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EXECUTIVE SUMMARY

[. INTRODUCTION 1

Data communications ratfic soses 10 significant -hreat 1o network integriry at the
oresent me.

(P)

The 3CC studies overestimate the costs 2ata raffic :mposes on their networks.
and overiook -he Iact that :he increase .~ izra communications raffic nas
produced additional -evenues that far axceec the costs of accommodating that
irarfic.

|FP)

The long-ierm soluton for accommodating .ncreased data warfic iies ‘n the
stimuiation of competition and the deplovment or zopropriate data-iriendly

network technologies. The imposition of Ter-minute “access charges™ for the use

of the current circuit-switched network s act the “soluton” to any “‘problem”

that may =xist. 4

tJ
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' NETWORK "AND SWITCH ARCHITECTURE ..

The modern local exchange telephone switczing architecture can readily
accommodate the limited cases of high-use ZSP/ESP activity cited by the BOC

studies. 3
A closer examination of the components of 1 typical Class 5 switch helps clarify

how the switch operates. and :dentifies the imited portions of the switch

architecture in which blocking can occur. 9
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efficient service configuration for high-use subscriber lines. 13

Disproportionate growth in off-peak demand by Internet and other on-line
services users has the effect of reducing the average per-minute cost of local
telephone network traffic for all PSTN users 16

Any physical or functional similarity between PSTN use by interexchange carriers
and by ISPs is both coincidental and immaterial, because such similarities also
exist between IXC use and that of any number of other end users of local
network applications. 17
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3. BCC INTERNET IMPACT STUDIES: GENERAL ASSESSMENT
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The 3OC studies that have been submitteu to the ZCC, as well as several recent
claims made by senior BOC officials, ovarstate the severitv of the congestion that
~may be caused by data tratfic on the PSTN and :gnore significant sources of
revenue. 9
The BOC swdies rely entireiv apon anecdotaj 2vidence zieaned from a few
.solated. worst-case central orfices that were specificail - selected because of their
anusual trarfic conditions. 19
A careful examination of the vartous 30C impact stadies compels the Zoilowing
speciiic SOonciusions ' 22
internet use s not responsitle Ior dispropcrionately increased PSTN
COSts. 22
Internet and other data communications users are major sources of
increased BOC revenues. 23
“The growth of ESPs/ISPs has created significant revenue swreams for the BOCs
directly attributable to data traffic on the PSTN. 25
Use of the public telephone network for Internet anc on-line service access is not
out of proportion to the subscriber access iines ‘hat zave been installed to support
such use. 28

The BOC studies fail to distinguish between inefficzent LCM and efficient trunk port
ISP/ESP serving arrangements. and attribure ail ISP/ESP use to the former. 30
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BOC statements on the congestion issue incorrectly attribute certain service

problems internal to the Internet itself as causes of claimed traffic problems on
the PSTN. 30

BOC efforts to apply access charges to ISPS/ESPs should be considered in the
context of the BOCs’ own intentions with respect to entry into and development
of the Internet service market.

(93]
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4. BOC INTERNET IMPACT STUDIES: INDIVIDUAL STUDY ASSESSMENTS
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The individual BOC and Bellcore Internet impact studies ignore o1 exclude
relevant facts. producing essentially the same inaccurate conclusions.
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Pacific Telesis 35
U S West 29
NYNEX 1
,, ‘Bell Atlantic 14
Beilcore 16

. CONCLUSICN
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[

The BOC swdies present an inaccurate picture of the =ffect of data traffic on
their networks, overstating the costs and congestion. whiie understating the

revenues generated. They do not ;ustify the imposition of access charges upon
ESPs and ISPs.

51
The long term solution for accommodanng increased data traffic on local ILEC
networks lies in the stimulation of competition and in the deployment of
appropriate data-friendly wransmission technologies, and nor in the imposition of
access charge for use of the circuit-switched PSTN. 52

Appendix A: Second Lines Attributable to On-Line Service Use — ETI Analysis
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Executive | THE EFFECT OF INTERNET USE
| ON THE NATION’S TELEPHONE
Summary | yerwork

The explosive growth of the Internet and online services has generated considerable
public discussion about the need for our national communications infrastructure 0 adapt 0

emerging technology so that consumers will have affordable access to new :interactive
services and technologies as thev smerge.

Al issue is how dest 1o accommodate increased data trarfic on local pubiic networks.
Berore identirying the most appropriate ransmission teciinojogies and deployment plans, it
is critical to conduct an objective assessment of the current situation, including the impact
that the surrent ‘evel of ‘nternet ind other dnline service rarfic is acruaily having on the
‘elephone aetwork.

{n making that assessment. this Stuay ccnciudes:

Data communicatons iraffic poses no significant tfireat 1o network integrity at the
oresent lime.

*  The increase :n data communicauons rariic 1as Jreduced additional evenues for
the local 2xchange carmers that far 2xceed thewr :osts in accommodating :hat
tratfic.

The long-term solution for accommodating increased data taffic lies in the
stimulation of competition and in the deplovment of appropriate data-friendly
network technologies, and not in the imposition of per-minute “‘access charges” for
use of the cuirent voice-oriented circuit-switched nerwork.

Several Bell Operating Companies ‘BOCs) have recently claimed that the growth of
data traffic, mainly calls to Internet Service Providers ‘ISPs) and other Enhanced Service
Providers (ESPs), is clogging the public switched ‘elephone network (PSTN) and is causing
service to the public at large to deteriorate. To surport these claims, the BOCs and
Bellcore, have released studies that purport 0 quantify the costs and other impacts of
ISP/ESP traffic. These studies, however. are not comprenensive assessments of the impact
of data trarfic on local telephone networks. Rather, thev reiy on anecdotal evidenrs drawn

"U-" ZCONOMICS AND
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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 ror data trarfic 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 Telephone Network (PSTN) is capable of
accommodating the increasing volume of data communications, including Internet traffic, in
the near term. The verv few congestion problems that have been identified as affecting the
telephone network can be casily corrected. Moreover, the study finds that. on average,
Internet users do not impose disproportionate costs on local phone networks. Thus, any
predictions that Internet trarfic will soon resuit in a “meitdown” of the network are greatlv
exaggerated.

The specific areas of congestion identified in he 3CC studies are not representative or
the nauon's 23,686 central orfice switches, the vast majority of which do not carrv
much data communications traffic. In Zact. the 3CC studies fccus onlv on 2 handfui
of central offices and switching entites : {27 that serve ISPs. This studv does not
suggest that the specific problems that the 3CC stuales have :dentified shouid aot be
addressed. »urt that it is wrong to characterize -hese zd noc oroblems as svstemic.

The few PSTN congestion problems that have been :dentified can be zasilv corrected.
The specific congestion problems identified 5v ‘he 3CC studies are primariiv
aur:putabie -0 inadequate planning and/or :nerIicient 2nginesring, and in anv 2vent <an
oe =asily iddressed uand resoived dv ivailable service and :guipment conilgurations
with little dirficuity or cost.

Anv congestion or other problems in the Internet nseif, or in a particular ISP’s network
configuration, pose no cause tor concemn by the 30Cs, since these problems do not
significandy affect users of the PSTN.

The BCCs' own recent efforts to enter the market as ISPs/ESPs undermine their
argument that data traffic threatens the PSTN as a whole. If increases in on-line
service traffic posed a significant threat to their networks, 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 providers has generated significant new
revenue streams for local exchange carriers. At the same time, because the heaviest [nternet

vi
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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 ISPs/ESPs and their users under the present !ocal rate treatment; local calls
placed to ISPs/ESPs are paid for by the cailing party and are revenue-producing to the
BOC. BOCs receive substantial revenues from users through monthly charges for
additional access lines and ISDN lines, and through isage-sensitive fees. as well as
from the ISPS/ESPs :hemselves ror the various basic and verucal services and features
that thev use. This study concludes that. 2auonally rom 1990 througn 1992, the local
2xchange carriers aave collected more than 33.2-billicn :n revenues rom additional
residential ‘access lines for subscribers who use them solely or primariiv for cailing
ESP/1SPs.

In 1995 ualone, some o-miilion residential subscriber lines were used exclusively or
orimarily for online access. Totai :naticnwide) revenues :rom additonal residenual
access lines whose installation “wvas driven Jv tne subscriber’s use Of on-line services
ceached S1.3-oillion in that vear.

Comparec -vith the Beilcore studv 2sumate “hat remrorcing the 2STN -vill cost some
333-milion ser vear per 3CC for a -ctal > 3243-muilion. nauonailv!, additional
sesidential access iine sales sumulated -v the 2rowth of on-iine services zenerated
revenues that exceed this rigure dv i ractor Jt siX.

The Solution: More Data-Friendly Networks

The Study concludes that the growth of the Internet and other on-line services does not
present any immediate congestion or revenue jrobiem for the existing telephone networks.
At the same time, it should 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 not a satisfactorv solution to the
needs of ISPs, ESPs and their customers. The long-ierm 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 of the current voice-oriented circuit-switched PSTN.

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

Local Teiephone Network and On-line/internet Service
Principal PSTN and ESP Elements
4
3 3 3
2 7 Y VAL
N 3 3 { = v
5 ESP 5 internet or <,
A o Private Data &
] " % Network =
ESP User ] 1 ; =, =~
N | w
/ AN /\?sm | zsp
| .
2 e _
Newark Elaments |

ESP User's subscriber line to and office

Snd office (ciass 5 switch) serving ESP user
interoffice trunks

. Local tandem switch !
End office (class 5 switch) serving ESP :
SSP business lines or trunks to end otfice ‘ !
ZSP hardware snd software : : e,
nternet or private network (backbons. routers, software, servers, atc.) '

T

This diagram depicts a simplified version of the ‘ocal telephone network. The public
switched network itself consists of Elements / througn 4. 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.
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INTRODUCTION

Recent studies issued by four of the Bell Cperating Companies (BOCs) and by
Beilcore' have sought to create the impression. both among industry professionals and the
general public, that the explosive growth of the Internet and other on-line services threatens
the integrity of the nation’s public switched telephone network (PSTN) — and in particular
that portion of the PSTN that i1s owned and managed by the ncumbent iocal sxchange
carriers (ILECs). These studies purport ‘o demonstrate that data watfic on the PSTN is
tving up the TLECs’ central office switches. ‘eading ‘o delays in delivering dial tone for
other users of the network. The studies Iurther .mpiv that given the massive amount of data
rraffic they are being forcad 0 handle. the 3CCs zan only drevent a collapse of the pubiic
nerwork ov undertaking costly new investments 10 reinforce and 2xpand the 2xistung, circuit-
switched infrastructure.” for which. thev ailege. -hev will receive 1o compensatorv
revenues.

' BCC rhetoric on this subject is exempiified >v ‘he recent statement by Zhilip
Quigiey. the Chairman and CEO of Pacific Tsiesis. who ciaimed ‘n a speech this past
Octover that the dramatic growth of on-iine activity ‘mposes large costs an Pacific 3eil ‘n
lerms O :quipment iand service. and 2ven threatens : “meitdown :n the “local :elephone]

1. See “Report of Bell Atlantic on Internet Trarfic” ‘Beil Atlanuc study) June 28, 1996: “Pacific Bell ESP
Impact Study” (Pacific Bell study). July 2, 1996; Letter :rom NYNEX (0 James Schlicnting, Chief. Competitive
Pricing Division, FCC. dated July 10, 1996 (NYNEX study); “*” S "West Communications ESP Network Study -
Final Resuits” (U S West Study), October .1, 1996: and :Amxr Atai, Ph.D. and James Gordon. Ph.D., “Impacts of

Internet Traific on LEC Networks and Switching Systems” (Beilcore study), Red Bank, New Jersey, Beilcore.
1996. ’

2. In a “circuit-switched” network. an open “connection” is eswablished between the calling and called party for

the entire duration of the call, whether or not any informanon (voice or data) is being transmitted at any particular
moment. The alternative to circuit-switched connections s “acket switching,” in which no permanent link is
established, but information is transported via discrete “packets” of data from its source to its destination, Whereas
a circuit-switched architecture occupies resources {or the juranon of the connection, a “connectionless” packet-
switched (e.g., Internet Protocol (IP) based) architecture occupies aetwork resources only when acrual data is being
sent. Hence. while the duration (elapsed time) of 2 cail :s a3 major driver of the costs of a circuit-switched
connection. for a packet-switched network the principal :cst dnver is volume of data, irrespective of how much
time it takes for a particular quantity of data to be orfered ‘or transport over the network.

ECONOMICS AND
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network.™  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)* — who use the PSTN to receive
communications from their customers’ homes and offices.” The BOCs argue that as the
causers of the growth in data traffic, the ESPs/ISPs should be required to pay the same per-
minute “access charge”® that the interexchange carriers (IXCs) are required to pay ILECs
when they connect end users with their long distance telephone networks.’

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
nigher tha other local telephone network users. and that Internet and on-line service users
do not cur.zntly pay compensatory rates for the services and network demands that they

impose upon the PSTN. As this study will demonstrate. aeither of these claims made by
the 3CCs is valid.

Rather than present a comprehensive assessment Of the costs imposed by, and revenues
zenerated ‘rom. ISP/ESP use of the public aetwork. the BOC studies address isoiated.
:argelv anecdotal and, in anv 2vent. inrepresentative siuauons that they seek to applv
nferentiaily 0 the public switched network as a whcie. The Beilcore study, in contrast,
cresents 1 theoretical analysis of the potential impact oI increased trarfic on the PSTN, is
wvell as a “iscussion of technoiogicai alternatives to circuit-switching. owever, it does not
Jemonstrate that its hypothetical resuits, or the underiving assumptions. accuratelv reflect
conditions in the ILEC nerworks. Because atone >f ‘he studies offers a comprehensive

3. Quoted i "PacTel CEO Wants Higher Net Charges.” San ~rancisco £xaminer, Octover 4, 1996, at D1,
4. These terms. and others. are used :0 describe entities that orfer on-iine computer-based services o end users
"na telecommunications connectivity. For purposes of this report. he :erms Enhanced Services Provider (ESP),

internet Service Provider (ISP), information service provider, and on-iine service provider are used synonymously
and interchangeably. i ’ .

3. Currently, most low-volume Internet and on-line service users access their providers by means of ordinary
analog voice-type calls placed over the local telephone network. The zalls are received at a “modem bank” located
at the ISP’s premises, where the signals are converted to digitai form, and are then packetized and/or 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.

o

See, ¢.g., U S West study at 2; Bell Atlantic study at 17; and Pzcific Telesis study cover letter.

7. The rules govemning federally-tariffed access arrangements are :et out in Part 69 of the FCC’s Rules (47 CFR
§ 59). On-line services have been considered end users and :hus zre not required to obtain access using these
arrangements. On-line service providers. like all other end users. obtan service using state-taniffed business lines.
See MTS and WATS Marker Structure, Memorandum Opinion and Crder, 97 FCC 2d 682 (1983), at para. 33.
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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 ILECs, they lend no credence to the claims
that such use represents an uncompensated financial drain on ILEC resources. As we
demonstrate here, Internet and other data communications service providers do not impose
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, thev currently pay, pursuant to state tariffs,
rates that are fully compensatorv for the services that they use. Finally, ESP customers
provide a source ot =normous revenues entirely overiooked by the BOCs in their studies.

This recort will criticallv :xamine the zosition advanced ov the various BOC and
Beilcore studies, and offer a more objective perspective on the various concerns that have
Seen raised. This Study’s findings are summarized deiow:

»  Data communications iraffic poses no significant threat to network integrity at
the present time. The BCC and Beilcore stucies present a distorted picture of the
actuai :mpact oI data communications trarfic dv limiting their examinauons of the
“orooler” solely 0 certain central orfices and switching entities that happen o
serve ESi:z, and =ven then bv assuming incorrectiv) that ESPs in ail cases are
served in the least efficient manner. rom 4 networX 2ngineering standpoint. in
fact. data communications trarfic, ‘nclucing interner use ov individual residental
subscribers. is dissipated throughour the -ubiic aetwork and does not :onstitute 2
significant proportion I traiffic at the sverwheiming majority or the nartion’
23.686 cenrtral orfice switches. In iaddiuon. is the BCCs™ own studies conrirm.
much of this trarfic occurs during orf-peak eriods and therebv uses capacity that
would otherwise lie idle.

[val

+  The BOC 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 does not suggest that the specific
problems identified in the BOC studies shouid 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 configured 30 as o bypass these switch components,

Wl
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thereby eliminating dial tone contention and other switch congestion problems.’
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 intlated estimate of the costs theyv incur from data trafic.

The long-term solution fur 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 atterct to deal directly with the specific
issues that their studies nhave identified, the 3CCs otfer instead as their solution the
impositic.l of Juration-dased access charges at the =SSP 2nd or the Jata
communications cail. The BGCs 710ld that e mposition of a duration-pased
access charge will somehow relieve the ‘rarfic congestion problems at offices that
serve ZSPs. However. there is no way 0 ensure rhat revenues generated {rom a
hypotheuicai access charg~ would bSe used =0 :nvest in a aetwork that can
accommodate data ratfic. Moreover. BCC construction of and investment in such
1 network should not require access charges zt il. In a competitive market, {irms
finance :nvestments through debt or =quity. -ased upon the anticipation or future
revenues generated OV new or improved services. Only in situations of monopolv
couid 1 firm generate investment Zunds ‘hrougn :ncreases in prices [or services
presently orfered. In ract, unless :heir =ffect s :o literally put the ESPs out of
business, the presence of access charges il do nothing to address the poor
planning and inadequate engineering that are the 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 of on-line services and enhance the
‘competitiveness of the BOCs’ own Internet service offerings at the expense of non-
affiliated ISPs.  The proper solution for accommodating data traffic is to encourage
the development of competition at the local ievel, enabling new entrants to provide
services designed to handle high-speed data ‘rarfic efficiently.

3. Bell Atlantic study ac 13.
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NETWORK AND SWITCH
2 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 uiature and extent of oroblems that the BOCs claim to be
caused bv the usage of the PSTN ror data trarfic. it :s necessary o understand the basic
architecture o1 the modern incal exchange switcaing svstem. In this section. we describe
the switching infrastructure tvpical of local sxchange networks, highlighting especially
Doints oI potential congestion in “he various nerwvork omponents.

Figure | provides an overview ot the locai :zlechone aetwork. ESPs and other =nd
users access the public network via subscr'>er .ines “hat connect thelr respeciive premises
with the LEC central office that serves the sabscriber’'s geographic area.’” In most cases.
there is onlv one “serving central office” asscciatec with anv Ziven customer premises
‘ocation.® The serving central orfice ‘aiso xnown 1s in “2nd office” or “Class 3 switch™
is mterconnected 0 the -emainder of :he .ocal -ubliic aetwork ia interorfice :runks ihat
directly link 'wo end orffices or that link an ena :mic: vith an intermediate switching point
known as 2 “local iandem switch.” Generaily, wnen : high volume of :ratfic berween two
end offices 1s present, direct end-otfice-io-end-orZice runking s provided: {or lower volume
routes and for alternate routing when the high-voiume direct trunks are in use, interoffice
routing is provided via the tandem. Because large mewopolitan areas are usually served by
many individual end offices, a substantial fracuon of all local calls will typicallv invoive
_either a direct or a tandem-routed interoffice connecton. If the calling and called parties

9. One or more central office switching entities are {ocated :n 1 building often described as a “wire center”
because of its function as a point of concentraton of subscriter lines from ail parts of the geographic area that it

serves, together with lines interconnecting the buiiding with other LEC wire centers and with long distance
(interexchange) carriers.

10. The incumbent local telephone companies empioy a herarchical architecture that in most cases provides only
a single point of connectivity berween a subscriber and the ?STN. Other local service providers, such as CAPs.
often utilize a “ring” type of architecture in which individuai customer premises are provided with at jeast two
separate ways to reach the network.

h
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Nerwork and Switch Architecture

Local Telephone Network and On-iine/Internet Service
Principal PSTN and ESP Elements
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ZSP User's subscriber line to end office
End office (class 5 switch) serving ESP user
interotfice trunks

Local tandem switch

Znd office (class 3 switch) serving ESP

ZSP business iines or ‘runks 1o and otfice ;
ZSP hardware and software - t
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happen both to be served by the same 2nd office, *he call can be completed on an intra-
office basis, requiring fewer network resources than Tor an interoffice call.

Because an ESP/ISP using an analog connection is simply another end user, a cail
placed by an end user to the ESP via the current anetwork infrastructure will be routed
“across the ‘public’ network in an manner that is indistinguishable from any other local call.
Since the ESP/ISP will typicaily 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 bunt group concentrates calls from multipie customers onto a group of lines. In a line hunting
arrangement. calls are dialed to a single “listed directory numoer” 'LDN) or “*base number,” and will be physically
routed by the terminating central office to the first available non-busy line in the group. This type of arrangement
is quite common, and may be used whenever a customer has more than one exchange access line. Generally, the

(conunued...;
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within the local network will tend to concentrate at the point of termination — the central

office that serves the ESP/ISP.” 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 BOCs have referred to some or all of
these as points of potential or actual blocking — that 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 0 a single ESP/ISP or to the Internet, and
that are unrelated to the local exchange network.

The originating switch of the ESP user, interoffice trunks. tandem switches, and the
terminating switch of the ISP :the network elements abelled 2, 3, 4. and 3 in the diagram)
represent the PSTN. Congestion at any of those doints .night potentiaily arfect the ability
of other callers to get dial tone and make and recsive “elephene calls. Each of these will be
examined in greater detail beiow.  Usage of the 2isuibution segment between the =SP
customer ind its serving centrai office (the 2iement javeilea ! 'n ~igure i) has 10 1mpac: on
any user of rhe 2STN. 2xcept or the =SP customer. The zlement lapeiled o, that is, the
link detween the ESP and its serving end office s also distinct ‘rom other network zlements
in :hat congestion nere will generallv arise only where the ISP ras failed to order a
sufficient Juantty of lines ror the aumoer of cusiomers it has in a given !ocality. This tvpe
ot congesuon will not :ypicaily atfect orier users o1 the PSTN. unless they attempt to cail
:he ESP.”° Flements .7 and 3 involve lardware ind :ortware ‘nternal ‘o the 'SP ind :rarfic

ii. «..conunued)

number of lines required for a parucular customer il Jepend eavily upon the total volume of trarfic that the
2ntire group of lines is intended to carry. Such groups are tvpicaily =nginee't.d on the basis of the aumber or calls
biocked per 100 mempts. sometimes referred to as the "zrade of service” for the line or trunk configuration.
Holding “grade of service™ {e.g., the probablhty of ! Susy signal per 100 artempts (“P.01™)) constant, the larger the
group (number of lines). the higher will be the peak uulizanon per ine in the group. For a discussion of the trarfic
engineering properies of line hunting groups. see R.F. Rev Technical Editor, Zngineering and Operations in the
Bell System. Second Edition, Murray Hill, NJ, AT&T Beil Laboratories, 1983, Chapter 3, and Mischa Schwartz,
Telecommunication Networks, Reading, MA, Addison-Wesiey, 1987. Chapter 10.

12. The BQOC/Beilcore ESP/ISP impact studies limited their zxaminations and measurement solely to the
particular end offices that serve ESPs, thereby obtaining a “wvorst case™ picture of the refative impact of ESP/ISP
tratfic. For other end offices that do not serve ESPs/ISPs (which were exciuded from the BOC/Bellcore studies),
the data portion of total traffic handled by the end office “wiil in the vast majority of cases be de minimis.

13. This is particularly so where a common channel signalling architecture, such as Common Channel Signalling
System 7 (SS7). is present, as it is in most (soon to be ail) ILZC networks and end office switches. When a call 1s
piaced in an SS7 network. the status of the called number (i.2., busv or ile) is determined before the routing of the

{continued...;
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and infrastructure internal to the data network. Any congestion at these poirits 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 any two central offices (directly
and via a tandem switch (Element 4) n the example), and blocking problems should not
occur. That 1s, any customer that can place a call at the onginating switch will have an
mnteroffice trunk available that can sstablish a route to the Jesired terminating switch of e
call. However. it is conceivable that all paths between two central offices, or between a
tandem switch and an end orfice, might be in use with no alternatives available in rare cases
when interoffice trunks are underprovisioned or where a sudden or unanticipaied increase in
rarfic volume occurs.™  Finally. the switch that rerminares calls o an ISP (Element 5
might also be biocked by cails to the ISP. A surficientv large number of calls passing
‘nrougn the switch and erminatng on standarc anaiog .nes can ause dlocking on the
switch, preventing customers at C from placing and rece:ving calls.

~a ¥

i3, :..conunued) . e :
call :5 set up. if it is determined :hat the cailed aumoper is in use 'e.z.. cecause the ISP did not order a surficient
number of 'ines), the cailing party receives a busv signal generarea 5v e originating end orfice. ind no use o1
nterorfice network resources (s required. 2rior o the deplovment of ccmmon channel signalling, the status of the
cailed number couid not e determined unui the cail itself had been set :p. Thus. wnereas in the past 2 customer’s
“aliure ‘o orovide adequate capacity <ouid “hack up” into :he pupuc etwork. his will not be -ne zase 'n modemn
537-based :nfrastructures.

4. O.ECs may, on occasion. ¢ncounter an unanticipated increase in :nteroffice usage over certain routes, 2ither
in the form or a short-lived spike or 1 permanent change in the dverail volume of traffic. Neither of these con-
ditions are unique to ISP/ESP services. and may anise with respect to any number of ¢nd user appiications. As
noted in footnote 13 supra. the ubiquitous presence of S87 works 0 munimize the operational impact of temporary
spikes, permitting calls that cannot be completed (due to trunk congéstion) to be blocked at the originating switch.
In cases of a permanent increase in traffic volumes, the additional revenues resulting {rom the increased usage as
‘well as increased demand for additional residential access lines will typicaily be more than surficient 0 defray the
costs that the ILEC might incur in expanding interoffice capacity. Most (ocal usage charges fall in the range of 2
to 3 cents per minute both for measured and flat-rate service. to :he extent that flat-rate charges are set based upon
average usage characteristics. whereas the proxy costs for local interoifice switching and transport, as identified in
the FCC’s interconnection Order I in CC Docket 36-98. amount o Setween 0.4 and 1.05 cents per minute
(consisting of a 0.2 to 0.4 cent local switching component at each =nd, plus a 0.15 cent tandem switching
component (in the small fraction of cases where tandem switching is required), and less than 0.10 cents for local
ransport, where required). As these proxy costs were developed ‘or average traffic conditions. the figures above
will tend to overstate the actual costs of Internet calls, given thar the majority of Internet usage takes place during

orf-peak. late evening hours. See First Interconnection Order, CC Docket 96-98, at para. 322, footnotes 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 J5).

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 relativeiv large number of
individual !ines to share a smaller group of paths through the switching matrix.

A: central office switch typically serves about 20.0C0 subscriber lines. requirlig up o
32 LCMs. Very large urban central office switches may contain as manv as (36 LCMs.”
in the Nortel DMS-:00, up to 640 lines can >e terminated in 2ach LCM :0 share up to 180
saths. Put another wayv. a maximum of :30 out or :he 640 lines can e ‘n use at any point
n me: the 181st subscriber will not recetve dial tone until one of the other 180 subscrivers
nas aung up, and cails placed o the i81st supbscriber {when all i80 paths are ‘n use} will
receive 1 fast busy (“‘reorder”) tone. In its standard conriguration, the AT&T ‘now Lucent
Tecanoiogies) SESS can accommodate up 1o 2 maximum of 312 subscriber lines sharing up

10 54 ports. although with somewhat iess Zexibility than under the 2MS-i00 archiec-
-ure.'® These subscriber lines termunate at the _ine Unit /LU of the 3ESS switch. which

JerTorms i concentration -unction analogous o that 9f the LCM of the 2MS-1C0.

If :ne usage characteristics of the lnes -ermunating 2t a parucuiar ZCM are such that
more “han 180 would be off-hook during the peak veriod for the zZroup. there are several
2ngineering choices available to the local telephone company. The company can attempt 0
palance the twarfic across the various LCMs in the switch by intermixing subscriber lines
with non-coincident peaking characteristics. For axamplé, by mixing business lines that
make few calls during the evening with residential lines that make few cails during the day,
a smaller number of lines in the LCM will be concurrently competing rfor the limited
number of paths. Alternatively, the telephone company can reduce the number of lines that

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

16. AT&T, 5ESS Switch: The Premier Solution. Informarion Guide. AT&T Newwork Systems, (987, at 20.

9
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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."’

ESPIISP Customer (Originating) Side

NORTEL DMS 100
Class 5 Switch

Main Line Une Group Switch
Distribution Concsntration  Controller  Matrix
Frame (MDF) Moduie (LCM)  LGC)

S Lo , |
: - “Oiain Old ‘ - . |
f 7 Telephane Service" | . | = T T :
. pots)| || -
? _ | . } by interotfice
| i ! ) ; i E Trunk
! ‘ 38 tr—— —_ 112
a L v =S
i 3RIISDN | . T ow | 3
; =t ! 1 Tone |
! i i - !
L1 Rme, o : ;
! Subscriber Line foi Baters T '
% ~arrier ; i . J.Qm._
' SLC 96) i ‘ »
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! y P :
! ; 540 2106 D0S0's Ixpanded Subscriber i
: J—— : Lines ‘upto 80 DS J's) Carrier Moduie (ESM - A) !
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£

! AT-1's (1:19)
NOTES: :.The Enhanced LCM (LCME) used o0 provide Basic Rate ISDN, can potentiaily support up to 480 BRI ISDN cannections.

Additionaily, it is possibie to eonﬂﬂun an LCME in a non-blocxing mode, which wouid support 239 BRI connections.
2 Ratica represant the contration of lines /trunks at a given switch siement.

Figure 2. A diagram of the components of a \onex DMS-100 switch serving an ESP
customer (Element 2 of Figure 1).

17. Reducing the number of lines terminating at an LCM — or “deioading” the LCM — will result in some
increase in the average cost per actual line termination, since the fixed cost of the LCM itself (a cabinet with
associated wiring and 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 subscriber lines: if only 320 lines are terminated, the
per-line LCM common equipment cost will be doubled. Other zosts "hat vary on a per-line basis. such as plug-in
line terminauon cards. are not arfected by the number of such cards :nat copulate a particular LCM.

10
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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.”®  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, fiber 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 iaugmented
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 substantiaily more traffic than is
normaily required by typical line/trunk configurations. ““Non-blocking™ switch elements are
provisioned on 2 one-io-one basis. so the capacity of the switch 1s aot constrained by their
use. Thus. even when :ratfic loads increase 0 a point where additional peak-hour capacity
must be provided, the incrementai cost of this capac:ty will typically be far less than simply
a Droportionate 2xpansion of the oreexisting oeak-hour capacity cost.” Non-blocking
architectures ire particulariv common in modern digital central office switches. such as the
Nortel DMS-100.7°

13. One notable exception 1o this ruie is the rransaction cost associated with using measurement and call detaii
sccounting for biiling purposes, whose costs are generally sensiuve 0 totai cailing volumes rather than to peak-ioad
sonaiuons. Numerous studies and reguiatory decisions Jave found ‘hat the magmitude of such transaction <osts
2xceeds che zconomic Iains anributabie :0 measured-use zricing ST ‘ocal cailing — 3articulariv where such use s
aeaviiv or primanly Juring orf-neak penods — the :ase for most residenuai supscribers. See. for sxampie, oila
Edward Park and 3ndger M. Mitchell. Oprimal Peak-Loaa Pricing jor locai Teiephone Cails. Santa Monica.
Calitornita: The Rand Corporation, Publication number R-3404-1-RC. Marcn. 1987: and “Villiam Tavior, Generic
Costing and Pricing Probiems in the New Network: How Should Costs be Defined and Assessed?. presented at the
Twenueth Annual Williamsburg Conference. Insutute of Public Utilities. Graduate School of Business
Administration. Michigan State University, December 3-7. 1988, at pp. 10-11. See. aiso. Michigan PSC, In rhe
‘marter of the upplication of Michigan Beil Telephone Company ‘or authoriry :0 revise ts schedule of rates and
charges, Case No. U-7473, April 26, 1984; and Delaware PSC, in.the martter of the proposed amornzation of the

Diamond State Telephone Company’s Straight-Line Depreciation Reserve..., Order No. 3216, 120 P.UR.4th 121,
November 2, 1990.

19. That is, the incremental cost of increasing the busy-hour capacity of a switch by 10% from. say, 100.000
calls to 110,000 calls, will be well below 10% of the capital cost of the original (100,000-call) capacity.

20. Figures 2 and 3 present schematic diagrams of the components of a Nortel DMS-100 Switwch. Figure 2
shows various methods by which residential lines terminate at the switch. As the figure makes clear, unless a
subscriber is served by a Subscriber Line Carrier (SLC-96), analog subscriber lines and BRI ISDN lines both
terminate in the Line Concentration Module (LCM), which connects all incoming lines (up to 640) with up o 180

sutgoing trunks. As has been stated previousiy, the LCM is the switch component where blocking is most likely to
oceur.

11
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| 1 i (T-1 faciiities: DID, PRI, inbound Trunks) ESP(1) |
i 1 L i
i Une Line Mair. Distributon | 24 Anaiog Lines
i . Group Concentration: Frame | g, :
| | Contraller  Moduls _l | Battery | ;_..." 5P (2) |
e | Bank
Lo = = : “MB :
! ' ; ——-4 : ; . =
— : ,i i ; 5P (3)
i-——---_""' Diat iRIng i i ! ‘
: l Tone! 3atte

L.
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.
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i3) Standara analog business iines

Figure 3. A schematic diagram of a Nortel DMS-100 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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ILEC 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! Lines that carry concentrations of traffic to
and/or from a larger community of end users, such as PBX trunks and ISP/ESP access lines,
can sometimes be more efficiently served by bypassing the Line Concentration Module and
instead directly accessing a dedicated rrunk 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 at — as
well as the plug-ins and common equipment costs of — the LCM uself. If the ISP access
lines terminate directly in trunk ports, the “diai :one contention problem” is essentially
eliminated. since the ISP’s lines are no longer competing for the same limited group or
switch paths with ordinary business and residentiai subscriber lines.

BOC wriffs. in fact, provide for such irunx ermunations. LECs sometimes use T-1
lines to provide service o a customer who orders a .arge aumber of access lines, using a
channel bank to convert the T-1 into the equivaient or 24 analog access lines. and charging
as :f it were offering 24 standard voice husiness .ines. This approach, which is essentially
ransparent to the customer, 1s reprcsemed ov Couon 2 in Figure 3, and s Zenerailv used
vhen the LEC concludes that. installing 24 :ndividuai voice-grade :DS-0) lines would be
less erficient :han providing a single T-1. However. I the subscriber Zesiring a T-1

21. The most common case in which this occurs is with crivate Sranch exchange (PBX) trunks. A PBX trunk
s a subscriber line that connects the central office with switchung 2quipment that is physically iocated 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 tratfic for a larger number of =xtensions, their average use is much greater than for
ordinary business lines. This relationship has long been -ecognized in local telephone company tariffs — in
jurisdictions in which businesses may subscribe for “flat-rate” service. PBX trunks are priced as much as 30% to0
100% above the applicable rate for an ordinary (non-PBX) Susiness access line to reflect the relatively greater
volume, if not necéssarily the relative cost, of calls originated on 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 descnibed as a “demand-sensitive” price, where the total
charge 1o be paid by the customer is directly related to the cencurrent peak demand (number of simultaneous cails)
that customer imposes upon the PSTN.

22. Typically, 24 voice-grade or DS-0 lines will require the use of 24 individual subscriber loops, whereas a T-1
digital access line with a bandwidth of 1.5344 mbps (equivaient ‘0 24 - 54 kbps voice-grade digital channels)
requires only two subscriber loops. The trade-off here is additionai 'oops versus additional terminating equipment
at the subscriber premises and the cenual office. Where distances are short and/or where loop pairs 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-1 (T-1) capacity (1.544 mbps) digital
channel providing 24 DS-0 digital voice-grade 64 kbps channels, either over a fiber optic
cable or via two copper pairs. The subscriber pays the applicable rate for a DS-1 local
channel (typically $150 to $300 per month). In addition, the subscriber pays for each DS-0
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.

l State Measured | Hunt - | 24 Business Digital | PRI
(RBOC) Business Group ; Lines, in Trunk ISDN
Lines Charge l Hunt Group | Group

' New Vork 2223 | None | S5335C $1502.45 | 51,008.93 |
| NYNEX | |
| California $16.32 5050 | $403.68 551548 - | 352490 - |
-\ Pacific Telesis) | r $71548 | 372490 |
. Marvland 1934 15052 347662 [ SI2IZN6 [ 564400 |
. Beil Atlantic) | | |
| : ; {

' Cregon | 524.00 S1.36 | S608.64 | S1124.00 | S1.246.00 |
LU S Wesu | | ' ! %

[

Table 1. Comparison of BCC tariffs for standarc anaiog voice dusiness lines. digital rrunk
aroups. and PRI SDN ‘the zquivalent of 24 'ines in :ach case). Sources: NYNEX New
York State Intrastate Tariif. PSC 300 Sec. +.z.36. 2SC 300 Sec. 21.5, PSC 201 Sec.
2.C.1.0. 2SC 901, Sec. C.i.b. ?Pacific Telesis Calircrnia Intrastate Tariff, CAL PUC No.
A5, Sec. 3.5.6. Sec. 3.3.C.4. Sec. 3.2.1: CAL PUC No. Al8, Sec. 18.2. Beil Atantc -
Maryland, Inc.. Marviand Intrastate Tariff, P.S.C. -Md. No. 203, Sec. 6.c, Sec. i4; No. 202,
Sec. 2.C.2.a.(2); No. 203, Sec. 6.C. U S West Communications Oregon Intrastate Tariff,
Sec. 15.1.D.1, Sec. 15.1.D:2. Sec. 3.2.1.D.1, Sec. 14.3: PUC Oregon No. 25, Sec. 3.2.3.A.
24 SLC charges are included for PRI ISDN, aithough this charge is not universally applied.

Table | summarizes the state tariffs fdr_Céﬁforfna. New York, Maryland, and Oregon
(Pacific Bell, NYNEX, Beil Atlantic, and U S West, respectively), providing a comparison
of measured business rates (including hunt-group charges) and the cost of a digital trunk

an

22. (..continued)

the individual line solunon may be selected; for longer listances. and/or where pairs are scarce, the T-1 approach
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 ports, 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.” 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 port
charge, and a $144 subscriber line charge (24 lines at 36.00 each), for a combined total of
between $515.48 and $715.48.* 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 ecuivalent trunk-side connection. The economic rationale for this price
differential is difficul: to understand.”® While the cost of a trunk group does include the
cost of the software and hardware that connects it to its serving end otfice switch. the price
of a ~tandard business line presumably covers analogous costs. Moreover, the price of a
business line must also include significantly more in terms of distribution plant than a trunk
Iroup.

23. See Table !, su -a. for sources.
24, See Table |. supra. ‘or sources.

25, in rfact. the FCC nas recently taken note of the fact :hat the costs associated with 7-1 PRI iPrimarv Rate
Intertace) (SDN service «which consists of 24 voice-grade “3” channeis) is less than 24 umes :he cost of a singie
analog supscriber ine. See. Access Charge NPRM. CC Docket 96-262, released Decemoer 24. 1996, at para. 70.
The Coilowing cost data -vere provided, 'with iverage mucs computed with and wvitnout NYNEX., which the
Commission suggested may de an outlier:

| Ratio of Costs of Standard Analog Service to PRI ISDN Service* |

Qutside Plant (loop { Outside Plant (loop | All NTS costs {All NTS costs
only) costs only) costs %( excluding NYNEX
(exciuding |data)
‘NYNEX) '
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 1:3.33 1:10.60 1:10.60
Average ratio of costs ]1:6.5* 1:4.95* i1:15.13“‘ |1:10.5*
=Averages may differ due o rounding.
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