See. e.g.. U S West study at 2; Bell Atlantic study It 17: :md ?acific Telesis study cover letter.

(. The rules governing federally-tariffed access arrangements are :et out in Part 69 of the FCC's Rules (47 CFR
~ 69). On-line services have been considered end users and :hus ::.re not required to obtain access using these
arrangements. On-line service providers. like all other end users. obtam service using state-tariffed business lines.
See MTS and WATS Market Structure. Memorandum Opinion md Croer. 97 FCC 2d 682 (1983), at para. 83.

2
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Introduction

examination of the actual impact of Internet and other data communications use on the
public network. they do not support the conclusion that Internet users impose
disproportionate costs on the PSTN. Rather, ESP usage patterns, and any costs they impose
on the network, are indistinguishable from those of a number of other PSTN applications.
Moreover, because all of these studies ignore most of the revenue that Internet and other
data communications currently generate for the ll..ECs, they lend no credence to the claims
that such use represents an uncompensated fmancial drain on ILEC resources. As we
demonstrate here, Internet and .other data communications service providers do not irppose
costs on the PSTN that differ in any material respect from those imposed by many other
large end users. Moreover, while Internet and other data communications providers are not
subject to interstate access charge treatment, they currently pay, pursuant to state tariffs,
rates that are fully compensatory for the services :hat chey use. Finally, ESP customers
provide a source ot ~normous revenues entirely overlooked by the BOCs in their studies.

This report will .:ritie:l1ly~x:.unine the position ldvanced by the various BOC ~d

3eikore studies, and offer a more objective perspective on the '!anous concerns chat have
been ,aised. This Study' s findings are summarized below:

Data communications traffic ?oses no significant threat to network integrity at
the present time. The BOC and Beilcore stucies present l distorted picture or ;he
Jctuai :mpact ;)f data communic:nions rr:Ufic 'JY limiting their examinations of the
";JrobleIT''' solely Ie certain central offices :lIld switching entities [hat happen :0

serve ESL~, :md even then bylSsuming incorrectly) ,hat ESPs in ill cases are
served :n ,he least dficient :nanne::-. ~'roml J.etwork ~ngineering standpoint. In
rae!. data communications traffic, :nclucing J1ternet ]se Jy :ndividual :-esident:ai
subscribers. is dissipatea ~hroughout :he :ubiic J.et';vork and ,ioes not constltute 1

;lgnificJ.nt :)[oportion 'Jf trarfic lt ~he JVerwneiming J:lajoriry of :he nation' s
:':3 .686 central 'Jffice :)wltcnes. In lddiuon. 15 che BeCs'Jwn studies confirm.
much of this traffic occurs during off-peak ?er:ods md thereby uses capacity chat
dould othef\Vise lie idle.

• TheBOC studies overestimate the costs data traffic imposes on their
networks, and overlook the fact' that the increase in data communications
traffic' has produced' additional revenues that far exceed the costs of
accommodating 'that "traffic. This Study joes not suggest that the specific
problems identified in the BOC studies should not be addressed. However, it
concludes that the severity of such problems has been overblown. The switch
congestion problems that the studies have identified arise because some high-use
ESP lines are routed through switch components that are designed to handle
primarily low-use individual residential and small business access line customers.
However, according to the Bell Atlantic study, for example, about half of all ESP
lines in its territory are contigured so as :0 bypass these switch components,

3
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Introduction

thereby eliminating dial tone contention and other switch congestion problems.8

Many other types of high-use lines, such as PBX trunks, are routinely configured
for similar "trunk side" connection to the central office switch, for the same
reason. Moreover, the BOCs assert that data usage of the PSTN is uncompensated.
As this Study will demonstrate, this is clearly untrue. The growth of Internet and
other on-line services has stimulated considerable demand for additional residential
and business access lines - services that the BOCs themselves are actively
marketing, and which they concede are highly profitable.· Indeed, this Study's
conservative analysis of the revenues generated by additional residential lines used
primarily for ESP access indicates that such revenues exceed even the BOC
studies' own int1ated estimate of the costs they incur from data traffic.

• The long-term solution fl." accommodating increased data traffic lies in the
stimulation of competition and the deployment of appropriate data-friendly
network technologies. The imposition of per-minute "access charges" for the
use of the current circuit-switched network is' not the "solution" to any
"-problem}' that may exist. Rather than attempt to deal directly 'vith the specific
issues that their studies have identified. the BeCs orfer :nstead as their solution the
impositlcll or" duration-based access :harges J.t the ESP .:na or" che iata
:ommunic::nions call. The BOCs ~old :hat -_Zle :mposition of a duration-based
access charge will somehow :-elieve :he :raff:: :ongestion problems at or"fices that
serve ESPs. However. there is no ',vay :0 e::sure that revenues generated from J

hypotheucal access char~ .., ',vould Je 'jsed ~o lilvest in a network that :an
accommodate data traffic. :Vioreover. BeC construction of :md investment in such
1 network should not require access -:harges It 111. In a competitive market, tirms
l'inance :nvestments through debt or eqUIty. ':ased ~pon ~he anticipation ,Jr' future
:-evenues generated '.Jy :lew or improved ~er'.':ces. Only in situations of monopoly
could 1 firm generate investment imds ~hrougi:l :ncreases in prices for services
presently or"fered. In fact, 'Jnless their ~ffec: :s :0 literally put the ESPs out of
business, the presence of access charges 'NUl do nothing to address the ?oor
planning and inadequate engineering that :lIe :he actual sources of the limited
congestion problems that exist. The BOC soiution applies a punishment without a
cure, and will serve only to stunt the growth <J! on-line services and enhance the
competitiveness of the BOCs' own Internet serv1ce offerings at th~_ expense of non
affiliated ISPs. The proper solution for accommodating data traffic is to encourage
the development of competition at the local level, enabling new entrants to provide
services designed to handle high-speed data ':raific efficiently.

3. Bell Atlantic study Jr 15 .
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21 NETWORK AND SWITCH
ARCHITECTURE

The modern local exchange telephone switching architecture can
readily accommodate the limited cases of high-use ISP/ESP activity
cited by the BOC studies.

In order to evaluate the actual llature and extent of :>roolems that the BOCs claim to be
caused by :he usage of the P:;TN for data traffic. it :s necessary to understand the basic
architecture or' ~he modern l0C::U exchangeswitc:J.mg 3ystem. In thi.s section. we describe
the switching infrastructure typical of local ~xc~ange networks, highlighting especially
points or' ?Otential congestion in :he '!anous '1er:.vork .::omponents.

?igure 1 provides an overview of :he :oc:u :ele:)hone Jetwork. ESPs :.md other end
users Iccess :he public Jetwork via subscr")er :ines :hat connect :heir respective premises
wIth :he LEC central office that serves the ~uDsc:iber' s geographic lrea. l In :nost cases.
there is only one "serving central office" ::l.Sscc:ated with any given customer premises
loc::ltion.o The serving central or1ice 'also ;-c.nown 15 1n "~nd office" or "Cass 5 switch'"
is interconnected :0 :he :-emainder of :he :ocal ::ubl:c '1et'.vork ','ia :nrero.ifice :runks ,hat
directly link :wo ~nd offices or :hat link ill cna )rficeVlth .lI1 intermediate switching pomt
:<.Down as a "local :andem swItch." Generally ....r:en 1 high volume Jf ::-affic between two
end offices is present, direct end-oifice-tc-end-of::ce :wnking is provided: for ~ower volume
routes and ror alternate routing when the high··'.:oiume direct trunks are in use, interoffice
routing is provided via the tandem. Because large metropolitan areas are usually served by
many individual end offices, a substantial fractlon of ~l local calls will typically involve
either :l direct or :l tandem-routed interoffice connection. If the calling and called parties

9. One or more central office switching entities are located in 1 building often described as a "wire center"
because of its function as a point of concentration of subscnber lines from aU pans of the geographic area that it
serves. together with lines interconnecting the building WIth other LEe wire centers and with long distance
(interexchange) carriers.

10. The incumbent local telephone companies employ a luerarchical architecture that in most cases provides only
a single point of connectivity between a subscnber md the ?S'Dl, Other local service providers. such as CAPs.
often utilize a "ring" type of architec::lre in which individual Gusromer ?remises are provided ')Vith :It least two
separate ways co reach the network.
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Local Telephone Network and On-llne/lnternet service
Princlpel PSl'I'tand ESP Elements

3

I 3

~Elemlnt3

1. :SP User', subscriber lin. to .nd office
2. End office (c.... S sWitch) serving ~SP user
3.interofftce trunks
4. Local tand.m swltcn
5. !nd ottlca (class S sWltchl serving ESP
a. :SP ~uslness lines or ~runKs to .nd olflce
t. ':::SP herdwere and softwere
a. Internet or privet. network (backbone, routers, sottwant, server3. etc.)

Figure 1. ~4.. sImplified diagram of J typical local exc:lange network.. ~1ighlighting :he path
,)r' :1 ::111 IrOm 1Il 2SP 'jser :0 the Internet or other on-;ine service.

happen both to be served by the same end office. ~~e call can be completed on :in intra
office basis, requiring fewer network resources than for J.Il interoffice call.

Because an ESPIISP using JIl analog connection is simply another end user, a call
plaGed by an end user to the ESP via the current network infrastructure will be routed
across the public' network in art manner that is indistinguishable from any other local call.
Since the ESPIISP will typically subscribe for a block of individual lines configured in a so
called "hunt group"!! served out of a single central office, traffic that originates anywhere

11. A hunt group concentrates ;:;alls from multiple customers onto a group of lines. In a line hunting
arrangement. calls are dialed to a single "listed directory numoer" (LON) or "base number." and will be physically
routed by the tenninating central office to the first available :lon-busy line in the group. This type of arrangement
is quite common, and may be used whenever :l customer h~s :nore than one exchange access line. Generally, the

(continued... )
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Network and Switch A..rchitecture

within the local network will tend to concentrate at the point of termination - the central
office that serves the ESPIISP.:2 Any congestion that may occur is therefore most likely
to occur at that terminating central office,

Based on the simplified rendering of the local telephone network architecture presented
in Figure 1, there are several specific points where blockage might occur between an end
user and the Internet or other data network. The BOes have referred to some or all of
these as points of potential or actual blocking - th~lt is, congestion created by the growth
of data traffic. In considering potential data network blocking problems in the context of
the PSTN, however, one must distinguish between congestion points that might affect other
users of the PSTN from those that are specific to a single ESPIISP or to the Internet, and
that are unrelated to the local exchange network.

The originating switch of the ESP user, interoffice trunks, tandem SWItcnes, and the
terminating switch of ~he ISP [the :1etwork elements :abelled 2, 3, .:1.. and 5 in the diagram)
represent :he ?STX Congestion at any of those points .night pOtentially affec: the ability
of other callers to get dial tone J.I1d illake :.md receive :elephone ::111s. Each of :hese will be
examined in greater detail below. Usage of [he distribution segment between the SSP
customermd its serving central office !the dement :aueiled i ~n ?igure :, has :1.0 impac: on
:.my ;JserJf 'he ?ST::-J. except ,'or :he SSP cusrome::-. The dement labelled 0. [hat is, :he
link oetween the ESP :md its serving end office :5 J..iso distinct ~rom other i1etwork clements
in that:ongestion here will generally mseJruy ·.vhere :he ISP r1S failed to order a
sufficient quantity of lines for the :'lumber of customers it has in a giveI! locality. This cype
or congestion 'Nill flot :ypically affect other 'Jse=-s J1 :he PSN. unless :hey 1ttempt to call
.:he ::SP.3 ::lements.7 :.lnd 8 involve :1ardware md ~oitware :ntemal :0 the :SP lild :raffic

i i. ' ....;ontlnued)
numberJf :ines required for :J. pamcular :.:ustomer.\llli Jeoeno1eavIiy '.Ipon the total 'loiume of traffic that the
~ntire group of lines is intended to carry. Such groups are ::.,rplcaily engineen.j on the basis of the number of calls
blocked per 100 attempts, sometimes referred to as the ";rade of service" for the line or trunk configuration.
Holding "grade of service" (e.g.• the probability of 1 jUSy'Slgnal per lOOanempts ("P.Ol") constant. the larger the
group (number of lines l. the higher will be the peak utilizaIlon per ine in the group. For a diSCUSSIOn of the traffic
engineering;Jroperties of line hunting groups. see R.F. Re~i, Technical Editor. Engineering' and Operations in (he
Bell System. Second Edition, Murray Hill, NJ, AT&T Beil Laboratories, 1983. Chapter 5. and \1ischa Schwartz,
Telecommunication Networks. Reading.~, Addison-Wesiey, 1987. Chapter 10.

12. The BOC/Bellcore E5PIISP impact studies limited :heir exaininations and measurement solely to the
panicular end offices that serve ESPs. thereby obtaining a "',\/orst case" picture of the relative impact of ESPIISP
traffic. For other end offices that do not serve ESPsJISPs [which were excluded from the BOC'Bellcore studies).
the data portion of total traffic handled by the end office wtil in :.he vast majomy of cases be de mimmis.

13. This is panicularly so where a common channel signalling :m:hitecture. such as Common Channel Signalling
System 7 (557). is present, as it is in most (soon to be all) ILEC :letWorks and end office switches. When a call is
placed in an 557 network. the status of the called :lumber (i.~.. busy or dIe) is determined before the routing of the

(continued... )
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and infrastructure internal to the data network.. Any congestion at these points is clearly
separate from the local exchange network, and any indirect costs that such congestion
might impose on the PSTN are minimal or nonexistent.

Blockage-·problems that could impact the PSTN can therefore occur at .only three
network points (Elements 2, 3 and 5). If sufficient numbers of ISP customers (represented
by A) are served by a single end' office switch (Element 2), all paths through the switch
could be blocked by their calls to the ISP, preventing any additional users (represented by
B) from placing or receiving calls. In general, interoffice trunks (Element 3) are
provisioned in such a way that several paths exist between my two central offices (directly
and via a tandem switch (Element 4) in the example), and blocking problems should not
occur. That is. any customer that can place a call at the originating switch will have an
interoffice trunk :lVailable that can establish a route to the desired terminating switch of lie
call. However. it is conceivable that all paths between two central offices. or between a
tandem switch and an end office, might be in use with no alternatives available in rare cases
when interoffice trunks Jre !Jnderprovisioned or where a sudden or unantiLlpated increase in
[riffic volume occurs. 14 Finally. the switch :hat :enninares calls [0 J'1 ISP (Element 5)
might 1lso be ~locked by Galls to tile ISP. A sufficiently large number of calls passing
:nrough ::he switch Ind i:erminating on standard analog .ines can .:ause Jiockmg Gn :he
switch, preventing ~ustomers ,l[ C from placing ..lI1C :-ece:vmg ,:3.1ls.

:.3. ;...contlnued)
call '5 .,et Jp. If it is uetermined that the:ailed :mmDer is muse' e.;.. :ecause the ISP:1id not order :1 sur"fic:ent
'lumber or lines I. :he ':alling party receives 1 busv signal ?enerarea ?v :,~e Qriginatzn'l <:nd orfice. md no useJ!
:nterortice network ,esources 1S iequired. ?nor:o me deployment 'Jr" ~cmmon channel Signalling, :he status or the
~ajleQ :lumber couid :Jot :Je determmed 'Jntli the ~:lil itself hac Jee:l set JD. Thus. whereas :n the past :J. customer's
:aliure :0 xovlde adequate capacity ,~ouid '"'JaCK 'co·' :nto :ne pUDiic ::e:',liork. chis wii] :lot be :necase 'n :nociem
SS7-based infrastructures.

: -1. ILECs may, on occasion. ~ncounter an unanticipated increase in 'nteroffice usage over certaIn routes. either
In the form of J. short-lived spike or '1 permanent cnange in the )verail 'iol.ume or" traffic. Neither of these con
ditions are unique to ISPIESP services. and may lllse with respect to any number of end user applications. As
:loted in footnote 13 supra. the ubiquitous presence of 5S7 works :0 minimIze the operational impact of temporary
spikes, permittirig calls that cannOt be completed (due to trunk congestion) to be blocked at the originating switch.
In cases of a permanent Increase in traffic volumes. the additional revenues resulting from the increased usage as
'Nell as increased demand for additional residential access lines Will typically be more than sufficient to defray the
costs that the lLEC might incur in expanding interoffice capacity. ~ost :ocal usage charges fall in the range of 2
to 3 cents per minute both for measured and nat-rate service. to :he extent that nat-rate charges are set based upon
average usage characteristics. whereas the proxy costs for local interoffice switching and transport. as identitied in
the FCC's Interconnection Order I in CC Docket 96-98. amount to jetween 0.4 and 1.05 cents per minute
(consisting of a 0.2 to 0.4 cent local switching component ;ll each ~nd, plus a 0.15 cent tandem switching
component (in the small fraction of cases where tandem switching is 'equired). and less than 0.10 cents for local
transport, where required). As these proxy costs were developed :or average traffic conditions. the rigures above
'.viII tend to overstate the actual costs of Internet calls, given thai :he majority of Internet usage takes place during
on-peak. late evening hours. See First Interconnection Order. CC Docket 96-98, at para. 8:2, foomotes 1949 and
1959. and para. 324.
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As will be discussed in sections 3 and 4 below, although PSTN congestion can poten
tially occur at each of these three points in the public network. the BOCs' studies cite
examples of ISP-related congestion at only a single point on the network - the switch that
terminates calls to the ISP (Element 5).

A closer examination of the components of a typical Class 5 switch
helps clarify how the switch operates, and identifies the limited
portions of the switch· architecture in Which blocking can occur.

Figures 2. and 3 present detailed diagrams of the principal components of a modern
digital electronic central office switch. Low-use subscriber lines are terminated at "line
ports" on the Line Concentration Module (LCM) which permits a relatively large number of
individual ~ines to share :l smaller group of paths through the switching matrix.

A ,;entral Jfficeswitch typically serves about ':0.000 subsc:iber lines. requirillg up ~o

32 LevIs. \iery large urban central office switches :nay contain :lS many as 151S LCMs. i5

In [he Nortel DMS- i 00, up to 640 lines can be terminated in each LC~1 :o:;hare up to 180
paths. Pm ;mother '.vay. J :naximum of .:.80 'Jut )f the 640 lines can be :n 'lse It ~my point
:0 time: [he 1315t subscriber will :lot :-eceive dial tone until one of the other 180 subscribers
has hung up, md calls placed :0 the 181st subsc:l.ber (when Jll ~80 paths are :n use) will
;-eceive 1 fast ':>usy,"reorder") tone. In its standard conrlguration. the A.T&T !now Lucent
-:.-ec:hnologies) 5ESS can 3.ccommodate up to J. ffiaxlmum of 51: subscnber lines shanng 'lp
:0 54 pons. although with somewhat less :lexibility than under the ~MS-l 00 archItec
:ure.· 6 These ;;ubscriber lines :errmnate :It the ~;ne Unit /LC'i ,)To the 5ESS ;;witch. wnich
?erl'orms 1 :oncentranon :'unction malogous :0 :hat Jf the LevI of the :)YIS-100.

If :De 'Jsage ,.:haracteristics of :he :ines :emunating .It a ?articular ~C~1 lre such that
:nore than 180 would be off-hook during the peak period for the group. there lfe several
engineering choices available to the local telephone ,.:ompany. The :ompany can attempt to

balance the traffic :lcross the various LC~ls in the switch by intermixing subscriber lines
. - with non-coincident peaking characteristics. For example, by mixing business lines that

make few calls d~ring the evening with residential lines that make few calls during the day,
a smaller number of lines in the LC:v1 will be:oncurrently competing for the limited
number of paths. Alternatively, the telephone company can reduce the number of lines that

15. While even larger central office facilities are technically feasible. the sheer size of ,he switching equipment
required makes them impractical in nearly all situations.

16..-\T&T, 5ESS Switch: The Premier Solution. Injormation Guide. AT&T ~etwork Systems. ;9P. at :0.
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it terminates on an individual LCM,. such that up to half of the total lines in the LCM can
be off-hook, rather than only about 1/4th of them in the fully loaded configuration. 17

ESP/ISP CustOmer·(Ortginatlng)S·lde
HORTEl OMS 100

Class 5 Switch

MaIn
Distribution
Frame (MDF)

Une
Concenu.tion
Module (~CM}l

Une Graup 3wtteh
Contraller Mmr1x
(t.GC)

!m-rafflce
i'runk

~ClaI---! i
lI2nLl L-,.;

_3_RI_'S_O_N_I-4
i
I '
l~

"~laln Old.. . 0...·· _.-'---=±~"""------""I
Telephone service" ;--".:'! ,----: r: I

(POTS).!: I ! !I. ~ :_1 i! I,
i ' --
1 : :l.5:h - ::12
i '
:---

i '
I
!

--
Subscriber Line
camer

,SLC9S)
:JeLln•• ~

I

540 2 to 6 OS :as :xDllnded SUDscnber===: ' Una 'up to • 80 OS O's) -:.arner MOdule (ESM • A)
Ring, Co~IAber

'B.n.ryl 2 T·1's (2:12)
i 4T.1's(1:1z)
i :'.IOTES: ,.The Enhanced LCM (LCME) uMCI to provide 8uIc Rm ISDN, c.n poliInliIjly sUl)pon UI) to 480 BRIISCN connectlona.

I
I Additionally, :t Is possible to confffJurw an LCME In a non-alocldnv mooe. which would sUl)pon 238 SAl connec:tlons.

2. Ratloa rel)reNnt tha contnlUon of lines (trunks It a glwn swrtcn element.

I
\

I
Figure 2. A diagram of the components of a Nortei DMS-loo switch servmg an
customer (Element 2 of Figure 1).

ESP

17. Reducing the number of lines terminating at an LCM - or "'ieioading" the LCM - will result in some
increase in the average cost per actual line termination, since :he fixed cost of the LCM itself (a cabinet with
associated wiring md power supply) will have to be spread across fewer lines. Thus, if the LCM is fully ioaded.
then its common equipment cost can be divided up among 640 suDscnbe: lines: if only 320 lines are terminated. the
per-line LCM common equipment cost will be doubled. Other ;;osts .:tal vary on a per-line basis. such as plug-in
line :erminauon cards. are not affected by the number of such cards ~1lat ?Opulate a panicular LCM.
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The cost of operating the PSTN and many of its components is sensitive to the peak
demand placed on each network resource and to the relationship between that peak demand
and the aggregate capacity of the individual network components. Off-peak use - and
even significant growth thereof - does not materially impact network capacity or operating
costs. IS Moreover, certain network components are designed with substantially more
capacity than is required even at peak periods, and are for most practical purposes non
bLocking even at peak times. These include fiber optic interoffice cables and associated
digital carrier systems and central office switching capacity. Because of the high fixed
costs associated with their initial placement, ·tiber optic cables typically contain numerous
individual "strands," only some of which are "lit" _ .... i.e., equipped with electronics 
when the cable is initially deployed. Additional traffic capacity can be readily J.ugmented
either by installing additional electronics on working ("lit") strands, or by equipping "dark"
strands with electronic terminating gear. Switching systems similarly have high fixed
processor costs, but the processor can typically handle substantially more traffic than is
normally required by typical line/trunk conrigurations. "~on-blocking" switch elements are
provisioned 'In J. one-[Q-one basis. so thecapaciry of the switch is not constrained by Lheir
use. Thus. even when ~raffic loads increase :0 a point where additional peak-hour capacity
:nust be provided. the incremental cost of this capac:t:1 will rypIcally be far less than simply
a :Jroponionate~xpansion 'Jf :he preexisting peak-hour capacity cost. '9 ~on-blocking

lrchitectureslfe panicularly common in modemiigical :entral office 3witches. such as ,he
~onel DMS-IOO. 2o

j 8. One notable exception ,0 lhis ruie is the !ransaC!lon cost lSsociated with usmg measurement lIld call detaii
~ccountlng for bIlling ?urposes. whose COSts are generally ,en~ltlve :0 tOtal c:liling VOlUmes rather than to peak-ioad
;anoitlons. ~umerous 5tudies lIlO reguiarory deCISions :1ave ;'ouna :nat the magmtudeJr" such ,ranSactlon costs
~xceeds :he ~conomlC ;aJns attnbutabie :0 measured-use :mcmg ;T :ocai;ailing - Jamc:liariy '.vhere such use :s
:1eavjivJr ;Jnmaniy junngJt'f-oeak penods - [he ;ase :'or mOSl ~esldenuai sUDscnbers. ~ee. ;'or examole, ~ol1a

E:.Jward Park ..md 3nager Yf. Yfitcheil, OptImal PeaK.-waa ?r!c:ng for iocai Teiephone C.:.ils. Santa YfomCJ.
Caiiromia: The Rand C)fporation, Publication number R-3404-i-KC. :Vlarcn, 1987: :md \Villiam Taylor, Genenc

Costing ana Pricing Problems In the New Network: How Should Casts be Defined. and Assessed.? presented at the
Twentleth .\nnual Williamsburg Conference. Institute of ?ublic Utilities. Graduate School Jf Business
Administration, Michigan State University, December 5-7.1988,:u pp. 10-11. See. also. Michigan ?SC. In the

.matter oj the applicarion of .\1ichigan Bell Telephone Companv:or :Juchoriry 10 ,~evise its schedule ;j rates and

charges, Case No. U-7473, April 26, 1984; and Delaware PSc. In ,he matter of the proposed. amornzation of the

Diamond State Telephone Company'sStraight-Line Depreciation Reser/e.... Order No. 3216. 120 P.U.RAth 121.
November ;2, 1990.

19. That is. the incremental cost of increasing the busy-hour capacity of a switch by 10% from. 5ay. 100.000
calls to 110,000 calls, will be well below 10% of the capital cost Jf the original (loo,OOO-call) capacity.

20. Figures 2 and 3 present schematic diagrams of the components of a Nonel DMS-loo Switch. Figure 2
shows various methods by which residential lines terminate at ~e switch. As the figure makes clear. unless a
subscriber is served by a Subscriber Line Carrier (SLC-96), analog 5ubscriber lines and BRI ISDN lines both
tenninate In the Line Concentration Module (LCM), .....hich connects all incoming lines (up to 640) with up to 180
8utgoing trunks. .-\s has been stated previousiy. the L0.11s the switch component where olocking is most likely to
oc:::ur.
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Figure 3. A schematic diagram of a Nortel DMS-1OO Switch that terminates calls to an ESP
(Element 5 of Figure 1), depicting three routes by which calls can be transported to the
ESP.
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ILEe tariffs often apply premium charges for, and thus deter use of, the
most efficient service configuration for high-use subscriber lines.

The purpose of the Line Concentration Module, as its name implies, is to perform a
concentration function. Ordinarily, it would not be economical to assign a dedicated switch
path to each subscriber line, because on average an individual subscriber line is in use for
only a small portion of the busy hour (that is, the hour in which the switch experiences its
heaviest usage).· However, in some cases individual lines may be used very heavily,
perhaps for most of the full busy hour.::1 Lines that carry concentrations of traffic to
and/or from a larger community of end users, such as PBX trunks and ISPfESP access lines,
can sometimes be more efficiently served by bypassing the Line Concentration Module and
instead directly accessing a dedicated trunk port on the central office switch. Functionally,
this is the same type of trunk port that is shared by the larger number of lines connected to

the LCM (see Figure 3), but avoids the line contention and potential congestion 3.t - as
well as the plug-ins and common equipment costs of - the LCY! itself. If the ISP 3.ccess
lines ,erminate directly in trunk ports. Ule "diai cone:ontention problem" is essentially
eliminated. since the ISP' ~ lines are :10 longer .::ompeting ror the same limited group of
switch oaths with ordinarY business and residennai subscriber lines.. .

BOC tariffs. in :-act. provide for such ,runk :ermmations. LEes sometimes use T-1
lines to provide service to a customer who orders a :JJ'ge :lumber of access ;ines. using a
:hannel bank to convert the T- L into the equivale:lt of :4 analog lccess lines. and charging
:lS :I it were offering 24 standard voice bu.siness :ines. This approach. which is essentially
,ransparent to the '.::ustomer. IS represented by O~mon 1. in Figure 3, lnd is generally used
-,yhen _the LEC :oncludes that. installing :4 :ndi"';duai 'Joice-grade DS:-O) lines would be
:ess cffiClent :han providing :1 3ingle i-1.:: :10wever. if :he :mbscriber .::esmng a T- i.

: 1. The most common case in which this occurs is with :::nvate ·Jranch exchange (PBX) trunks. A PBX trunk
1S a subscriber line that connects the central office with switching equipment that ;s phySically located at the
customer's premises. to which a larger number of individual ?BX extensions may be connected. Because the PBX
trunks are used to concentrate traffic ~or a larger number of extenSIOns, their average use is much greater than for
ordInary business lines. This relationship has long been ~ecognized in !ocal telephone company cariffs - in
jurisdictIo.nsin which businesses may subscribe for ~'flat-raI:e·' ;?ervice. PBX trunks.are priced as much as jQ% to
100% above the applicable rate for an ordinary (non-PBX; JusineSs access line to reflect the relatively greater
volume, if not necessarily the relative cosl. of calls originated In the trunk. Since the total number of PBX trunks
that a customer will require is directly related to the customer's busy hour traffic load, the pricing of PBX trunks
- even in flat-rate jurisdictions - is more accurately desc:lbed as a "demand-sensitive" price. where the total
charge to be paid by the customer is directly related to the concurrent peak demand (number of simultaneous calls)
that customer imposes upon the PSTN.

22. Typically, 24 voice-grade or DS-O lines will require the use of 24 individual subscriber loops. whereas a T-l
digital access line with a bandwidth of 1.544 mbps (eqUivalent :0 24 - 64 kbps voice-grade digital channels)
requires only two subscriber loops. The trade-off here is additional :oops versus additional terminating equipment
at the subscriber premises and the central office. Where distances Me :;holt and/or where loop parrs are plentiful.

(continued... )
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trunk ·arrangement orders it directly, the ILEC's tariff often provides a very different rate
structure. Generally, the subscriber orders a DS-l (T-1) capacity (1.544 mbps) digital
channel providing 24 DS-O digital voice-grade 64 kbps channels, either over a tiber optic
cable or via two copper pairs. The subscriber pays the applicable rate for a DS-l local
channel (typically $150 to $300 per month). In addition, the subscriber pays for each DS-O
termination on the central office switch, often at the prevailing PBX trunk rate, and in some
cases may be subject to additional charges as well.

Stilte Measured Hunt I 24 Business Digital PRI
~RBOC) Business Group i Lines, in Trunk ISDN

Lines Charge I Hunt Group Group,

~ew ~ork I 5"'" ..,~ \ None i S~'"".., ~~ 51502.45 \ 51,008.93 II __ ._.., i ... .).J.-'_ !I
':-iYNEX;· I i I1 I , I

California
IPacific Telesis)

.\laryland
(Beil .-\tlamic)

Oregon
i ~ 5 '.vest)

S19.34

! 524.00
I

I

I
SO.50 1 $403.68 5515.48 - 5524.90 -

5715.48 5724.90
I

i SO.52 5476.6-1 ! 5121:::.16 i 5644.00

I
i I
I I

I
i i I I
I 51.36 S608.64 I 51134.00 I 51,246.00I

I ! I
!

Table 1. Comparison of BeC tariffs for standard :maiog voice business lines. digItal trunk
sfOUpS. ma ?RI ~SDN rthe ~quivalent of ::;1 :ines:n ;ach ::ase). Sources: ~ncx )iew
York State :ntrastate Tariff. PSC 900 Sec. .1.'=: ..36. ?SC 900 Sec. ':1.5, ?SC 901 Sec.
':.C.~.b: ?SC 901, Sec. c.~.J. PaCific TelesIs CJliforrja Intrastate Tariff, CAL pec )io.

:\5. Sec. 5.3.6. Sec. 5.3.C.-\.. Sec. 5.2.1: CAL pec :.io . .-\18, Sec. 18.2. Bell Atlamic 
Maryland, Inc .. \'laryland Intrastate Tariff, P.S.c. -Md. ~o. 203, Sec. 6.c, Sec. 14; ~o. :02.
Sec. ':.C.2.a.(2); No. 203, Sec. 6.C. lj S West Communications Oregon Intrastate Tariff,
Sec. 15.1.D.1, Sec. 15.1.D;2, Sec. 5.2.l.D.1, Sec. 14.3: PUC Oregon ~o. 25, Sec. 5.2.5.A.
24 SLC charges are included for PRl ISD!'r' although :his charge is not universally applied.

Table 1· summarizes the state tariffs for california. ~ew York, Maryland, and Oregon
(Pacific Bell, NYNEX, Bell Atlantic, and U S 'Nest, ::-espectively), providing a comparison
of measured business rates (including hunt-group charges) and the cost of a digital trunk

2:. (...continued)
the individual line solution may be selected; ~or longer iistanCes. mdlor where pairs are scarce. the I-I :lpproach
will be utilized.
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group arrangement. The precise combination of tariffed services that is required to put
together a digital trunk arrangement varies from state to state, and is not clearly defined in
most state tariffs, making comparisons difficult. In New York. for example, the NYNEX
tariff for its FlexPath Digital PBX service includes a charge of $533.06 for 24 pons, a
Digital Termination Facility (DTF) charge of $435.87, a charge for 24 measured PBX
trunks at $389.52, and a charge of $144 representing 24 Subscriber Line Charges ($6.00
each), for a combined total of $1.502.45, or $62.60 per voice-grade trunk.:!3 Similarly, in
California, Pacific Bell's tariffs would· apply a high capacity (T-1) private line charge of
between $150 and $350, a "Super-Trunk" termination charge of $211.48, a $10 trunk pon
charge, and a $144 subscriber line charge (:24 lines at $6.00 each), for a combined total of
between $515.48 and 5715.48.:4 In all four states, however, the price comparison leads to
the same conclusion: A hunt group of 24 analog voice lines is priced between 22% and
65% less than the eL 'Jivalent trunk-side connection. The economic rationale for this price
differential is difficul': to understand.:s While the cost of a trunk group does include the
cost or' the software and hardware that connects it to its serving end office switch. the price
or' a ~'!andard business line presumably covers analogous costs. :Yloreover. the price of a
business line :nust also include significantly :nore in terms of distribution ?lant :han a trunk
:5roup.

::3. See Table 1. su: ,-a. ;'or sources.

24, See Table t • .iupra. ,'or sources.

~" In ,·act. :he?CC 'las ~ecently taKen note 0fthe fact chat tile (;osts ~soc:ated '.vith ~-l ?RI i Primary Rate
Interface) ISDN servIce 'wnich conSIsts of 24 vOIce-grade "S" :hanne!s I is less rnan 24 ::mes :he :ost of .1 SIngle
.lnalog subscnber :ine. See..-\ccess Charge .vPRJ1. CC Jocket 96-262. released December 24. !996. ;it para. "70.
~he ~-ollowmg ..;ost -1atavere proVIded. '.vlth ~lVerage :-aucs ~OmDutea With Jl1d '.VI(OOU[ ~ThcX. 'vnleh :he
CJrnmission suggested may r,e .ll1 outlier:

I

I Ratio of Costs of Standard Analog Service to PRI ISDN Service·

I Outside Plant Ooop Outside Plant (loop IAll NTS costs :All NTS costs

I only) costs only) costs :(excluding NYNEX
(excluding

\

Idata)
I NYNEX) II

!Ameritech 1:5.68 1:5.68 1:8.9 1:8.9
Bell Atlantic 1:4.13 1:4.13 1:15.80 1: 15.80
NYNEX 1:10.94 excluded 1:27.74 excluded
Pacific Bell 1:4.67 1:4.67 1:8.70 1:8.70
US West 1:5.33 1:5.33 1:10.60 1:10.60

Average ratio of costs 1:6.5* 1:4.95* \1:15.13* \1:10.5*

*Averages may differ due to rounding.
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