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• IN'l'aODUCI10N 

AARP's iDitial tcftimoay in this proceortq sbows that tbae are DO ecooom.ic, lepl, 

techao1ogical. competiti'we, IOCia1 or public polk)' reuoas to nile buic service rates. Tbele 

final connaw:yas preiCIDl ddl-1cd empirical aaalyles tblt support AARP's recoJIIIDeDdation that 

basic .moe .... DDt be iDczeued. 

The IDDit fimdatnmJbtii'CIIIOJ1 tblt theft is DO jollification fDr buic aervice 1'lde 

iDcreues il tb8t the loop is • &cility sblred by DilDY tenices iDcludina buic local service, 

~ic:alla'Vicel. ialnl.ATA Ioiii ctilrtDCe. GaLATA Joaa distace IDd data. Scnices that 

sbare the loop have always coatributed to tbe recovery of its COJts. This is a piociple tbat bas 

been applied to tbe teleco•""'Uiaicatioas Dr:twolt mr itl emire history. It was upbeld by the 

Supreme Court ill 1930 IDd bu been Uled. by the Federal Communicltinns Commission (FCC) 

aDd virtually .U ICIIIO public utility conuniuioaa, iDcludiDa tbe Florida Public Service 

Commiaion (the Comm"'ioa) liDce tbeD. lbe FCC .bas~ the principle several times 

siDce tbe pesup o.ftbe Teleco!I1!!Jmmicms Act of 1996 (the '96 .Ad). 

We see no reuon to 11Dp RCOw:riDa costs mr a &ci1ity &om aU the saW:es that UJC 

that &cility. 1"bae abould be DO he rides. We believe tbat eosuriDa that each oftbc arowing 

array of lei'Yices tbat. will tikeb' be provided ow:r the tc1eco""''miartioDS DetwOrk pays a tiUr 

share of all common costs will result in rates in' buic service bec:omiua more md more 

afl'o!dable. 



rr II &CONOMICAUY CORRECT TO 
DQUIIIE SIIAIUNG OJ LOOP COSTS 

Teleplale ccmpniM ay: Acce11 to diD idwork is a ..,._ product wtm.e COltS 11111t be 
rec:ownd ..,_,,.., 1111 •ld •local mea.ncl .-vice, wbiJe people pay fbr die IDift riabt to 
place Ioiii dit«auce cdL 

AARP reaponta: ea-.... Wllll actaal..W:O such a local ad Joaa dismn calla, mt just 
eccea, aad tbe ~-1blt me the loop to en servicellbould pay fbr the ilpltl oecesary 
to produce tbDie .... 

• Ute oftbe loop ila IIICI II I y omrfltiml b 1be sale oftbele terVicea. 

• Accell oaly -vice (Jaoondn& calla Ollly) could DOt be 10Jd i:w wry much becaute it bas 
lildewlue. 

• LocaliiiiMIIINII..vice il JKJt wry popullr, where it is 101d a an opboD, precilely becl&aae 
it le\WI the lllllbal Jiat blhu e eD accea ad u.e. 

• New • rices, lib biaJHpeecl ella (XDSL), utilize the loop aud otber facilities just like 
Joc:al caUL 

ISSII11ijdon. Jt ila..d OD tbe belieftbll people ..C williDa to pay fOr .. 'UII repniJell oftbe 

UIC to wbich die loop il pat. We beUne it iiiiiiiCh 11101e apptopdaae to say tblt 1.11e 

-- Qme..,.. wal Ktuai services. IUCh a local aDd JoDa 

10me IU•4Icon. 
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'WbDD. CODIUIIIII' eap ··~· .... a.~ ICIYice IDd oftin to.->' mr 
it, 1be IUpp)ier oftbe • ¥ice 111111t apeo6 JIIOCb:dve leiO\IRlel iD order 10 meet 
tbe DeOCI. •• A price amt !diet a COlt ..S, ill pRcullr, tbe {drmnd) activity 
tiM pws rile 10 k. It cloea DDt llllltCI' wblt ....... -the lei'Vice may be 
put to.' 

This view limply -I!!IN a .-eel tblt is ..-• i:om aay ..-. We believe it is a 

better deactiptk>4 ofhmwn motMtion to ay tblt 

·u. IDIDIItl DDedl aad Clelta a williapess to ..,- a .mce. Uae is tbe activity 
tblt &iwa rile to ctmwnrJ Sa riDes tblt iaw DO - would JIDt fill any aeed ad 
DO ODe wouJd be wiiJiDa to pay D tbam.' 

because Ule il whM tbBy WilDt. TIIDie h people wbo would buy acc:ess-oDiy would DDt pay a 

peat deal fbr it beraa• it does DOl line a lot of value. It il fimdameatally iDcorrect to ..-ate 

ADDdler eunqoJe is local -.eel •vice (billiDa i:w local calls OD a per call or pel' 

mjnute bail). It il DOt w:ry popullr wbere it is ICtUally 101d, even wbeD mauy people could be 

sbown to baw a lower bill People do DOt buy it becaUie it liMn tblt DllUralliDk between. uae 

aod value. 

VClllical ~ 110 ~. Tbey caDDOt be aeparated eaily fiom the basic JerVice 

with wbich tbey .e told. They are wry ltroD& complemus ofbaic aervice. That is. if 

SOIDIDODC leU. buic ICI'Yice to a CUIID.mr:r, tbere is almost DO cbiDce tblt a difiCrem penon is 

aoiDa to .en call waitiDa to tba1 cnrw•.,... 

precodeDce iD a fictitious bieriii'Chy of COlt Cl'-ion. 1be ldDd o.f Iauau.ae tbe tdephooe 

companies ux to· ~~ate tbair araumeat is apiD worth quodDa 
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•It 10 twppm tMI .aiDa a co••"W' up to law tuic lln'ice oftin a Vlriety of 
cphilities ~away., 

We believe dill it ia jalt • true to ay 1lle i»JiowiD&. 

•n 10 lwtjpa~dalt .a:ial a comumer up to baw loa& ctisl"~ • vice o&n a 
VllrietyofcapeNHtiee ~ ~·' 

Both ...._, .. ,IIC equally true. ID fad, ir: actually turDs out tbat hiltorically 1oDa 

cUsteoce ow:r tile loop did DOt "lo blppea." Al tbe, tum of the celllllly wbm the telepboDe 

Detwork wa beiDa depJo,ecl, local ad Jo• diee·•~ were leJ*IU. Callen .bid to 10 

doWDtowD to a cedrll oaice 1D llllb a Joaa d~till"' calL T'bD telepboDe coqiG.)' decided to 

local aDd .loa& d"'ence cmro the cme DetWolk ..t sell them toptber. Thil wu DOt just • 

accideDt. Locel4id DDt-- tbe aetwo1t llldJoaa dista~ just to hippeD eloJII. In filet, It 

that time, to IDUe loopl...,art Jaaa dWeme, tbey Met to be enbancwt Loa& dipe••:e c:auled 

tbe colt of tbe loop 1D rile cb•,....ally. Attw--. A is a study conunimoJl by AARP of the 

1'bua. fbr elmolt a Ciidllry the mtwodt ._ been desjpd ad deployed ad 101d as an 

iDtcpatect piOduct tt.t iadudee both.,. 4ilt11!C¥ IDd local. It .is pare aopbiltry to declare 

be recowrecl iDa ~we .a.rbt. 1D cWnlina tile teiepboDe coqJ&Dy preaeuce a 
llleUD'ed IClrVice IDd die desile to c:belp b -=cea ..-eaely in buic service, tbe telepbro~~e 



•a.p. iJr ICCIIIIUme -.e COIIIIIDil iD a.ay ooqettive 11111\"" (e.J. clubs, 
CftJCiit Clldl. oo-Jiae couv• - vicea, IDa& d•·~ t.elt.pboDe ., rice, etc.).' 

We believe tblt it ia problbly 11101e IICC1Dte to ay 

'ChiiJel mr KCCIIUme .-e ..... 1om IIIOit ooqetkive a.rbts (e.&-
supa••wr'-.,llboppiaa malll, dnJa .... mrctwae..., ---computer 
ICrVices, tbaDe J*b, lib DiiDey World, ecc.).' 

Thus, biltorically IDd •=-env:naeously it mikes 110 -.e to claim 1bat tbe loop is 

aulled by loc:a1 .vice, while JoDa difnwe·- odlr:r .mcc.aet •1tee ride. 

IT IS LEGAL TO REQUIRE OTBD SERVICIS 
TO PAY A 8IIARI. OJ' LOOPS COSTS 

TelepMuc coqwnia say: Tbe Teleco"•""'ftlioas Al::t of 1996 ~ sut.idics to be 
cxpticit ad daebe lillie .vice lllellbould rile to cowr 100 perceat oftbe loop costs. 

AARP respwta· 1'be 1996 Ad recopiud tile lblred Dllare of tile uetwork IDd illlmded fOr 
tbat sblriDa tiD' be lewnpcl to .u buic ICl'Vice af!Drdable. 

• Secdon lStS (k) of the Act requiles t.ic .-vice to bear 110 more tban a reaoDible share 
of joialad COWIWil COlts ad it may bellr lea. 

• Advaced lmYices and baic ICnice are repeatedly linW 

• Competitive 11n'ica caDDOt be .m.;ct;mct by DOD-CO...,etitive lerVices. 

Telepboao co...,ay eftDrta to ialerpret tbe TeJecomnpmjc.tioDs Al:t of 1996 to require 

basic rata to rile to ncoWI' loop COitl.e It odds Mil much of tbe explicit laDplae in tbc 



Act. Tbe IMredllll'UI'e oftbe Dl:lWOI'k is repeltedly recopized in tbe Ad. Secdon 2S4(k) 

says tt.t baic aervice should tar DD more tbm a reaoaablc share of joiDt lad CiOIIIID)D costs 

mr faciJides u.l by coqetki..e lei'Vices. The CoafereDce Report (p. 129) ICtUaOy aya buic 

scr.'Vicc could belr lell tbiD a J'CIDO•ble lblre oftbole joiDt ad coJiiiiDDD COlli. 

11aoupout the Ad, tbe &ct that the uetwork will deliver lldvaDced ad buic service is 

repelltedly recopized (e.a. the preiiDhle..IDCtiora 2s. (a) ad (c)). 'I'be Al::t uadeiatuod that 

there would be ID may of ICrYicel on tbe Detwort lid irda«d to protect buic JaVice rates. 

Tbe \VOids nte refwlenciaa do DDt a..,. io tbe At;t. In filet, the desire to ~ 

sublidiel mlde explicit il Dl)t tbe J*IIDOUIIt policy ill tbe Act. The Couf'aace P.eport (p. 131) 

lbltel tblt Oldy~ the ex1ea1 poaible ..• support JJMtdwnjsms contimwf or Cft:lled UDder uew 

JeCtion ~ lbould be aplica llllber tbiD implicit." 

OMD 1bis policy comext. it is impoaa to recopize tbll cmce tbe loop is treated as a 

shared co-. t.lic • rice ·naa are DDt •dwjdiad ad are quite reaolllble. even 1lliDa tbe 

coapaiea' ownwineetee of 001t1, which we frequeatJy tbiDk are oventaled. 

For W11111:e, once tbD loop ill tlelled • alblred COlt, it is clear tiE basic Jen'ice covers 

ita totalaa rice Joae-nm iDca:elllh••t QOit. Sprim's own DUII1ber fiu me...,. I cost is $3 .21. 

BeOSouth'tiDd OTB'tmunhcn are trirrriW. Baic avice l'ldeS cow:r tbae costa. Our 

&Dalysia oftbe Bei&Juth mnnben re.cbes tbe ame coaclusion. 'Ibey are clecly below 

staDd..Jo~~e COlli. Acc:ordiDa to tbe riaoi'Otll deftnirio.n of subsidy, buic ICI'Vicc is oeith::r the 

source uor tbe leCipieat of a Jablidy, oaae die loop il treated • a tbared coa. 

Havma eabUibed tbe abeeoce of amblidy, tbe question of bow sbmd COilS lbould be 

recovered ftom alllerYicel.-.. Tbere are a wriety of rules dJit em be -wlied. 
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ODe mJe is aD equal bendt rule. T'be teleconMHMHD ...... iadultry eqjoys 1be beaefit 

of ecommies of ecale ad ..-ope. 1'blt is, by •Waa 11101e tt.n oae product llld lelliDa larpr 

qnlllltities, it becomes 1ea ad 1111 C'JqAIDiive to .U products OD a per UDil bllis. Tbe equal 

beDefit rule IDIIb eldl• vice down propaltioDitely. PMh lei'Vice pta • equ.IIDIIlk down 

ADOtber rule is a equal burdeD rule. Tblt is, idedify the tDCa1 BVM:e loD&-nm 

iucrcmental cost of eKh lllrYice ad ...at it up lld&cilaly to COYer tbe total COlt oftbc 

e>pe~ation. 

ApplyiD& thele two ndea we 8Dd tt.t bllic .vice filii wkiliD the naae ofreaoaable 

prices. Exhibit llbowl tbe ~ - BeiiSoutb. lila .. dill ..... law been made 

available on a cleWied bllil iDa ·~ menner. Tbe results fbr other coiDJl8Dics ..-e 

similar. 

Basic • rice il abow tbe price let by tbe equal bcDe& rule Uld below the price let by 

tbe equal burden nde. Baic .-vice bema lower ... p. dllll odlcr .mces, but dllt is tbe 

poiDt of public policy. 1bll is why the Act lUI DO more dim a reaolllble shire. aDd the 

confeaeuce report llid pedllpl evaalell tbiD a reaoaable ablre of common cost could be 

allocated to baic avice. 
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IXI81'1 
RANGES OF RUIONA8LE RATES 

FOR BAIIC IIYMCE 
(TOTAL REVENUE BAlED ON BELLSOUTH) 

800 
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1600 
r soo +---------

~400 8 -+----

; 300 -+-----

• 200 +------

100 

0 
TSLRIC STAND EQUAL EQUAL CURRENT 

ALONE BENEFIT BURDEN REV. 

MEASURE OF COST/REVENUE 

Soun:e: BELL SOUTH CONTRJ8UTION ANALYSIS, RelpoMe to FP8C SWf 
1st Data Requelt. 11m No. 1, ...... loop 00111 equ8l ~ of t.llc 88Mce coats 
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TeJephooe co..-ntea ay: It would be &.ir 10 mile mte1 becaule local eervice his become so 
valul.ble owr the ._ IS )'all. 

AARP tapoms: Rites are u today. Some bouaebold oo"""'Mtities haw pedDrmed better 
than te ....... .-vice iD the pllt 15 ,_.., IOJDe wone. Such ccapaliJODS are DDt a bail mr 
chanainllllteL 

• Tbe ila"care• popoiOd \\VUid JDib local .vice oue of tbD wont prdbrmers in tbe 
ho.-.,ld badiet iD tbe pat lS ,.n. 

• eoq.a. telepboae naato cable 1V rideS oaly md:ncora bow uafair it would be to 
allow~ pricel to iDcrcla u UlllqpllllecliDOIIOpOiy cable 1V J'lltel haw. 

• ·~ lbould DDt fbllowtbe ~policies of other-. 

UDlib ott. ltltel, Florida requiaes the ComnDnkm to iDquire 11 to wbcther l'lteS are 

fair. This ia DeW taritory. f .... is ..ely railed 81 m explicit CODiidentioD iD ratc:meking 

The Commiuion il beiDa told thlt becal• telepho,ue ICrVice bu become 10 valuable 

owr the lilt IS )an, it C8D .... ndes dmnetally ad tbey would still be Mfair." It tums out 

tbet tbe perhn""'i':e .oftelcpboDO rates in tbe Jast 1 S )"e8S is only a little bit t:Jett« tbaD other 

tbiDp in tbe boUICboJd badiet (tee Exhibit 2). A nmnber of CO""''odities hqucutly used by 

bouaebolds baw done better. 

equipmeDt ~ claae blUer. Conunen haw nceived tbe beDefits of a udmolol)' rewlution 

in PCs. televilioa. 8Udio, teiephoae 
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EXHBT2 . 
AT TODAY'S PRICES, CURRENT LOCAL RATES ARE JUST 

"F_. 
(CONSUMER -PRICE-INDEX v. LOCAL RATES) 

Source: CONSUMER PRICE INDEX: REPORT ON RESIDENTIAL TELEPHONE 
SERVICE IN FLORIDA. Robert G. HMtl 
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• 
service, aad other electroDicllly baed IDd computa' drMn iDdustries. Compe.nies in those 

iDdustries haw hid sti'OJII fiDucial pwtb, iDcludiDa tclepboDe companies It would be unfAir 

to deny CODIP"""''a shire oftboae pins. 

O.OJiDe has come way doWD iD price as weD. That his to do wida the eudioa of a 

IDODDpoly. 

Furniture, shoes, 8Dd app~~el bave allo come doWD in price. Simply put, thiDp bave 

gotten beeler in tbe Uaited Stiles. This compll'ilon between telephone lel'Vice, which bas 

gouen cbeaper IIDd more valuable, ad other coDIIDOdities does DOt provide a basis tor . 
concluding tblt it would be &ir to raile blsic .-vice prices. 

It is imeradaa to ccaider the prospect of iDcreuiDa telephone rates to their quality 

price adjusted 19131ewl. u die tdepbca coqlGiel have sugestect <• E:duoit 3). That 

would mike ulephoDe ICI'Vice ODe oftbe wont permrmen in the bousebold budaet because it 

would put it blck to 1983 lewis. If people were cblrpd $23 tor telepboae service, bepiD& it 

coDStaat in real terms, it would be a terrible deal, worse thaD virU.Uy every other· item in tbe 

household hwlpt l'bere is DO &irDas iD such a proposal. 

Amtber compll'ilon tbe telepboDe compaies Ule is plllticularly bothenomc to 

fairness (see Exbibit 4). We kDow tbat 1bele prices bave rileD dmnetically, oae of the few 

commodities that bu iDcreased in real tams. But this is what an uarqulated mooopolist does 

to the public. Cable 1V is ablolutely oot tbe •ndarcl to Ule to measure fAirness. 

Tbe other COIDI*iJoas tblt •ve been preacDted to the CoiJIIDjuion are comperisoas to 

te1epboae rates in other stiteS. Florida bastlelted its resklential ratepayers more &idy than 
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EXHBT3 
ALLOWING PROPOIID INCRI!AaS WOULD MAKE LOCAL 

SERVICE ONE OF THE VVOR8T PIRFORIIING OF HOUSEHOLD 
COSTS 

1.2 
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i 0.8 -m 
~ 
L 0.6 
I -II. 

~ 0.4 
a 
~ 

0.2 

HOUSEHOLD ITEM (CPI) 

SOc.Re: CON8lAER PRICE INDEX; REPORT ON RE80IENTIAL. TELEPHONE 
SERVICE IN FLORIDA. Robert G. H1rrt1 
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1.6 

EXHBT4 
UNREGULATED IIONOPOL Y CABLE TV PRICES ARE AN 

ABSURD STANDARD TO MEASURE FAIR PRICES 

1.4 +------------------

-; 1.2 +------------------

1 
; 1 

~ 
IL 0.8 
I -~ 0.6 

!1 z 0.4 -
0.2 

Source: CONSUMER PRICE INDEX. REPORT ON RESIDENTIAL TELEPHONE 
:SERVICE IN FLORIDA. Robert G. Hams. 
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other states. We belieYe Florida lbould i»Dow tbe llllfm-mw policies of other ltlies. 

If Florida's policiea OD Ullllllploymeat. ODICbool tpendina. OD the ndo Of iodaatrial 

elcdricity .rates to n:sident•• eiDelricity naa 11e CODiidaed, it una out Florida il CODSWDer 

frieDdly (see Exhibit S). h lpiiDda mon: Oil b IIUdeall per pupil. more OD UDelllploymeai 

compensation per penon, IDd his a .,.tJer ctiftieumtial betwecD iDdultrial ad I"'W•ditl nileS 

for electricity tban neiabboriDIDtes. 1'bae 11e procomanner policies tbat we repllrly 

encounae other 1tatcs to »Dow. 

AJ'J'ORDABLE RATES 

TelepboDe C0"1'8"ies ay: Ewa with dmatic iDcreales, telepbooe ICn'ice would remain 
aftbrdable becaule IDOit people would cxdiaae to subecribe.. 

AARP rapcmds: A1bdability· inw.lws the baldeD tbat tbe COlt of DDCCSiities places OD 

households budaets, DOt just people's willhlp-1 to sufra' price iDcreues. 

• Lower iDcome IDd elderly bo\llebolda would be hlrdest bit by rate ~iog" 
bee.- tbe .W. wbich wo111d be ilaelaxl iD price are a much )lqer pm of their 
billa tban tbe - Yices wbich would be lowered ill price. 

• Some people will be i»Rled off the telepbooe DetWork u a reiUit of tbe substaDlial 
iDmues propoted by the co,.mcs. 

• Many !DOle will suffer a sipificaat bunleD OD their household budpts. 

basic service prices, avice would mmiD aflindlble because most people would cootinue to 

14 
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EXHIBIT I 
FLORIDA DOES BETTER FOR ITS PEOPLE 

IN LOTS OF AREAS 

NC sc GA TN AL 

STATES 

MS 

0 SCHOOL SPENDING DELECT. IND RATES vs.RES RATES 
13 UNEMPL.OY COMP.ENSATION 

Source: STATisnCALASSTRACTOFTHE UNITED STATES, 1888, Table 282, 5e&: 
ELECTRIC SALES AK> REVEMJES, Table 12. 
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subscribe. AARP zecopi:aw tblt conamten. pldicularly older Ame:ricaDs, will eliDa 10 

telepboue service, but tblt il DOt wblt aflbrdability it about. We believe tblt aftDrdability 

involves the bulden tblt the COlt ofaec =•rilies imposes onpeop~ DOt simplywbetherorDOt 

they will keep payjDa. It il the ~ bmdell that llllttcn, DOt the ablolute burden dill 

matters. We bow people will DOt live· up their pboues aud we know particularly that older 

people will DOt. 1'bl:y haw a lower eluticity of clmwnd because that is their lifeliDe. Public 

policy bas dictated thlt we DOt impoe a beadeD on tbem fDr this DCCeSSily, IDd obviously we 

thiDk that is aood public policy. 

We a1lo be.r a lot of •••nnus about people beiDa better off with rite rebalaDciDa so 

that raisiDg buic aervice pica wDl DDt Ulldeamiue aflbrdlbility. We tbiDk tlae stltaDeats are 

misleading The JdDd ofq'lp UJed ia tpiD. DOtewoltby. 

~While 1Da11f WIIOIIIKI' bills wiD be cut ad otben little a1fected.aome 
customers will JII'OIUiy pay more.' 

The adjectiwl~~e aJIICDDibled iD that .meace. Our IDI.Iysia of the cost aDd revenue 

studies that the Con•niaiDn t.s zequired the companies to UDdertake (the contribution 

analysis) IU ... tblt tbe COII'OCt 1SJteDCe is M JDIJows. 

~While c:ulto rl biDs bably will 'be - · aDd _..._ little ,.,..__...,~ - -· IOJDeU.:: po """" VU51~ a.u-.-u., 

IDIIIY CllltOIDD wiD pay more.' 

We mM It this CODCJusioD about tbe impKt of rite~ beiDa propoaed to the 

Commissinu bued OD the CODiribadon aalysil paformcd by the compajes on illtllltlle nres 

and the estjnwted COlt ofbaic aervice (aee Exbibil6). The aalysis c.laims that a S 10 moDlbly 

incrcue in basic .vice nile v.vukl be aecesary to cover tbeir costs -to make up fOr the 

sbordBU in their "colllribulion." Out oftblt totaL the equivaleat of over S4 per momh would be 
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EXHIBIT I: 
RATE IMPACT OF R!IILANCING •coNTRIBUTION" 

12 

10 -+--

8 +--

6 

~ z 4 
0 
:E 
a:: w 2 ~ -

0 
BASIC 

-2 

-4 +-------------

-6 
SERVICE 

SOUrce: BELL SOUTH CONTRIBUTION ANALYSIS, ~to FPSC Staff 
111 Data Requelt, Item No.1 , converted to monetaty btl equMIIInt 
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UIOd to lower the~" ofha._ ..W.. lllbowa tblt out of~ SlO mcn..e in 

basic .-vice ate1, owr S3 would ao to lower tbe ~" ofw:rtical.mces. Iftbe 

Wllh ovw 40 J'IICIIII. of1be mte leducdolll aoial to hniDea c:ustomen. tba'e is oot 

e:ooup DIDDBY ld to low« tbe pricea itr odiS' reside .. WI lenices to oftiet tbe. m..e in. 

buic IDDIIIbly biUL Ill tbe......., ,..... •• , CO'&di"'WS must cad up 'With a substaridly 

hi&ber bill A. a clul, tbD Dllt iDcreae in raWe•••• billa 111111t be almolt S4 per IDOIIth. 

Moreo'ftll', wfda owr 30 peroc~~~.,q to wrtical.W., ODiy tbe cusaoan wbo are heavy 

Ullen oftlae .mces 11e libly to .ee a oct redudioD iD their biDs. 1 

iDcome llld older cow"DDIa would be apecially bmd bit by tbia rebt'ancina Given 1be WBY 

tbe que3tka wae .ad, we defiae low iDcome a aU l'elpODdeSI with Ill iDcome below 

$10,000. Tbia poup aep 1 •• appao•h"•ely 11 peroc:ut oftbe total respoodeuts This resuh 

is CCJ"•isteat wid1 the 11101t recem ant11t populllion auney in Florida publilbecl by the Bureau 

oftbeC... 

AlllelpOIJdeaD in 1hil poup would be CODSidcred to lave a iacome below 125 perteDI 

oftbe poverty lne1. 'lbae would 1:le ...,.._ let ofi'CIIpOIIdeml with iDcomca in the nmae of 

Sl 0,000 to S17 .500 wbo are allo coDiidlncl to law iDoome below 125 perceat o.fpow:rty 

becale of._ lqellmily abe. 1be PSC IUrYe)' doea DOt llllb it pollible to ideuuiY this 

1 Resi M!CiiJ ,....,.. .ay lleli:rilk f:lr ........ fll• t+Md!WJI $4 fll CCIIIIrillulicm wbidl ..,aid be 
etimjgeeedt..adMr ...................... ,,.. ... ~ 
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poup but il iiiUMetfltl It would equal about .,.,_ 5 paceat of tbe bolllebolds iD the 

Older 1iDaJe bou.bolds .re defiDed u 1iDaJe periDil boulebolds with the penon older 

tbm 65. Old. coupJcs .e defined • two penon &ou.bolds 'db both per.,. ewer 65. This 

elderly poup eqUIII jail 1llller 10 pa111t of tile popa)ldoD. 

Tbae two p»upl owa'llp •mewbat. Some older bo\DeboJds 11e low iacome. The 

total aroup weldenllty a low illcome or elderly equa1a 18.1 percem of the populltion 

distributed u Bxbibit 7 lbows. 

BXHIBIT7 
DISTRIBnON OF HOUSEHOLDS ACROSS CATEGOlUES OF ANALYSIS 

LOW INCOME 

PERCENT OP 'RESPONDENTS 

65 ct OVER HOUSEHOlDS 

YES 

YBS 2.8 

'NO 7.1 

NO 

8.2 

81.9 

TOTAL 9.9 90.1 

11.0 

89.0 

100 

~ tefiwl..ney dD Vt'IOUid clefiDe aiOIDDWblt llqer poup. The total aroup 

would certaiDly be more t1..a 20 perceat (oa.tlfth) oftbe populadon llld iD all Ukelibood 

would be aboul25 .,.-ceat <.....-> oftbe populltioD. 
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'l'biJow Dille ad 65 & 0\W .......... IIOIJI'I haw c1istiDctM teleconnmuritAioDS 

coiiiUIDplion pamw. Pint, low illc:ome ml65 a OYer hoUiebolds •ve a lo\WI' overall bill 

thlll ott:.s <-B.xbi1* 1). 1'bly COtW•••e lela of the tiUa IDd lpeDd lea OD 1oaa distance. 

Tbas, dtey lpllld aae, • a,_.,..,. ofdla1Dtal bill, oa buic localla'Vice tba otbcr 

bo\lleholda. Tldl is tbe pm ofthl bill dllt wDl ao ap, DOt doWD. 1bis il pildcu.llrly true for 

6~ct0Wir ....... 

The CCW*"''"'ioa ,..... oftbc low bomellld tbe 65 & OYer houtebolds ltiDd in 

lharp waaa.to 1lllt of odllr baulebolds. We DOte thlt tbe kq dislace bill of DOD-low 

iDcome, DDIHidcaiy ..,._.., ... U. illllprbo tbe toca1 bill of liDale 65 ct owr 

bou.bolda. It il equal to 11101e tt.D 10 pllaD ofde total bill of6S ct OYa couples and low

iDcome boulebolda. 

Secoad, older.,.....,.... .. ~ Ulllikely to buy vatical terVicet (tee Exhibit 

9). Over balfparcblle DD vmical• vices wballoewr. 1bus. tine qUIItCrS oftbe belefit of 

bolllebolda. ADOtber ~ ofthl 65 a Over hoUICibolds purchues only oDe. Rate 

reductioDib tbele .mce. lie DDt likely to tipificully beDefit tbele bouaebolds. OYer half 

ofJow-iDcome mu.bolds buy oae or...._. wrtica1 tenices aDd two-tbirds buy two or Jess. In 

comrut, IIDDDI DOD-elderly, DOD-low iacome bouebolds almoatlalfbuy three or more vertical 

services. 

20 
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EXflaTI 
LCM INCOIIE AND II & OV!R HOU8EHOLD8 CONSUME LESS 

100 
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10 

0 

. TELEPHONE IEJMCE 
(LOCAL IICLUDED 8AIIC AND VERTICAL 

LONG DISTANCE INCLUDED INTRS AND INTERLATA) 

OTHER LOW INC. 65 & OVER 65 & OVER 
COUPLE SINGLE 

lotOCAL. aLONG DISTANCE I 

SOUrce: FLORIDA PU8UC SERVICE COMMISSION SURVEY 
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EXIBTI 
LOWV INCOME & II & ova HOU8EHOLD8 ARE IIUCH LESS 

UKEL Y TO IUBICME TO REI L8 & WHISTLES 

0 1 2 3 4 5 6 

NUIIBER OF VERTICAL SERVICES (PSC SURVEY} 

Is; oTHER mLow INCOME HH aes & OVER couPLE ~aes & OVER SINGLE I 

Source: FlORDIA pt&JC SERVICE COMMISSION SURVEY 
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Given. the larp shire oft.be beDefil of t11te reb1J111ciDa bl would ao to busiDess 

customers 8Dd the bi&hlY sbwed DllUre oftbt coasumption ofvaticallel'\'ice we can draw 

geoerai conclusions abo.rt the ownll imptct of rate relwlancina, altboup we urae tbc 

commission to conduct IICtUil bill impKt analysis (see Exhibit 10). We estinwte that 1he 111te 

rebalancing suggested by the tdepboDe eoqMmy "comributioD" ..:lysis would leaw aiDe out 

often 65 & OYer· households IDd eiabt out o.ften low income boUJebolds with higbcr bills. 

About two-thirds of all re~idec• Mllltepayaa would bavc JUaber bills. About oDe-third of 

residemial customen would ead up with lower bills. 

Given tlae resulrs, it ia DDt aprisiag to fiDd that Jow iacome ad older households 

feel they would be mrced to cut beck even iftbe buic terVice iDcrale were only S2 per mouth 

(see Exhibit 11). Even at S2 per mouth over balftbe low·income rapoudents 8Dd more than 40 

percem oftbe elderly boUieboJda ay tbey would have to cut beck. Wben preaemed with an 

increase closer to dwt imptied by the tclcpbo.De compeny rebalaDcing proposals - S 10 per 

mo.Dlh- IDICh larger percetaps aytbey woWd .. veto cut back (see ~oill2). 

CONCLUSION 

Based on t1Us analysis, we coocludc that there is oo justification to increue basic 

service rates. Rates in Fkmda are just, reuolllble, &ir aDd pnerally aftOrdable ~· The 

dramatic rate m.••ncin& propoiOd by tbe iDduiCry would result in a net iDaeale .in the bills of 

most residedtial ratepayers. 'I'be increue would. be llrpst fbr those least able to aft'ord it, 

bccB~DC they CODJUIDC &wer of the C'Viccs wbotc prices would be lowered. Many would 

suffer under such a policy; some would be fOrced to give up telcpboDe JCI'Vice. 

23 



lqJosiDa tbil blllclea GD 1bil wiDable popdldoa ilaot dic111ed by ecoaomic ...,_or 

Jep1 ,.,.,_. It il ce&taiDly DOt Nqlliled iD tbe IIIIDB of&imea. 



IXIJIIIT 11 
FI.OMIAa FEEL I!VIN A I2INCRMIE WOULD CAUSE 

THEil TO CUT UCK. aPI'¥1 ':'1 THE ELDERLY AND THOlE 
WITH LOW INCOMES 

ontER ••ova 
COUPLE 

II&OVER 
INJLE 

LOWICOIIE 

lmGNE UP 8BtVICe BCUT BACK a IEWHEREJ 

Source: FLORIDA P\BJC 8I!IMCe COI8118810N SURVEY 
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PERCENT OF HOUIBtOLDIIUFFI!RING RATE INCREASE AS 

AREIULTOF 
RATE RE8LANCING 
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FLORIDIANI FElL IVIN A 12 INCRIAI! WOULD CAUSE 

THEM TO CUT UCK, -!CIA' I Y THE a.DERL Y AND THOlE 
WITH LOW INCOMES 

45~----------------------------------------

OTHER II a OVER II a OVER LOW ICOIIE 
COUPLE SINGLE 

lmGNE UP SERVICE a cur BACK B.IEWHERE I 

Source: FLORI~ PUBUC SERVICE COI.IIIIOH SURVEY 
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EXHBT12 
FLORIDIANS FEEL A tiO INCREASE WOULD CAUSE IIAJOR 

TO CUT8 BACKS 
IN TELEPHONE AND OTHER EXPENDITURES 

OTHER II a OVER II & OVER LOW ICOIIE 
COUPLE SINGLE 

joGNE UP SERVICE Ci1CUT BACK ELSEWHERE I 

Source: FLORtDA PUBLIC SERVICE COMMISSION SURVEY 
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EXECUTIVE SUMMARY 

This paper analyzes the impiCt of providing three premium services - long disULnee 
service at the tum of the twentieth century, direct distance dialing in the middle of the 
century .. and now inteUigent network services at the end -- on local telephone exchange plant. 
The repon applies an analytic model of technological change to these three major chances in 
telephone service. In thil model, aechnological changes~ respon1e5 to engineering and 
design problems posed by ·the provision of new services over existing locaJ telephone 
exchange plant. Making new services available over existing facilities necessitates a variety 
of technical ttansformations, affecting: 

• Transmission medium aver which communications occur. 

• Switches, which determine how messqes ~routed. 

• Signaling sysaems, which delennine how the flow of ttaffic is controlled. 

• Numbering syaems, which deaermine how messages are identified. 

• Acc:Ountin& sys1CIIll. which determine how transactions are recorded and billed. 

As a result of lbese· lechnicalttansformations the very orpnization of the network, who 
talks to whom and what constitutes communication, is transformed. The success of new 
services depends noc only on technical cqes to cransmission, switching, etc., but also on 
the ma&nitude of' the costs associated with those changes, how rqulaum alloc:aae thole cosu 
among existing customers, and how prices for services clwlge as a result of these decisi0111. 
The model considas all mae fiC1ors as they affect bolb new and existing services. The 
results of the model are summarized in Table ES-1. 

The paper shows that previous instances in the addition of premium services impaled 
costs on local excban&e plant because that plant, which was utilized by all services, had to be 
upgraded to meet the most rigorous needs of ~the most demandin& services. While the 
addition of premium services enhanced the quality of telephone service, lax regulatory 
mechanisms resulted in the misallocation of costs. Premium xrvices brought cost increases, 
but regulators failed to study cost causation closely. As a result, regulators aa:epted 
telephone company arguments that basic service did not cover its costs, when the opposite 
was actually the cue. · 

The historical misallocation of cosu pales in comparison to the potential misallocation of 
intelligent network service costs. In the next several decades hundreds of billi0111 of dollan 
will be spent up&J'Idinglhe telephone network, shifting its focus from voice uses to data and 
video uses. 

This paper demonstntes the need for careful cost causative analysis. The cost 

• 



• 

disadvantqes of the intelligent network teChnology far outweigh the cost advantqes for basic 
service, and the economic impact of the deployment of these technologies will be 10 raise 
total costs considerably. In the put, combinations of cost reduction and revenue arowth 
.resulting from the inuoduclion of new services permitted O\lerall price declines, cushioning 
the burden of cost misallocation, but that is unlikely to occur with intelligent network 
services. The ,costs are so Jar&e, the benefits are so heavily concentrated in specialized 
services and the demand for those services is so uncenain that the possibility of price 
reductions is very small. 

Unfonunatdy, state commissions have not adopted appropriate ,approaches to allocate the 
costs of intelliaent network .-vices under their jurisdiction. The: .report urges rqulaton to 
recognize tbat the incentives for creating the new plant are solely directed to meetin& the 
needs of new and premium savka. Con~Cqucntly, they will need to develop alJoc:ation 
methods that consider the cost impiCtS of premium services. 

ii 
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A. lntroductloD 

I. INTRODUcnON, 
ANALYTIC FRAMEWORK, OVERVIEW 

AND POUCY RECOMMENDAnONS1 

Throughout its history' the desip or local exchange plant facilities has under&one 
successive tmnsfonnalions 10 meet the needs of premium communication services which 
utilize this plant in common with the provision of basic service. 

"' The development or Jon& distanCe (1011) service and its in~epation with Joca1 service 
and the abandonment of separate local and toll netwOrks wu one such instance. 

• The evolution of messqe 1011 from manual, to operator-assisted service, to fully 
autOmatic, customer-clialed handlin& wu another step in the provess of telephony. 

• Today, the provision of information leMces over local exchange facilities and the 
abandonment of II:PUife YOice, da11 and video netWorks minors earlier panems of the 
development of premium .avices. 

While the historical process of this deVelopment is well known, the extent to which the 
costs of this uansformadon were borne by basic exchange ratepayers is barely recopized. 

B. Purpose and Aaalytlc Framework 

1. Purpcaae 

The purpo~e of this paper is to examine the imJ)ICt of the provision of premium se:rvices 
on the technical daip, operation, and cost of local exchan&e plant and implications o! their 
provision for local rata. It be&ins with hiaorical examples to pin a better undentancliDc of 
the process of chanp, bul the primary focus of the repon is on contemporary technolopcal 
changes onaoin& in the ldephone nawork. 

This paper does not offer a prescription for lhe 'best' method of cost allocation, nor does 
it seek to paent an exhaustive compendium of teChnological chan&e in abe put century. 
Rather, it seeks 10 adclras a prior and ·perbapi more fundamental iuue. It leeks 10 esaablisb 

· the fldUIJ buis for inliJti• on a careful cost cauadve analysis of aechnolo&ical chqe in 
the first place. It does to by reviewin& repeated instances or major leChnoJo&ical chanps 
throuJhout the history of the industry in ·~cb tbe failure to enwe in sound cost caUIIIive 
anaJysis led to serious millllocauon of cosu to buic local exchanae service. The issue bu 

1Dr. Mark N. Cooper provided a major coolribution 10 the analytic framework in Ibis 
chapser. 



never been whether or not to permit technology, the question has always been who pays for 
it. 

This chapter fust provides an analytic fnmework for understanding teehnolQiic:al chanae 
in the lelec:ommwUc:ations industty, and tben briefly applies this model t.o three case studies: 
the integration of lcm& disaance into tbe local acblnae netwOrk; tK conversion of the local 
exchange network to direct diltlnCC dialina; and tbe c:onvcnion of the loc:aJ cxcbanae 
ne&WOrk to the Intelligent Network. Chapters D and m develop the model more fully. Table 
J-2 provides a detailed summary of the model. 

l. Analytic framework for aDCientaadlal ttdmolopcaJ dlaqe 

The most exactina Nquirements of the most euaina (premium) service are the drivers of 
cost in the tdecommunic:lliau aerwork. Jn Older to undemlnd the impact of premium 
services it is necessary 10 consider bow the addition of premiwn services has intencted with 
and been determined by technical, economic, and rqulalory constrlints. 

The history of tecbnoJocic11 cbanp in the tclecommunications industty can be broken 
down into five steps, whicb 11e rouahiY .equentiaJ (tee Tlble J-1). 

1) Problem: Wbal ftmc:tianJ do people or compuies want lbe telephone network to 
perform? Wbll opaationll cbaractailtics do the functions JeqM? 

2) Technical Solution: How does the sysaan wort in order to &et lhe job done7 What 
ue the desip considerations (tolutions) \hal drove me chan&es in the necwor1t1 

3) Cost Implication; What capilli cosu does the technolo&y require? How much does it 
cost? 

4) Rqulalory Response: HoW do federal and state regulators identify costs and allocate 
them for recovay in ma"' 
S) Price lmpiCl: Who pays? How do price tJcnds durin& lhe period of technological 
chan&e reflect rec~ulalory decisions1 

For ac:h of the ~or ctumaa in the industty studied in this paper, all fule of 1be above 
steps me considered. Special attention il pven 10 s&ep 2, lbe 1eCbnk:al chanJa necasicated 
by lhe ldctition of premium teMc::es. For ach major ehanae in the ldecommunicadoas 
network that is studied, tbe impiCt of the lddition of new servic:a on one or more of the key 
technical buildin& bJocb of a telecommunicalions netWOrk is examined. Thae are the thinp 
a telecommunications nc:twort hu to do in order to function. A aechnolOJical cban&e will 
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PROBLEM 

t 

TECHNICAL 
SOLUTION 

t 

COST 
IMPLICATION 

t 
REGULATORY 

RESPONSE 

t 

TABLE 1·1 

FllAMEWORK FOR ANALYl.ING TECHNOLOGICAL CHANGE 
IN 11IE TELECOMMUNJC4 TIONS INDUSTRY 

WIIATTECHNlCAl. PROBLEMS DOES THE PROVISION OF A 
PARnCULAR SERVICE CREATE? 

WHAT EQ1JIJIM:ENf OR ORGANJZAnONAL CHANGES ARE 
MADE TO OVERCOME THOSE PROBLEMS? 

NIN!Ort Orpnization: Wbo &alb to wbom and bow is dw coaaeccioa 
....WiiMd? 

T ........... : What is lbe medium over which the coiiUDUDicatioas are 
-.&? 

SwitclliDJ: How are ..-,_ from one subleriber 10 UOiber IUblcribu 
rOUied? 

SiJDIIiDI: How is the llaNS of the syt&aD iDdic:aled for ~ of 
CICIMrOI1iq tbe flow ·Of traffic? 

NUII!beriq: How are ..... ,_ add..-ed 10 lbal lbey cu ,ec co tbiU 
datine•jm? 

M_,_a or eccoun&iDJ: How are ICCOUDts identified ad lfMtrtioas 
t8COidld for billiDJ puf'POSI'? 

HOW MUCH DOES IT COST TO EFFECTUATE THE CHANGE 
AND DEPLOY TH£ NECESSARY £QUJPMENT? 

HOW DO REGULATORS TREAT 11IE INCREASED COST (OR 
REVEMJE) THAT Jl.OWS ntOM 111E SOL\TJ'ION? 

JIRICE IMPACT HOW DO THE CHARGES FOR VAJUOUS SERVICES REf1.ECT 
REGULA TORY DECISIONS? 
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not have a significant impact on the network if it does not significantly affect one or more of 
these building blocks: 

• Network Organization: The basic way a system is set up and the users of the system 
interact. · 

• Transmission: The medium over which the communications is sent. 

• Switching: The manner in which traffic finds its way from origin 10 destination. 

• Signalin&: 'The manner in which the s&atus of the system is indicated for purposes of 
controlling the flow of lrlffic. 

• Numberin&: The way messqes are addressed .so that they can get to their destination. 

• Management of accounting: Provision for system ITW\Il&Cment to allow billing, etc. 

Table 1·2 summarizes the results of the model (the same table also appears i'n the Executi·vc 
Summary). 

3. 1be importance ol cost causation analysis 

This paper is based on the premise that in order to answer the fundamental question of 
regulation "who should .. y?"- oae must unders&and how the telephone system is designed. 
One must know what causes costs to be incurred and which services. benefic from the 
deployment of specific pieces of costly capilaJ equipment. 

This cost causative analysis is necessary for bolh economic and equity rasons. If COSIS 
are not properly attributed to the services wbich cause them, prices will not be properly set. 
If prices are not set 10 properly reflect costs, resources will be misallocaled and income will 
be transferred from the subscribers of tbe overpriced service to tbe subscribers of the under
pri.ced service. 

Thus, pricin& which is noc. based on good cost causative analysis is both inefficient and 
unfair. The fact that cost allocation in a complex netWOrk like the lelepbone system is 
difficult is DOl an excuse to ncaJect cost causative analysis; it is a reason to expend even 
greater effon on this c:rucial IUk. 

4 



Slaew. ATIIJIUA'nCifl UIULTI UC CoJMIIUCIIII AlfO ~ 
.. AIIAft Jll'niiCIIU wtiiCtl CAUII OPUA'ftll. ~ 

~ 01 A PAlTIC\I&A JIICIIIIWI aJ1C1 
lll'la GIA11'? 

NETWCJIII( WM0 TALIS TO WtiCiie NfD IJtllaaA'IIGIIlll LOC:AL AMO I.ONG UIIQIUITOUI DIIICf Lilli 
OllcW4Z.ATJOH Hllllll II '!Mo\T CDifiiiC1ION DlltNICI ~ 

IITAIUaiiD? 

Can-c.to'n!l 
~..,..,.. 

~__, 'MMAT II nil ~ O'Wia Gloiii'OID CAlLI TO IIIITALUC 
WHIOI ,_. CiO"'WW ~11011 CIIILI ..,. LOIDIIIO GIL NeD 

10..11 wtii/AI "i''CDUIIAL. CAlLI. ~ ,_ Cl"nC' 

IATILUft. MlaiGWAVI}" CAlLI NID T·l CAMIII) 

IWm:IUIIIO 

SIG~ 

~ 

con 

UG"""TO&Y 
.-oME 

PUCEN'ACT 

IS...,., ....,.,... u-.lfaOl: 
lfMICIIIIID TWIIfiD PAll (LATI 
InDIO 

How All IIIIIIN:III NAIIUAL IIIICIOGWtC IIGV'IID...,..... ...... ., 
How • ,. lfAl\11 or 1M! ~D.C.\.ODP 
lfftiM MICA'IID 'TO JlloiAIID 
CIQimiGL ,. Nllll' 

01 """""' 

,._,....__, 
'"""' ,......, 

,._ ..... AICilQIUifft ~ 
...,... AIC) 

~ UIXII.DIIJ? 

How MUCII ._ rr GDrT JS fUCPrY...,.,. .. LOC:AL 
TO lllft.G\' 'n!l ......aY IJIOWIOI P\AitT 
IICIU..-rt 

How DO UCIUVI111111 PloaAL.: NGIIIIoAL 
ftMT'n!IIN ··-<XII'It 

IT aft: GIIII&AU. Y lOti 

HOW DO PIICIII .......,. l*'lteO:IAICAL uPSJI : 
UDIAA'ftli.Y N:IIUJ 11'1 1.0110 DCifNK'I: 

IMOIIT MUL 110M! 20" 
U.O HAUL IOMIISS 

A.C .• UN A11D Sf 
... MMD 

CS .....,. INCUAII uc CSitftN. .... .,......., 
ITA"NNIC·~IfA'!1011 AU.OC:Afta 
WUIInlll GIII'T TO I.OIIG 1111\'NCI ., .•. ~ 
YALUIIlll -VICIIIIIOUAL 
NICIIIO. IICTaNIIITIUTA11 141'1 
IIQUALIIZA'ftOII 

l .... lt59: LOCAL UP 2Tl 
LCIIC DllrNCI: 
l!fftUfA11 UP •• 
llfftAITATI &/P 1J I 

~· 

HUIIDIIIDI 01 ...._ 

.. _.._.&Jill 
~-GIII'T 

---·· &.GOU. 
... Kll¥1 I'OUC'Y. 
ICIIII M¥1 UoY 'I D11a1 
~ ICDIIIC*It 'IIIII 

~ 

·---~--................................. ef .............. , ....... ,-ef......_ ____ _ 

s 



4. Conunoa local exchaD&t plant and local teltphone service 

To aid the analysis of cost cauation, it is extremely imponant to emphasize the 
distinction between basic local telephone service and the common local exchao&e plant. 

• Basic local telephone service is simply voice telephone connections within a 
specifically defined locaJ service area. 

• Common local exchan&e plant is comprised of those facilities that are physically 
located within the loc:al area, but are used to supply both the basic and the. premium 
services in common. 

The local excban&e facilida are common facilities for the different kinds of services that 
are provided over them. When we say that a facility is common, it simply means that it is 
utilized by many savice c:Jaaificabons. for example, the local loop normally consists of a 
melallic wire pair which connecu lbe: subscriber to his local central office. The subscriber 
originates and Jecei\G lOCI) achan&e calls, ·intrastate message loll calls. interstate message 
toll calls and various forms of data traffic. Each of these service classifications utilizes the 
local loop u qunmgn plant. 

The engineering daign IWidards and the investment and expenses incuned for local 
excbanp plant are decermined by the vuiety of uses to which those facilities will be put. 
When excbqe plant is qineered, it is done in such a way as to accommodate the mos.t 
exacting requirements of me most exacting (premium) services which utilize these facilities. 

C. Case Studies 

J. IDtroduetloD 

for many years reculators have accepced telePhone company arcumenu that local 
exchan&e telephone service has been subsidized by revenues &encraled by long distance 
services. The history of the deYdopment and operation of the industry indicate otherwise. 
That history is charlaaized by four interrelated themes: 

• Basic: local exc:hanae plant is generally simple to design and relatively inexpensive 10 
operate and maintain.· The servi-:es that can be offered over basic local exchange plant 
ue also relatively simple, e.g. plain old ('voice) telephone service (POTS). 

• Over time, telephone companies have offered more complex, premium services such 
as long distance services over local exchange facilities. 

• The effon 10 acc:ommodale me technical ~uirements of the more complex, long 
diSWM:e services has impoted numerous and frequently expensive modifications of 
otherwise inexpensive loc:al exchanae facilities. 

6 

• 



• Race rqulalors did not properly attribute the costs of those expensive modificatifu1s to 
the services which denwMSed them. By usiJning the increased cost to basic local 
service, rather than to the. services which caused them, they created the illusion that 
local service did not pay its fair share. In fact, it was carrying a luger share of the 
CQSts than the benefits it derived from the leehnological advances. 

The story of tone cliltii1Ct cost allocation nught be just a quaint vignette of ancient 
history, if history did not have a tJoublinJ way of repeati.ng itself. Today we stand on the 
verae o.f ancxbef major effort to reconfiaure the telephone .network to acx:ommodace a ·much 
more varied mix of premium. services. 

Video and dala servic:a reflect fundamentally different types of service, each of which 
imposes additiOMI tecbnical standards and costs on the loc:al telecommunieation sysaem. For 
example, data communicalion requires different, hither quality si&nals becaUJe computers 
cannot maer out noite an the line that lhe human ar filtell out in the normalaudiaory 
process. In addition, bodl video and dall&enerally require much more speed and canyin& 
capacity (bandwiddi) than voice in order for transmission to be fully effective. 

The present public swilehed CCiephone nmwork was engineered for voice-&nde services, 
driven by the costs of lola& diJiance service. While the existing network struCtUre is perfectly 
satisfactory .for this purpose, it is unsatisfactory for transmission of medium and hi&h·speed 
data. Hence, it is bdn& converted fiom voice (analO&) to di&ital at an acceleratinJ rate 10 
accommodale the hi&ber tecbnicaJ requirements of data servic:es (Freeman, 1989 and 
Crowley, 1962). 

Local exchance plant will apjn be used as a common facility to supply local telephone 
service and an increuin& variety of •premium• servic;es that impose increued costs on the 
common local exchan&e plant. If the costs of thole services are apin misallocated 10 local 
telephone service, history wiU repeat itself. By most estimateS, the stakes are hup. In the 
next several decides hundreds of billions of dollan wiJI be spent up&radina the netWOrk from 
a focus on voice uses 10 a focus on data and video uses. 

App1opiate allocation of these costs has become more critical becauae the current round 
of technolocy deployment is fundamentally different than in prior periods. ln the put, 
combinations of cost reduction and demand growth could quiclcly cushion the bunteD of cost 
misallocation, but that is hi&hly unlikely in the inlelligeru network. The costs are 10 laqe, 
the benefits so heavily concentrated in ~ized services and the demand for thole setViee 
so uncenain that the ncar to mid-term possibility of price reductions is very small. 

2. lntearatlnalona dlslanee Into the leal exd\a• network 

At the very bqinnina of the telecommunications industry. local and lone distance service 
were delivered over sepaase netWOrkl. The &echnical problem was that sendin& telephone 
signals over long disaances was considerably more difficult than telecommunications 0\ICr 
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sboner local distances. As a tault, two different technoloaies were utilized. l..ocaJ service 
was deli~ercd to che home of individual subscribers over a single wire. Long distance 
service was offaecl between tdepbone company central offices over two wires. 

Integrating the two systems greatly improved the convenience of long distance service, 
but it also imposed heavy costs on local exchange plant, since that plant had to be upJJ'Ided 
to meet the demands of lOll& dis&ance eommunications. The c:osu of this chlnae ~ 
imposed almost entilely on local customers, rather than long distance customen. The local 
exchan&e companies and their customers were used both to absorb the cosu of lone diiWlCe 
service and to unden:ut competing independent telephone companies. 

The price chances over this period reflected the prefereutial treatment afforded to long 
distance service, in spite of tbe hi&h demands it placed on the network. Wbile the price of 
local service increased hom the early twentieth century until World War II, long distance 
rates declined steldily. Between 1900 and 1940 local rates increased by over 30 percent, 
while long dimnce l'lleS declined by over 60 percent (see Table 11-2). The reduction in 
chaJ'&es for lon& diance rata can be auribu&lblc only in pan to the enormous improvements 
in interachanae technoiOJy that occurred over this time period. 

3. 1be CODYenl• to direct distance dialin& 

The image of rows of' operaiDI'S pluginc and unpluuinJ telephone lines to complete 
calls is a. classic telephone indUIU)' sy.mbol. The interaction with the operator was 
cumbersome, requirin& the caller to say who he or she wanted to call and then waiting for 
the operator to connect thfOU&h to another operator who would ring the desired number. 

Without major rechnolOJical chanaes. however, this interaction was unavoidable because 
a great deal o.f work was done by the opemtor. The manual functions performed by the 
switchboard operator included trunk selection, signaling, timing and ticketin& or calls. 
These functions hid to be supplanted by various mechanized processes for direct subscriber 
intel'connection to be achieved. An additional, and perhaps more interesting requirement, 
was the introduction of a uniform, nationwide numbering syStem. 

Thus, enormous cbanps and improvements in the makeup and design of local exchanae 
plant. were rM"t'ft!!'Y prior to the introcluclion of Direcl Distance Dillin& (DDD). Five 
requisi.a had to be met in order for diteet dis&ance dialing to be achieved: 

• ConversiOn to local dial services, 

• Mechanizaticn of billina and accounting, 

.. Modification of the signaling system, 

• Improvement in switching equipment, and 
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• Development of a uniform numbering system. 

All of these requisites to DDD had major cost impacts. Although these were larJely 
improvements nec:essiwed by lana dis11nce (toll) service, the bulk of the additional costs 
were bo~ by local cxchanae ratepayen. Althou&h coun cases had led to the ue of more 
sophisticated cost allocation formulas by the time of this conversion, these allocation 
formubs still placed the ovenvhe.lming majority of the burden on local ratepayers. 

Consis&ent price data is available for the period of conversion from manuaJ to Direct 
Distance Dialin&. Allhou&h, ~sive technical changes to implement DDD were the 
critical factor driving costs in the industry durin& the years 1949-1960, the price of basic 
local service rose by 27 percent between 1949 and 1959, while interstate lona distance (toll) 
rates increued by only 6 percent and state toll rates by 13 percent. 

4.Tbe~~-N~won 

The chaDges necessary to achieve an Intelligent Network are even more ckmanding than 
those involved in ODD. The current telephone network has been "optimized• for voice 
service. Moving data or video is quite another mauer. From the point of view of a data 
netwo.rk, the voice network is noisy, slow a:nc:l relatively nanow. 

The demands of data communicacion are fundamentally different than the demands of 
voice. Some key differences are described below. 

DELAY SENSmVJTY : 

Voice: High Sensitivity·· Silence in human conversation conveys information so that 
the voice network cannot add (or remove) periods of silence. 

Da1a: Low Sensitivity - Most data do not alter in meaning if they ue delayed in the 
network far a few seconds; a pack.et containing temperature information for 
lhe Chiclao airpon will not change in mtaning because of the additioo or 
removal of a shon delay in the network. 

HOLDING TJNE: 

Voice: Lon& ·- Telephone caJis usually Jut for a relatively long time compared to lhe 
time necessary to set up the call. While it may like 3 to 11 leCOnds to set up 
a telephone call, the averaae local call lasts for about 180 seconds (3 minu1CS) 
and a toll caJI for about 300 secon.ds (5 minutes). 

Data: Shon •• Most data traffic is bursty; i.e., the bulk of the dala is transmitted in 
a short period of time, .such as checking on a credit card (interaetiv't 
applications). A ~10 rule is often cited to demonstrate this: 90 percent of 
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the dala is transmined in 10 percent of the time. Since data transmission wilJ 
tend to be very fast, long call setup time provides inefficient networks for data 
service in contrast to voice uansmission. 

FR:eQUENCY 

Voice: Narrow -- A 3.1 khz. passband is sufficient for human voice. lnaeasin& the 
bandwidth avaJlable for the voice call does not affect the duration of the call. 

Data: Wide- Da11 can use all of a channel's available bandwidth. If additional 
bandwidth is made available for a data call, the duration of the call can 
deaeasc while die speed of transmission can increase. The wider spectnun 
for voice traffic with its lona conversation times becomes an inefficient and 
redundant use of plant. Data networks operate efficiently at 64 khz. 

The limitation of the analOJ network for premium services can be summarized by notin& 
that it takes over two minutes to send a paae of facsimile over an analog network, while it 
lakes about S seconds to send it on a digital network. 

Converting the telephone infrastructure from voice to data or video is a massive 
undertaking. The tdephune companies propose deploying an Integrated Services Digital 
Network (ISDN) composed of: 

• Fiber optic cable. 

• Digital swicches. 

• An entirely new si&nalin& system (SS7). 

The cost and complexity are commensurate with: the size of the undenaking. Although it 
is difficult to know precisely how much the overaJJ cost will be, it is clcu that it will be in 
the hundreds of billions of dollars (Wigand, 1988). 

These technologies will raise the cost of providing service. Given these luBe costs, only 
increased revenue can hope to make the technologies a net economic benefit to the o~~ 
network. Future revenues cannot be credibly projected, however. Independent analysts have 
.Jmdicted thai voice communications will continue to generate the greatest portion of ISDN 
traffic (Strock, 1989, 180 and Finneran, 1991). The vast majority of users will benefit little, 
but they will bear the costs unless cosu are allocated appropriately. 
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D. PoUcy Conclusion: Proteet Local Exchanae Customers 

The current replacement of voice-grade (analog) facilities by digital switching and 
transmission are analogous to the events at the tum of the century when local and long 
distance. were integrated. Consolidation of local exchange and long disunce facilities 
introduced ec:onomi~ of scope in the early days of the industry. But the costs of 
consolidation were largely borne by local exchange ratepayers, while the benefil'S accrued 10 
the toll customers. 

Policymakers are confronted by a parallel question today as the industry seeks 10 further 
modify local exchange plant u pan of the desire to accommodate high-speed data and 
broadband service classifications. POTS customers will receive few service benefiu from the 
development of digital facilides. 

The urgency of the policy problem is underscored by the current status of the deployment 
of intelligent network technolQiies. The telephone companies have not yet significantly 
deployed 557 and ISDN, but they are on rtbe verae of doing so on a very larae scale. The 
Bell Operating C(mlJJIJlies (BOCs) are proposing to integrate their conventionaJ local 
exchange plant. digilal facilities with independent hi&h-speed data and information networks 
and accelera~e the deployment of these inteJral.ed facilities. The BOCs and the ~NUor 
interexchange carriers compleaed Umiled ISDN trials in 1990. Almost all major PBX 
manufacturers that nwket in the Unhcd States have indicated that ISDN-compatible prod,ucts 
are either available or under development. 

Table 1-3 reports the number of Bell Operating Company central offices equipped for 
ISDN and SS7 service and the number of equipped access lines for dle years 1987 and 
forecast th:rough J.994. lt is clear that midway into the 1990 decade ISDN development will 
c~ntinue to be at the periphery of BOC operations. Because new services made possible by 
SS7 have greater potential to enhance revenues than JSDN-based services, whicb have yes to 
generate customer interest, the: DOCs have moved more rapidly with the installation o.f .SS7 
than ISDN. 
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TABLE 1-3 

CENTRAL OFFICES (COs) AND LINES EQUIPPED FOR ISDN AND SS7 
REI .. L OPERATING COMPANIES: 1917-1994 

S51 

Central Offices Telephone Unes Central Offices Telephone Unes 

1987 9,237 4 0.0 
1988 9,348 82 0.9 
1989 9,389 179 1.9 
1990 9,406 426 4.5 
1991 9,393 1,595 17.0 
1992 9,373 1,764 18.8 
1993 9,375 1,962. 20.9 
1994 9,366 2,269 24.2 

" Lila wm wm 

96,654 I 0.0 
99,524 43 0.0 

102,648 99 0. 1 
105,844 496 0.5 
109,228 I ,059 1.0 
112.,476 I ,370 1.2 
115,700 1,888 1.6 
118,961 2,218 1.9 

Nnte: 1917-81 Actual; 1989-94 Projected 

II 
Imil SS1 . m 

9,237 29 0.3 
9,348 435 4.7 
9,389 950 10.1 
9,406 2.083 22.1 
9,393 3,087 32.9 
9,373 4,101 43.8 
9·,)75 4,895 52.2 
9,366 5,362 57.2 

Snmu: CC Dgckeclft-264. lnitilll S.bmillinn, An.chment 8, Table ICM, Federal Cnmm11nic11tiofta ·Cnmmt.inn 
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• I2ll1 SS1 m 
96,654 1,035 1.1 
9,S24 10,325 10.4 

102,648 21,555 21.0 
IOS,844 36,706 34.7 
109,228 52,2SO 47.8 
112.,476 66,3g.t 59.0 
liS, 700 78,645 68.0 
118,961 86,964 73.1 



Still, SS7 has developed slowly to date. At the end of 1988, only about 10 percent of the 
RBOC's lines had access to the new signaling system. But, according to telephone company 
projections made in 1989, growth will occur rapidly beginninJ in 1990. By year-end 1994, 
the carriers expect that nearly three-fourths of their lines will be a~ble- \0 SS7. 

With costs about to be incurred, there is cenain to be a major round o,f debate over cost 
allocation and cost cauadon. Reaulators can &really affect the deployment of the leehnola,y 
and the impact that it bas on rata for basic and premium lei'Yices. 

The potential benefits of ISDN and SS7' may be great, but most of these benefits will be 
realized for new services, noc basic: service, and wiU not bt realized until many years into 
the future, if at all. Yet, to obllin thele benefits, the telephone companies must undenake 
subs&antial up-front investment in new netWork technology and prematurely retire existin& 
analog facilities. Bach economic efficiency and equity dictate that the costs of new 
investment should be borne by those who benefit by its application. As demonstrated in 
Chapter Ill, it is unlikely that the COSt advan~a&es of ISDN and SS7 will outwei&h their 
disadvantaaes, at least until both are universally deployed, d~ into the future. 

By and laJ&e, tbc. swc rqulatory commissions have not developed methods permitting the 
proper allocation or the COlli of intelliJent netWOrk services. Some state commissions have 
removed competitive services whicb utilize SS7 and ISDN from their regulatory scope. 
Approaching policy issues from the perspective of individual services is appropriate for some 
policy issues, such u detaminin& the competitive status of various services, but it is not an 
appropriate way to apprOICb the allocation of costs wociaaed with SS7 and ISDN. ISDN 
and SS7 are new netWOrk eooccpu, 1101 sinaular services. These netWOrk facilities will not 
only offer the established voice, data and video services available today, but will also provide 
as yet .unknown futur:e ICI'Viccs u software ~s. 

The job of ptO(eetina lhe basic raaepayer has become increasingly complex. But no 
tenable solution is possible until replaton unde:ntand and carefully consider the problem. 
The commissions should reco&nize that the incentives for creatine the new plant arc soldy 
directed to meetin& the needs of new and premium services and that basic local exchqe 
services should be imnlated from any c:ost effects. 

Ralher than attanpt elaborale cost allocation schemes on a service-by-service basis, 
commissions should consider allocating costs on the basis of generic service cateaories, such 
as voice POTS, voice Jon& distance, data and video. One possible use of thjs method would 

· involve usignin& no more cost to the basic POTS classification than can be identified u 
neceSSIJ')' urlder •srmd-alone• attribution, the cost of providin& POTS alone, independent of 
the provision of other services. 

Another suggested solution for this issue i\ for the regulatory commissions to defer capital 
recovery for those investments that can ,be attributed to future benefitted ~ice categories. 
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This me makin& question presents immediate cost allocation questions for services such as 
intelligent network services which require the new signaling system (SS7). 

L Outline of tbe Report 

The iemainder of the report is divided into two chap~ers. Chapter n deals with the 
historical example of Joaa distanc:e service impacting local exchange plant. Chapter m deals 
with the C~t round of leChnolo,icaJ innovation associated with •jnformation qe• 
services. Each chap4er will follow the model outlined in Table 1-1, whereby ~eehnoloaic:aJ 
change is viewed u a response to tbe technical requirements of new services, and rqulators' 
allocation of costs, and the raultina price changes, associated with technological chanae • 

. Within each chapter an effon is made to keep technical discussions t~ a minimum. More 
technical discussion is provided in an appendix at the end of the chapter for those inaeres.ed 
in a greater level of leCiuUcal delail. 
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D. THE TECHNOLOGICAL DEMANDS OF LONG DISTANCE 
SERVICE AND LOCAL EXCHANGE PLANT COSTS 

This chapter wiD briefly review the history of the desi&n of long diswu service and the 
impact Jhat it had en local acban&e plant. Two major chanaes are examined, the intepation 
of Jocal and lon& diSIIDCe service at lhe tum of the century and the introduction of Direct 
Diswaoe Dillinl in me 1950s. 

A. The lntearatloD or LoDa Dlslaoce aad Local Senk:e: CratiD& a SID&It 
TnDSJDislcw System 

I. Network orpnlzatloa: sepante local and toU networks 

The provision of comnnmic:ation ovcr lonJ dinanca wu put of Alexander Graham 
Bell's •Grand Syswn" concept of 1878. Although toll lines were constructed by the Be1J 
Sy~ in limited locations, service wu handicapped by the rapid weakening of s&cnals over 
relatively shon distances. 

Long. distance laVice was provided en a separate network from local service. Few 
customers subscribed to bolh toU and loc:al service. For the majority of telephone uscn, 
placing a IOU caJI involved travelina 10 ATilT's offices in a city. 

The toll network involved camectin& a customer to a separate toll 'switchboard throuJ.h 
two wires, known u a meW1ic loop. Tbe construction of local exchan&e plant, on the other 
hand. was moddecJ after the layout of outside plant by the tdepapb industry. Local .ervice 
was provided over one wire (known as a pounded loop since pound wu used u the return 
path). Because of the difference in wirina, adl service uled a different type of ttansmitter 
and switchboard (Gabel, D., 1989). 

AT ll.T conjectured that this ineonvenialce accounted for the slow amwth in tbe demlnd 
for toll service. Contequently. the company chose to intepate its toll and local netWOrks. 
Integration of tbe two separate networks, the company reasoned, would make it easier for 
customers to receive and send toll calla. 

2. Teduucal problems: overcomlna tnDPDitlloa problems 

The technic:al problems of 1on& distance si&nal .amplification were allevia&ed with the 
invention of the loldina coil and the mcchanic:al repeater around the tum of the century 
(Fagen, 1975). Sublequendy, inqration of the two networks became secbnoJop:ally 
feasible and the local loop was convened to metaJlic cable capeble of handlin& lq disaance 
servk.e. 

The manufacture of tOll ,cable was also imvroved by World Wu I with the introduction 
of staggeftld twist pairs. At first, all cable pairs had a three-inch non-scagaat twist. In 
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1920 stagered twist cables were introduced on toll cable that used two differentlengUl.i of 
twist in order 10 reduce crop-talk in adjacent pain. Later, as many as five twisu were used 
in a layer. These measures greatly improved cross·talJc suppression (Fqen, 1975). 

~ telephone companies were rduC11nt to replac:e the non-auagered local exchange 
cable as had been done wilh lOll cable, however. Most local calls are shon-haul and the 
problem of c:ross-tllk was not as severe as on long distance calls. It may also be surmised 
that the extent of plant replacement was a bottleneck; there was much more mileqe of 
exchange cable in the network than there wu of toU cable. 

By the late 1920s the volume of lon& distance traffic had crown significantly. Western 
Electric, the manufacturina ann of the Bell Sysaem, discontinued the fabrieation of non· 
513Uered cable. In the followin& decades, 1hoosands of miles of non-stagered local 
exdwlge cable plant wu ranowd and replaced by stagered cable facilities in order to 
achieve satisfactory IOU Jrade quality. 1 

The policy of intepatina the networks had the effect desired by the company. As 
shown in Table D-1, lhe number of daily local exchln&e calls pew much more rapidly than 
the powth in toll Cllls. In 1883, subscribers averaaed 4.76 local calls per day; by 1889 
subscribers averaaed S.BS local calls per day. While the YOlume of toll traffic increased over 
this time period, it remained rdativdy constant compared to the increuin& number of 
telephones. Between 1883111d 1889, the number of daily long distance calls per telephone 
remained at a COIIIIIDt ratio of .<M ton calls per telephone. Jt was not until 1893 and the 
succeeding years as the sepame networb were gradually integ;raled, that toll volume shot 
upward. By 1920 the rate ~had quadrupled. 

3. Cost impac:IS aad tbe C'CIIt burdeD 

a. 1be Magnitude and Incidence of the Cost Burden 

This integll.tioo had a significant ClOSt impiCI. Jntqntion of local and toll facilities by 
rnerallici.zing its local exchan&e cable paiJs was estimated to increase local exchange costs by 

1 Information suppUed by Mr. A. L. Isseue, retired telephone engineer, Michipn Bell 
Telephone C'o~y. Impairment of intelligeace ,due to cross-talk continued to be 1 problem 
with data transmission. This is particularly true when •go• and •return· ctwmels are carried 
in the same cable. When the two directions of transmission are carried in sepM"ate cables, cross
talk. is diminaled. But sepuaae cables rault in lower average cable fill (Freeman, 1989). 
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Year 

1883 
1885 
1887 
1889 
1893 
1900 
1905 
1910 
1915 
1920 

TABLE D·l 

NUMBER OF TELEPHONES, 
AVERAGE DAILY LOCAL AND TOLL CALLS, 

BELL SYSTEM COMPANIES: 
118).1920 

A•eraae A venae Dally Calls 
DaUy Calls Per Telepbont 

Telepboaes Local Toll Local Toll 
(000) (000) (000) 

124 590 s 4.76 .04 
156 747 7 4.79 .04 
181 1,012 7 5.59 .04 
212 1,240 8 5.85 .()4. 
266 1,872 34 7.04 .13 
836 4,m 149 5.71 .18 

2,285 11,404 368 4.99 .16 
. 3,933 18.,256 602 4.64 . 15 
5,968 ~.184 819 4.22 . 14 
8,334 31,836 1,327 3.82 .16 

Source: •HiaoricaJ SWiil&ica oflbe U.S.: Colooial T ima to 1957: U.S. De.,.nmcnt of Commerce. 1960 eel.. 
Series R·l-9, pp. 410-411; ..man· calc:ulalioos. 

35 percent (Gabel, D., 1989). The cOsts of this service improvement were not distributed in 
a balanced fashion. 

• Most of the financial burden, that is the cost of adding an additional wire to the 
outside plant facilities, was borne by local exchange ratepayers. 

• The costs of uparading the customer insuument and the switchboard operator equip
ment were also levied on the local exchange company. 
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Since AT&T owned a majority ponion of each of the local companies, it :perienced a 
proportional loss throuJh the sharing of these cosu. On the other hand, the toll company 
was the primary beneficiary. The development and attractiveness of toll were made. possible 
by subsidies from local exclwlge customa'S. 

This cost shift hl4 powerful effects on local excbanae cosu. Given the structure of the 
industry, not only did local rates bear the burden, but so too did some stoclcholden of local 
companies. One seminal cue provida interesdna insi&ht into this c:ost shift. 

b. An Eff'on to Redress the Imbalance 

In 1893, Alexander Bell's patent on the telephone ttansmitter ex.pired. AJmost 
overnight, competi10n of the AT&T Co., known u Independent Telephone Companies, 
spruna up around the nation. The lndependents were attrac1ed to the provision of local 
serviCe becaute of the hiah profits earned by AT&T durin& the pa&ent monopoly period.2 

Widespreld customer di•tisfaction with the quality of 1elephone service provided by AT&T 
also provided a nwket openin& for the lndepaldents (Gabel, R., 1967). 

The Independents were most succasful in the Midwest. The Central Union Telephone 
Company, AT&Ts local operatinc company in Indiana, lllinois and Ohio fared poorly. Not 
only· did it tee its market share fall quickly from 100 percent to less than SO percent, it also 
suspended dividend payments in 1894. Throu&hout the competitive period, 1894-1913, 
Central Union operaaed It a loa (Gabel, D., 1989). 

Despite the losses experienced by its subsidiary, AT&T fdt it could absorb the local 
company operatina loss for 1 time in order to eventually destroy the competition. Tbe 
Amaican eomp.ny 1110 took the lona-rance view of' its toll market. Growth of its toll . 
business hid DOt beat IUbiWitial btclu1e of its stand-alone netWOrk. The COGIOlidatiCXl of 
facilities would eliminate the need for a stand-alone, toll network and expuld the numba' of 
customers who could be directly racbed over the toll lines. 

The benefits of system intqration were not universal. Tbe capita) costs of the 
conversion from pounded-to-maallic network up&rade were borne tocally by the local 
co~y. AT&T did pay compensBtion to Central ·union for connectina its toll linea to the 
local exchan&c plant, as well as for Central performin& the billin& and coUecbon funcDoo fOJ 
long dislance calls. But the minority ssoekhoJder$ o.f Central Union objected. They filed suit 
in the Superior Court of COok County, Dlinois, cbuJina that 1hey had been compelled to 
take on costs wbich were advant~Jeous to AT &c.T, but had received few benefits in exchange. 

' For example, between 1880-1899 AT'&T paid out Sl percent of its revenue in the 
form of dividends (FCC, 1938, 584). 
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The minority stockholders (Rad et al.) claimed that the decisions made by CelltraJ 
Union•s board of direclors were intended to promoce AT"T's national position, but that 
these inteJatS clid not coincide with the intereStS of the minority stockholders. For yean the 
market price of eentraJ•s stock had been approximately 2S to SO percent of its par value. 
The col}lplainanu fdt that the long term fmancial problems of the loc:al fum had been lucely 
an outgrowth of the competitive war which had been waged by Central Union on behalf of 
AT&T, and in order to bell meet the interests of its majority stockholder, AT&T. 

The minority stockholders believed that these sacrifices had been made with the 
undentandinJ that they would lhaJe the future aains. Havina experienced continuiq 
operating losses since 1893, the minority SlOclcholden believed they could recoup thele 
losses as the compain& Jndtpendent firms wae bankrupted and marlcet prices restcnd to 
profitable levels (Dever, 1917). 

The court decided the cue Jucely in favor of the complainants. The judae found that 
AT&T's boldinas in Cenllll Union were made with the intent co monopolize the industry. 
The jud&e onlaed that the losses incurred by the local company due to race cuttinc should be 
borne by ATia in proponjon to the bcftefits offered. Mote imponant to the point of the 
present papez. tbc judJe found that Central UnioD stockholdas were asked to 1p0n10r the 
growth of ATitrs toll servk:e. When the pins of the in~qr~ted network were not sbared, 
lhe court found this to be in violation of the laW'. It ordeled AT&T to shale the costs of 
uparadin& (mcWlicizin& the local lines) •based on the extent to which it benefined ~hereby 
(Dever, 1917) .• 

Central Union hid helped to sponsor the growth of AT&T"s intqrated, nationwide 
syllCm but wu denied the opponunity 10 shale in the benefits because of the c:on1111CtU11 
terms impaled by lbe parent company. Since AT&T had abused its fiduciary relationship 
with minority ltOdcholdets, the complainants were entitled to coun-otdered compensation. 

4. Replatloa 

As suges1ed by the coun case, rqulaton I~Y failed to recopize that excban&e 
facilities hid to be modified 10 accommodate toll. Indeed, in thele early days rqulllion wu 
exuemdy weak. Consequently, COliS were inappropriately incrased in order co effect 
compati.bility with the new requirements of the premium ~toll service. 

The dominant method of allocatin& toll costs in telephone ratemakin& has varied widely 
over time. In the early days of the industty the Bell System employed the ·Baud-to-Board• 
method of' COlt lllocation. Under this costina system., all the common c:osts of local 
exchance plant were llliped 110 localldephone senrice and none to 1011. nus is the 
underlyin& probJem challenpd in the Reid cue. 

The Jllinois Public Service Commiuion al10 cballenaed lhis method af1er World War I, 
wenin& that since toll service made use of the local plant and imposed COlts, it lhould bear 
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a portion of the COltS. This view was ultimately upheld by the U.S. Supreme Coun· in the 
case of Smith v. Winois Bell (1930). That decision provided the foundation for the •station
to-Station• method of jurisdicli.onal cost separations which would be followed for almost half 
a century • 

.5. Price cbaJIIfS 

The ,price changes aver this period reflect the preferential tteatment afforded to long 
diSlanCe service, in spite of the hi&b demands placed on the network (see Table D-2). While 
the pri~ of local service increased from the early twentieth century until the Second World 
War, lone dist~J~Ce rates declined steadily. Between 1900 and 1940 local rates iDc:reued by 
more than one-third, while lona diatanoe rata declined by one-fifth for short distance, 
intas1ate calls and over two-thinb for lonaer dis&anc:e calls. The reduction in charaes .for 
long dis&ancc raaa bas beeD attributable only in put to the enormous improvements i:n 
interexchlnp 1edmoloaY that occurred over this time period. 

B. Direct DlllaDCle DIIIID& 

1. Network orplllzltlola: user lntercoDDedloa 

The in&ep~ted local and loa& dillance tdephone network crated uound the tum of the 
century relied en manual inu:rcormection throughout the first decides of its existence. 
Interconneclion involved CUIIDIDer·to·operaloNo-customer connection. In the cue of long 
distance it involved CUJtOmer·UHJperator-to-operatoT·to-customer coanections. A m1jor 
change in Jon& dilaance service was the shift to DiJect Distance Dillin& - customer-to
customer incaconnection. To pnMcle a uniform, nationwide Direct Distance Dialin& le!Vice 
that would automatically interconnect miUioas of usen throuah thouancls o.f swiu:bin& 
centers was a massive undeniJdn&. 

Witb m~nual switchboard leiVicc, the telephone operator, upon insertion of the line coni 
into the customer jack, would riA& tbe called cUstomer by ute of a macneao eenerator or uip 
a sipal tone to the called line. Under this s)'llan, to1J switchboard operators were able to 
switch and dial Jona diaance calls throu&b 10 eermioation. They also manually lec:oJ'ded the 
necessary billin& information. With the removal of the switchboard opera10r, automatic 
signali"l (subscriber line sipalinl) bid to be deviled to qperate c:oneurn:ndy with the 
selection of the called line circuit. 

With this cbanJc, larJe-scale lei'Vice upJJ'IdiD& in local plant was requil'ed. 1bi1 
change took place in various staaes as manual switchboud operadons were enJaraed and 
extended. Changes in cenb'IJ office numberin& schemes, toU routinJ, ticketin& and billin& of 
long distance calls, as well u uppadin& of sipalin& and transmission methods were made 
.necessary with the automation of plant operations requiRld for DDD. 
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HISTORICAL PRICE TRENDS: 1900-lt40 

CAY TYPE PEBJOD PERCENT CHANGE 

LocaJ··' 19(».1940 +32 

New York to 1902-1940 - 18 
Philadelpbia (Toll)~ 

Loc:al"' 1913-1940 +4S 

New York 10 1911-1940 • 71 
Denwr (TollY 

New York to 1915-1940 - 81 
San FranciJco (Toll)' 

Sourca: •> •Jtillorical IIMi.X• olllt u.s.: Colollial Ta-so tm.· u.s. 0.,.,... otec...re.. 1960 eel •• 
sm. l·1l-16, p. 714; ..... calnlalioM. 

b) .,..._ IDd Sourcebcw* oa Tti.,.OM Price W•ud Jlllel.Awla , • hderaJ eo..vainMioM 
eoe.....,, eo..oa c.m.r ....... F.c.c .• AprillO. sm. Apperadia 7. 

c:) "TM &a vir• ofCGIDp•litioa ia 11M TMic:oaaaavllicalicD ~oau~~ry: I. w.,_ ... Job a.rt 
<Oe.,......,.., au.. a Hlia, 1910), , . 34. 

lntroduccion of DDD was 111 evolutionary process. It bepn with ldephone operiiOI'S 
dialing calls IU'Ii&bt lhrouah to the discant ldepbone, first, in a few cities, then fTtlel 
wideninc areas. As early u the 1930s some Jona diswa calls were beine dialed by 
switchboard operaton berN-. cilia and towns within relatively small areas. In the late 
1940s the Bell System introduced operaaor toll dialina more broldly. 

Beginnina around 1950, the ldepbone indUJtry introduced DDD as both a ICrYice and 
economy measure in me provision of kJn& distance service. The first community in which 
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ldepbone users could dial calls directly to distant poinu was En&lewood, New Jersey. This 
wu in 1951. Five years later, ll minion customers could dial nearby towns and cities. By 
l96S, 90 percent of telephone subscribers were able to· use DDD. Today the service is 
universal. 

l. Tecbnical problems aDd dellp coDSideradoas 

To provide this service, the tint need was for switchina amnaements that could 
produce a. unifonn service 10 that if the most immediate path throu&}l the netWOrk was busy, 
an al1emlle path would automatically be discovered, and for a numbering plan that could be 
applied nationwide. Above an, tbis meant. that the local switchin& systems, which were of 
many varieties and viluaaes, hid to be modified to unders1and the si&nalinl c:haractaistics 
and also to uansJ11e diffaat inputs into a common lan&uqe that would be understood 
throu&h any path tbrouab the telephone I)'Siem. 

a. Switdrlng 

The first requisite was the need to provide loca.l dial service in which the customer 
dialed diJ:ec:tly throuah to Giber local telephone subscriben. Mechanization of local service 
was a prerequisite to cus&omcr long distance dialin&. Many common bataery manual offices 
underwent conversion to automatic dial service not. for the economies rendered to loca.l 
exchange service, b~t because of the expeacd savin&s and &f'Owth in lone dislance service. 

Provision of local dial lerYice in pJw:e of manual switchboard service was supplemented 
in many insunces by the rehabUilation of outside plant. These modifications improved the 
quality of local service, but were essential co the introduction of DDD. 

A second switchin& requisite was a much more sophisticated switchin& capability to deal 
with the problem af distant marlrets. To KCOmplish this, Bell Laboratories desiped typeS of 
equipment additiona to the then predominant switchin& machine - the Crossbar - thai wu 
more sophisticated than anythin& that hid been att.empSed bef~. 

As an example of this machine's upJDded cap.bilities, assume a cout-to-cout call is 
dialed at a time wben Ill direct circuits are busy. A direct circuit is one belween tbe city of 
origination to the le:l'lninatin& city. An aJaanate rou1e circuit travels lhfOU&h one or more 
intermediate toll switcbin& ceutas. The IIIIChiDe is proerammed so that when it seeks to 
comply with the first three cfi&its, and findJ all direct circuiu busy, it immediately lipals, 
say Cbic:aao, in quest of an allemale rout:. The Chicaao machine cbecks the first three 
digits in tum and if it has a direct circuit clear to the destinadon, it seads tbe other IeVen 
digits on. The system will cbeck a number of' centers in search of an open path. 

b. Accountine 

Another necessity for DDD, was a method o.f keeping track of w.ho calls where, at what 

22 



time and for how loq. 1n a customer effectuated interconnect, the operator c:ould no longer 
provide this functian. · 

For this pmpose, lhe industry developed an Automatic Message Accountina (AMA) 
system JO record and process the information. This system aenerated electronically recorded, 
machine radab1e data for billin&. Between 1948 and 1963 tbe Bell System installed messa&e 
aa:ountin& centen to process ANA aapes. A wide AMA paper tape recorded the called and 
calling numbers, trunk number, type of billins,. and times of beginning and end of ad1 call. 
The tapeS ...ere rad by machines at the accounting centers that produced monthly bills for 
Customers (Joel, 1982. 120). 

c. Sipalin& 

No less eaential to the anc:cas of DDD wu the development of new methods of 
signalin&.' This involved problems of both mechanization and signal stralgth. When 
operators staned to dial calla suai&ht throu&h to the diiWlt 1depbone, this wu quite a 
diffaent malta' from manuallipalq belween swildtbouds, where siJnalin& was 
accomplished by human operaton at both ends. For customer dialing, with no operator 

' Tbe basic .requirements or a si&nalina system. include: 

CaUID& Sublatber'1 Uae: 
• seizu~ (off-book) to indicate to the central office that a call is initiated; 

• dialed addraa information (or oral address in manual sy.stem) to convey tbe ideality of 
called Wephone number; and 

• dear forward (mum receiver to cradle or restOre on-hook condition) to indicale co the 
exchan,e that tbe call is taminated. 

Called Sublc!tbers IJae: 
• answer (remove receiver-off-book); and 

• clear back (an-hook) to indicate to the central office that the call is termina&ed by the 
c:aJled party. 

ne basic lipiJin& on subscriber lines may be considered as comprisin& two disUnct 
sipalin& fuoctions: supeMIOJ)' and ldection. The supervisory function .-va to desect or 
chanae the stt1e or condition of some element (in aeneral, sub$Crlber Jines) of the network 
and reflect the aublcriber'a on-hook/off-hook conditions. This involve~ delecUOil of any 
CODJequential cJian&es of tbe scate of lines from the idle to the busy condition, and vice 
¥en&. The lelection functions are c:oncemed with the call connection set·up process and 1ft 

initiated by the c:aller sendin& the called pany's address information. 
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involved, a. further ndka1 chqe in the sipWinJ system wu required. Subscriber line 
signaling may be reprded u bein& basic function sianaJina, si&nalina which is independent 
of the type of switching system and type of switched network. A consequence of the 
conversion to DDD was the rapid obsolesca1ce of many millions of investment dollars in 
manual . rinadown Pinal equipment. 

Perhaps the most impon~nt factor affectin& signaling for longer distance ca1lin& wu the 
development of a.c. methods of sipalina. The line plant in voic:e-lflde networks is usually 
2-wire unarnplified audio and tbe line signllin& is local direct current (d.c .) loop signalinc. 
Local d.c. loop sipalin& has a limited ranee and some local d.c. sipalina, methods use 
single wire ·with JetUm sipalin& in order to increase the sipalinalimit. Local d.c. signalmg 
is relatively cheap, requirin& one Ji&nalin& unit per circuit; it is the simplest signaling 
melhod. 

With toneS it was possible 10 send supervisory and pulsing signals cmr the same 
distances as voice sipals. A new concept was introduced, that of sending multiple. tones that 
in combination repraa1t a diait, in contrut to the sin&Je frequency, spun tone. With the 
increase of toll c:allin& and the necessity of sipaling to greaaer distances than permissible 
under d.c. I~ sipalin&, new and more expensive signaling systems had to be added 10 lbe 
local plant. Low frequency, aleematina CUJrent (a.c.) or long-diltanc:e d.c. signaling was 
adopted when the local d.c. sipalin& limit was exceeded. 'This method required outgoing 
and incoming signaling terminals, which incRued the cost relative to local d.c. signaling 
(Welch, 1981). (See tbe Appendix for funber discussion of switchin& chanaes.) 

d. Numberina 

The fifth element essential to the conversion to DDD wu a uniform numbering system 
where each telephone would hive a unique daipalion. This designation would be baled on 
a numbering plan for each loc:al dial c:enual office whereby each central office would be 
reached by a distiDclive three-dipt code. 

The central o.ftice code at first consisted of a 2-leuer prefix and 1-diJit office prefix plus 
a 4-digit station number maJciDc up the subscriber local numbers (c.c., AL+3575). 
Althou&h a 7-digit alpba-numcric desipation was needed for toll dialin&, as late u 1981, 
perhaps 45 percent of Bell System offices could comple&e local calla b)' usin& only 3 or 4 
digits. (See the Appendix fOr further cliJcuJsion of numbering changes.) 

3. Cost impacts IDd tbe COlt burden 

All of these clwl&es bad to be introduced in both toll and Independent (n.on-Bell) local 
exchange facilities for DDD to work. The transition was done smoothly and effectively but 
with scant recopitioa of the cost burden imposed on local exchance service in 
acxommodatin& to these messqe toll requirements. These toll costs were basically absorbed 
by local exchange ratepa,as. .After reviewiD& all major state telephone rase cues in the 
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Public Utilities Reports over the decade 19SO-J9S9, the author found no evidence that Stltc 
regulators recopized the impact of any of these changes on local exchange plant costs. 

When lhc propam got under way. nearly half of all BdJ Operating Companies furnished 
manual.swi\cbboud service Wbere opera10n provided the numerous functions of making 
subscriber connections, piOYidinJ information service. disconnecting service upon caD 
completi"", providing the rinainllipals and other supetviQy tones. Table D·3 compares 
the number of Bell SyMm central offices by type and by number of served telcpbaoes for 
the yean 1948-1959. At the bepninJ of the period 47 percent of Bell central offices were 
either mqnero or common battery manual. Manual offices were not candidates for DDD. 
By 1959, the combined Bell Companies were over 92 percent dial while the remainin& 
manual offices served only 4 percent of Bell Telephone CUJtOmers. 

The avaqe iD'Vellment in cenua1 office equipment per telephone line inaased 43 
percent betweell1948 IDd 1959. Under prevailina rqulatory cost principles, about 90 
percent of this JUahcr' investment was allocated to basic local exchanae service. • As 
discussed below. local races increued at a much more rapid rate over this period man toll 
rates. 

4. Replatloa 

The advent of CustOmer Toll Dialin& after 1950 was a technical and service event of 
major sianific:ance in the industry. As we have seen, DDD involved material chances in the 
composition of plant, i.e., switehin&, li&nalin& and I(C()untin& equipment. TheJe cban&a 
were made neca11ry in the effon to improve and expand messaae toll services. Tberd'ore, 
the CIOStS waciated with lhae chan&es were directJy attribuW>le to this premium service. 
To what extent did federal and awe rqulaiOrS acla\owledge this cost atuibution and reflect it 
in \elephone me delian? 

a. Federal Allocation Approacbes 

ID aeneral, the method regulators use to distribute the costs of common uae local 
exchanae plant bas failed to recopize the design effects of premium savic:es on costs. Since 
1947 the costs associated with the 10U use of the common exchange planl have been allocated 
to the inu:naat.e and inttutate •junsdictiODJ• according 10 a "Separations Manual.· Tbc 
Manual has been lpOiliOJ'ed by tbe Federal Cornm.uni<:ations Commission (FCC), which has 
authority CMr interllate toll ler'Vices, and by the National Association of Reaulalory Utility 
Commissioners (NA.RUC). a trade association of state reaulatory coromissions. 

~ Tbe prevulin& method allocated costs according to .dial equipment minutes or ux· 
(DEM). Local cans ICCOUnled ror 90 percent of DEM. 
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TABI.ED-3 

NUMBER OF CEN'I'RAL OmCES BY TYPE OF SWITCHBOARD, 
TELEPHONES SERVID AND INVESTMENT 

BELL SYSTEM CARRIERS: 
lt41 aad 1959 

lMI 1959 

Type of Cenual Lines Central Unes 
Switchboard Offices Saved Offices Served 

Mapeto-Minual 1,372 499,840 71 26,894 
C.B.Manual 2,362 9,477,804 83S 2,422,912 
Auto-MUiual 1 7.~36 
DiaJ-Automalic: 4,272 21,373,282 
Step-by-Seep Dial 7,4~~ 29,664,904 
Cross-Bar Dial 2,107 20,476,4~7 
Panel Dial SJ6 7,117,092 
Other Dial 3 ~77 

Totals 8,007 31,358,468 10,987 ~9,708,836 

Central Office 
Equipment Investment $2,654.00 $7,249.00 
(Millions) 

Investment Per tine $84.63 s 121.41 

Soun:.: -st.tillia ofC...aic:elioGI Wu~rJ: T.W. 25, &fml Comapic:erj= C=ri'*"• O...ber, 
1941; •s..aldct of~ eo. .. c.m.n,· Tlble 15, fMml em .. , . *m 
Gsapipiqp, 1959. . 
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While the Sepualions Manual has been identified as a •cost• manual and professes tc 
pay allqiance to cost causation, the fundamen1al principle underlying the procedures is the 
•actuaJ use basis which lives considaation to relative occupanq and relative time meuu~ 
ments• (47CFR, 1989). That is, the Separations Manual allocates common cosu to services 
accorditl& to the ux they make of common plant. 

However, this cost allocation methodolocy is not appJopriate for the allocation of costs 
in telecommunications (Gabel, R., 1967). For example, the local loop, furnished acb 
telephone subscriber, is completely insensitive to the volume of usqe travelin& over it. That 
is to say, the inveiUneat in the loop is independent of the quantity of usqe Ofiajnated and 
received by the aubaiber. If' UJIIC hu no cost impKt, then it cannot save u a ratioul 
basis for cost alloca1ion. Yet, rdalive UJ11e of the separate service clusificadons has been 
the basis for apporbaniDa this common plant invatment 10 the separate jurisdic:lions. The 
result of usin& tbia inapprapriale aUocatiaa mcdlod has been to i&nore the chlnaa and 
modifications to loop desip. arisina from lhe superior opaatina requirements of the premium 
services. 

Relalive usaae has been tbe medlod of apponionin& jointly used local exchaft&e plant 
between swe and incenwe which hu prevliled since the ftnt telephone sepuations plan was 
inuoduced in 1946. Under the relative use c:rilaion for apportionment of local loop 
(distribution) faciljtia, the relaDve minu.a of interstate toll usaae u apinst the toW S1ate 
and inteneate minutes of use wu tbc basis of usipment of common exchan,e facilities to 
inter"SWe toll operations. 

Thae is some evidence that the differential toll costs were recognized in 19Sl with me 
adoption of the •CbarJaaan• method of ldepbone plant separations (Gabel, R., 1967). 
H~, the mapitude of cost transfer to lbe messqe toll services to reflect thae causative 
faaors was relatively minor. Vinually all Jocal telephone plant is used in common in the 
rendition of multiple telephone lm'ic:es: stale mcssace toll serviee, inlentale messaae toll 
service u wdl u local service. 

The Chuleston Plan (1951) modified the relative u.saae measure by inuoducin& a weipt 
of two to die intaltate toll minutes of use when derivinl the intentate shaft of local Joop 
cosu. Tile inU'Oduction of the wei&binc fad«· was explained u aclcnow)edpnent of •ttae 
greater costs imposed on the network by Jon& dislance terVic:e. • The principle of wei&binc 
toll dial minutes of use bu continued in sepuationJ practice throuch the Ozark Plan, which 
survived throuJb 1986. 

The toll ctial equipment minutes of use applicable: to acb office are weiabted 10 
reflect lhe difference in avaa,e cost per toll minute of use u compared to the 
average cost per exchaqe minute of use (NARUC, J9Sl). 

Jt is doubtful thai the shifts in exettan&e costs with the Charleston Plan can primarily be 
attributed to rec:ocnition by reaulaton of toll cosu, includin& the Numbering Plan, impoted 
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on common exchan&e plant. ControYaS)' at that time revolved about the issue of toll rate 
disparities (NARUC, 1951}. The differential between state messqe toll rateS and intastate 
messaae toll ma wu extremely Jarae at short lenaths of haul (NARUC, 19Sl, 173}. It was 
political pressure over the disparity i~, exerted in me first instance throup the chairman 
of the Senate Interstate Commerce Comminee, ibat brou&ht Charleston into effect (Gabel, 
D., 1967). 

Introduction of automatic messqe accountin& was one of the few inSWlces wheR the 
federal and state re&ulalon rec:opized the introduction of an investment as nec:asuy far the 
premium service. Telephone •separations• procedures are intended to distribuae common 
plant costs between 1he fedaal and Die jurisdictions. 

AMA equipment was set up as a sepua&e plant category for allocation to inU7Siale and 
intrastate operations. AJthouib tbe principal of cost causality in the allocation of automadc 
messaae ICCOU!ltin& equipmeat was recoanized, implementation nevenheless resulted in an 
unfair burden on localraacpayen. 

AMA wu clusified u C.,ory 4, CennJ Office Equipment. Investment in AMA 
plant was allocated 10 tbe rapecd~ state and federal jurisdictions on the ratios of relative 
messaps. However, most Jarp Utban communities employed the same equipment for 
recordin& and billin& ollocal messaae unit calls. Messqe unit c:alls require only one or 
two line entries on the perforator and recorder equipment, while toll c:alls require five line 
entries. So, on the basis of rdati~ UJIIC, the cost allocation result was biued against the 
local exchan&e service. 

b. Slale Approecba 

1be FCC-NARUC Separations Manual provides a standard &ovemin& the cost allocation 
to intenllte messaae toll service. However, similar rules do not exist for the cost tllocation 
of inuuwe mesace tall lei'Yice. Examination of state messqe toll costs by the state 
regularors is a rarity. GeDerally, Slate commissions who rqulate this secmmt of the 
telephone busineSS set Mate toll schedules on a •va~ue• basis without reference to toll costs. 
The nanin& of the vaJ~f-service concept in establishin& intrastate messaae c:har&es has 
varied over time. 

Until divatitwe. in 1984, a majcr consideration had been minimizing 1M displrity 
between swe toll tates and interstate toU rata for comparable. len&ths of haul. The pat 
differences in the composition of toll traffic at the separate jurisdictions ensured si&nifJCant. 
differences in the level of c:osts, ~. 

• lntersWe toll trunk aroups &enenlly have hi&her dellsity. -- that is a proponionate.ly 
larger volume of traffic than intrastate toll trunk groups. 

• Unit costs are cenenJ1y lower for the lu&er trUnk groups. .Interstate message IOU 
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has Jongcrlqlhs of haul than intrutale toll. A lu&e part of inlemlchanJe circvit 
costs ue in the \e:nninations. Hence, spreading these termination costs over longer 
distanceS &enerally results in lower costs per mess~~e mile for the interstate service 
(NAR.UC, 19Sl). 

Where tbe state toll rates d.o not cover state toll costs, the telephone company is eniUftld 
of recovering all its com, inclucfin& return, by the method of residual rate n'..aking. Under 
residual rate making, the dominant 11a1e utility ratemaldng method for intrU1ate toll IC'IYice, 
wiff schedules are first adopced for all non.twic services (e.g., rnessqe toO, ~te line, 
custom canina. de.). 

The differmc:e between tbe agJepte revenue requirements of the utility and the 
estimated teVCDues to be &enerated by thae non.t.sic services became the buis for 
determinin& biSie adlln&c raaes. 11le result of Jelidual ratemalcin& has been to aUoc:ate a 
si&nifJCUl percen11p or meiSIIC toll, private line, and custorncr calling costs to basic loc:a1 
service custOmers. Value of service allocation methods bave resulted in a subsidization of 
premium se:rvic:es, just as have allocation methods based on usaae. 

What role did the im)*t of premium costS play in the rate designs adopted by the state 
regulatory commissions? After reviewing vinually all the Slate commission decisions bearing 
on. telephone raaa fNC'l the years 1949-1959, the answer is almost none. For example, the 
Chuleston leplfttians plan bad tecluced inuutate plant allocation by S90 million and 
intJaSWe expenses by about $23 million. Every state benefitted to some extent by this relief 
in S1ate revenue requiranents. 

Net aminp of several ~ CIJ'rien showed immediale improvement. No state 
commis..cion, except Indiana which ordered a S4 million rate reduction, attempred any local 
exchan&e or stale meaaae 10D rate reduction during this period (Telecommunications 
Reports, 1952& and 19S2b). 

Very few ~~ate eommissions undertook an examination of the costs of the ~eparated 
service ca~e&oriea. for example, local a.chan&e. stale messaae toll service (MTS). Ralber. 
the rate daip of the intrUWe service classifications was hued upon •vaJue of JetVice• 
considerations. Tbe effect of the powth and changes in the nationwide numberin& pliD wae 
brougbt on by toll JII'UIIC' requilanalts, not only the interstate MTS, but saaae mcsaae toll 
as well. Thae are identifiable and significant costs which should be attributed to the con 
5et'Vices. The author'a review of the stale commission decisions during this period shows 
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almost no State PUCs recognized this. 5 

C. Price Treods 

Against this recoundn& of tbe costs imposed on locaJ exchanae plant by the demands of 
long distance service, it is surprising to find tbat the common view of many economists is 
that rates prescribed for premium services, especially message toll, aubsjdize rata for local 
exchange service (Temin and Peters, 1986 and Temin and Pece:n, l98S). Not only does the 
design analysis contradict this view, but 10 too does analysis of me changes over the period. 

5 Notwithstandina the dramatic leductions in toll prices over tbe years, eccmomists 
generally still contend that lhe toll service classifications •subsidize" basic 1oc:al exchanJe 
service. It is imponant to understand the reasoning Which underlies this conclusion 
(MacAvoy and Robinson, 1983; Kahn, 1984; and Brock, 1986). 

While there are many expllnatiou, the •incremental cost• argument and the •efficicr.cy• 
argument are the dominant views of tbae economists. McAvoy and RobinsOD, for example, 
observe that between 1964 IDd 1m the avaqe cbarJe for local seMc:e increased by two
thirds, while the • direct COlli usocialed with that lei'Vice uipled. • During the same period 
prices for interstate long diSIIDCe service remained nearly constant •while direct. costs fell by 
more than two-thirds. • Nowhere do tile authors leek 10 define the composition of these 
direct costs. AU of the fixed common plmt coscs (loop, swion wirin&, procector and 'block) 
were considered as direct costs of local excban&e lavice. 

The so-called •tou subsidy• turns out to be a function of tbe ldepboae company 
definition of costs. The incranental cost of lona distance service includes only the traffic: 
sensitive cost of long distance, carefully omiUinJ any usipment of the fixed, common pJant 
costs. If one accepts the qument tbat all fixed plant cosu should be usiped 10 local 
service and none to ion& dislance, theft one has •provect• by circulu reuonin&. not cost 
analysis, that local exchange service was beina subsidized by messaae toll. 

A sec.ond argument is used to jU&tify the allocation of fixed subscriber plant costs to basic 
exchange rates in order 10 prop up the subsidy claim. 

·Because subscriber plant costs do not \'U)' in the amount of usage, it is indficialt to dwJe 
callers on the basis of usqe ... · Since the mar&inal coscs of usin& the local loop aR zero, the 
price should also be zero .•. prices set above JJW)inal costs are not desirable in tams of 
economic efficienc:y" (CBO, 1984). 

This argument has some merit. Unfonunately for the author, it applies 10 Ill services 
not just toll calls. Subscriber pJan\ costs do not vary with usage by non-toll either. They aK 

also zero. As discussed earlier, usqe is not .a legitimate basis on whiCh to alloc:a&e COlts. 

30 



ln 1925,. caut-to-coat meuaae daytime toU call of three minute duration COlt $16.50, 
and •on a typical long-distance call one could usually hear about two perca~t of the sound 
levd that left the speaker's lipL • (Maboo, J97S, viii) The comparable charge for a 
customer-dialed daytime call made in 1989 for a thfee.minutc call was $.7!5 (FCC, 1989 and 
FCC, 1991). In 1925 the averaae monthly charJe for one-party residential telephone service 
was about $3.60 (Mabon, 1975). At the end of 1989 tbe average monthly resiclerltial rate 
was $17.54 (FCC, 1990c).' 

Thus, we - that intenla1e mesaae toll raleS have come down about twenty-two fold 
over this 6S year period, while basic local exchange rata have increased nearly fiw-fokl 
during this same time period. The reduction in cbarges for long distance rates has been 
attributable only in put 10 the enormous improvements in interexchange technoloay that 
occurred over chis time period. 

Consistent data is available for the peri.ocl of conversion from Manual to Direct Distance 
Dialing. Expensive tecbnic:aJ cbanps 10 implement DDD were of the utmost imponant in 
·drivin& costs in the indusuy durin& the years 1949-1960. It is intereltin& to cornpue the 
prices paid fCllr lOCI! service IDd aoll ICI'Vices (see Table H-4). 1be pl'iee of basic local 
service rose by 27 perw.at betwea• 1949 and 1960, while inte:naate toll increased by 6 
percent and state toll by 13 pen:ent. If toll rates were "subsidizing• local excbang.e service, 
generosity was not too encompusina,. 

6 In 1925 mos1: to1J lrlffic was carried over open wire lines or the most elementary forms 
of FM carrier systemJ. 'Today, IOU transmission is via coWaJ cable, satellites and hi&h clalsity 
forms of microwave radio relay and optic:a1 fiber. In recognition of the more profitable 
opponunities available 1hfou&h expansion of its Jon& distance service, the AT&T Company 
conccnuated its raearcb and development dfon on improvina inlereXchanJe flcilities. NeYer
theless, to accommodate the new 1011 technologies, corresponding cban&e~ were necessuy in the 
end links, the common use local exchan&e plant. 
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1949 
1951 
1953 
1955 
l~7 
1959 
1960 

D. Appeadix 

TABLED~ 

HISTORICAL PRICE TRENDS: 1949-JHO 
(Price lndka) 

LOCAL 
SERVICE 

118.64 
127.30 
138.66 
142.06 
146.92 
150.41 
150.91 

LONG DISTANCE 
SERVICE 

INTERSTATE INil\ASIATE 

76.44 
76.43 
83.40 
83.38 
83.35 
81.41 
81 .27 

114.93 
117.22 
122.S2 
124.89 
124.19 
127.99 
129.43 

1. Modlflcatloa of swltchiD& equl,pmeat 

About half die Bell SySieln local cenual offices were upgraded to cHaJ in 1948. 1bac 
were three dominant forms of dial switchin& at that time: Slep-by-Stc:p, Panel, and No.1 
Crossbar. Bodl the Panel and Crossbar switcbin& systems are referred to u common 
control. A common control office recx:ives lddJaS pulses from subscribers, stCRS the cfi&its 
momentari.ly, detamina the routine and rou.a the call accordinJ)y. The a.c. sipalin& -
systems were rapidly adopced by the common contrOl elements of the local aossblr and 
panel switching system thmup modification of the rqisters and senders of thae entities. 7 

., A register is the rust unit of common equipment in a. cenua.l office. It rocei\ICI 
address information, either u dial pubes or as multifrequency signals and SCOla it 
momentarily for com =rsion or uanslation. 'Ibe sender receives address information froll, ibe 
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switchboards. The first step in prepuation for DDD, wu opemor toll clialift&. 'The I1ICICCSS 

of operator toU dialin& meant that once automatic char&e recording was accomplished, 
customers could dial' their· own calls direcdy. 

Th.e eatire United States and Canada, cenain Caribbean islands, and pans of Mexico 
have been divided popapbic:2lly into Numberiq Plan Areas (NPA) and assiped NPA 
codes commonly refened 10 IS area codes. In addition, a few NPA codes have beal 
IJSi&ned fo: special purpote and 11e known IS Special Area Codes (SACs). Special uea 
codes are dedic::ated for miscellaneous purposes such u customer instruction (411), c:aJlin& 
announcement ICMces (911), etc. Tbae special puJPOSCS include inward WATS aervice, 
TWX service, and mus c:a1liD& arraneements such u teldhons and elections, which have 
now gravitated 10 •goo..type• lavic:a. 

Boundaries wert inidally established for tbe NPA codes to Jut for lone periodl of time 
and their location• were baed on arimates of furwe requirements. .Like many OCher 
forecasts, much better boundaria could have been drawn. Makin& chanJes in tbae 
boundaries has c:au.l and will cause massive customer disruption and very expensive plant 
rearranaements. 

The Nonh Amaican Numbaina Plan (NANP) requires the followin& SUUCQire for a 10. 
digit number. N 011 N NNX XXXX, wbtrc X repraents any dicit from 0 tbrou&b 9, N 
represents Oftly thole di&its ill the leries·2-fhlou&h-9;· and OJJ standJ. for &he zero~O) or the 
unit (1) dipt. If a subscriber is penniaed to dial both 7-di&it and 10-dicit numbers, the 
switchin& equipment can distin&uish berlfeeaa the two by examinin& the second dicit dialed. 
By precludiJ1a the used the zero and unit diJits in the second di&it of' the central office 
code, the switch is made aware that a JocaJ exchanae n.umber is beina dialed. 

The advent of DDD Rquired teYall other plant chan&es in the central office equipment. 
Fint, the auxiliary IeDden in common c:ontrol offices .(Crossbar, Panel)~ moctified from 
7-di&it 10 lo-di&it ClpiCity. The sender is a deYK:e in a. common control switcbifta sysu:m 
which receives ldclress. information and pulses out the correct routine di&its to a tnmk ar to 
the local equipment. 1be intelli&ac:e implned by the sender switeh had to CGilfonn to the 
expanded ·switch matrix broqbt on by DDD. 

Other ancillary chanps were made u a result of the inuoduction and sublequent 
attention of the NANP. This Pf'CJIJ'IJII aoc under way in the sixties. Common control 
switchin& such u Croabar and Electtoaic offices contain special U'lllslation and code 

. conversion featureS. 1bae either pus forward elicits pulsed by the customer or delete the 
area code and/or the office code 10 replace it with anocher, dependin, upon the tnankh·.c. 
tandem switc:hin& or alternative routine amnaement. The Number S Crossba1 rnachincs 
were modifJecl to equip the felisten, ICIIdas and connectors with sufficient Clpldty to cope 
with chaft&es to tbe 3-cfiait area c:ode Uld/01 10 a 7-di&it directory number. 1be 
preuanslaiDrS ~ equipped 10 u to indicaae to the ori&inatina rqisten how many diaiu to 
expect. 



However, tbe IJ'fllat number of local offices at the time were lhe S1Cp-by-Step central 
offica. The lllector ..mcha in Step offices could not be controlled by thae a.c. pulles. 
In order to accommodate tbe s.-by-Step central offices to a.c. sianalin&, many offices were 
•senderized. • Senderization involved the addition of devices to the step swiiCb matrix to add 
a comm.on control function. ·This modification permitted Step offices to receive lddJeu 
information, store it momcnwi.ly and then outpUlse conect routin& digits to a trunk or to the 
local equipmenL Senderizalioo wu an expensive plant addition, unc:lenalr.cn solely for toll 
service. but there is no ·evidence tbat any put of thae plant additions wae attribUUJd 
exclusively 10 the toD service clusificatioo. 

Many Step-by-Step central offices were not senderizcd and therefore were not capable of 
performin& the equivalan can pnx:asinc function that the rqister·sender units performed in 
common c:oatrol ceanl offices. lmplerncr~dn& DDD in tbae local offices required lbem to 
be. uran&ed to ._, points outside of their home numberin& plan area. It wu COidy to 
expand the Jeleclor 1t1p1 to ldect and to lend the dialed area code to~ a toU center. For this 
reason, in these system~, a toD ICCell code, •112, • was initially introduced 10 that these calls 
would be directed IOWUd a lOll reconlin&: office. The routin&, timing and ti.cketiaa function 
was then cornpkted at the toll oftice. 

Abo, dial switchina modifications were required of the Panel and No.I Croabar local 
offices. Extenliw modi(IC&tiaft was requiftld of the subtcriber senders of thae systems in 
order to handJe DDD calls. For example, auxililry sendcn were deviled to provide extra 
diJit capedcy and tbe ability to bindle multifrequency (M.F.) outpUllina.' The auxiliary 
sender received all diaits in acea of the eiJht that the rqular sender could rqilter. These 
were exaemely expensive rnodificatioos that were undenalcen tolely to accommodate tbe 
local switcbin& network to DDD. . 

2. Ualf'orm '*Pboae 11UJ11beriDa piau 

Most lone dislance callin& after World Wu 11 was performed throup manual toll 

regiscer or routin& information from a translator and outpulses conect routin& information to 
a trunk or 10 local equipment. 

1 1be jurildic:Donal cost uatment of auxiliary senders confirms the aeneraJ rule that 
state rqulatory authorities pve 1ca11t recoanition to causative factors whcD identifyin& 
telephone COltS. Auxiliary lenders were separately identified and classified u cateaory S, 
Other Toll DiaJiDa Central Office EquipmeDL This inWIUDCIIt., in tum, wu distributed on 
the basis of lQD nwnnes of ute. Except for the California P.U.C., where duee-way cost 
studies were undenaken, and cost allocadon acnerally followed the FCC Sc:puatioas Manual. 
no other swe appears to have RCOpized lhe character o.f this plant. 'Ibis means that the· 
state residua! portioo of auxiliary lender investment was disuibut.ed to basic exchanle service 
on the dominant •vaJue• priciq c:oncep: (kll Telephone l..aboratories, 1982). 
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Since there were no longer manual switchboard operators to time and ticket toll calls. 
automatic messqe accountina (AMA) had been introduced to n:cord the traffic. Each 
change to record additional area code dieits required a c:onesponding chance in the AMA 
equipment. These~ costs which have been largely borne by local exchange rat.ep..yers but 
are incQrred in response to the technical operating requirements of message t.oll service. 

Additional costa were incurRd for equipment necessary to dial the additional digits. 
This additional equipment varied by the vintqe and type of equipment. For Step-by-Step 
cent"al offices, initial SQ&es were frequenUy equipped with digit absorbing selec1or switches. 
When the initial dieits were dWed, the selcaor equipment would merely abSOib the digits, 
drop back in place, but pus on no further sipal information. 

Far more extensive and expensive modifications were required for the Panel and No.I 
Crossbar local offices. The subiCriber senders of thae systems received the dial pulses and, 
in tum, outpUlx modified rouling dipts to a trunk or internally to the local equipment. 
While the additional investma~t for di&it absorbing selcttors was reco&nized u a distiAct toU 
investment, sUbtcriber JeDders were classified u pan of the general switch matrix despite 
their expensive modification.' 

------------· ----·------·-·· ·----------------· -- -------· ----- - ----. 

' 1be bulk of local clial Central Office Equipment wu classified as Category 6, Centtal 
Office Equipment ud diJtributed on the ratio of dial equipment minutes of UJC (traffic 
sensitive). SiDce about 90 percent of dial equipment usa&e is for local exchance scrvic:c, this 
classification Ieeeived a disproponjonate assienment .of lite investment in subtcriber sender 
plant. The OJiainarin& rqisters, senders and markas in a No. 1 Crossbar office are 
equipped with five relays for recordin& QCh digit of the dialed number. For the handline o.f 
DDD c:al!s, mae oquipmeru items are equipped with eleven sets of ~days in place of four 
neceuary for purely local calls (.A.T&T, 1961). 
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m. TilE INTELLIGENT NETWORK: JSDN AND SSi 

A. Backcrouad: From Aulo& Voice to JMaltal Data 

With the exception of the low income population, the public service objective of 
universal service was vinually achieved in tbe United S1aleS by the 1970s through the 
deployment of ' unive:nal necwort optimized for voice cdephone service. This 
telecommunication netWOrk il dominated by analoa switchin& and transmission. This is 
because analog forms of sipaJ representation aR voice-based an1 the predominant form of 
transmission bas been voice service. 

At the same time, tndilional sipa1in& hu been ·m·band· where signal information 
shares the voice channel. IHind lipalina uses not only the same physical pith u the call 
it serves, it alto UJeS the same frequeocy band as the voice signals that are carried. Becaute 
tbe contrOl si&nals have die same electromapetic properties as the voice signals, they can go 
anywhere that the voice siptls 10· 

Today, however, tbc indusuy is pavilatin& to a variety of jnfcmnation services for 
business and, to a 1eacr exteDt, for JOCia11Cdvities.1 To provide these savices, the tele
phone industry is evomna iJit.o, what has been termed an intelligent network (IN), optimiz.ed 
for the econonUc tsansport of all forms of information uansm.ined in digital form. 

As with the previous cbanaes discussed in this paper, a number of changes are being, 
made in the nc:twort to achieve this new type of service. Data and voice netWOrks are being 
intqraled, U"UWW1ission and switc:hi,_& are lftiarating to digical forms, si&nalin& is shifting to 
out of band, and nwnberin& is eYOJWI& yet apin. Needless to say, all of the changes bave 
significant cost implications for local exebqe plan,t. 

B. IDtepatecl Sea •lees Diptal Network 

1. Network orpalzatkm 

Althou&h the anaJoc .netWOrk provides satilfactory service :for POTS, it is less tban 
satisfaaory for many information/data services. TherefOre, the ldephone, telecmpb and 
video netwarks bave beelllarcely sepmaae entities. ~opment of dala netWOrks has 
remained sepiJ'IIe to a considerable clepee ... 

1 Information Service has been defined by Judae Harold Greene of rhe Federal District 
Coun as •the offmna of a capability for aenezalin&. acquiring, storina, tJansfonnina, 
processing., retrievin&. utilizin& or making available information whidJ may be 0011~ via 
telecommunicalions, acep thaiiUC'h service does not include any use of such capability for the 
rnan~~ement, control of opera&ion of a telecommunication system or the rnanqement of a 
&elecornmunication ll!rVicz" (Uniledi Slates v. AT&T, 1982). 
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For example, in the 1970s, cfi&ital transmission, via T·l aurier and digital switdUnJ, 
was introduced separately into tbe telephone network (essentially a neawork within the 
network). At the same time, many private data networks were es1ablished usinaleased 
communication lines and servina mainly laqe business orpnizations. More recently, public 
dedicated dala netWorks, ba-s either on circuit switching or packet switching ha"Ye been 
established to provide non-voice communications for the business community. Thus, 
networks optimized for the more Jeeent senices, such as data transmission, have ltoOd 
beside a network optimized for voice services. 

The ln.tqraled Services Di&illl Network (ISDN) has evolved as a means of combining 
conventional voice &raclt- services with non--voice services. The same diliaaJ switd".a and 
digital routes would be the common path for all services. The ISDN seeks to c:onsolidate the 
separate networb for voice, tela, audio, data, video, etc., into alin&le multiJMPOIC 
netWOrk. An ISDN must haw many c:aplbilities to be able to handle the different avicles 
and performance characteristics of its component service classifications. The network must 
have the ability to: 

• Handle voioc, audio, interletiw and bulk data, facsimile, comprased video, fuU 
motion video and conventional voice. 

• Efficiently uanspon bach continuous traffic (e.g., bulk data, compressed video, fuD 
motion VldiO) irid conventiiiil vmc:e. ----~--

• Allocate bandwidth on a demand buis. 

•· Allow fast call establishment IJid lf:mlination. 

• Handle a wide ranae of transmission speeds and call holding times. 

• Guarantee low bit enor rates, low end·to-end messaae delay and low masace 
nondelivery rates. 

• Provide various Jevels of communicaticm leCUrity. 

While all of the· .ReaionaJ Bell Opaatina Companies have introduced trial ISDN 
installations, these have opaated u vinual islands in the absence of intaconnection. Tbe 
challen&e of intepalin& information qe ICtVica into the cxistina netWOI'k has pocrased 
ambitious plans to evolve the ldepbone netWOrk and operations an:hitecWre. 

The essential facilities that wiD stiD be used u part of the tdec:ommunication system that 
supplies almost all services remaiDs the local excbanae facilities. Just u in earlier decades, 
when the inteJration of 1ocaJ exchanae and toll service, and the modificacion of mesaae toll 
service to Direct Dis&anc:e Dillin& required major netWOrk tranlfonnation, the move 10 the 
intelligent network is bein& accompanied by vast chanJes in local excban&e udd1CICtUie and 
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desi&n which causes very larJe increases in expenditures. 

2. Tec:balcaJ problems aDd desi&D coDSidentlaa5 

•·· ISDN Transmission and Switching in the Jntelliaent Network 

'The swtin& point for undemandin& the push 10 transform the network must be in an 
analysis of the demands that dala and other premium UleS place on the netwOrk and tbe 
limitations of the e:xistin&. inaloc nawork, which was desi&ned and built for voice uses. 

Tbe operatin& needs of da&a traffic frequcnlly differ li&niranoy from convenadonal 
voice calls. Tibia m-1 and m-2 identify several key differences, u well u the types of 
services that require hip leYe1s of syaem performance. ISDN, with its di&illl technolocy, 
is designed to OYercome thae limitations of anaJoa terYice in order to acx:ommodale the 
technical and operatin& requirements for the premium information, data. and video .mea. 2 

A Jarat pmponion of dala traffic is •bursty, • extcndinc for very short duration in 
comparison with 1 typical \IOk:e conversation. Because the time a circuit is cnaa&ed in dle 
pass~~e of information is 10 much shorter for data calls, the need for shoner call setup 
periods is more critical. For voice calls this period varies from three 10 twenty seconds, 
depeDding upon equipment. On 1 public swilehed data netWOrk, call set.up time is iiiually 

--------~~,dUm~~dE~·iii~S~&d~~.--------------------------~~~----------- ·----

A similar Ctilplrity in performance requirements applies to the bit rate or speed of 
service. For a voice call, 1 rate of 2.4 kbps a,400 bits per second) will ensure satisfactory 
uansmission performance. 1be ISDN objective, &eared to medium- speed dala. traffic, has 
been set at 64 kbps. 

An operatin& problem bas alJo arisen with the use of conventional voice-pade loop 
facilities 3S they enter into the lrlnlmiaion of JrC11er volumes of data uaffic. Voice &J*Ie 
facilities have Jon& been employed successful1y u lhe medium for pu~a~e of slow-speed data 
signals (viz., JOO baud teJearlpb, 1200 baud dala, and si&nal ICI'Vic:a). But as businels bas 
moved into suc:casively biper speeds of lrlnlmis&ion, the convemional voice bandwidth bas 
proved to be 1 serious boaleneck: ldditioaal apectrum is n:quired. 

The need fOr additional spectrum hu resulted in the rcdesi&n of loop facilities. In place. 
of the conventional 3.5 khz r.cility. loops in1Cftded to transmit luJe quantities o.f hi&h speed 
data are qincered for 64khz Clplcity, narly a twenty-fold increue in spectrUm 
availability. While conventional voice-&rade loops BK normally 2-wire facilities, cli&ilal 
loops are 4-wire, thus making avai.lable separate paths for simultaneous transmiuioo of 

2 Sources relied upon in this chapter· include (Swlinp, 1989; Kessler, 1989; Xnemer and 
Martin, 1988; and Donos, 1987). 
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TABLE ID-1 

PERFORMANCE COMPARISONS OF VOICE NETWORK IN RELA 110N TO 
NON-VOICE SERVICE CATEGORIES AND REQUIREMENTS 

Public Switched Public Switebed ISDN 
AaaiOI Telepb-.e Diaital Objedhe 
Network Network (Dicltal) 

Parameter 

Call 120 CCT: JO • 3600 Variable 
Duration (seconds) Packet: .001 • 1 

Call Setup 3. 20 ccr: . I • 1 1 • 3 
Time (seconds) Packet: 1 • 10 

Jnfonnalioa 10 CCI': .001 10 
Transfer Time (seconds) Packet: .I • 1 

Error Rate 1000 CCT: 1 1 
(errors/million) Packet: 100 

Bit Rate 2.4 Up to 48 >64 
(1cilobiiSI second) 

• Circuit IWitcbed 

Sources: Eltstrist] Cga•vaietism Vol. 56, No.I, J911, p.6. 
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TABLE m-2 

BusiDess Semct Requlmnents Fumlsbed by ISDN 

SerYic:e . Baadwldth (kb .. ) 

Tdephone 8, 16, .32 or 64 

lntaletivc Dall 
Communication: 4.8. 64 

Electronic Mail: 4.8- 64 

Bulk Data Transfer: 4.8- 64 

Facsimile: 4.8. 64 

Slow Scan TV: 56- 64 
--------------------------------------·- ·-·· 

Videoc:onfercncin&: l,S44 

SouJcu: ISDN Cr g FwUjtja ad Smjsa. G.C. Xealer. Table 3.2. 

outsoing and incomin& sipals. A&ain it is speed and volume of U'anSIJlission that make the 
conventional 2-wire analog loop inadequate (sec Appendix for more deuiJ). 

b. Si&nalin& 

I~ will be recalled that a prime rcuon for &oin& digital and havin& RCOursc to ISDN is 
speed and volume of information uansfcr. AnaJoa sipalin& which is in-band is quiae Umiled 
.for information tmnsfa-. With in-band sipalin&, the cbanneJ is only available for control 
signals when there arc no voice siplls on tbe circuit. With out-of:.band si&nalift&:, a very 
narrow bandwidth is available. To lake ldvanll&c of the potential ICI'Yices and to cope with 
the increasing complexity of evolving network technoloay, a more powerful coo1r0J si&nal 
response is needed. 

With in-band si&nalin&., the amount of delay is considerable from the time a subscriber 
enters an address (dials a number) and connection is established. With the new types of data 



and information traffic (e.a., tranaetion processing) with relatively short holdin& times per 
message (viz., three seconds), this caiJ setup time represents an appreciable )Jirt of the total 
transaction time. 

Out-of-band signaling addresses these limiunions of in-band signaling. By~~ 
control signals over paths completely independent of voice channds, signific:ant reductions in 
can setup time can be ldlieved. 

As noted earlier, Signaliq System 7 is desi&ned to serve as the sipllling mechanism for 
ISDN. As one industl)' pubticadon put it, ·eout·to-cout ISDN is only possible with 
deployment of intelligent netWOrk caplbililia such u out.of~ sipalin&• (TeJephony, 
1990, 9). Out.of-band sipaliD& ta1ca adv11naae of the fact that voice siJRI)s do not uae the 
full 4 khz bandwidth alloaed to dian. A scpuaJC narrow siJDilinc band is used to send 
control signals. Thus, control lipa)s can be sent whether or not voice siJnals are on the 
line, thus allowing continuous supervision and control of ,a caJI. (See Appendix for moJe 
detail) 

c. Numbering, 

As recently as 1970, industry expau conjectured that the tbcn existent North American 
Numbering Plan (NANP) would IW"Yiw for 75 to 100 yean without alteration (USTA, 
1971). Tbt Nlllcmwldt MUmbedlii Pllil wu bddi1Jy dtstped to awmrnodate dwJ&es- anlt" -
growth in the subscriber popu)llion. 1be powth in requirements for telephone numbers in 
earlier years arose out of euJaraemeot of the normal subscriber population. This &rowtb was 
sys~ematic ,and relatively dow (Jan&in& between l.S and 2.0 percent annually). 

During the last decade, however, the Numberi01 Plan Area (NPA) codes in lllc:ut lCD 
states have exhausted the supply of 3--diJit cennl offu:e codes of tbe form •NNX. • The 
new growth in demand for lelepbone numbers has arisen from tbe addition of new, premium 
services 1hat require tdcpbaDe numbers. Tbae new avices in.c:lude ISDN, odlullr, )Jilin&, 
gateway functions, services usin& open network uchitecture (ONA) and servi.c:es usin& 
multiple numbers ISSiped to common terminal equipment (e.&., Centrex) (USTA, 1989b). 
These are among the most rapidly powin& services in the telecommunic:abons indusb'y. 
Their demand for idepbooe numbers will continue to place a major requirement for paler 
quanti.ties of telephone numbers. 

An impendin& shonqe of NPA codes is fordn& modifications to the existin& telephone 
numbering scheme. The exiltina Ukliait aeJcphone number Ienalh is beina maintained, but 
lhe quantity of valid di&it combinldons is bein& increued. 

The interchangeable code apprOICh is beina UJed to modify the existing format of both 
cenual office codes and NPA codes. A date no later than luly 199S hu been chosal u the 
estimated deadline for the conversion of all offices to interctwJa.eable NP A code capqllity. 
By that date, all telephone switcbi.JJ& equipment in North America should be capable of 
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recopizinJ and accepting a new .NPA format. Because of format restriction, .NPA codes are 
limited, however, and further changes will be necessary. 

The conversion 10 interchangeable area codes will provide a fourfold incn:ase in the 
number. of area codes (Bellcore, 1986). Unlike tbe interchangeable central office codes 
which can be· implemented on an area basis, intaclJanaeable NPA codes will have to be 
ilhplemenled si.mulllneoully tbtoughout the North American dial netWork. Every switching 
system usina the NANP will have to be convened to accept the additional NNX format as 
NPA codes. (See Appendix for more detail). 

C. Cost lmpacas aDd the AUocatloD of tbe Cost BunteD 

1. AdYalltqeS aDd dlsad•anta&es of tbe IDtei.Upal Network 

Will users face hipcr or lower costs with the implementation of ISDN and SS7? These 
costs will be a function of technoqy, depi eciation policy, functional allocation of the lOCal 
costs between tbc. network and customer terminal equipment (which partially assume a 
netWOrk funcdonaJ role) and the policies dic:tating the rate of return and distribution of 
revenue ~uirement becwer:n .mce categories. Because so many of the variables 
establishin& futaR cost levels aR indeterminate at the preterit time, any record o.f cost and 
COlt incidence is l\lbject to considenble error. Nevenheless, it is c:enain that the absolo1e 
level of expenditures Will be wry Jre&l ana this aavance in technology cannot be Justified on - - . .. 
the basis of cost savinp. 

The complex mix of enhanced capabilities for existing. premium services and new 
services makes analysis of the net economic effects of the intelligent network complex. 
However, the net effect is clearly ne,ative. The intellig,ent network will cost a &rat deal 
more. 

There are at least five distinct advan1ages which may be recognized with ISDN. 

1. 'Jbere may be so.me overall cost savin&.s as multiple netwOrks are consolidated into a 
sinaJe multipurpose netWOrk. Space, real CS11te and other raoun:e •vinp may uile 
with this economy of JC:Ope. But these saving may noc materialize until well into the 
next ceatury. 1be transition to ISDN will be slow. In the interim the telephone 
compWel will operue both analoa and digiial facilities. Whatever ecooouUes of 
scope that may exist will likely occur once the older plant has been compleceJy pbued 
OUL 

2. The Intelligent Network (IN) allows information to be locaaed in a centraliJed cSala 
bale, rather than in each exc:han&e throughout the netWork as it is now. From the 
viewpoint of the telephone companies, the createst attraction of the IN is its ability to 
reduce the devflopment cycle for new services from yean to months (GilhooJy, 1987 
and Loosen, 1988). It can take up to four yean to equip each excban,e with tbe 
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software upgrades needed for a new r.ervic:e. The IN aims to avoid this software · 
bottleneck. By havin& the software cenualized in a few locations (viz., the SS7 
sem<:e point), it will be possible to make new services avajlable throu&hout the loaJ 
access uanspon area (LATA) simply by changing the software at Ibis location. If 
demand fm particular services is sufficiently large, then the inldligence can be 
distributed to the point of need, i.e., to local exchanges.3 

3. Cost savinas may be Jalized in systems elecuonics, maintenance and labor costs. 
Fewer amplifiers or repeaters are needed with digital facilities and the reponed 
incidesc of digital trOuble faults is lower than on anaJoe facilities. 

4. The industty claims that with a sin&Je, consolidated service there will be savin&s in 
plannin& and ada coas u well u increased flexibility. Separate. netWOrks auail 
separate facilities IOJe:.tber with their respeclive spare, idle. plant. In theory, more 
effective utilization of bandwidth should be achieved with rendition of multiple 
services on cbe common ueloop and switch. But conversely, if the new raoun:es 
are not utilized u forec:ut iii the ISDN projections, costs may increase. 

S. In addition to brift&in& about ISDN connectivity, the introduction of SS7 will permit 
local exchan&e carriers to offer new premium services, often called CLASS services. 
Custom Local Ala Sipalin& Service (CLASS) offerings 'Will be available on a multi
lcx:anon biiiS as ss 1 spraas. CLASS services m gencnllly baed on dlt oJn>f · ·- .. -
callin& number identification. 

Examination of thele iniUal fealllres indicates that. many are inherited servic:cs from 
previous telephone COJIJPiftY offeriQp. (e.,., automatic call distribution, toll restriction, 
etc ). The novel facets arise with die capability of rec:ordin& and transfo1111inc calliD& 
number identification. 1'be Jei'Vices are oriented to business markeU and, in aome iDstances, 
to usage by affluent residential households. No benefits to normal POTS UJerS can be 
discerned. Pal'S cusaomcrs will receive few laVice benefits from the development o.f di&ital 
facilities. 

A leading researcher for tbe NatioaaJ Jteaulaaory Research Institute bas commeated: 

• ... there is no direct and wieldy accepted evidence that POTS monopoly siDaJe line 
residential and businel$ customers will need, use or benefit from these enhanced and 
more costly services• (Lawton, 1988, 9). 

3 Jud&e Harold Greene's intelprelllion of the in&eJeXchange provision o.f the lin: of 
business restrictions would require the' BOCs to locate SS7 termiJWions in ~ LATA. 
Consequently, these SBVlnJS from the delivery of software-defined xrvice changes 10 many 
LA T As from one central SS7 location may not actually materialize. 
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Even Bellcore, the research urn of the loc:al Bell companies recognizes the problem: 

·swe Commissions are sensitive to 'Jold platin&', e.e., overbuilding under the JU:3e o.f 
ISDN deployment of special loop conctitioning that .may be required for ISDN. As with 
any new tedmoloay the LEes (local exchange carriers) pass implementation costs 10 

subscribers. However, in the case of ISDN, state J"egulaton fear that LECs will 
subsidize &encral network up&1'ldes for ISDN to Jellin larJe business customers that 
mient othawlte leave the public nel:wOrk for ocher alternatives, e.g., advanced private 
line or other private netWOrks. Since n;sidcotiaJ uacrs rrg;jye little benefit in the "C'r 
term from JSDN. 11atC I'CIUlatouAR lilccly to IDMitor ISDN costs to c;osurc that the 
rcsidcndaJ II'CD'Ycrs is 001 ow;rb' burstcoed with this. • (underlining supplied) (Bdlcore, 
1982). . 

The disadvmnaaes of the combined network would include at least the followin&.: 

1. Beainnin& about 1962 the indusuy undertook replacement of its inter-office anaJoe 
fiCilitia w:ilh di&i111 tnmks. The economy of the -T-I • PCM diJital carrier is 
aenerany not challenaed. However, the relative economy of total digitiz.ation is 
widely det.tecl. For example, Rolf Wipnd, a leading international 
lelecommuniCIIions specialist has estimated that the combined cost of the advanced 
netWOrk •wt run into hundreds of billions of dOllars• and questions whelhcr benefiu 
WJD eqiiit! Witn t11e expectld cosu (W1pM, 1988). 

2. lmplemcntalion of ISDN ttdmoqy will require users to replac:e the existin& network 
with a oetwork thai, while it is more sopbisticaled, may be considerably more 
expensive. The incrased agrepae cost is due to the fact that the inlelli&ent 
funcdons have not been explicitly dcnwMSed and basic exc:ban&e ratepa)ICD may not 
need to utilize them (Marks, 1984). This problem is alJo related to functional 
allocation belween the network and customer premises equipment, u well u the cost 
of •intdli&ence. • With tbe ldveat of market compedlion in the provision of cusaomer 
te:rminal equipment, manufacturers have incorporated numerous service fca~ma in the 
softwale of PBX's and Key Systems. Larae eommen:ial firms have increuinJiy 
relied on boule staff IDCI in-boule communication capabilities. It is thele same firms 
to wbom tbe telepbone companies look u their primary users of sopbisak:ated ~cal 
JerVices. If lhae firms rely inltead, on in·house services, expected revenPU may not 
materializ.e for the telephone c:ompaies. 

3. Altboulb the ldephone compania, u well u the manufacturers, continue 10 predict 
cheaper cliJjtal fiiCilities in the future, whatever savinas are ultimately realilled will 
only IlK place when all equipment is di&itized. Althou&b lSDN pJ'a\IPP()Ia 
implemanadon of ad--co-end, aU digital netWOrks in the final staee. in the interim, 
coders « c:onnectors will have to be maintained between analog and cfi&ilal fldlities. 
The~e interfiCe deYic:es are expensive and also impose operating penalties tJuouahout 
the network 
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4. While it is relatively inexpensive 10 replace uunlc lines, it is expensive 10 replace local 
loops which connect this local exdlanae to CUSiomer premileS. While all early 
versions or ISDN claimed the intent of usin& the pmeat loop as much as pouiblt, 
operating experience indicates tiW subltandal replacement will be required.• 
. 

5. his five years since Buic Rate Jntaface (2B+D) was lint installed in local exehanae 
networks. Thole netWOrks are still unable 10 U'lftsfer 64 kbps calls to inlelacbanp 
networks, in pan because lbdr new lipa6nc systemS do not fully interoperate. 
Primary Rate Interface (23B+D) .mea are available from interexchanp canias, 
but are not generally offered by tbe local 1elephone companies. Basic Rate lntaface 
services are available from the local telephone companies, but not f'Jom interacban&e 
carriers. 

6. As discussed JRViou&ly, lbe effect of the heavy rcpllcement of analoa facilities with 
digital technoJoaja, will be to subsllntially increase costs in the sbon nm. AI new 
investment is brouaht in while the aimna pllnt is not fully depleciated, raaepayen 
will bear the cost of write-oft' of bodl old and new facilities. No one has suc:cessfully 
demonstrated that the cost iDcreue due 10 accderated depreciation wiU be offtet by 
cost decreases due 10 more effidat, multipurpose aechnoloay. 

Given these larJe COlli, it is cJeu tbat avinp in other costs cannot jUIIify thae 
teChnOlogieS. TllCie ta1UidJtJiftS i1dlt die WA of jhdvtdtq service. Oldy inaeased revenue 
can hope to make them a net ecoaomic benefits to the overall network. As one analyst 
recently put it, · 

·u the deployment of ISDN is to be justified in economic terms. it will be done on the 
basis of revenue enhanc:cmalt, not cost reduction. For the service provider, ISDN is not 
about costs, it is about rewaue ..• the LECs need new applications to drive revenue 
generation• (Fmnie, 1989, 67). 

Future revenues cannot be aedibly projected, however. Independent analyst~ have 
predicted that voice communications WJ'U continue 10 aenerate the Jrcate1t por1ioo of ISDN 
traffic. The vast majority of u.s will benefitliale, but they will bear the COliS. 

• . .• it does not pay to build. network 10 the bipest requirement whidl fCX' eichty to 
ninety percent of the lime will be used for the lowest requirement. • (:le Bus, 1982, 
3~. . 

2. 1be mqnltude ~ CGIIS 

• Removal of load coi,s and brid&inl points is only a small part of the cost difficulties 
encountered in order to accommodate the pusqc of hith speed. data (Daaa Communications, 
1988). 
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Bodl ISDN and SS7 have been tec:hologies which have engared the interest of industry 
participants for a number of years. It may be useful 10 cite lhe observations made by a 
number of these experts with respect 1D probable COlt levels. 

~mates of ISDN imatment per access line. nnae from S.3,SOO to $10,000 dependini 
upon the effect of 1he many variables noted previously. Tbese amounts compare with the 
year end 1989 investment of the seven RBOCs of approximately $1,800 ,pel' access line 
which largely exclude ISDN and SS7 (FCC, 1989). 

The local switchina plant of the industry was desiped and built to furnish voice-grade 
telephone services. As oblei'Yed in prior discuaion, this analoc switehina is seriously 
ljeficient in acc:omtnodaliq the requirements of tbe daWinformation market. All f1f the 
canie:n have pldually ablndaaed hundreds of miWons of doJlan of elcctromechanical 
swildlin& syaems and arc c:unemtly replacin&: their analoa ESS machines with diaital cmuaJ 
office equipment. An inlelalin& indicator of the likely cost of switchina center uppade is 
·refleeled in ICCelcrated depnciation diaries. 

In addition to the cost of deployina the new teehnoJocy. the cost of talcin& out tbe old 
tecbnole&y has been a soun:c of concem. Ac:cderated retirement of analoc central office 
equipment was followed by a precipiiOUS increase in annual depreciation rata (FCC, 1980 
and FCC, 1989). Between 1980 and 1919 annual depreciation chu&es of the~~ RqionaJ 
BeD Opeiadbi COibjMida bueued tun S7 bt11ton to SJ!.& bl111on. nos inaeued expense· ·-· 
includes all depreCiable ICCOUidl. 

A separaiC estimate wu prepared for the central office equipment accounts. As 
calcnJated in Tlble m-2, the annual increase in depreciation charles for the years 19~1988 
attributable soJcly to the hiper annual depleciation rates applicable solely to cenaal office 
equipment was in excess of S2 billion. Other industry sourca have published esaimara of 
the various costs associated with introduction of ISDN and SS7: 

•Jt will cost S2 billion to replace c:xistin& anaJoa switches with di&itaJ• (Deere. 1988. 
SO). 

• The COSt o.f desi&ninl and buildin&IUCh advanced networks (SON) will run into 
hundreds or billions of dollan ••• • (Wipnd, 1988). 

Similarly, the cost of the chan&eout in numbain& will ·vary within each Numberinc PJan 
area and will vary somewhat dependina on tbe typeS of switchina equipment located in acb 
area, but it will also be considerable. As the American Telephone Compuy oblaVed 
several years qo when contempladn& the pr~ code format cbanaes: • .. . abe total COlt 
wiU be very larJe• (AT&T, 1981, 6). 

·To implement thele chan&es, millions of doJlus 'will be spent on hardware, software 
and public notification tJuouahout North America by all local exchanae canicrs (LF£st 



(Epstein, 1990, 60). 

·The economic impact of the international traffic chanaes may be considerable• CUSTA, 
1989a, 2). 

The Illinois Bell Telephone Company recently estimated the cost of lhe ~in its 
Chicago NP A. Chicaao bas a high proponion of di&ital and analog electronic central office 
equipment. The cost of sucb c:hanps are naturally lower for electronic equipmalt becaute 
only software modifications are required, compared to the older electromechanical central 
office equipment which will require hanlware enanaes. 

For Chicaao, •me cost of tecbnicllly ~ for the new code, includin& labor, is 
expected to tach SlS million. But ••• that docs DOt include mailinp, public rdalions effons 
and business packa&es desiped to smooch out the uansition• (Telephony, l989, 11). 
Extrapolating the Cmcaao cost expaience to the balance of the Numberina Plan Areas indi
cates a nationwide cost would be in lbe JICi&hborhood of $2.3 billion. Jnclucfin& the overhead 
costs, it is reasonable to expect the combined nationwide cost will exceed $3 billion. 

3. lnddeuce of the CGit burdea 

To dale, little or no recopition bu been made of the causative nature of the hi&her 
4tpJa:Ddon wsa. Jn gc:uend, dley IIIVt been dtSU'f.:mttid1Jidhl.-l1mtnlte1y IJOObiiD JerVi« - -- ·· 
categories with no attempt at assipment oa the basis of cost causation.. 1biJ has meant that 
the basic exchan&e raleplya- who has benefitted last from the changeover ol plant facilities 
has borne the heaviest cost ·burden. 

For example, the mainaay of ISDN basic laiC architecture is the use of 64 kilobit 
channels. This standanl is hi&hlY desirous in IICCOmmodatina the passaae of hich speed dala 
services. But this is clearly an ovabuiJd for voice services which still consdtu~ lhe ~ty 
of the common network uaae. We know that tnnsmissian of voice at 32, 16 and eYen 9.6 
kilobits will provide hi&hly accepcable service quality (Felts, 1982). 

A similar conclusiOG is in order with respect to the costs of numbc:rin& cban&es. We 
have .Previously observed tbat the JfOWth of buic subscriber demand does not tlueUal the 
intearity of me Nalionwide Numberin& Plan. Jt is fair to say that the costs impoted by these 
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TABLE ID-3 

ANNUAL INCREASE IN DEPRECIA'nON CHARGES 
FOR CENTRAL OmCE EQUIPMENT, 

REGIONAL BELL O~TING COMPANIES: 
1910-J-

Plaut Eltimated AIIDU81 IDcreased 
Account ID'ffStmeat Depredation .. Depredatloa 

1/W Rates ExpeDR 
Jilin ($000) 

1910 1911 IDcrease ., ., ., 
Step-by-Step 5,412,092 17.0 22.8 5.8 313,901 

Crossbar 11,973,119 15.7 20.9 5.2 622,602 

AnalogESS 12,149,939 s.s 11.2 5.7 732,447 

Circuit 
Equipment 12,958,693 6.2 9.8 3.6 466,51.3 

Totals $43,193,843 $2,135,463 

a) Cutral alice eqWpiMDl iD,.._. of IIOC& u of 1/1110 of $43,195,644,000 clillrib....S 10 IUb-ecc•lllll after 
dechlctiD& cimailequipm~Dl Mtimeeed 1130 ptrceat ud pueJ 0 Sl.l IDiJlioo excluded. Tbc belaDec clilln"bbated 10 
s..p 17.9 perclll. C...._, • 39.6 percqt, ADaJoa ~2.5 perceat OD tbe raaio of Mtiom. 

b) Auaal ~ ,.... arc u t«i•etect averqe of the ptNCrib..s COE deprecialioa raaa for tbe priDcipal 
Bell carri .. ill 1910 .... 1911. 

Sowcc: •seatillicl ofCaDJDnaicalioal: 1910, a a. 12, Federal Commullica1klal CommillioD: •Fa~ea of 
DeprecillioD BniiiCb. • Commoo Carrier Bureau. Federal Commullicatiou Commi•ioD. 
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services on the Nationwide Numberin& Plan, i1s mocHfication and enlargement, ~ not 
reflected in a proponiOJWe allocation of this c:ost burden to the causative service 
classifications. Alain, it is 1Jle POTS classification which appears 10 bear the major cost 
assignment. s 

. 
The deployment of information, qe techno10Jies not only raises questions about the 

misallocation of cosu and benefits between service cateaories, but because the new 
technolo&y is so dependent on crcatin1 new streamJ of revenues, it raises serious problems 
about the misallocati~ of costs and beoefiu ICI'OIS &enerations. One company's projections 
of costs and revenues in suppart of its request for inc:Jeased rates to suppon the installation 
of out-of~band signaljn& is inltrUCti\'e (see TABLE W--i). 

Although industry forecasts of moenues and expenses cannot bt accepted at face value,• 
their own projections indicate that it would requiJe four years of powth under company 
projections before the service: would yield a positive return. Jt ta1ces four years until the 
company anticipates revenues to exceed expenses in the metropOlitan New York LATA. the. 
investment does not break even until at least six. years afler the procram is under way. Wbo 
will bear the onus of revenue cleficiency in the intervening yean? 

D. Rate :Replatioa of IDrormaUOD Ale Senlca 

Eipenence hiS taulfil thit n 11 eaenbil tbil itate regulators itrive It tRit 6WII 
conclusions regarding the procedure for allocatina costs associa~ wiUI the ISDN-bued 
advanced technological services. Both aa1e and federal regulatory commiuions have 
expressed real concern over the possible level of capital and recurriJl& COltS for ISDN and 
SS7. Hence an FCC Staff Inquiry was launched in February 1990 which IOU&ht an estima~e 
by the RBOC carriers of tbe SS7 and ISDN investment and recurring expenses - defined as 

s The North American Numbering Plan (NANP) is administered by Bellccn, tbe MD arm 
of the regional Bell companies. The Jeadina expert of the NANP recently told an UIOCietiaft 
gathering of stale regulators: •Jt's not population powth but the growth in the number of new 
services that is eXhaustin& the phone number auppJy• (State Telephone Rqulation Report, 1990, 
1). So there should be no dispute concemina the causative factor cenaatin& tbeae additional 
costs. Since balic excbanae JaVice is cleuly not the cost causative service c:uecory, it should 
be immunized from the cost effectS. However, unless and until the rqulaton rec:opiJle the 
problem, under prevailin& jurildictional separations Uld rue desian melhods, it will be basic 
exchange ratepayers who will bear die bulk of these costs. 

• The Company's projection of revenue is hiJhly speculative. Alter nearly a decade of 
provisioning various CuslCm Callina Services (Speed Dialiq, e\C.), New York Telephone bas 
still not reached the market development forecast for five years growth (New York Telephone, 
1990). 

49 



TABLEID-4 

NEW YORK TELEPHONE REVENUE, INVESTMENT AND EXPENSE 
TO J;MPLEMENT LOCAL COMMON CHANNEL SIGNALING ARCHITECnJRE 

METRO LATA 
($ mJDiODS) 

'iar Rnenue lovestmeat Expeases Net Revanae 

1990 0.0 24.1 12.2 • 36.3 

1991 3.9 29.0 36.4 - 61 .S 

1992 19.2 30'.6 64.0 - 75.4 

1993 13.S 19.S S9.2 ~ S.2 

1994 22.6 -7.9 22.6 1.9 

1995 132.1 -0.3 18.0 114.4 -

1996 1SB.9 - 2.'6 11.4 ISO. I 

Source: NY Tel R..-. by A.L. Culmoee to CPB Jafo ltequat NO.l32, C... No.90-C.Ol91. 

•direct• - coverin& the years 1989-1992.' Some states have bc&un major reviews of 
telephone company modernization plans (New York, Tennessee). 

1. Federalappnacbes 

....... 

The conventional cost alloc:abon measures adhered to by the FCC - subscriber line 
usqe, relative minutes of use, eac. - rely upon an overly simplistic usumption of 

1 The inquiry Jauac:hCd by the staff of the Joint Conference on Open NetWOrk ArchitectuR, 
Feb 23, 1990 souaht to examine the investment and expenteS associated wi:lh Public PKkel 
Switched NetWOrlcs (PPSN) u well u ISDN and SS7. The qualions raised may have been 
directed to the juritdicdonal ilftl*l of thae costs. However. the dala ciled in the tat refer to 
the RBOC estimates of agrepse direct costs, excludina common and overhead costs. 

... -- --



homogeneity of causation by all services. 

Since 1984 the F .• C.C. tw made a la'ious effort to reverse this principle and, by 
indirection, to re-establish the Board-to-Bolrd principle. Amendments to the Scplrations 
Manual, undertaJc&ft Iince 1984, eliminaMd abe weighting flctor in the allocatioo of the toll 
portion of traffic sensitive common c:xc~~~np. plant. 

Although there is no economic jusdfic:alion for alloca!inc fixed plant costs IOlely to buic 
excbaJlae cuatomerl, doiDa 10 hu Md lipificant equity implications. 1be FCC and the 
industry qreed after June 1, 1986 tbaliiiDit local acban&e plant flcllities wae _,.,.traffic 
sensitive and accordiaaly, relieved abe intaexcbanae c:anicn from major lespoiiSibllity for 
compensatin& the local excbanp carriers f« this COlt. lnsrcad, the FCC ldopced the 
Subscriber Une Cbl1'p (SLC). As of April J., 1919, sinale line residential customers pay 
S3.SO per month fOJ" the ute of local plant in \be rendition of inaerstate lona distanCe 1011 
service. 

The imposition of the subscriber line ctwae has been llr&ely responaible fat the shift in 
distribution of local lnd 1on& di*'Ce 11111 liDce the divestiture or the Bell System. Moat 
toll uafftc is&enera&ed by lup eommadal firms and affiuent residential households. 
Approximately a fifth of bouJebolds CJriaina1e no messaae toll business. On the OCbel band, 
for reasons Of public iifiiY, 1iiilill, Uid iOCiiJ Diidi, ill hOUidiOidi requm JOCil iilijJhoie
service. 1be iDcreue in local ecJcpbonc Jllel has been "dilldvantqeous 10 the elderly and to 
the poorer members or· the communiey becade daey originate fewer lone di~tane~e calls. At 
the same time, memben of the busineu community and affluent residential houlebnk's who 
generate a larae number of tolJ calls baw saved money. 

"Between 10 and 20 perc:eat of all houlebolds place no lone dimnce caDI in a Jivm • to 
6 month period... <Mr twOatbinll of houlebolds pay more in subiCriber line cbarJes 
than they saved as a result of die reduction in the ntes for u~a~e. • (Cooper, 1917) 

Of additional cooccm is the Joint Cost Older, which is intended to be the Juide t.o 
separating the COltS of tluic and premium .mea. nus order papc.tnata tbe faulty 
allocation principles which are baed oa the quantity of use, rather thin the qua1icy of UIC. 

Common costs are allocated u if there WIS I common need for the teeeal I'OUDd or expensive 
investment, when that is clearly not the cue. Once qain, the cost allocation formula 
misallocates costs to POTS CUSIOmei'S. 

The FCC, for example, has adopled a mimne-of-use standard for lllocadn& all accas 
services in the provision of equal access ·for intaachan&e toll facilities. Under current 
jurisdictional separations procedures~ invaunau in out-of-band sianalina fadlities is 
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apportioned on the basis of relative usqc. Implementation is somewhat more complex.' 

2. State Approaches 

A ~}umber of state reaulacory commiuiom have adopted this subscriber line charge and 
have levied intrastate SLC dwps on local macpaycn to reduce the cost burden for intrastate 
messqe 10lJ lelYice (Malhiol and ROJas, 1987). 1bc effect of this shift in cost allocations 
has been detrimental to the majority of residential consumers. 

The RqioaaJ Bell OperaliDa Com,pania are seekin& authority to chan&e non-basic nc.es 
without a rate filin& with the local Public Utility Commission. Thele efforts ate provin& 
increasin&ly successful in many swa. Thus, it appears hi&hlY libly that by 1he time that. 
these future Intellipnt Network leiW:a are available and, in li&ht of the competitive 
environment in wbk:b lbey larply fall, they wiD be •beJow the line. • Clearly, current 
telephone llleplyen should not be required to fund expenditures for futuR sublc:riber 
services dial wWlibly be outside rqulatory commission scrutiny and 'which will mum no 
revenues to lbe reaulated side lO pay for the investments financed by rqulateci customers. 

1be tranlitiaa to lntdlipnt Nclwork services poses problems of (1) investment. timing 
and (2) misnwchina of COJU and benefits. The Jan.er may occur if current raaepayen pay 
mote than lbeir fair share of &he costs of ISDN, for example, if one class of ratepayers, e.a .• 
POTS J*YII lillie of WIG ptiit!i dlin Ill :dille of beuefics. 

'The pal ·uncenainty in tbe maanitude of the costs that the lntelli&ent Network will 
impote and the uncenainty about reauJatory decisions makes it extremely difficult to estimate 
what the price impact will be. 1be staJca are c:enain to be large, however. 

An indicalor of the impld can be found in the decision of the FCC to shift costs back to 
the local service level and industry efforts to obtain rale increues aft£r divestiru:re. Between 
the break up of the ldepbone company in 1984 and 1990, local rates went up over 60 percent 
(see Table W-S). In dollar terms, the increue for local service nationwide was about $6.00 

1 For example, Tandem switchin& equipment is apportioned on the basis of the !dative 
. number of Study area minutes of Ute of this equipment. COE Catqory 3-Local Dial S·witdlin&, 

in study areas with meR than SO,OOO KCeSS lines, is apponicmed on the relabve ctia1 equipment. 
minutes of ute (DEN). W'adcbar.d and excban&e Trunk Facilities (CAT2) ate apportioned 
between state and intcnWc on the basis of the relative minutes of use (MOU). lnternchan&e 
Cable and Wire Facilities • Calcaory 3 Meaaae is apportioned on the basis of convenalion 
minuae miles. While thae principles appear simple, there are convolu·ted measures lakm by 1be 
carriers to impleiDGnt them. For a statement of 'the principles, see C .. F .R., Pan 67, Pins 123, 
124, 12S, 132, 143 and 138. 
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1982 
1983 
1983 
198S 
1986 
1987 
1988 
1989 
1990 

TABLEm-5 

HISTORICAL PRICE TRENDS: 1982-1990 
(ADDual " Qwaaes) 

10.8 
3.3 

17.2 
8.9 
1.1 
3.3 
4.5 
0.6 
4.4 

latentate 
2.6 
1.5 
4.3 

-3.7 
-9.4 

-12.4 
-4.2 
·1.'3 
-2.9 

IDtrastate 
4.2 
7.4 

. 3.6 
0.6 
0.3 

-3.01 

-4.2 
-2.6 
-2.7 

SOUtcc: •rn. iD 'N i*LW Sliwa; ....... ODaildltadGa 0.111-.. OiaaiDOU Ou1M Bwww, F.C;C., 
Auaua 20, 1990. 

per month. At the same time, intei'SIIte ion& distaDce rates declined about 3.3 pen:ent, whiJc 
intrasta1e lon& distuace rues increued about 8 pacent. 

These chan&a can be UJed to put the COil of the infonnatioa IF in peupective. Ia 
Florida, it was atiiDited tbat deployiDa fiba' oplic cable on an KCderaled bub would COlt 
an averaae of SS.OO per month for several decades (Cooper, 1990). 1biJ doca not include 
lbe cost of diai111 switches or SS7 technoloey. In Tennessee, it appears that deployina tbe 
latter tw0 tecbno1cJaies will <:Ostlbout $4.00 month (RCG, 1990). 
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F. Appeadlx 

1. 1bt aew baRe ISDN plaal 

Two primary types of service are currendy available throu&h lSDN. ~service will 
provide two 64 lciJobits per leCOnd (Jcbps) •B• channels and one 16 kbps •o• channel (2B & 
D) for a total of 144 Jcbps. 1be D channel is used to uansmit network control information 
between the .network user and the telephone company. For Jar&e business u1e11, PriiDIQ' 
service will be offered. Prilllll) scmce will consist of 23 •B• c:bannels of 64 kbps and one 
·o· channd of 64 kbps (l3B & D) for a total of 1.544 mepbits per second (mbps). 

To undasland why analoa and cJilital network aandanls are ao far aput, it is necessary 
to explain certain elemernary propeniel of the 1ep11a1e service. 

The human voice can psoduce tones in the frequency band of SO to 15,000 benz (hz) m 
lS kilohertz (khz). 1be ear can hear sounds in the 60 10 20,000 hz passband. But the 
passband of the 1Clephone Jocal loop is rou&hly 300 10 3400 hz. How can a channel with a 
passband of 3.1 khz carry the infonnatioll of a channel with a 14.9S kh1 bandwidth (15khz. 
SO hz). The local loop iJ opti..u.t for hUJMn voice and is not intended to carry just any 
analog signal. ne ~or portion of the relative ener&Y of the human voice sianaJ is in the 
frequency range from about 200 10 3SOO hz. Thus, the conventional loop desip is adequate 
for quatity hUIIMII Vdw bmiiiidailuill. 

Now consider what happens wben pealel spectrum requirematt is demanded for 
another service. Tm the cue of music, which is intended to be pleasin& 10 a Jar&er 
frequency spectrum of the ear. A transmission flc:ility carryin& music must u,;e alaqer 
bandwidth than voice. This iJ pudcularly important for the trunks connectin& tdephgae 
sv:itchin& offices. Filtenlftd lold coils in the network cut out the voice signals bdow 300 
hz and above 3400 hz, even thcqh the voice itldf is capable of c:arryinc much hi&her 
frequencies. Similarly, 10 pus hi&h speed dala siJnals a much pater passband is req,uired. 

A major suunblin& block co sendin& di&i1ll sipals.-between the central office and 
customer sites is t.oday's Jocal loq). The local loop comprises a twisted pair of 22 U> 26 
gauge unshielded copper wire. The averap Jen&th of a local loop in the United States is 
about 18,000 .feet. 

Load coila are placed on tbe leal loop to reduce the voice frequency attenuation (power 
loss) in the wire pair. While the lold coils ensure that the voice li&nal is stron& enoup co 
uavel the disllnCC between tbe customer sile and tbe central office, they effectively limit the 
voiceband to abOUt 300 to 3400 Benz. Data sipals require the paa bandwidth for 
effective transmission. Brid&ed taps are also praent on the local loop. They reduce 
inslallation time for new customer connections but they alJO ldvenely affect di&ital 
transmission on the loop. The problem with the anaJo& local loop is that while 3.1 khz is 
sufficient for carrying 1111101 bwnan voice sipala, it is not sufficient for canyina the 



frequencies required to represent di&itll data.' 

2. Slpallo& System ? 

The. local exchanae network today is baed on a single network technology. Both 
subscriber c:alls and the sipalin& and con.trol information are transponed on the same 
facilities and use the same switches. 

Conven.uonal sipalba& in voice netWOrks tends to be desipod for different types of 
transmission media in order to reduce sipl)ina cost. The line plant in ana1oJ netWOrks is 
usually two-wire unamplifiedl audio and the tiDe liJnalin& is d.c. loop si&naliug. Local d.c. 
loop signaliD& has a limited ranae and some local d.c. aipaUnc methods ua pound return 
to increase tbe sipaling limit. 1M~ frequency a.c. may be adopted when the local d.c. 
signaling limit is exceeded. In bodJ cues, all aipals ute the same transmission path over 
which the information is beiDa rdaycd. Hence, the usual reference to •m-band• sipaling. 

ln contraSt, SS7 sicnalin& utilires a aepuate pllh, a facility independent of the pl1b 
employed far information tranllniuion. Thus, the reference to •out-of-band• siplinJ. 

ln the long-distance intaachan&e netWOrks, in-band signaling ~eehnolOJY has larJdy 
been replaced by twO closely c:oupJed netWOrks - the rnessaae transpon network, and a 
sqmate inltloffic:e (di&itld) dala ietWOJk dad c:anies aJJ sipatiiiJ mid JldWOik control data · ··· -
in a common cbannd. Separatin& the sipalina, which is inherently dicital, from the 
messace traffic itself, rau1ts in fute:r call tetups to accommodale the needs of data users; 
reduces the uunk requimneftts required for·the same volume of busy-hour tnffic; and of 
great impo!WICC 10 the tdepbone compania, baa made possible the development of new 
services (Bellcme, 1990; Levine, 1.989; Keuler, 1989; and Micchdl, 1990). 

Local exchanae carrien arc in the process of intrOducina this technolo&Y into the local 
network using Signalin& System No.7 (SS7) prococol. 1'bc initial benefits from the new 
teChnology are being realized for tandem-switched calls. But widl additional equipment and 
software, this technology 1110 provides the opportunity to make a wide vuie&y of new 
services available. These services are produced by specialized computer prcalliDJ IOftwale 
that is supplied either· within the loc:al exchan&e netWork or by enhanced aervice providers 
connected to it. 

To understand the elements of the SS7 technoloay required for new pmnium ICMca, it 
is helpful to follow the handJin& of an interoffice POTS call that pwa dlJoucb a common 
channel signaling network (SS7). Fi&~ m-J sepresenu a simplified dilpam to show the 

' It should be noted that some current local an:a network (LAN) products and standards 
use unshielded twisted pair at cilia rata up co 16 mbps. The len&tb of the wire, howcYer, is 
limited to a few hundred feet, well short of the local loop req·uirements of leVaal miles. 
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FlGURE ID·l 

DIAGRAM OF SIGNALING SYSTEM 7 

Su~srlber 
A 

C.O. • Central office 
AT • Ace•• tendem 
STP • Slgnel treneter POint 
SCP • Signal control DOint 
DB • Datablae 

~: IDcmptpla! Cw Rfltltpbw Accw 11M1 Lqcal Y•, Bridpr Mi1cbeU. 

/ 

path of a. call from subscriber A 10 subscriber B served in a different local office. 

At A's central office, the local switch lends a data messaae containing both A •s and. B's 
telephone numbers over the data network, shown as dashed lines in Figure ID·l. This 
.messa&e· is paued through the sipa1in& network 10 B's central office. There the switch 
determines whether B's line is busy. Jf it is, it returns a •line busy• data messqe. A's 
office receives the messaae and plays a busy-tone 10 caller A. 

If the line is not busy, the switch in B's central office rings B's &clephone. Wbal B 
answers, the switch sends an •answered• dala messace back. Only then docs the necwork 
establish a connection for the voice traffic between office A and office B, shown by IOlid 
lines. When the convenation is finiched, the two switches tend •bang-up• messages to the 
signaling network, which &hen removes the voice c:onnection. 

The common-channel network itself consists of 56 or 64 kbps digilal linb that c:onnect 
the central office lWitthes to special pacJcet switches called si&nal .uansfc.r points (S~). 
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Geoppbic:ally separated STP's are linked in pairs (u spares) to ensure a hiP depee o,f 
reliability. Each has sufficient capiCity t!l pedonn the task of the other, shoUld one fail 
(Boatman, Lannan, and Sbablna, 1.987). 

Jn addition to providjn& capabilities for internal network control and adminislration, SS7 
has two fcaaures that are of direct incerest co end UJ&n: the Transaction Caplbilities Put and 
the lSD~ End UleiS Pan. Tbe TJIDIIdion Capabilities Pan permits a telephone comp~ny 
switch to quay a dlllbue (STP the Fi&ure) for information on how a call should be handled; 
for example, how co route an IN·WATS (800 type) ICI'Vice can. The End 'Uc Part iJ 
intended to permit end-10-CIId traniJDjaion of information throu&h the necwork, such u the 
identity of ehe called or callinc number. 

1be last Unk in the User Pan cbaiD is the ISDN D-cbannel. It carries sipalin& 
information between cuaomcr premiaa equipment and aldephone compeny'sswitdl. If a 
subscriber is not served by 111 ISDN swildl, 1hc information will not ao beyond the telephone 
comp~ny's switdl. 

The BOCs bepn deployment of SS7 in 1987. The timellblc for local SS7 availability 
will extend into the next century. "'To equip the thousands of end offices operated by leal 
carriers will invol~ a ~or reconfiauration effort and will be very expensive.• (Levjne, 
1989). 

3. NumberiD& 

Becan.e of fannat restricdcJns, NPA codcl are limited to 1S2 and cenual office coda are 
limited to 640. The cenllll office (CO) code di&it format (NNX) hu excluded combinalions 
which make it look identical co the NPA (i.e., in theN 011 f~). JnterchanpabJe codes. 
however, arc in 1be NXX formal, penniaift& central office codes to have cfiaits identical ·to 
the NPA. 'Ibe cba&c increues tbe number of available CO codes available in ach NPA by 
1S2, thus extendinl the Ufe of the NPA. 

With interehanpable NP A codea, every switdl in the North American Numbcrinl Plan 
will be required to ICCepllhe new fermat (NXX) for the NPA. When in~ CO 
codes are introduced, NPA IDd CO code fonDIIS will become indiltin&uilbablc. 'lllaef(ft, 
a switcll.'s ability to ctislin&uilb between 7-dfaja and 10-di&it calls bued oa the finllbrec 
digits dialed wiD be .lost. Con.eqUCDIIy, II1Cihods must be found to diltin&uish between them 
ud route diffaat call types. While three difFerent methods for makin& this disdncdon bave 
been recommcndcd, the •Piefix Mdbocl• appears co be most likeJy tD be adopted u tbc one 
with the least objectionable feacura. 

Jn the tnefix method, all 10-di&it ca1Js are prefixed with a •t• 10 indicaae that JO di&iu 
will follow. All 7-cfi&it calls~ dWcd without a Jftlix. This means tha1 even toll calls 
within the home numberiJI& pJinl area will requiR the u~e of the prefix and l().di&it diaJin&. 
However, except for some c:roublr equipment, which is beinJ phucd out of scmce, tbc 
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plan can be implemented with narly all switchilll systems so that dialing consistency aaoss 
the nationwide network can be lldained. 

The CCITI (Consultive Committee for IniCI'nltional Tdegraph and Telephone), the 
inlenlaqonal body responsible for developin& ICIVice compatible solutions 10 common 
ldephone problems ICI'OII nadau. has recommaiCied that the caplbility 10 transJale and route 
intemationallelepkJne numben wm require up to fifteen ctiaits in Jenath. This does not 
include prefix m,its such. u ll()lJ• which are used throupout the world for international 
DDD access. 1be caplbility is required to be in place in all switches and networks by 
December 21, 1996. 

This intemllional teclmic:allllndud will 'have enormous financial impKt on the domesti.c 
network's saeeniq and IOU'da& tnnsladons u well u bi11in& systemS. Most switchin& 
equipment. in the United Scaaa IOday hu·been deliped 10 perform routiJI& for numbers up 10 
ten to twdve di&it Jeuatbs. BiltiDa llld KCOUDiin& systems are abo typically ctesiped b.-1 
on 10- 10 12-cfi&it leqtb. Tbae requirements are in addition to the need 10 implement 
interchangeable NPAICO code Clplbility cauted by the exhaustion of current NPA codes 
within the Nonh American Numberin& Plan. . 

---------------------------- ----·- - - . 
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