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ORIGINAL 
REBUTTAL TESTIMONY OF DR. ROBERT M. BOWMAN 

ON BEHALF OF BElLSOUTli TELECOMMUNICATIONS, INC. 

BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

DOCKET NO. 98069&·TP 

SEPTEMBER 2, 1898 

INTRODUCTION 

PLEASE STATE YOUR NAME, OCCUPI TION, AND ADDRESS. 

My nam1t II Robllt M. Bowman. I am an Independent 

telecommunlclllons consultant My addreu Is 10655 West RCJwt.nd 

Avenue, L..MIIelol•. Colonldo, 80127. 

ARE YOU THE SAME DR. ROBERT M. BOV&AN WHO FILEL> 

DIRECT TESTlMONY ON AUGUST 3, 1998? 

Y ... Attachment RMB-1 to my dinlct lfttlmony, lllod on August 3, 

1998, provides a detcrlptlotl of my experience and training relev:1nt to 

this prOOMCfJng. 

WHAT IS THE PURPOSE OF YOUR REBUTTAL TESTIMONY? 

I am testifying on behalf of 8ellSouth Telecommunlcatlona, Inc. 

(herelnatt. "8e1Soulh1. My '*-tltal testinony focuaaa on HAl 5.0a 

outside plant dMign from an engineering pe11pective. 

PlEASE SUMMARIZE YOUR REBUTTAL TESTIMONY. 

·1· OOCU,...PI' k' ••llrR • O.t.TE 

~b-l ~ S[P -2 :t 
r "!G· RC~~D •''(PORTIII:l 
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Q. 

A. 

II. 

p c ii't' " 

I eddtess 1\1110 algniflcant luun. First. many of the Important 

·~ wfttlln HAl 5.0a art not included in the user-adjustable 

Inputs. Second, HAl 5.0. continues to violate engineering deaigo nJiet 

for outside plant. This resultl in a netwo(tt design that uset outdated 

t~ and provklet POOf M!VIoe quallly. Consequantly, HAl 5.01 

fallllo aatlafy ~ndamental requlrementa of the Telecommunications 

Act ol1888 reganSing tCOMt to advanc:ed rervicea and providing 

aeMcel to rural areas comparable to :nose provided In urban a~. 

The local loop II a nece.atfY component of local exchange aervtc::e, 

and the costB of local loop plant are the lalgast part of the O'llfllll cost 

of auppf)~ local exchange IIIVIoe. However, the HAl 5.0. provides I 

eubstan«Wd telephone network and poor telephone aervk:e. The HAl 

5.0a II clear1y not a WOft(able c:holoe for Floltda . 

HOWlS YOUR TESTIMONY ORGANIZED? 

My testimony addr.uet two lignibnt ftawe In the HAl 5.0a'a cost 

estJrnadon proceuer. 

• The HAl 5.0a UMI' lntelface maMI It dlffiwJt for the uJef' to 

ootl'1ICt the unreaflotlc and outdated local loop engineering 

dealgn. 

• The HAl e.Oa UM4t certain outdated engineering paramelefl and 

... umpUona to <*lgn the local loop. 

HAlMa ASSUMPTK>N8 THAT ARE NOT EASILY CHANGED 

·2· 
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Q. 

A. 

Q. 

A. 

MR. WOOD IMPUES, E.G., AT PAGE 10 OF HIS DIRECT 

TESTIMONY, THAT HAl 5.0. IS EASY TO USE AND THAT THE 

MODEL INPUTS CAN BE READILY ALTERED. WOULD YOU 

PLEASE COMMENT? 

Yea. Some of the important asumptlonlln HAl 5.0. are not user· 

lldjult.llble. Fot enmple. HAl S.Oe d08I' not place telephone poles as 
part of the aerie~ atruct&n In the two hiGhett denaltl, zones; in essence. 
" aaurnn that ~ poles ant not required In this density zone. 

FIM1hermore,lhere It no u•r-~•dJutteble lnpu~ that allows the user to 

provide fot the pleclment of poles u .,.rt of the •rial ttru<:ture In the 

two highest denSity zones. The user woutd have to delve Into the code 

to modify the Ex~ bmula to Incorporate • mote realistic auumpllon. 

IS n-tE EXCLUSION OF POLES IN THE HIGH DENSITY ZONES AN 

IMPORTANT OMISSION? 

Vee. HAJ 5.0. uunes aii'IIJdla 80% to 85% of loop plan111 aerial 

In Ita two highest dentlty zona However, the HAl 5.0a'a 

documentation lldmlll that lhe model never pull polea under b aerial 

cable for the two highMt density ..... See the HM 5.08, lnpur. 
Portfolio {Reviled: January 27. 1QN), pege 3-4. A note lnclud«< there 

mta that "HM 5.0. auumee ~ C4lbja In the two molt dense 

~Dr* as. BloC* and Building Cable, not aupport on polet: 
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Q. 

A. 

The exclu1lon of polelln dtnse a1ea1 con~lcta the direct te1t1mony 

of()lle ofHA1'11Mding proponents, Mr. Dean R. Fauett, provided on 

January 23, 1898 to the w,.omlng Commiuion. Mr. Fusett has 

argued meny ~mea that • would noc be ra.aon.ble to Ignore tt:o 

ext.tence of poleJ In ~ concentrated areu, 1uctl u downtown 

....... yet lanor'•lO cxllting pole llructuretll precllely what the HAl 

11.0. doeL \\ttl no polea, tiler ... II no aerta1 ttrueture COlt perM, jUit 

the • ,...,.. COlt d the <*'las. Ellrnllv'.l.-,g pole cotta results In an 

urodln' ~of I1NotUre COlt In ~ hlgh-<Senllty zonea, etpeelally 

lh:e HAIS.Oe ~ luc:h a high 1.,.rc:ent.;e of Mrial plant 8lodc 

c:.abtt 11 _... Clble .u.ched to the ~ides of buildlngt. It II decades

old tecto."101ogy, the technotogy of a bygone era, and Inappropriate to 

Ul8 In a modem ftleptlone netwoftt. Owneta typically do not l)elmlt 

unaigtllly attachMntlto the lktee of their building a, and lilce other 

fotml of aerial ~. block C8ble II expoud 1o the wealh«, eleclrie 

poww and llghlnlng. 

CAN YOU PRCMOE ANOlliER EXAMPLE OF AN HAl 5.0a 

ASSUMPTION TH4T IS OIFFICUL T FOR lliE USER TO CHANGE? 

Yea. HAl 5.0. cto.t not Include manholes, handMiea. and pull)onaln 

the dilttiJutlon plant Tho Model doel not Mv8 UMr·adjultable Input 

l.lblea tMt panni! a uaer to eedy add auctlllema of attucture to the 

dlaltlxltlon piMt. F01 U. INion, uniMa a UNt II Cltpable of alt«lng 

the Moder a OOf1'lPCMt ptOgriii'MIIng, the Model"autornatlcaiY' 
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Q. 

A. 

Ill. 

aubatantlllly understates underground conduit costs In dittrlbullon 

p'-nt 

HAl 5.oa aaaumee that diltrlxltion manholea, handholet. and 

~are not required. Thul. HAl S.Oa ~ thle unreallatlc 

aaaunlption. In tact. the lafger cable alzn needed In denae urban 

areas .,. oftln too big to IWHP up from t-oneeth the ground and 

attach to pedM'M or poles on the r.utface. Manholea, hendholel, and 

pullboxM are fraq'*ltly required to build dletrlbution plant In urbln 

....... Omltlug them enllrety from HAl 5.01 fall 10 AtCOgnlze requlalte 

cotta Incurred to MMt urban aubacttbera. 

WHAT IS THE EFF~CT OF H.AI 5.0a NOT INCLUDING MANHOLES 

AND HANDHOLES IN DISTRIBUTION PLANT? 

Omlulon ot ttMa ~ pam underatltes the costa actually 

lnc:utred In pt'OYidlng ballc: local exchange aervioe. Anumlng 

handholet or pull>out .,. apl08d 600 te.t apllt. the HAl 5.0a 

underetetea the underground construction coat of dlattfbutlon plant 

oonalderably. FurthennonJ. tile HAl S.Oa don not have an Input form 

allowing the UHf' lo lnoolpotate manho6M. handholea and pullboxes 

Into the dletrllutlon design All crq>llclt lnck Ilion of theM COlli would 

raqulte modltlcatlont to the model logic. 

~INEERINO DESIGN RULES 
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a. 

A. 

a. 

A. 

DOES ... R. WELLS DISCUSS STANDARD DESIGN PRACTICES IN 

HIS DIRECT TESTIMONY? 

Ye.. At pages 4 and 5, Mr. Wells suggests that HAl 5.0a relies on 

design auumptlona that are similar to standard design practices . 
• 

However, it appearalilat the HAl "Engineering Team• that Mr. Wells 

dilc:unea In his dlrec:t tntlrnony, has adopted guldellnn that are 

Jneonalitent with lndua'ry standards. 

DOES HAJ Ma ADEaUATT:L Y REFLECT ENGINEERING DESIGN 

RUlES Wfni RESPECT TO :TS MODELING OF THE LOOP 

NElWORK? 

No, it does not. HAl 5.0a doea not adequately reflect engirteering 

guldePnea and practlees publlshod by Bellcofe and AT&T, suet! as 

AT&T'a "Outalde Pt.ant EJ\glneering Handbook, Auguat 1994." reprinted 

under the lucent label in 1996. This reference Ia att.ched to my 

rebutt.l teatlmony aa RMB-1 . Similar criteria are contained In the "loop 

Technology Planning Guldellnet" from BeiiCCire (BR 916-100.{)17). 

HAI6.0. vlolatet these llmlla by extending copper loopa beyond the 

digital loop carrlei' (OLC) remota tenninal (Rl) up to 18.000 feet without 

additional pi'O'\IIslooa, tuch aa extended range channel units. 

TheNJ1<n, the locaJ loop <*lgn In HAl 5.0a Ia not capable of providing 

adequate quality telephone NfVIca. 



1 Q. WILl YOU ELABORATE ON WHY THE LOCAL LOOP DESIGN IN HAl 

2 5.0.1S NOT CAPABLE OF PROVIDING ADEQUATE QUALITY 

3 TELEPHONE SERVICE? 

.c A. Certainly. The line loss altlndard for good quality telephone a.ervk:e 

5 should not exceed 8.5 dec:lbell (dB) of lou for the entlte •:ne. as 

8 apecHied In "Bellcore Nolet on the Netwodl", lnue 3, December 1997. 

1 HAl 5.0. placet standard channel unlt catdt (plug-ina) In Itt Digital 

8 Loop Cetrief (DLC). Each atandsrd channel unit card Inherently haa 2 

II dB of lou. This pennlt.a a maximum '· ' 6.5 dB of lola for the loop. 

10 Dec:l!elloa, per 1,000 feet, for undergrooncl or burled cable at 

11 atanderd temperat1n1 (le., 88 degrees) Is 0.54 dB for 2e gauge cable 

12 lind 0.44 dB for 2.4-gauge cable. Even with the CO"MMtive 

13 anumptlon that al cable Is 24 gauge burled cable (aerial cable In the 

1.c mlx 1ncre .... the loaa), the dB lola for Just tloe metantc loop on an 

15 18,000 root CCl9;* cable II approximately 8 dB. An additional2 dB of 

1& lou Inherent In the &tandard channel unit card bringt the total dB lou 

11 to approximately 10 dB. StDI further dB lo$set win occur if the line Ia 

18 aerial rather than burled or t•nderground. Consider thla sddltlonallosa 

19 to equal 0.5 dB, bringing the total lola to 10.5 dB. Theae calculatlone 

20 ara ahown In my attachment RMB-2. 

21 

22 ~. the HAl 5.0. 18,000 foot copper loop haa epproxlmately 2 

23 dB more 1oea than the maximum lola allowed for good quality 

2.c telephone ~· Bt!c~UH dB II measured on e logarithmic scalo, 

25 thlt additional lola II algnlbnl Good quafrty telephone aervlce u 

·1· 
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A. 

a. 

A. 

provided by the PCPM 3.1 networlc provides a.pproxlmately 60% mora 

power over the line that the HAl 5.0a 18,000 foot line provides. 

Cuttometl would have to yell Into the telephone of the tw 6.0a 

nelwoftt In order to bo heard . 

WHAT ARE THE MAXIMUM LOOP LENGTHS THAT ALLOW GOOD 

aUAUTY TELEPHONE SERVICE? 

My allldVMnt RMB-2 allo lhowt the e.~ •lallonl of the maxlmum 

loop lengtM of 11,100 feet (fof26 gauge cable) and 13,600 feet (for 24 

gauge cable) that dow good quality telephone aervlce. BCPM 3.1, In 

coclbut to tw 5.oa. reflects envlneetfng atandarda b; using larger 24 

gauge cable beyond 11,100 feet and replacing atandard channel unit 

cards with mended range floe cards beyond 13,600 feet u deacr!bed 

In the BCPM 3.1 Model Methodology. 

IS THERE A PROBLEM WITH HAl 5.0a'S USE OF THE STANDARD 

CHANNEL UNfT CARDS ON COPPER LOOPS THAT EXTEND TO 

18,000 FEET BEYOND THE DLC? 

Yea, the,. II a algnlllcant problem. The a1andatd c:ha.nnet unit c:arda 

used by HAl 5.08 cannot reach copper loops that extend 18,000 feet 

from the DLC to the cuttomer. In other WOI'da, HAl 5 Oa modela c:oppef 

dlatancn not auppofted by the technology anumed. HAl 5.0a and 

BCPM 3.1 both uaume the UN of the Lltespan 2000 DLC technology 

(manufafltlnd by OSC). DSC't documentation, however, atat" that 

the practlcallimft of the ayttem Ia 1.000 ohms, and another vendor 
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Q. 

A. 

(American Fiber C«pcnllon, AFC) auggests thll 11 maximum DC 

aupeMalon, renge ttansmltslon lou due to cable length IT\Iy be 

gre.- tt11n 8 dB. In enother eectkln of OSC'a vendor documentation, 

It cleltty lt8lel that the loop detJgn tor the st.lndltd chennet unit card 

II bned on Cen1er Sefvlng Arell ruin, which, •• pointed out above, 

limit loops to much ahorter than 18,000 feet Exhibit RMB-3 contain• 

excetpts from the ·osc P~ Utespan Engineering and Planntng• 

guldellnea that detcribe llmltatlont on lOop lt'lngthl and the need for 

extended ~Ugeline carda for loops be'~ond 12,000 feet (See the 

"'SC Pnlctlce u..p.n E.nglnee:Mg end Planning: OSP 363-205-<110, 

~uuee, July 1997, System Level Planning, Section 5.3- CSA 

Trensport Pbnnlng.) 

WHAT ENGINEERING PARAMETERS AND ASSUMPTIONS AFFECT 

IW 5.oa•s LOCAL LOOP DESIGN? 

The HAl 5.08 model connec:ta the outlier cluatere to the main cluster 

ualng outdated T1 oopp«. T1 carriers are dlgital llchnology permitting 

24 channels aver two copper palra. Typically, engineering prectlco 

lndudet pt'Otectloo or redundancy tor these ayatom8 by lddlng a 

aecond live copper pair available to continue a cal ahould the ftret pair 

faR. The HAl 5.0. model lncludea no auch protection, which vlot&tes 

good engfn IIMg pt8dice. 

Since HAt 5.0. only modelt one T1 cenler per out11er cluster. the Model 

does not have any eddltlonal capiCity available for requltemenll auch 

.g.. 
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A. 

as ISDN. video, 0t gt8pha. FOf edvanced MfVion. the HAl 5.0. 

nelwoftc would hllw to be <Miffald wllh additiOnal copper cable and 

repea'-"· n welu OLC electronica. Thls would require digging 

ltenehu ega~n, po~at>Jy 1n emtlng nelghboltloods. whkh 11 not on1y 

expena!ve, but llso very dletupCMt to exllting homes and landse.plng. 

The BCPM 3.1's choice of fiber Dt.C technology requne only that 

additional eleutiona be ldded at the OLC de. 

DOES HAl 5.0. MEET THE CRITERIA ~STABLISHED BY 

CONGRESS AHO THE FCC REGARDING THE PROVISION OF 

NJVAHCED SERVICES? 

No, It doel not. HAl 5.0. dole not even meet the ct1terla for the 

provtalon or plain old telephone Mtvlce (POTS) and modem/fax 

connection~, as dlecusaed above, much le$a criteria for other advancld 

eeNioM. In addition, HAl 5.0. attempiJI to Identify the cheapest 

~ tO Ute without ll'fy regard fOf the types or H IVIoes Offered 

now or In the future. HAl 5.01 putpOits to evaluate the costl or 
chooelng llbef vei'IUI copper n a transport medlvm. If copper Is the 

dleapell, HAl 5.0. telec:tllt H the medium or choice. 

ChooUlQ copper CNer fiber ~ly hlndeB the prov'-lonlng d eome 

butiMu \IOiol gt1lde MMce1"""' as PBX. WATS, etc .. and further 

reltrlc:ta modem/fax connectMiy. Allo. H I Indicated u rllef', cuatome11 

1M)' tfaYe to~ over the phone to be he.,-d. PBX, and WATS may 

not wortt at all, ~~~ on the loop length. Ullng HAl 5.0. for 
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A. 

unbundled netwo11t elementa euce~ the problem ~use the 

LECa do not necessarily know how competitors will use Ulo LECa' 

facllltlea. Additional COlts would be Incurred to provltlon oopper cable 

ror many of these aerv~oea . 

Two of tho pMcipiM for unt-mnl MtVIoe ea1ablllhed In the 

Tll1communlcationa Act of 1~ eoe televant here. Firat, lhat ·aooeu 

to edvanoed telecommunlcltlor.a end lnfonMtlon aervloet •hould be 

provided In II regions of the NabM. • And aecond. lhat servloelln rural 

.,... be 0Cifl1)8rable to thoM In ulban are ... In addition, the FCC 

Nted In their t~DI1'1ber 13, 1897, Public Notice (DA 87·2372) tNt the 

definition of aupported aervicM ahoukt "advance with technology.· 

HAl 6.01 doet not aaiJify the unlverul prfnclplea eatabltahed by 

Congi'Mt and rather than edvanc:log with technology, HAl 5.0a 

lncofporatee ~long copper loops and 1~ technolOgy 

wl"h Ill c:holoe of copper OYif flbor. 

HOWOOES BCPM INCORPORATE PROPER NETWORK DESIGN 

FOR GOOD QUAUTV TELEPHONE SERVICE? 

To overcome the diftlcultlel of long loops, the BCPM atandatd dellgn Ia 

to not exceec:t 12,000 feet ol coppet cable on any customora loop 

CC>nll8dAid to a OLC unit. Thla Ia In contraat to the HAl 5.0a model, 

which dellg,. QUitDmelloops connected to OLC unlta to 18,000 feet. 

· 11· 



1 and possibly beyond. The difficultler. of long loops have been 

2 dlscUaMd ebcMt In this testmony. 

3 

4 In Florida, BCPM modela only 4,1891ines over 12,000 feet from tt.e 
5 Ol.C dt. 'll* II from • bese of 9,842,000 mDIIon BeiiSouth lines, and 

11 repteunts ot1tt about 41100 of one percent of the lines. In contrast. we 
7 eatlmaW lhet the HAIS.O. models ewer 47,000 lines In exceu of 12,000 
e feet In length ffQm the OlC altos. men than •1 times as many long 

~ loopt M 8CPM modall. Thlt Is a tlgnlfl.;ant number of lines. Indicating 
10 that such long loopt ere standard des.9n fOt HAI5.0a. SeMce to tt.ese 
11 47,000+ c:ustomer1 would be Inferior In quality. 

12 

13 

14 SUMMARY 

15 

16 a. 
17 

16 A. 

19 

20 

21 

22 

23 

WHAT IS THE OVERALl. EFFECT ON TH£- LOCAL LOOP COSTS OF 

THE HAl S.Oa? 

The HAII5.08 mod4M Installs the cheapest tee hnology possible. 

the next century. By engineering an outdated Inferior local loop 

network, the HAl 5.0. model urueallstleally loY en the local loop costa 

for the lowest denalty .,.... and fOt the longest loopa 

2A The HAl 15.0. dote not buld adequate plant. H loet nc.: .wen provide 

2~ adequl1e plwlt for plain old telephone MMce ("•lOTSj. By building to 
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a. 

A. 

a totAl! loop length of 18,000 feet. the transmlulon lost exc:eedalhe 

maximum loop lou of 8.5 dB for quality YOioe transmission. Beyond a 

DLC, the same degradation of all services letUitl. In addition, WATS. 

PBX, and CENTREX eervloea wUI not always wOftl In HAl 5.0a't 

netwoctc, whether MIVed from a WV. center or a OLC. 

The HAl 5.0e'a dtivelopera have made it dltriCtl!', for lncfiVIdual userato 

correct b flawed Md erroneous coat parametera and at!lumpllons. 

Conectlona to the many loop design deficiencies In the HAl 5.0a are 

ditlk:UII for the utef' to femtl out. Then, to correct the many underatated 

coats such nlhe 18,000 feet loop and the missing~ or rNnholet, 

:he uaer hft to locate the complex Mmpvter oode In the 

undocumented or mlulog uaer-lnput val~ In EXCEL Important 

parameters end &NUmpllonl are not available to the user through the 

UMf-lnput fonns that the HAl 5.0a provides. Thla makes II difficult to 

modlt(the HAl 5.0. to put In aooeptable values or engineering design. 

WHAT ARE THE IMPLICATIONS OF HAl S.Oe'S ENGINEERING 

DESIGN FOR THE TELEPHONE NElWORK? 

The HAl 5.0e'a preferences for the cheaput technology suggest old

atyte, old-~ t.chnology. The HAI5.oa dlooaaa copper of 

Inappropriate length, rather than ~r, at the preferred Ita ntpoft 

medkm, and It~~ 11 Mttal conttructlon predominantly. rather than 

the preferred burled Of underground conttruction. By modellng the 
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A. 

netwof"k as copper cable at inappropriate distancea with aerial 

cona1tuctJon, the HAl 5.0a aeleeta technology of the 1950's and 1960's. 

not modem technology that supports modem and fax connections. The 

HAl 5.0a even neglects to add the equipment nec:easaty for ita long 

COPP« loops to provide ordinal)' voice-grade telephone aervloe, much 
leu for mote aophlltleated aervloet. 

WHAT 00 YOU CONCLUDE ABOUT THE HAl S.Oa? 

The HAl ~.Oa model aigniflcontly and tytlematk:ally underat.atea local 

loop ptant coats. Furthermore, the 11Al 5.Qa'a ftawa and errors are 

deeply emoecldecf in the computer code of the HAl 5.0a model and 

undocumented; therefore, COITeCtions cannot be made eaally. 

HAl 5.0a'a chalna connecting outlier clutteB to main clusters ere 

constructed qf outdated T1 copper cable. If all plant were being built 

today, T1 would not be the economic choice. Having only one T1 

serve each 2<4 channels of voice In the HAl S.Oa chain provides no 

protection to lnsure that the system will continue to operate In case of a 

ayatem failure. lndualty standards nooeaaltate an additional T1 carrier 
for protec:tJon. 

In general, the Industry eontldera advanced aervlcea as any use of the 

baalc; ~ fotsorvll:o other than voice oommunlcatlooe, particularly 
analog modema fol computer Internet oonnoctionland FAX machine., 

ae well aa ISDN (Integrated Services Digital Netwofl<), ADSL 
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(Asynchronous Digital Subscriber Line), HDSL (Hybrid Digital 
S.bscttber LN). and possibly others. The HAl 5.0a T1 copper 
technology hat no cepaclty available for addltlooal requirement• f~r 
advanced aeNices. With Ita fiber conr.guratlon, BCPM can support 
auctl Hf'VIcet. 

"The HAl 6.0. nefwort( would have to be ov£ .aid with additlonal oopper 
and repeater~, •• well as DLC electronic~, to meet additional 
requirement~. Thla Ia expensive and disruptive to existing customers. 

DOES THIS CONClUDE YOUR TESTIMONY? 

Yet, it does. 
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~GrrALUOO'C~JY~ 
OIHliiAL 

01131TAL LOOP CARRIER SYSTEMS 

GENERAL . 
The lncftaq ~lot an &UOIIInfftl ol tPf~ln~t has madt l necetMI)' 10 COIIodlloa 1M local loop - to wppol1 !hen nMc:tt. b t:'ll4l be UU 10-~~- I wltlt llllgt of tr1J\$1MIIon tpplic:lllcw lr\dudntj W'Oice. ci.G. ~- c WtCt ancl !l\&IIY OIMfl. SOIM ollhelt ~~ It~ 11iS'1 !&Itt ol 1111\IIIIIUlon. Emling copper fldllitt can ..,...,. - crt IIIII s~Nku. ~~. WI Nil)' CUU, tlj)tt\11¥1 •-:llffallo.g ol ""' ~ ~ .,. be lle(IUIIY baton u~ Q!lbe ~ The goallil40 l'llw tilt _.. loell 1oo;1 MIWOtl< ~1t1y ~ of tuppot1iflg a 111311rn1nloll raiO Ill ~ 1111/MC. N~adH 26-s•• cable Ia ~ cl pro·~ IIIia billlllt """'*' 1l.OOO I ttl (35$7 .. Ill) ollllt ltfWlg ct~ olllee. Oigllll aubtcllltr C&IMr (p.\llgm) Is naceuay 10 "'"'11\&1 bil tilt~ 12,.000 '"'{H$7 .e ttl). 

Carrier S•rvlo; Arel (CSA) Philosophy 
Tile C.nler SttW10 Nil (08A) _,Pill 10 aeelloll.ll&tlhe •• QIUI .,.,IIIIo dacmt QIO:D,.,.., _. IN)'DIICI U,OOO lm CX$7 A 111) of lilt """"' ... This ~~laelooM.a,qlhe ~ --J)IaMIIt o.AOftll) ,_.. :iNal1 I 1ft "*" I Glllllt ~ &l:fl ~ ..... ~ 1141 .__, •• llmOIIt lemWI (AT}""*" ,_.. ... ~ CMitt .. t -· ., lllotdta .. t.eOtt ,_1M dtlltMion N1WOitr. ,. ........ o1 ll!tctA•'*td«~'"llta-.,., crt eoo .,_ "',. ~ pliii&W,-t .. Rf, .,_.. ..... ban:.iy llq\IIIO I# t.OOO IHI ra.u Itt) o1 at """ c:alliit ...s 11.000 "" caasu Ill) ., .... l!-. • '" O&lllltcalllil~~--"* ... J:*At.,. ~~~. """'",.tit, " ........ I~ ....... 11101* I • to flplcly .. c:alllti,IM lilT .... call lit allt>alld. ... ~It a1ao ~bit 111 lr'lciMII>•tl cvaton~tr ~ 0t JIOIIPI 01 b! 1 1 op tucb IS a ..,.... -!too""""- WMIIIII l ltll, ~ Ul'MIJ, .r)d COt.cloriiiUIUIII llld ~til ~lH. 
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dB Lou wUb 18,000 foot metaUic cable 

(the HM 5.0 AssumptioD) 

26 pup cablt III"'.IUC loa @ I "000 feet 9.7dB 

lllhcrent Lou In Nlld&rd Dl£ dwlnel unit canis (UII&I!Jumd) ~ 

T ocallou ( lll;lldjiiJII:d for llrial cab!. loa) II. 7 dB 

AJlowaJct rorac~Ctttlaaat l.rn.1 caa. 
and channel carilllllh lost• (7.'m) 

Toullou 

24 pugc cab~ mculllc loll@ 11.000 feet 

lnhemlt lou in SWidard DLC ch&Dnel u:ili canis (•ml4jusud) 

Total los• (unadJul'l*! tot Mdal .~ lou) 

Allowance for adcllllonal.,-ial cable 
') 

and c.hlnncl card unit tOSS'• (7.m) 

Total lou 

O.SdB 

12.ldB 

a.odB 

~ 
10.0 dB 

O.SdB 

IO.S dB 

FPSC ~CKkcl 980696-T1' 
Rebunal E.dl!bil RMB·2 

Loss Standard for Good Quality Telephone Sen•ice (GQTS) 

(The BCPM 3.1 Approach) 

GQTS caooot •x«tif • total loP of • 8.5 dB 

lnhcKnt Loss in IUn4anl DLC challlxl U111t cuds (unadjiiSt.cd) ·2.0 dB 

Allowanc.e for .ddii.IOnalacrial cable 

and c.hannel c.ard unit lou• (7.~) 

Muimum Allowed M:talllc Loss forOQTS 

26 pugc c.ablc metallic loss per ldlofooc @j 61" F 

2G pugc cable IIIIK.Imuroloop lmJfh for GQTS 

24 lll"i• cabl11 metallic ton~ klle!1:oot@ 6a• F 

::9.1.!!! 
6.0dB 

O.S4dB 

II,IOOfttt 

0.44 dB 

24 ;auge cable mulmum loop lcllp f«GQTS 13,600 feet 

• M ~l.alllc c:able IO!U 1-wltllinl:tn.mJ tempcntu~ aerial cable It 

C1(JIOICd co the ou11klo lllvr1011111cm. where cempcraturn c.an acced w F. 

Channel c:atcl unit lou varia_! O.S dB &om ave rap of 2.0 dB. 
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OS~JQ~O 
,_ •• Jlfll1tt1 
Syatalft.Ltvel...,.. 

S.3.1 

IN~ 11 llft IIIII II\IUIMIM Cll&nlltlloll&. If 0\a lVII 'It Ia t!Ulei 11\an '. wcmtrn !W&ill'dtt.llalrtof7 ttpelltllll; !Pd. . 
Ca4T,_,elt~ 
A Ul~ RTwlllllllnal1ltn Dalad IO UIYt d1all.bul1oft atuc lh:IIINUI liP acatlllrtttvlng aru (QIA).II POTS wt-.v Mdiled oi'MIH1altdtcUlt cPJX.eo~t~.tr~~ca) •• -. .,,~o t. ..,.., ca chit• ltv fwDuQh ,_ ~In catllH and nHd 11111 ~ Dtl patlllll ~Fit letdM. 11wn IDipf ~ 011 RT Ill n11 N toiH owr Wifl cera ~ le '" 11.000 loel •ll&ndlcl ~ Tllb UIII!IU ftUVGl '' uud ~ lo pm1clt. lol 1IU cut, ntellded CIA 11...,..... .._. ~ (COO) 11pt~ (11~ IIC!IIw\ u.J). ltcalllt 1M Ulunn JilT CIA .. Ml U a ... lot ltwpodino Of COI\It~ cldtr CU: ~ (St.C-11, SU:. Stilet 1). ·-De ~-10 tocllt"" LbtVIII RT In I alu u.~ .._.lot uiiNion o1 T1 rpu~~&o ltllllliJ ltlldnalalaa tMa)'OIII1 

Loop P!Nit Dealen 
Ill moll casu,lht coppct pV tl.lll~.,-111 (110lc~) cabin Dllwllll I hi RT Clld 1/1.' '11111011\tf prtmllls _. an1orrn 111 sn. CSA ~~ CSA dul;/l MU Ul'l k low In H4..,.~ ScM1:a ~Get#. me ,P..W•liQ, ThUt Cl"lol\ Nd cal lor nonloacl&t pain (U•, I"-Cit~ Mo't) ~ I mumwn physkali&IIIO OI12.COO IU\ (illcbiii'O brlo~ed :.p) orrso aM\1 GO~r '* resll1'"''· whlclllrtr oc:a.rtr tlltllll N cart eJ ~\.0111\'* witt, lhla aquala 10 IINUlll/m loop nnoe of 5,000 UOL Arri ~tloft tl No Gm--:~-: b et:m!lcd. Tllllo .. ~ ~~~ Met IMn Q111.r,f 1~ we. lrllll'lnlnloll .,.. 011 u~ lo auppott Uva!ICU dltbl U~l. lndlici'Jit l'tPtiltrleu ll'ttllal WI 11tv'ct .(Ot)S).ISI!lH bUll: tllcllansmlsalon t!8.0). lllghoblWale dlobl t\Oltltlll 111\o (l«)ll), a/14 U)'ITWIIIl/kal CIIGW IUIISC1ht "'' (4011.). 

EnffiCitd C:SA Otcltiii'COO flt,lt«l'lllllt 
Tban1 lnli&llpl'e&CaiiUf ... IJ' .. rpal\ ll'f'UIIIwtlttollt ~~~~ lo ,.;... ~l#tnell ~ ~ IIWI12.000 fett ~ CS4 l\lkt) from the ftT. Et0Hft1' often rtlqi.Wa • UY. l=tut lrt~ In ~eel CSA loopt, lnctldlnt 11/!dlti&PI. Ll·trp&ll'a tvt~ed C8A. is 1!.000 t1 ~ D-Gauea wire IJid 16.000 II ualno huoiltr otu;o M-e. CDO toplleo~r~e~~~..; lllWIIoldtd and ~tcablt palll ,,. ponlbl•. WNIIN ~ ..u voc clwwlun!s ll't ct.-elM Dl JIQI~. 1500«m INZimum l~op tolli'..&ID liM. II INti~ 11,000 fctfl aiiMcl ce loaded, Wn; Nndlrd HU loadlno nMt. The lna.tlllen jua ~ 1 ~ f01 Qltll(f~ ClAICOOkllothboot tt:mfa-P4db tnd~atodi.IIIWI"'J 1l-41onln ltll WJpatl N'QTS dlanntlllllk. It lc mt'4b' nootrrlltMcd,.llllraln, o.u IUIVG2 ot ft£UVG dii.WI ~ be ~din.,., Lll.upM "f ted ln&f be._.....,~ lol\oe!NnlSOIIMII. Wlllllhot ~ dlaMel IIIII, ~~Yilt tauMid ..... IIIM!h.trwlll ~-w1-'HlloU. Alae,...,_ II INtflftf pracblon lnlata 1111:1 tQI.callnllon ~Itt ~t0111uw:cw OIIHIOflll< do ' ~llllftlo&lltdelt*""" 11 ti.OCIOft.aft•lo••ddaaltnt item I I ,OCIO tD 4.1,000 & 

Tilt RAHI .... MIIIIIIII. t'IIIDIIJ ""'- "--HM7, t, oltft-d lbe IUMU ap.allllln ..., ban ll'.al91111111a IIIIU'OTa W12IOIA ._ ot-4 !AU ltflltde~ fWttltlha ~ &.Mcu ~~ CfWH. PpiiQi!IQ$:110 ror-w.nn.~on. 
lA 0U·1 IM Tt .,.llldl4\alollt 

4 LA..,auyNtnll a..-. CIC dtMJirct 011 (1.144 Mlof•) uM:a dlracllr ftom lllc ch&Mal IWIII .ta lhe 011U, AOitlJ, 1'1U.I!'d ATIU CNMII11111r, 011-nll cllaNMf 1.118 !MY lie l!c:altd at N eOT ot ,.,.1/!d 1111 Vlt nme plilyt\tal .w.u IN N.lni!WtiMd diiMCI .... . 111 ~lor lilt •dsnelln of Dlt•tut ru.uta, etl\aln Clulgn ~· muct bt -··-•· Tlltu OUfeltlntJ trtl-ar to tllOIII•tn wt1o havo deafontd o~bl r!dlplntfl elld dlobl l'op unlet ~ltme lrclo hleltphone M~ 
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