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Thomu K. Bond 
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Fax. No. (404) 267-5992 
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Suite 701 
Tallahassee. Florida 32301 
Tel . No. (850\222-0720 
FaJ~. No. (850) 224-435g 
Repreaenta e.spire"" 

David B. Erwin, Eaqulro 
Attorney-at-Law 
127 Rlveralnk Road 
Crawfordville, Florida 32327 
Tel. No. (850) 926-9331 
Fax. No. (850) 926-8448 
Represents GTC. Frontier, 
ITS andTDS 
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Floytl R. Self, Eequlre 
Messer, Caparetto & Self, P A 
215 South Monroe Street 
Suite 701 
Tallahassee, FL 32301 
Tel. No. (850) 222.0720 
Fax. No. (850) 2244359 
Represenls WorldCom 

Patrick Wiggins, Eequlre 
Donns L Canzano, Eequlre (+) 
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2145 Delta Blvd. 
Suite 200 
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Tel. No. (850) 385-6007 
Fax. No. (850) 385-6008 

Kimberly Caa-11, Eequlre 
GTE Florida Incorporated 
201 North Franklin Street 
18th Floor 
Tampa, Florida 33802 
Tel. No. (813) 483-2617 
Fax. No. (813) 204-8870 

Jeffry J . Wahlen, Eaqulre 
Ausley & McMullen 
227 South Calhoun Street 
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Brian SulmonottJ 
WorldCom, Inc. 
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Suite 400 
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Kelly Goodnight 
Frontier Communications 
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Florida Cable Telecommunications 
Association, Inc. 
310 N. Monroe Street 
Tallahauee. Florida 32301 
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DIRECT TESTIMONY OF DR. ROBERT M. BOWMAN 

ON BEHALF OF BELLSOtrrH TELECOMMUNICATIONS, INC. 

BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

DOCKET NO. 980696-11' 

AUGUST 3, 19911 

INTRODUCTION 

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS. 

My D4lliCI is Robett M. BoWITWI. My add=s is 106S5 West Rowland Avenue, 

Llnleton, Colorado, 80~27. I am an indcpendcnttelccornmunicalions consultanL 

PLEASE DESCRJBE YOUR WORK EXPERJENCE AND EDUCATIONAL 

BACKGROUND. 

My worlt experience includes ICSiifYini in many J)f'OC('Cdinp involvina 

inerementa.l costs over the: pa.st eiaJ!teen years, primarily as an employee of U S 

WEST Communleatioos. Exhibit RMB· I desaibes my bocllgzound and 

experience in detail. 

WHAT IS 1liE PURPOSE OF YOUR TESTIMONY? 

I am testifYini on behalf ofBeiiSoutb Tclecornmunlcations, Inc. (hcrdnaftcr 

"BeUSouth"). The purpose or my testimony Is to respond to thc: second issue 

specified by the Aorid& Public Service Commission reptdine "the appropriate 

cost proxy model to delum1ne the total forward·lookine cost or providini local 

telcco.mm.unlc:allonl terVkc pursuant to Section 364.0Z5(4)(b). I explain, rrom an 

Oln>ol Taclmooy of Dr. ltobort N. Be u • 
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engineering penp«ti...e, wby the Benclunarlc Cost Proxy Mode.!, Vmion 3.1 

("BCPM 3.1''), is lhe &ppropriate model for lhe Florida Public Service 

Commission to rely upon in estimating lhe costs of universal service for 

BeiiSouth's territory in Florid& I discuss how BCPM 3.1 is a superior cost proxy 

model because it dcsians • forwud·looldoa network that efficiently provides 

universal service. Thisllncludcs designing a netwo.rk that hu the ability to 

provide customen in run! aDd olhet high cost areas !be capability to ac:cess 

advanced services comparable to that provided in wban areas as rcquinld by !be 

Telecommunlcati011S Act of 1996 ("the Act"). I also explain bow BCPM 3.1 

integrates its customer location methodology with its neiWOrk dcsillJliO ensure 

that engineering dcsillJl and consl11lints renect the underlying customer location 

data. 

Dr. Kevin DufiY·Deno's cl1zoca testimony, on behalf of Bell South, focuses on 

BCPM l. l 's customer location methodology and explains wby BCPM 3.1 1ocatcs 

customers as precisely as possible, given daJA that is CUITCiltly, publicly available. 

BCPM 3.1 MODELS AN EFFICIENT, FORWARD-LOOKING 

20 NETWORK, BASED ON SOUND ENGINEERING !PRINCIPLES 

21 

n Q. ARE 1liER£ ANY PROVISIONS IN THE ACT lliAT HAVE IMPORTANT 

23 IMPUCATIONS FOR A COST PROXY MODEL'S NETWORK DESIGN? 

14 A. Yes. Principles (2) and (3) in Section 2S4 of the Act have sisnJJlcant implications 

2$ for the technical requirements with which lhe network complies. Principle (2) 

,...l 

.• 
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A. 

Q. 

A. 

tustomcr data within lhe Census Bloclc based oo lhe proportion oflhe road 

network within a CcJ\sus Blotk lbat trave~ a mierosrid. Dr. DufTy·Ocno 

describ« thi.s process In 1JU1Cr detai I in his clirec1 tesrimooy. 

It is at this point in lhe modding process that englnccrina desian plays a role. The 

microgrids IJid their underlylna customer data an: ·~•Led into laracr grids, 

referred to as "uutimate pids. ·based oo enaiJlccrina constraints. Tbcsc: 

engiocerina coostrl.ints coofocm to the spccificaliolll of a forward-look:lna. 

eflic:ienl network desla:n. Thal efficient network is bAsed on lhe designation of a 

Carrier Serving At= A Carrier SeMna Area is aiUOIWd telephone desip1 

conc:ept that consists of a aeogrlphJe area lbat c:111 be served by a single digital 

loop carrier (DLC) site.. Eacl! ultimate grid cor=poods 10 a Carrier Serving At= 

The physical slz.c of thc Carrier Serving Area varies, depend ina on the underlying 

mic:rogrids' c:usiOmcr loc:alion data. Thus, !he wire ecnlcr is c:ompoliCCI of &hex 

ultimate grids lbat VJITf Ia me baed 00 tbc enginccri.Da coostJalou of the Carrier 

Servin& At= 

WHAT SIZE ORJDS DOES mE BCPM 3.1 USE? 

BCPM 3.1 constrains lhe llz.e of the ultimate grids to be DO larger 1ban 

approximately 12,000 feet by 1<1,000 feet. The ralionale for this constraint on tbc 

ultimate grid size is 10 limit copper loop lcnaths from the OL.C 10 the fattbcst 

customer to approximately 12,000 feet. 

IS nus A LEAST COST N'BTWORK? 

This oetworit deslp1 b comisteot with BdiSouth's enaJnccrin& pnctlc:a Ia 

Dhcl Tadmcoy of Or. lloba1 W.. lololOia-
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Q. 

Florida. Furthermore, thiJ is a least-<:Osl nctworlc design. u opposed 10 a model 

&hal deslgns grids I 8,000 feet by 18,000 feet in siz.c. This is supported by two sets 

of model IUDS provided to the FCC by the BCPM model spoiUOrs on Decembef 

II , 1997 for the five &UIIes ~pCCified by the FCC (Florida, Maryland, Georgia, 

Missouri, and Montana). The f1111 run modeb 12,000-fool grids, and the second 

run modeh I 8,000-foot arids. The results for the five staleS indicate lhat the 

I 2,000-foot grids result in a lo'hu per-line loop cost tha.o the I 8,000-foot grids. 

Modeling oonsiderably larger I 8,000-foot grids requires the inclusion of an 

extended range line card thai increa5es lhe costs considerably. II also requires a 

larger cable size, I.e., 24 puge, rather tha.o 26 gauge which also <:esU more. The 

extended range lino card and the large cable size are necessary 10 provide basic: 

1elephony service, as we II as 10 ensure companble ac.c:es:s 10 advanced services in 

rural and urban areas, as specified in principles (2) and (3) of the Acl, when using 

18,000-foot arids. 

BCPM 3.1 uses 24 gauge cable only wbe:llhe copper loop from the DLC 10 lbe 

furthest customer exceeds 11,100 feet. Thls cilitanc:e b based on complyina wilb 

engineerina JIAndards for the maximum dB loss permissible 10 mainiAin adequate 

service quality, An extended range line card is included for loops lhal eX1end 

beyond 13,600 feel from the OLC to the customer. This i&lso Is an engineering 

standard, but is a user adjustable input in the model. 

PLEASE ELABORATE ON TI-ffi IMPORT ANT CHARACTERJSTICS OF 

CARRIER SERVlNO AREAS. 

Dlrcct T csdmoay of Dr. Rober~ M. Bowr m 
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Telephone plant engineen do not typic;ally build plant on a eu.nomer-by-custolllCI' 

basis. Ralber,ll:ey plan and build plan! based on Carner Serving Areas and 

l Di.nribution Areas. A Carrier Serving Arc:4 typically contains no more than 1,000 

4 living units, while a Disuibulion Area mypically contains 200 to 600 living units. 

s A Carrier Sc:ving Ale& is composed of one or more Diltribution Areaa. l.n 

6 addition, the Carrlet Serving An:& Is co.nstraincd in both the number of lines it can 

1 save.IUid the lcnath of copper loops from tbe DLC alit. Thus, ongincm 

a rccopizc customer loc:at!ont llld natww.l clusten of cu.nomcn wbco 

9 lmplcmcotlng staDdard engineering prKticcs thai try to maximize the efficient use 

10 of plantllld enswe adequate savice qWllity. 

II 

12 Exhibit RMB- 2 provides an i!lustnltion of a Carrier Serving A= u modeled by 

ll BCPM 3.1 in a rural an:a and an urban area. Note bow the ultimate grid 

14 diminisbe$ in size in more densely populated areas. 

IS 

16 Q. WHAT CHALLENOES DO COST PROXY MODEL DEVELOPERS FACE 

17 WHEN DESIONINO ENGINEERJNO ARF..AS? 

II A. One of the major cballengca of building a proxy modeJ for unlvcnal service 

19 funding is rc:Oocting cu.st0a1er locatlona in a way that integrates engineering 

20 practices based on this Carrier Serving Area and Distribution Arc:4 approach. 

21 BCPM 3.1 effectively intearatcs lu CUJtomer location algorithm and engineering 

22 design by: I) adbcrina to the Carner Serving Area spcc:ificationt dc$:ribcd 

23 previously and 2) dcaigolog a oetwott to scm: CUJtomers based on the most 

24 pn.ICIJe depletion of customer locations. BCPM 3.1 designs a Mtworlc the way 

lJ actual telephone companies deslgn nc~W~Dtb. 



2 Q. FOR PURPOSES OF ESTIMATING UNIVERSAL SERVICE COSTS. WHICH 

) GEOORAPHJC AREAS ARE PARTICULARLY IMPORTANT? 

4 A. For purposes of estimatina univenal s.:rvicc com, il is putirularly imporiAnt for a 

s cost proxy modd 10 provide n:asonablc and acewa~e cost estimates in lhc less 

6 dcuscly populated areas, i.e.. rural areas, that may need univenal Krvicc support. 

7 Co$U or scrvina eustomcn increase 5isni0t&Dtly with lhc distance lhc customer iJ 

• &om tbc wire center aod lbc lower density or rural customcn. 

9 

10 Q. HOW DOES BCPM 3.1 REFLECT ENGINEERING DESIGN RULES IN ITS 

II CALCUl.A TIONS? 

12 A. BCPM 3.1 rcOccts sUndard CQ8incclina auidclinc:s as pRSCOtcd in AT.trs 

I) Outside Plane Enaincerina Handbook (Auaurr 1994). llbcs.: or sim1lar au•dclincs 

14 are used by every major lclcpbonc company. BCPM 3.1 dcsign5loops 10 rcllecl 

IS stiDdard tmlsmls:sion auidclines. Ultimate &rids arc dcsigllell such thai copper 

16 disttoocs beyond the DLC silc ue acncrally less than 12.000 fed. Tbc 

17 coppctlfibcr brcalcpoint in feeder dcsisn i• uscr-4tfincd. 

II 

19 Also, BCPM 3.1 Includes all compooenll of !he loop thaJ are o«cssary for lhc 

20 safety or subsaibcrJ and their property. The cnalncerina desian SWldards 

21 embodied in BCPM 3.1 enswe tharlhc subscribers' premises will ool be damaacd 

22 Of des1roycd because or insuflkiau deelrical prolcctlon or mWina anchon and 

2l aurs. 
24 

25 Q. DO YOU HA VB AN ATTACHMENT TO YOUR TES11MONY TIM T 

Dncl Tadow) f1fDr. R"'*' M. 8o A = 
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A. 

DISCUSSES EFFICIENT NETWORK DESIGN AND ENGINEERING 

STANDARDS? 

Yes. Exhibit RMB-3, attached to my dircc~IC$timony, contains a section of the 

December II, 1997, flling by lhe Joint Sponsors oflhe BCPM before the FCC . 

This section of lhe 6Jina is cntillcd, "BCPM3 Dcsisns the Most Efficient Proxy 

Networlc. n This filing details bow BCIPM utilizes efficient deslsn and engineering 

standards. 

MAJOR COMPONENTS OF THE LOOP NETWORK 

WHAT IS rnE MOST SIGNIFICANT COMPONENT OF HIE COST OF 

UNIVERSAL SER VlCE? 

The IPUl majority of the costs or uniYl:rSIJ servic.e arc the costs or collSttUCilna lhe 

loop llCtWOrk. The loop lldWod: mnsists oflhe facilities from the ccniTI.I office 

swilclling ccnlcr to thc customer's premises. 

WHAT A.RE rnE MAJOR COMPONENTS OF rnE LOOP NETWORK? 

The loop includes feeder cable, dlsuibution cable, Foocler Disuibutioo Interfaces 

(''FDiaj, distribution 1Ctmlnalt, drop win: and a Network lnlcrfJICe Device (''NIO") 

at the customer's premises. 

WHAT IS niE NETWORK INTERFACE DEVICE? 

In the ruidential environment, the loop nc:IWOrlc typically includes the (cilitics on 

the OU!Slde wall of lhe home lcnowo IS the NID. Fot an apaMICnt Of a business 

"""' 



' 

location. the network interface: is known as a protecled terminal. In either case, the 

2 inside wile or tables arc tYPically connected to the protected tenninAI or NID. 

J 

4 Q. WHAT IS mE DISTINCOON BETWEEN mE FEEDER AND 

s DISTJUBUTION COMPONENTS OF TiiE LOOP NETWORK? 

6 A. The flcil.itles bctWilCO the switching ceotct and the tenninal at lbc customer's 

1 premiJes arc typically divided Into fccdcr and distribution calllc plant Fccdcr 

I facilities arc lbc facilities between the switchioa ceoU:r aod lbc FDJ. An FDI is 

9 gencrally lbc dcrnan:ation point bctwoen fc:cdcr and distn"bution fDCilities. 

10 

II 

12 

ll 

14 

" 
16 

17 

" 
19 

20 

21 

22 

Z) 

24 

2S 

Q. 

A. 

Distribution facilities begin atlbc FDI and end at the NID or a1 a building lamina!. 

A distribution terminAl or drop &enninal is used to ICmlinatc drop wire and connccl 

lhc drop wire to !he distribution c:ablc. Drop wire connccu the distribution cable to 

the NID located at the customer's premises. Exhibit RMB-4 depicts the loop 

netwott cutm~lly used in the Industry and its components. 

HOW DOES BCPM 3.1 DESIGN FEEDER ROIJffiS? 

Eacb fccdcr route is designed from the JCrVing wire ccnltr OUI to the rDO$I distant 

ultimate &rid. A fc:cdcr route 1111y Include only copper cables, only llbcr cables, oc 

both copper and fiber c:&blcs clepcndlne upon the demand wilhln each ultimate arid 

and the lolalloop distanee to service iL The feeder cable ends in a fccdcr 

distribution ~ where the fccda cable cross<Onnec:\S the dlstribution cable. 

Ocyood I 0.000 (od, ~h main (ooclct palh b Rldircc:tcdtowards the populot.ioa 

centroid of BCPM ) .I, or is split into two patJu, each dircctcd toward the relevant 

01teet Tesdmooy o( Dr. ltobat M. ao.. = 
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Q. 

A. 

Q. 

A. 

population cen110id. The RSU.Iting fcctkr distAnce Is lhen comJWU! 10 the foeder 

distance lhat would occur with a system of a main fcodcr lhat continues in a straigl11 

line with subfcodcr running at right 8118~es. The feeder approach lhat yielcb the 

shortest fcodcr design. and hence, IOWI:SI COS1 design. is used by the Model. This 

more readily renccu the fceclet dc:si8J1 tbal is ICtllal1y I&SCd in real netwollcs. This 

tccbniquc is superior 10 the assumption of a single straight feeder with subfoeder 

tllWll1ing at right angles. 

HOW ARE CARRIER SERVINO A.R2AS REPRESENTED IN BCPM 3.17 

Each ultimate grid is designed 10 serve lU a Carrier Serving Area. Within thai 

Carrier Serving An:a, a digital loop carrier is establild!ed 11 the !Old cen1roid , i.e. 

weighl(d average of the road COOidinates, of the ultimate grid. CollSClQUCI!tly, the 

ulllmaiC grid not only reOccu cuswmer location. it n:flecu a114rural ne!WOrk design 

HOW DOES BCPM 3.1 MODaDISTRIBUTION FACILI11ES? 

With the exception of the most densely populated ultimate grid, four Disuibution 

Quadrants are establisbcd within each ullimate arid from the !Old centroid ofthll 

grid (which corresponds 10 the DLC lite). For each Distribution Quadrant, the area 

within SOO feet of the roads in the Dls1ributlon Quadrant is calculated. A 

Distribution Area is configured as a square wbose 8I'C3 is equal to the area calculated 

as descn'bcd above. The OIJtributlon Area is ocutered aboUI the !Old centroid of the 

Distn'butioo Quldzant. A feeder di.wibutlon interface is placed at the ccotc:r of the 

Distribution Area for thotc Dlstn'bulioo QuadnmiS wilh sufficient line demand. 

From the road centroid of the Dlstn'butlon Quadnull (the FOIIoeation), copper 

Dlreca Testimony or Or. llobcr1 M. 8owllllll f'qtiO 
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cables emanale In a tree IUld branch archiux:llln: running from lbc FOliO a lenninal. 

In lh.e case of service p:-ovidcd 10 a single Wnily home, 'lbc lerminal connc:cts 10 the 

customer premises via drop wire,~ il tmninales at111 netwotlc inlaface device. 

In the case of a mulli·tcnant building IIIler than a thrcc:plcx, a building terminal is 

used. Thus, BCPM 3.1 designs a nctwotlc 10 reac:h all housing unitJ IJld businca 

liom each servin& wire center. BCPM 3.1 incorponllcs opportunities to share 

stJuctum by multiple sub feeder routes. II also penni IS sharing of lbc FDI by 

Distribution Quadrents., and co-localion of lbc FDI wilh '!be DLC, depending on line 

demand. 1be:sc feaiUrcs reJJcet an efficiml ~tic dcsl,an. 

As a =sonablencs3 cbcclc on cable tequilemcnts, the Model constrains the 1otaJ 

cable length in the Diltribution Quadran! ~~tea (tncluding baclcbone, bniDch. vertical 

Md horizontal connecting cables) to not exceed lbc lmgth of lbc road ne1wotlc in 

that Distribution QuadnmL 

WHAT IS lliE RESULT OF INCORPORA T1N0 TIIESE COMPONENTS OF 

1liE LOOP NETWORK IN A COST MODEL? 

The result is a modcllhlllt include$ alllbc loop co.s1 elcmc:nts I!C!ceuarily incurred In 

providina subsc:tibcn with lbc capability of placing and rc:«iving ldephone calls. 

SWJTCHINC, ntANSPORT AND SIGNALING COSTS lN BCPM 3.1 

Iff W DO YOU DEFINE 1liE TERMS SWITC111NO, TRANSPORT AND 

Dircd Testimony or Dr. ~ M. BoWIIIM "'-• II 



SIGNALING? 

2 A. Switching is the process of opening and closing lines or ci.rcuiu to connect end 

l points canying telephony ttansmissioo.. This liulctlon is typically done by a device 

• in a t.clepbonc company ~11'111 office. Transport iJ the media over which 

s lransii!is$ion is carried. Signaling mon.i!ors the status of a 1loc or tircuit, &lens the 

6 arrival of a mcssaae, or llr1lnSmits routing and designation signals over the DCIWOit 

1 10 Jel up calls bctwceo ca~tnll offiocs. 

• 
9 Q. HOW OOES BCPM 3.1 TREAT TilE DESIGN AND COSTING OF 

SWITCHINO, TRANSPORT AND SIONALINO? 10 
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A. BCPM 3.1 dcslgns a modem DCIWOit of disital bose, rcmot.c and s!And·alone 

switches based on the adUa.l in-place nctwolk. DMS-100 and SESS switches are 

used in the design pcoccss with the user having the option to specify a switch 

vendor. BCPM 3.1 also include$ a new switching cost option for small swilchcs. 

The int.croffice DCtWOric uses c:ommerclaJ.Iy available SO NET ring sil>cs and 

develops costs for a Signaling Syst.cm 7 (SS7) network that meets the adual traflit 

dcnwxiJ of the in-place oetwort. Tbcae rinas are self-healing and provide the 

nctworlr; rcd~y rcqulr=ent by the FCC's September 3, 1997, guidellocs oo 

Switcbing. Jnt.crofficc Tnmkina, Signaling. and Loc:al Tandem lnvcsUnent 

A.f\cr dcsianln& the oeiWOrlc, the Model determines the portion that is applicable 10 

the provislonlr1g of basic service and comput.cs the per line cost of thai portion. AJ 

an example, after designing the switch octwoR. the Mode3 uses engineering 

dc:termi.ocd paltlllonlng lllgorilhms dm"vcd fiom the Audiled t..EC Switchina 

Models (ALSMI) 10 clet.c:nnlnc the rulisllc poctlon of cacb switch aun'bu1Able 10 

ow- Tarimoay oro.. Rcben M. Bowmao '-&•11 



universal service. 

l 

J More detAiled infonnation can be found 1n the BCPM 3.1 Model Methodology 

• docwncnt, ChapC.en Semi (Switehina), :Eiglu (frlllSpOit) and Nine (Signaling), 

s anachcd to Ms. Dao~~~~e Caldwdl'siCStimony. 

6 

1 

1 IV. SUMMARY 

9 

10 Q. PLEASE SUMMARIZE YOUR TESTIMONY. 

II A. 

ll 

BCPM 3.1 iJ a superior cost proxy model bccaUJC II in~ a foiWilld·looking 

networic design that eflkiently pro·Jidell!lllivmal savice to areas thai rcJkct ~ 

ll custom.er loc:uions as precisely as possible. Moreover, BCPM 3.1 efficiently 

~~ desians a oetwork with the capability to provide those customers in rural and other 

u high cost areas or Florida ~~CCCS~to advanced tcrviccs c:ompu.ble to thai provided 

16 in urban areas. For these reasoru, I highly recommend that the Florida Public 

17 Service Commissioo adopt BCPM 3.1 u the cost proxy model for determining 

II universal 5CI'VKe support for lkJISouth in Florida. 

19 

lO Q. 

ll A. 

DOES 1liiS CONCLUDE YOUR TESTIMONY? 

y c:s it doea. 

.... . ., 
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I was a r • .ember of the Ec:onomica Melysls Olvialon of Mounlain BeD In 
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For the pest eleven yeol'l, I hive heklvlliOus c!ftdot J>C)tll>oM tn costs, 
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Legend: 
Boundary of the wire center 

Boundaries of the ultimate grids 

• Location of the wire center switch 

Paths of feeders and subfeeders 

• DLC locations (road centroid of ultimate grid) 
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Ultimate Grid of that Urban Wire Center 
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Legend: 

Boundaries of the ultimate grids 

Paths of feeders and subfeeders 

• DLC locations (r·oad centroid of ultimate grid) 

... Division of ultimate grid into quadrants 

----- Path of vertical/horizontal connecting cables 

3 Number of customers in a quadrant 
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Carrier Serving Areas: Rural Wire Center Exlubit RMll·2 
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Ultimate Grid of that Rural Wire Center Exhib11 RMD-2 

--- .... .. ~_,,.,. .... , , ... , 
' I ' 

I \ 
I 1 . , . 

\ 

1 \ 
l \ 

' ! \ 

' i I 

' I - -
i : i 

I 

I I I 

I 3 1 I . 
I i 8 
' ! I 
I i I 

i I 

\ i ~ \ : 
\ 

~ L \ 
\ 

·-' f- \ , 

-~ 
... , ... , 

"-
' .. , ----

-v-

Rural Ultimate Grid: 2.9 mi. x 2.4 m 
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Boundaries of the ultimate grids 

Paths of feeders and subfeeders 

DLC locations (road centroid of ultimate grid 

Division of ultimate grid into quadrants 

Path of vertical/horizontal connecting cables 

Number of customers in a quadrant 
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BCPMl DESIGNS THE MOST EFFlCIINT PROXY NETWORK 

1. WHAT DEFINES lH£ MOST £Ff1CIENT NETWORK 

II'SC OQCI:fi I ~10691>- II' 
UCIIIRifRMil) 
rAGt tO! H 

Tb~ most cflic:icnt netWOrlc Is notncccuarlly the nnwortc which Ia lowest in tDst. Rather, 

il is the netWOrk which is lowest in c:ost to provide a cldlaed tct of ten1ca. lt is . 

possible to build a low c:ost 1elephooe nctWodc which will provide IIWJinal voice Jnde 

wvic:cs. but fall to provide minimal a«CSS to dala and other 1crvic:cs. funhcrmon:, h is 

not just the ini!W tDJt which must be tDruidc:recl, but lhe ll!c c:yclc C:OJ\1 OYCI' 1hc 

expected life of the nc!WOrlt. For example, a ncrwork with a low tim c:on but hiJ)I 

mainiCIWICc cosu may be less efficient than a netWork with hlpa fim c:ost and 

siplilicanlly lower nWnlcn&nce cosu. Similarly, a netWOrk with a low tim c:on. bu1 

whidl would be expensive to n:in!orcc u cunomer demand JI'O'It'l could wcU be mon: 

costly. Finally. if customer demand for wviccs exceeds the abilil)' of the netWOrk to 

provide them. rcquirina .:ostly overbuilcls of the neiWork.lhc:n the iniliaJ netWork can 

hardly be ullcd efficient. 

ll WHAT SERVICES MUST THE CHOSEN PROXY NETWORK PROVIDE:' 

The services whidl must be provided by the netWOrk in the chosen proxy modd 1rt 

clearly spelled ow in the Tclccommlllli~ioru Act of 1996 ... 
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{2) Accas u Al-.1tcd Sn1'1«~ • Acccu to~ 111ICOfflmlllllazdoiU Gllll l11jomuulott suvtcc slrt>flld N providtd 111 o/1 'rqit>IU of 1M NlltiD«. 
{1) Accas Ill a11nl ud B/tll C.n A tal • CoiUum~ In Gil rqit>IU of U.. NlltiD«. bldJM/bcz low-lncomt COIWIIM17 tW1 d!ost In rvral. 111ZVlcr tWIIIJP eon ofWIU. sJrOflld lt.trw occa~ to uiiCt>lftJIUIIIIcmloJU o11d brfOI'MIIIIott suvtcas. lltclwllfll ~ ltmca Grtd Gdwltted 1d~Uw eutd bt/01 erlOif ~. t/un IJn -ottdl)· ct~t~~p~~f'Gblt ~ tlrtJit suvie&S pto>f4r' In llrlNm oreat-

(S) S~ ~ hM'a«t.lt S•,.,.r M«<wcll- • 711tn 1lrould N ~p«Jj/c, pndlacblt trttd sv;6ldml Fttkrcl tWI SulU IMduutlsmlto . 
pra,..., ottd Gdwltt" ut~.'WnoJ ~. 

f unhmnorc, the Act provides far periodic review of !be definition of univm&l service: 

Srcrfp!! lSff(IO/ l!f Gpml- U11fwnolsuvt" Is 011 r-oM11tl.wl of tcluo""""" fCJUit>JU suvie&~ tlult zlrt Ccmmlss/011 slr.o.ll Clt4blulr ptriodieol{v undo tlou u t:z1011. td:il!l htto occmmt Gdwl11cc In tdtcommt~t~feotlo/U ond 111formOJiott ttc1rnolof1u ond suvfcu. 

In ~elmina a proxy moclcl.lbe Commi~cn mWl fim determine wbal deiWiion of 
~advwed savica"lhcy 5houJd indude in their crlle'\a for cvahwinathe models, and 10 

what dearce lhe ~cmcic:zu~ nCTWOrlc will provide for an cxpmdinJ definition of univcrul 
sCTVice wilhouclhe need for atmsive and CltpCD.SIVe ovcrlJWids oflhe ndWO!!c. 

The BCPM sponson submit that a conservative approach co idmtl(yinalhc services 
which compromise "accw 10 ad~ scmccs• today would be to lest lbc ncrworlcs 
bullt by lhe moddl Car the capability 10 support d&l.a cnnsmission over alU Kbps 
modem. NctWO!k &CCCSIIllhc lU speed is widely available today ill UJb&n aras and 
lhuJ. at lhc direction ofConarcs:a. m1111 be avalllblc to customcn ill all areas of !be rwion 
includina runl and blah c:on areas. We uy that Ibis is a c:onsnvative m~ Iince 
modem rpecds of 33.61Cbps and even S6 Kbps an: bccomina more and more commoa. 

2 
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and ISDN and IDSL lt.dmolopes are in the illitial JUICS of wic~t-lpf'C&4 ocploymmt. 
IM &AA.k.t\ 1 'f l~tl 

[A ..... JIMII.l We IISC lhc 21.1 107pr 1ca:1 for 111>'0 ra.aon.r. '&~« w1s 

1. The Act sutes th&t aaviccs must bo '"-I01111bly ~pllf'llblt, and 

2. The Hll1'leld $and the HCPM wiU oot be able to provide lU coMcciivi.Y_IO_ .. ··-· 

... 

ID. WHAT ARE 11iE CIUTEIUA WHICH ARE PART OF AN EFFICIENT 

NETWORK DESIGN? 

Followina are quotes liken from l!le Ow.st.dt Pla11t Lttfnttrlllf Hondbook d~clopcd by 

AT&T Nt!W011c Synema Customer Eduwi1111 and Tninina. They describe lhe type of 

!.acton wbid! the Outside Plant EnJinecr miiSII&ke into considcmion wbc:a plmnina and 

desiplinalhe local nctWOrlc. The HtJ11dbook provides. in very plain rtnlJhtforwanl 

tanauaae. a description of lhe l)'pCS of lllllyru th&t the ouuide pl1111 cnaineer must 

perform to desian lhe optimal low-col\ nCIWO!k. Thcx are lhe very crila'ia whicb lhe 

BCPM sponsors use in desiplinalhcir local netWorks, and which are reOected in the 

und<Tiytng nerwork desian &UIU'I'Iplions of the BCPMl. The material in the Handbook is 

da!ed Auauu 1994. The quotes whid! follow were sclce1cd to indicate the type of 

auidchnu whlch arc prucntcd for lhe op1ima! pi&.:Wna and dcsiJD of a local telephone 

nctWOrlc. Parenlhctical referc:aecJ followina c:a.c:h quotation refer to the 1CC11on and paae 
wilhln the Handbook. 

EXCHANGE NETWOU DESIGN 
• 11ot ow11ldt fadllrlu lfl,tiiiV 1.1 rup.ctUiblt for dn-1111111 tht '»" of t~lllSIIII fadl/tlu dtslp IMI wUI bcu tftftl IU lllltb of 1111 CDHip4J1Y trtu! tht arro to lw svwd. 11ocrt ~ thra btulc ellolcq: (J·/) 

) , 



• Arrlill 
• UNIUJ10111111 
.. Bllriol 

ri'SC I)()CKI:T 9106'16-TP 
I!J(IIIIllf 1\MO ) 
PAGE • OfU 

• 11rt IJIIittnr ,rhDUid n<alualt tilt followintfor tDclt ~ offacllillu pnor ta 
proposlqill ~ fJ·l) 

• IP7Iat ls 1M /111/W Fint Ctui! 
• IVM>II.J tWrf~ of tilt fadllry ICUJ.vto ,. nt~tdntr. 
• ll?lalttn tJ..p«mtW -w-msu IUtd ~? • Is tit• potllfrl/41 fariU'IIi~ dls7vpd(llll ~~~ore 1/kdy with Oft I ~ of fadlil)· 

'"'"' tmotMr dw 10 ~-. d/s..fl/14. ~7 • Is tltnc o ~tiff' mw,pGOI)' pollcyln pill« tlw dlalllu tlst ~ of fadl/Jiu tlu:llrUISJ ,. t:«<Srt'ttl:Jd? 
• Tllr 14/r/41 frnt con. cbltoqlt tmlmpoff4111 CDASI.dm:ti.ott b«tnut It impccu todoy I mOM)'. slitndd not~ tltt only COtUidmJtlt:HL Ews/IIIJJ'I(llll oftlst rmrDinlnt COttlf.dmllfDttllflrtyittdfaJII D law i4IIW flnt QUf • bvJ ~ fimn'r COSIJ • dtltu dutto fimrn rd/Jforcuwu nf/WrtMiflll or aca:s1w IMintmDIICI cosu. (J.2) 
• COIIILdutuiDif miUt a1wGys ~ 8fwnto tltt 11crt nqlli~ tlw will trlfta tm arm cvrrOII/y ~Ill ntaluatcl for mlrf. A job bllih todlly .-n 1101 d im/NUt f111111Y altmtariw:s: nnlr~. ltslrould bt CO#Utnlatd eott~l.drrilfl tlrt nat rrJJ#f 

rtqll1rrml'lfl. (J·J) 
• Cappu primllr)l (/llihr) coble Is IIOI"'ff411y slsc/ to satisfy tlrt rowtll 

rtqulrrmmu 011 a pl'imar)II'Olllt for a ptrlad of j co 7 )'CIIn. H-tltcrt arr WIDII)I faaon 10 Cf>fUfdtr IMI IIID)' ajfta tltt aJb/1 6fzt Dlfd tlot fFOWIIo pen ad IUtd 
10 tUsln ill dlttmtlnlnt coblt slst. Far aD'"JIIt: (3·1) 

I . Ea:>ttomlc aJrllfTGilw IIID)' lltCCUIUIIt tht piD"mOII of a leu titan optUtUim sUI pnmary cob/1. 

1. Compcny policy IIIDY d1Cf!Z1t a sltontr or lonrrr zrowrlo pen ad 
J. ChOfiiCJ m antlcipattd trtrwrlo pottD'JUfor att arta may impact tlst 

amo11111 oftimt CJ aJblt lalu. iJtmlUint m dtcruulnr tltt amount of 1/mt tlot aJblt Is obit 10 I QIJsfy rtqwrrrmmu. 
( . Tilt typl of srnmurr ~lllfiiJI/Iud may aff.a tlot opllm11m sut coblt . for aamp/1: 

• AnW etlltlfnlalott • Tilt lacJc of span polt posltiOIIS ftw 
adiJitlotta/ an/ aJ/t/t p/acmrmt may ttrcuriiDII tltt p/Ddfll 
of a lorpr pnmary co bit 10 trWJI.d 11111/tw rmrranz-tii/J or 
Ttnlalll"' rmifoN:~~~~mt. T1Us fYP<t of t»ttmVe1/011 docs Jurw -'tlot lllrtllatiOifl. wlolclt ant rutrla tlt• nu tiff' nlllltbt:r D/ 
CGbitS 1/u:l CG1t be /Jut.olltd. 

• UttlntroiiiU coamwttl#ll • Ltzrpr IIM "f"''OM prliMty 
CGblc may~ piD«d tUIIot 1U11RW D/ IZVGil4bl• spon diiCit 
d«n~Ucs. '17111 prrzctiet CGII thfu 11111/tllf' aJNiJI/J 
r•lt~forcmrmt for a slp/f/CtJ/11 peri«/ of timt. Abo. 
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Upfa;>WIDI/ tlfftbu t1ptft: a1b/cr C4ll diJ~t "' «IIIPIIII4Jt COIIQIIIJ 
rdnf~Dit. 

• B11rltJ collltnlctliltt • l..tzlJrr "big IM.V k plilwlto avoid 
Jtft/t COIISinlt:IUm COSU twtldlud wftJt bu;vi111 0110/lttr CDb/t Ill' 
tht ntll·too-diJtalllfonnc. 

An ~~It: QM}yrls oftltt obmuutvc wlU twiTt IM llflinur 111 t:hoosilfl tltt best solutiOtL Good mf1nt crllfl)wdpnu. h-. iJ cunui41 In opp{vilfl thut pldlilnu ttl ot:ttml field f'I4Wl'ffftCIIU. . .. • ltucrfowl s~ (dl.strlbvt/011) t:oblu orcslzuJ for tltr -wtilftall" polr W{llirtrlfCIIU. Acapttd 11t111d.ards for polr cliiXIJtfOIU IU'I t~~foJIDWt: (J·! I) 
• RcsiJnttW · two poJn ptr llvllfiiUlll. 111cn tu'C -=ltltll wllmf~ 

than or m~~r~ rJwt two polrs ptr llvlnflllllt trrclht optim11m chait:t. 
• S...U blllbtcu ·five polrs ptr b11.1ill.us. W71m domnbtlnzllltimott 

b!UIIIcu lrncs. It u IUIU211y best to b. libc-oJ. 

BURIED PUNT 
• B11rird plant iJ rcCOIMitlldtd t11 tltt ftm clloict of provldtnt ouuidt plon1 (OSPJ facllltlu ~tultlr~ llndrrrroutul nttwori (P.JJ 
• Filltd po/yct}rylmc lnslliaicd t:DIIdllt:J(N (PIC} azblt iJ tht only azblt 

ruommttuld for dii"'CC bllriol Ill tht f"tt1111IL (9-J) 
• Buried durriblltiOII et1b/u sho11/d b. sized for thr lliJ/IfiQlt r~rmu of tltt ltllilfl 1111/U otullnainus ltlallioN wltltlll tltt ti1'IO un'IJI by tht cable. (9.JJ 
• /11 orttll wll~N botlt powr ond ttlrpltont wtllitlu pion to bllr;v tlttfr facllltlu, o 

JOIIII trtnclt iJ wual(v advontal"'"'· Buldu savllfl /11 INtoUaiion CQS/, tltrrr is Ius /ik.UIItood of diJmofl durilfl COIIIITII.t:IWII. Swcas.sflll jolflt optrruioru rtqll.trt advo11t:1 piDMIIII a11d cltiSI t:oordlftotlon wltlt tht 11tllltlu i11volvcd. Joint trtncltl111 with poMI'#:r f•ciJII/n shoulllbt tmploycd' 011/y for dinrlbwtiD11 edt a and sUYfct wlra (drop}, !lot for fuJ!tr or trll.nlc cllblu. (Emphlllu 111 OTifliiCI) f'J-6) 
• RrcDmmtndlll dipiJufor plad 111 PIC c.ablt . f'J·11J 

• Toll. mmlc c=bl~ JO 111. 
• Fu du. dutribl/.11011 c.abl~ U 111. 
• Stf"llict wire /}tiL 
• Fiber optic azblt J6. 41 '"· 

• Trtnellll!l is prcftmtJJ owr p/owlnrfor lllltllllrwon br rocl;v soli. in urbon or suburbon ttJViTOIIIfiDUI wit It IIIOI!,V obJt11clu, or Ill arc~U with dljfladt a«U.J. (P. I J) 

A£/U,(J. PUNT 
• CCillldtr ol'rlol dui6'1 Oflly lfbllritd dcrp ts srpljiCOIItly mort c;rpm~lw or is IIOtfet~~lblt. (10./) 
• Tht NatloMJ Eltarlc Sofey CDth (NESC) div/du tltt Ullilt:d Swu Into tltrtt stol'lft too dint amu btlltd on tlte f rtqvmcy. s....mry end d.alll4fllll ~§.as of ic. 

s 
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and wiN! stomu. Tlta1 llf't.IU alllltll. dall'f /cod data far c.. ...... -, ...... "'D"'· (MfiP$ aNI UJbla jaJIDw 1011/dt prrmde ad.dlrlw faaan) (J (). 7) 

D/Gn AL LOOI' CAJUUER Sl'STE.MS - ···--·····-
• '1111 fOGlllta U\y llu cntUI IDaJllaop 11-n llhtmtllt/y t:~~pllblt af wpporrlnf a tTIJIIS1fliuiDif f'lllt ofU lrbls«. NOIIIoodtJI16-IIUIIf Cl1b/11 ll t:11p4blr af pravi4illltlris bit rau ....tdtltt 11.000/M afdtulnliiiZ r:awal ajflet. Dtlital wbscrlw c:arriiiT UII«GS/Uy ID ,_, tNu bit Tlllt b.yoflll} 1,()()() /til. (/ J·l) ... 

JV. TiiE CARJUEJl SERVING AREA (CSA) CONCEP'II' 

It is not p~tical for lhe mJi;necr to iDd.ividually dc:siJIIIhe lrmlmiuion ch&nt:tcrlmcs 

of each ccna-al qf!icc a:ca. For this reuon. dcsiJD Nndarc1s or "ruucs-of·llnllllb. ate 

developed and used lh:ouJ)Ioutlhe tdcpbonc lndt&my. Not oaJy do~ Nics limplify 
the design process. but !hey also provide ,W~e for equipment manu!acNrm for lhe 
desian of !heir products whic:b ate lhe buildin& blocb oflhc nCIWO!t. They also wurc 
lhsl when loops ate connected to n~ in olhcr paru of lhe collllll')', or even in olhcr 
JWU of lhc world. lhst the r=iltin& circuit will provide J&tisf&C"tory md·to-cnd 

tnnm~iuion. 

lip until the 1980s, loa! ncrworb wen: based on a SW\dud called "Rcsisl&n.tc Design·. 

loops over a &ivm Imp (molt recently 18 Kll) were "loaded- wilh cleclrlcal coils 

which praerved lhe quality or voice II'IIISI!Iission. lbc emcracnee of diJital services 
durinalhe early 1910s ptaented a problccn. however,sincc lotlded loops do not pw 

dial tal sipuls. 1n !heir May 8, 1997 Univcnal Service Decision. lhc Commission 
recoJIUzcd this reality &lld 4ircc:lcd thalload C~~ils wen: not comp&liblc wilh lhc typo of 
ntrworlc and service ardlltceture which lhc 1996 Act requift:a and wilh a !orward·looldn,c 
economic CQst ltlldy: 

6 
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TAt IIX'p lu(p !MorpMIIIi IMo G forword·lookitttiCOIIomlc consrudy M modtlsltotdd /lOt itnpedt tit# provl.rlon of odvantd sovir:cs. For CUJitlp/t. /OQJ//fiJ colU sit~ flO( bt IUtd OtUIUt tltr,y ltnpedt tltt provtnOII of odvcttaJ 
sovicu.' 

Tbc Cmier Sc:rvina /vQ (CSA) a~n=pt waa rpccilically dcriJiled to allow iOT accw to 

:advanced telccommiiZIIcalions saviccs within lhc COQIC:ln of 111 d!iciCDtlocal cxcbl:nJc 

distribution ncrwolk. The JOal of lhe CSA IJ'Cbluaurc is to have all loops in lhc nnworlt 

capable of supponinJ a trmsminion rate of64 Kbps. This iJ achieved by utilizina 26 

gause capper !acilities to scrv: automm within 12,000 of lhe ccnlnl office, a::d JnvUtJ 
amomm beyond this cliSI&ncc &om 1 Diait&l Loop Carrier (DLC) system alllll«lcd to 

ll'lc cc:nlnl office by fiber facilities. A CSA b a clinin.a aa~anpbic area capable of bci111 

served by a DLC Remote Tcnnin&l (Rn. The CSA dcriJilspcc:ilicatioru provide lhatoo 

loop an c:xc=d 900 olmu of n:sistlntc, which Jcnmlly cqiLilcs to 9.000 feet of 26 

gauae copper or 12.000 feet of~ puae copper facilities. Extended ranae line cards arc 

available which extend the nlnJe of the RT to 1500 oluns, however the line cuds to 

support Ibis extended TIIIJC cost rou,hly twice what the sWld.ard line card cosu.' Other 

line cuds an: available which support the acccu to vuious levels of advanced services. 

M the CSA architecNre lw become the dcslpt SI&Dd&nl used by moll local c:xthlllac 

curim, i1 has also become the rlllldcd to which cquipmc:nti!Wiufacn.trm dcsiJI'IIheir 

'llqon &Ad o.dcTID CCDocbtH-4$ AAioptsd Ma7 1',lf91, RalaMdN.o)'l. lf97 uP.,.,..a.UO. 1 
Ill Al'llcllmall) 10 !Ids IWq. *ICPM 1 '",..._,_of 110M3 -'~do...,.. ............ • II.OOOtl""•==..,.locop ............ f.--•11161 ul ;u4ii*HadlddModd)r.tlft ..., awa. 111 row or• o....-~ I'FL OA. ~~oCr> • ...s WTl ... 12.000 t1....s.nt,., f""" • '""""' IDVtnmftllbllldM I 1.000 tl """"'*"~. Ill !lao M:lo -IMOJ ... -'a-.. I 1 1\Js 1110 "''"'" ll!c appun< .. ..,. e-~oo.., ... JtT...,.,. a luJtriiG&ft -~~~~~ tlbclllylllt an com &»«uttd Wllh nlftldtd,.... I• c:uda ...s 111c-.... erH ,.._,, c:a111t. 

7 
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prod11~ M such. a nawod: dcsiped ID dilfcrcm lp«ifiea.tions wowa rcqwre nan· 

sundJ:d equipmCill wbicb woukl ccm substantially mare. Indeed.. lhc ubiquil)' of the 

CSA IWldud and the auJe of manu!&cNrina eapacll)' thai tbi.r bu crca1Cd bu 

siJIIIficanlly clri~ down the ccm afDLC oquipmc:ll1. malcinJ it the most dficlau 

vehicle for providin& baalc: ll:lcpbofte Knic:c wilh &CCCU ca:pabilil)' ID advall£ed acrviec:a. 

v. WHAT IS REQUIRED TO PROVIDE ACCEPT ABLE VOICE OMDE 

SERVICE AND 21.8 Khps FUNCTIONAUlY? 

In D«cmbcr of 1996, Bellc:cm publisbed a Tecbnlc:al Memorandum (TM-25704) which 

provided 1 mclhodoloJY for mimaUnJ the maximum modem apccd !hat c:an be 

ma.i.nwncd by 1 V .34 dcpcn.dina on v&riouall=ton of the cil!cult over whlcb the modem 

Ul!UIJiiu ion OCCU!S. The re.sults ofthdr analyru an: =&Ned In FiJIU'C 1. below, a 
full copy of the Tecbnic:al Memorandum appan &tlbc md of tbi.r uction. 

Flrorc I • PncUcttd Modem SDftd~ 

I. CUSTOMER LOOr (""b codl 
o •• l(ft Nl • O 

11· 2tUl • t 
• · U ICANI. • I 
J • • IOUL • 10 

2. LOOP CJ.II~'UER Ccacb cod) 
tloiX.C.. JI)U' • ) 

J , SWITCH TYPE (cadi cod) 
~-· o.,.l • l 

•.rNn:Roma 
~-·J 

SCOJUHCo 
O• O• U J K>oo 
". :ro . ,.., K>oo 

AMa.,T....,..•• 

'·•·u•a. 
l i ·U• 1440.. 

• 

II• II UIII. • J 

•JOJtAL • U 

loUt·• 

.... . c., • • 

rorm 

D 
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As can be 5:a1. tbm arc seven factors which det=iDc the max._._ ..,.- _ ....... .....,, 

be adlimd ·lbc loop on botb mds oflhe circuit. the pruaJCe ofDiJitll Loop Carrier on 

&he twO loops. &he 1ypc of awildl on either cad of &he tircuit. and tbc l)'pC of cimlit 

connCdinJ tbc two CCilll"aa otlias. I>cpc:n4ma oa tbc c11ar1acr1sUc:s of acb of lhcK 

seven componcnU. points arc •warclcd. Tbc number of point~ fDr the totaJ s;ircuit 

Th: relcvantc ofllhls chan "" be seen i.o lhc li.oe Rlariq to lhe e11110mcr loop. 

Loops under 9 KJI reeciv.c 110 poinu, loops &om 9 10 12 Kft reeclvc I point. while loops 

from 12 to 18 KJI receive 3 points. Since anyWnJ over silt poi.ou prcvmu lbc 

achievement oftbc 28.8 Kbps ~a dcsiJII nand&rd which rolll.inely utilius loops 

over 12 KJI QIIIISc up lhe lUll point alloanen: Olllhc loop alODC, even wilhou1 

coruademion of lhe dipw loop anicr (wt..tch WJ11 be utiliud for mon. if not all. run! 

customen). lhe ccnll"&l office awill:hes &!td lhe lntcoffice tnnsmiulon facility. 

By utili.zina &he OSC an:hne.cr.~n &nd lhc muimum 12 KJI copper loop, BCPM.3 

usurcs that lhe requarcrnm ts for &dvanccd tcleccmmuniatioru service &cecss for remote 

rural customers is reuon.ably comparable to lhst cnjoycd by urban customers. u 

mandstcd in lhc 1996 Act. 

9 
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Memor~~ndum A.. ....... , ·' •• 

;;:--.~~ ~ 
G~ lot Hlgll Speed Analog 01111 TI'II\III'IIUICI n troe ~a Nt!WO ·-- ''"' . 

~;;; .• 1:"- r-· I:"- ,, 101 1.-. ''"' .Ia• I 
~-~-· ·-·· Rlwdol. l'ua liiUi\ INa: IFUIO . 

~- '""" ---·--O"f -- -- _ ua-------·- ---0"1' 1- .. -
__ .. 

-""' - .._."" ............... ._ 
1---

_ ... .. _CII 

. ............ .,...c.,. bit' .. ........ ~ 1-
-..-.c. I · -0"1' 1- - -- - ua-... ..................... ,c. ...... . ~o., ,_ .. _ 

-
_ .. 

- ""' A•• • • ' -- -- ... .CII 

~---

Thu~rcb..,<al mcmoi'IMwn (Thl) dliCIIUCS JVicl<lmco for biJb r,>ffllmaloJ d&ll II"&&WWIWIOD on a ••nth<d ,.......n, 1,\u Rtltcu lbr li'USIIIW>ODllllpiJml<BU UJ«Uitd ..., ooday'o nciWOflt con{.,..,.,_. ao4 ovw h•J h lJ>ftd r:nodftn ttchnoloJICS. 

,._,atdo J. Pau 
Syolt'IN UJ....., 
Nawort T"""""' aa1 S)WII -

,_,_ 

-""" 

--
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GUIDEUNES FOR HIGH SPEED ANAl.OG DATA TRANS ......... ..,,. •n 1 n~ 
SWITCHED NETWORK 

COI'lTL'n'S 

l . ~ooucnoN-----------------------------------------­

LV~~~-------------------------------------------l 2.1 V~YS. V.lliiSCONtWSON -·-- l UV~FIATVIIS --l 1.1.1 J.IH• Hqot&V. Hul••d• _ . .' 
~u~,~- ---·-------------------------1 1.J.J l'rtcHutl ·---------- ............ - .... I 1.11 t4d6pnw ht·Uy4/ufl ...... ___ ........... --.... ·-·---.. ··--- .. 1 
JJ.J t4Upnw l'o-c:.u./1----··----------·----- 1 1.1.6 Nw/n •. Dra..,_.t Trdlu CH..,· ------------- ·-----·-· 1 1.1.1 SJo.tt Nw"'' {S11qur1J --·-• 2 1.1 w., .• , , ...... N:>~~.flltUT E•IH•OIJ-............... -·--.............. _, 1 1J .91tyl-14nlllt __ .. _........ -·-·- ' 

l . TlW'JSMI.SSION P~ FOR V~ MODEMS 1 
l .l BAHDWIDTH IUOIJIUWDn'S rOI. DA lA ~Tl SlUC'TION- .. -··--- 1 
l .l iUCEIYI UVtL ICAIWD Orne-r} ... ·--···- I l.J NOIIIIUOUIUMtHT p 
4. LOC A.1. OBSl:RV A noNS t 

5. MODtMnsnJ'IC ---------------------10 
5.1 SVlTlMCOHJ1GuaA'IQf 10 S.l TU T I'AOCTDUW ..... _ II 
S.l llUIII.Tl ... - ............. ----··- ····--······----···---···· .. ·--- II J J I Tt~u wt<4 I'CM Co-niOII.I ... - ............. ___ , ......... ---···"--········-- II J.J . .' Loco/ CcbJ• Turs ---·----·- ._ .. _ _ II 
6. CtJ'o'tllAl. ASStJMnlONS----- --- -----------U 

7. CONCLUSIONS----------------------Il 

I. RLFERLNCIS-------------------~---- 11 
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GUIDEUNES FOR HIGH SPEED ANALOG DATA TRAPto:t"'''"'"'"'" ,., , , ·­SWITCHED NETWORK 

Jl.J.Pau 

1. Introduction 
... 

nus ~echnotal mcmonndum (TM) cllJcu.ues J)Jldclinu for blab tpccd llllloa data oumiuiOCI oo a swildlcd nc!WOdc that rcOccu Ill£ cnnsmln ian lm;lairmcms IAOQIICd with IOC!a)"t nctwOrt con!il'ftDOIU and new hiah rpccd modem ICCbDolosia. 
The onrm~l tcopc of lhis documca1 was 10 india:c proadura far lhc localldcphaac com;wua 10 allow lhc~r CIIStOII\CfS 10 nm V .).(1' 1m • 1 ., &1111£ bilbat data niC ofli,IOO blu per KCond (bps). h b«mu: apparm11hatlhll u DOt altway~ pouiblc. II may nona' be pouiblc dcpc)dina on how R Cb CUJlOIDCl''t service U provided 10 1han llld how lbe ort•uk I'OUia Cldl call to the (u md. In many cues. II will be 10 an 1.a1cmct Scmcc Provider (ISP). and lbd7 faci1hlcs will onOumcc the ovmll data C«<IICCUOft. II Will a1Jo depend on thc modems that are bcina used. 

V .J4 ICtMOIOIY U bucd OCI Uft!mprioas and~ that lhc loc:aliCitpbaoc WIDp&IIICS ~vc no con110l ova. However. 1n undcrmtldmj: of bow V .).( modems m.al= lhc conncmon Will toke som< of tht mystery out of lhe black bolo 

u bontory ICSU were conducted 10 determine lhc cfl'«u or llllloa "' diJIIal (AID) and diana Ito ana loa (PIA) conveniens on V .)4 modem coMcc tlocu. Abo. \'Viow cablulft!J'lu With bnd&cd-u ps (BTl were put undn' lUI to undcnw;d lhc1r c!Tccu on data rstc ~uons. A clwt w bcm d<wlopcd man ancmpt 10 quanufy the c!Tccu of lhc telephone nC'IWOrlt on any , ,..., connceuon 

' 



2. V.34 Features 

2.1 V . .U V$, V.32bls Com,.rlson 
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As wuh lhc V .lZ!Ms spcdC-rion V .34 6dina a 2 Wlt'C. Ml clllpla dial ancllcuc 11M mo4c'lll lllpp0!1llll bolh J)"'>clsWJC:ill ell~ GpmiiOIII. LllrawiK. w JPCClfi~allon u lu for au10m1a~ fallhaclc compedbltny wid! lower l)lCCd modems sud\ u V .32 ancl V ..Ubls . ... A bnc( comparuoa of !he clltrcrmcu are ~below: 

V.llhU V.l4 

Mockm Type Fix~ Mocluladon AdapdYC l.otcllllftiCt 

Data R.ttcs I U kbps • 7 .l lcbps 21.1 kbps • 2400 bps 

Bandwidth Fl.tcd Variablt 

Trtllis Coclon& 2-dtmrnJtonal 4-damcrulonal 

Adapuvc Equahuuon Unar , l'=od.mJ 
Mapptnl l·D Shell Mappina 16-D Shdl Mappma 

AIWhary Cb&Mcl Nant 200bpt 

Opcnnna Moclu Full Duplu Full Dupin 
HalfDvpla (Fu:l Half Duplex (Fu:) 

Aswunctnc 

2.2 V.34 Features 

Thm arc tlo< rtc"' (uNrcs of V .34 modrnu W I will mpond to lht t.dcp'-e IKI'<IIOrlc: 

I. Ncaouauon hlndshakr 
2. Lmc Probma 
) Pruoc~ ... , 
4 , Adapuvr Prt·Emphub 
S. Adapuvr Power Caurol 
6. Mulu-damms1011al Trdlls Cocldla 
7. Shtll M•I'I'UII (a.lc.a. a:hapula) a. Warpona 

How do thty &Clllally wortc? hIs • compla Maoti&non sequence. n.. follOWUIJ u a britf doKUSsoon of the major fea~~~ra which a.rt implcmcntcd In V.l41M ftms. 

l.l.l Mode NccotlalioD HllltWtakt 

• 
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A n~handsbau san up proctdln~ specifically !or V->4 ...__ ... - ... • ·•· anc•uaa ~lcwvcl Gomplll'bilJly 10 aU lower speed modm» with pi'O\'iJiolls 10 ftCOIIIIJlt 1.114 mlnWOric ,.;lb the v Jlbis clcflld A.IDIIIIIOCk DCJO"!hon procedure. TluJ is 1bc fim aipal acbanrc chat occun bctw«n twO V JA modems wtwn lllllclnJ • c0011«11oa./U vrltb o~ clcmmu or tbc v JA rpecifiu tloa. v.a is an lllsclliltf't proccdun allowq v ~modems 10 ~ (caa.rc and mock nr,ouanon qvicldy. ntillzq V.21 ()00 bps f:S1C) moc!ulaoonso c:W1an1c ~nronnaucm. NcJOIUDOll pll'llftC1Cn mcludc-" bi!CimiiDGII u: 

• Idmdlicauon orv JA moclcmJ !rom all Ol.hcr cypct 
• Oala modoe or T ttt Pbooc opcniiCII ... 
• Moduhnon moda avallalllc 
• V .A2 and V A2biJ 1vpport 
• Wucbnc or Cclllllu opc:rallon 

2.2.2 Lloc Problo& 

Lmc l'f')lllnJ as lilt mostlisnilicant mllancc:mct m lbc arw tcdllolol)' aui1lC in the V JA nandan!. lt 11 the bam capabilny that allOWJ a V JA IIIOCkm so irncUiJCDtly cbooac lilt opnmum opcnnDJ pmmttm rar any Jlvtft u lcpboac ~on.. It is also tbc atU wbcrc INJIU(ItNm'l or modems dctmnmc the order or tbc fc:auu to be UIIPIC'J'C"wd 

Lnc probmr 1S a bi-du'«Uonal balf c!upln: acban,.: wbW1 is pcrl'omcd immcd••rrly aflcr V .a n~JOIWIOIL It UIYOlon lbc tnmmiUIODOCll- ranp:a froiD I SO Hz 10 37$0 Hz that allows til< dm•nt m:c•- so IJIIlyu the cbanttcrutln or lhc ulcphoac cbamcl beJote ctcrin1 4ala ITlnuruu•oa. The moc1cms - t1us •- analyus l!lfonm'DOO so •hooK ecvaa1 key opcnnna pmm:tcn. m:lud1%1J: 

• Camrr Frcqvmcy and Symbol JWc Thu !klmN!Ia th: opumum bandwidth and placement tccn101 frcqw:ncyl of the D'IMI!Imcd 11pl w1tlun the aYailablc cllanncl bandWidth. The modems llaoc II poulblc comb•nanons to ca-se trom ..,th 6 dll!'crcntaymbol ratu. c&<ll ,., lh ! pou rblc amcr ~- 'Thrtt of the symbol niCS arc: man4aulry and lhttt arr o;>nonal Ike bandwldlb n<qulmnmU) 

• Pt<·Emplwu Sc~ lbc modems cbooslt the opamum tr'IASmll Pft<lllplwu filter !rom a menu of 10 d<frncd liltm m the V .l<l spcciflcanon. (sec Adapbvc Ptc-cmpharu) 

• Pown Con:rol Sclecuon.: lbc modems c:-.c the opumum tran.mntur OUlpUI po-. levo:l l"'th a ran1c of sdcc:IIOII of IC dB m I dB illcmamu down 6om the nommaJ -9 dB rnrum1tur kv-cl. (-A41povc P-cawol) 

l•n• prob1n1 is pcrl'ormcd on cwry new~'*' u well u w11cn 1 IIIII,....,..,., ocan. wtucll can be pcr'ormcd 11 anynmc dunaa 1 -."110ft. Tllis allows V ..).4 mo6cma 10 not only od.tpt to 1 btoad nn,. or dlrrmnt line I)'Jia and d11Uiftlonl &.. call to call, 1M also a<c«MMIddu \'ai)'UII lu•ocondouoru o-Joni pcnoda oramc on liD)' J'Tf'l'ft c,. tlee Wilb v .)4 m a• rn• u pcrl'ormancr t:a ys m lhc pr t tt of limit tW)IQI diaAIIOW.Iht modem can rc-cmu line prolnni 11 any un • 10 adjust for. I.e. "~dope so• tile prcYI!lmacclld/Uataa. 

) 
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Ptccodtna iJ aauilly a modifieanco on an adapnw ~larr ttelllllqur dMiopcd 111 the 1970's known u Dcclsi0111 Feedback iqll&liDtiOtU or DfE. Dccblon Fccdb&clt cq1111lzm ba~ btcn proYC 10 be the opmmn rccri\'tf cquaiJzadas trdmlquc foe maloa \'Oict .,.W mookms md can <omJX'IU" foe 1Mcnymllol W:a1cra~C~ (l$l) cawed by ICWI"Ciy ~ cbamrls. 1biJ u cnmtlol for IUJh rpcc4 modems lho1 need to 11111lu cvay OIIIICC or die rrcq-. rpmNm available onlht liDc. • 

The butt Idea Is 10 lpln die DF.E bervout1 die ~md tlwrccdwr. ln 10 douit'lbt V~ rcccrYCr olculaw lht optimum. cquali:uf coctrldaus u II would Cor aiiOCTII&I OF'£. 1M relays lhcm bac~ 10 lht n.DIIDIIIC:r wbcn dw v-.o~~~~~~~acd diD&! Ia cqua1izlcd bdcnln.!U:IIIiuioo. The rcsuh rs lhc bcSI ofbolh worlds. Decision fm!b&ck Equaliz:aDca~n~J~IO)'IZII "prr" -equalu:atroa and Trrlhs ·coc~u~a· wludl is "PrroCodma • 

1~4 Adaptive Pre-Empbuls 

Thls It anolhtr t«lvtolol)' lllccn flvm the put (fonnally knot~~~ u ·~CIWploculJt• cq111lizatlon or "prr-c:m;lhasu") and~ W'llll ~ m"Wa-. 111 dw JIU1. mmv'•nurm ba~ employed a Crxcd wmon oflhis udmolol)' wllik 111 V ~ il is adapftvc bucd on an~~~J liM charmmnru. Wilh prr-cmphuis, thc ll"lllllllitud siplls puscd l!!rouah alpC(D'IIhapma fil~a wtuch boosu stpals iD aomc PI'"' of lhc ~nN~Nacd lpCCU\IIII w!Wc anm•ennalipls m olhn' pms of thc spcaNm. Pre~ u Ytrf ctrc=vc lpmslllpaJ-clcpaldcl drncmon. The idu u to opm pn·compcnsau for mown cbannd cllsiOI'!ioos lamed ill LiDc Prob!na. If for cumplc.IUIC probma dcueu lhoi iCWI"C roll-off il pmcm at thc upper pan of die chos.m lnl\Jnlll spccuum 111m an appropnate prr-cmphuu nita can be mii"'duccd In thc II"'NNIUUIa' 10 compauau. Not only Is thc c!tttto cfTca of die cb&Mtl clurortion cort~pau;aud foe. but thc more sc~~U< srdc cfTceu ofnon·hnar dlSIOIUCn arc maumacd u wt.U. 

The rnrclhacncc comts rn wilh !he seleCtion or which prc•trnphuis lihtr 10 udl~tt. Thc V ~ spccrfiu uon dc(IMS I 0 drfTcmn prt-cmphuu fih.m to choose frocn The lllfom>&non I.Urncd clunna lmc probtnJ IS !he pnmary clccmon mrma m sclcmnalhc opumum prr-cmpha111 nhtr. rhc actwl method ofwhrch II up to lhr tmplcmmtor. 

l .l.S Adaptive Power Coatrol 

~ a electron or lrlnmlrtur poWCT IS mucal m luah J"pC'cd ttbo tan=lUII modcnu. Unlike older • WIR rnodcml Of lower lpCC4 V .llbtJ cluJ moclmu. 11 11 noc 1n1t lbatluJbc:r lnNmll power IS always bcacr. Echo cmccl"'' modcnu need to mkc 1 balln« bawcarluJh rranmussron power which can IIQPI'OVC srJM) to norse nuo foe lhc dlsunt mciYCr. but can rnrrocl= unclcsitcd echo diJlcnioa for lhc local ruciwr. 011 tbt odiiT baDd. -low of a tnnsmllltd stpl c or ; oaniocs bulc 11P110 noitc nliO. ~power comrol um rnrellotmt. aclapuvc acJwm. which III!Om&dcally aclcculhc opdmum oraru:millcwl ba.scd on line probUll rcsulu. A rclallY~Iy 1iqllco concqn. bu1 1 m tical md e«nplalclchcal.c balaDcr. 

:2.1.6 MuiU·Dimeosloaal TNIIh Codlo1 
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TrcUu C'OdliiJ, si!IIPIYpn is a f-.nl mar COITmiAID codilla Kbc'ax. Tht vaklc of the coc!tnJ 11 expressed u a "coc!Uia pin" wbkb u a mcuurc oflhc modems mw nit bupomnau ovn an '"odell modem. F!p't I shows lhc ctfcalw ~ p ln of lbc cine Dnf coda cmploytd 1111hc V .34 spcdf!Wion u ~ 10 the codmf ~tthluquf s.mplcmcrucd m V .J2bu modnlu. 

The lipi!Jlcaftl po:nll rdanw 10 multi~ coclula m1 

• v ~ employs line acw L.dimnul.oul codinlacbcmcs compam:l&o lbc l~1onal sdlctM cmplo)'Cd ill V .J2bU. 4-dimauioa&l codilla bu Ileal Coun.d 10 prowidc lbc ~u lndc· otr~ .... t<U pai'Cift!WIC'C, delay and C«<lpiC111)' or ~lcmcca-. • 0 

• As an ~ 1m1 by the performance pill Y1.. coa:rplahy lniAic otl'. lbc V ~ Jl&ndud.l body 1w approac~ the limi11 of dlminilhlnJ munu 10 acbkw the desired pctfOf'IIWICe. 

Codng 

• 2l>f.S.. -l (V.l2) 

! • f • ~D 1 .Sl:Ut f • ~Dl2st.Kie j I ~ 40 64 :sue. 

Tht •D CDot Plo<ICH a OcocsT.-.o« ~PorT_,... Dolay ano c~xay . 

Flpnl 
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Ill hiah ~d moclmu each l)'lllboiii'IIUIIIJ~ conwns a mlllliphcior of liSa' dara bru and codllll 
bru. These bru arc poupcd into rymbols and Ibm mapped inlo a.l c!imauioaalllplll 
consrclt&oon (u sbown In fiJift 2). The rauhinJ alpal pomt Ia Ibm~ 10 ru 11111oa 
11plll equivalent Cot lniNmilslon CMT die lll&lot YOke •hamel Sbdl ~ is a 11pal 
conncluaoo mappa~~lt'dwllqw wllicb ut : ts 10 clirlribuu tllat &ipaJ poims "'lbt 2 
c!JmaUIOII&IIJIOCO In IIdia .,.y u 10 b4PO>t die~- ""1)' by &ppW.rmaiCiy I 
a ... 

The concept u bukally lhl11:11 opamum -llal!aft would be a iiPixncaJ shape. bo • c ·~r. 11w u 
not pouibk. Shdl mappa11 app!'Oitlmua die apbcricallbapc by mappln& a lqlllft pW 
CotUIC JI&Uon 10 I DCit•sphcricallhapc with JI'&Dicl diJiribu!iOD or dlc IIi pill po1lllS izl the l 
drmm.uonal spate. The net ctrce1 u lhat !be COIUitlulion is ctp~n4rd llld the sipalto norse n no 
II Improved by appnwmarcly l dB. The v .34 specification Jvpparu 2 lcvcls or lhcll mapprna 
whoth are related in rcmu orlhc rcalllrm& corutdlation expansion; 12..5% and 2$% a pans1011, 

• • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . ,, •• • • • . • • • • • • • • • • • • • • • .. .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • I I I • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • . . • • • • • • • • • • . . • • • • • .. • • • • • • • • • • • • • • • • • • • • I • • • • • • • • • • • • • • • • . 
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WatpUii is anolllc:r Conn o( sip l SJI&" codmJ rpcd/ically daip~ccl1o comballhc dTrcu of stpl dcpa deal cbwld cldi«Dool also bloWII u 11011-lmar dUIDnloo or batmonic clu1onloc. Non· linear dlslonion u praa11 ill aU I)'JICI of~~~ cbamcls llld is by-.m-latJc duo 10 dot PCM cliJIIIl mcoclinl oflhc,analot liJIIala.lbc DOD·llnatuuc oli'CM codil\J compounded by lhe non-!mat~ iDiroduccd by maioJ Willi"" mn sucb U lnZIJ!~ aid 1o&4lna coib wtu1t bavoc on lbc:sc hiJb speed llll • Ill' ... 
WarptnJ IS a mcam ofll'aclina off ltJIIa!IO oolsc immlmll)' for hupMUIICCI ill 1ip l clcpc1ldall d.ulorooo llniDIINIY· FiJift 3 &bawl bow watplna docs dUl.. • 

Warping 

•••••• • • • • • • • • • • • • • • • • • • • • 
• • • • • • ••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• • • • • • • • t 
t t t t t t t t I 

• • • • • • • • • • • • • • • • • t t t t t t t t t t t t t t t t I • • • • • • • • • • • • • • • • • • • • • • • • • ••••••• • • • • • • • • ••••••• • • • • • • • •••••• . . . . . . .... . 
• • • • • •• •• • • • • • • 
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• • • • •• • • • ••• • • •• • • •••• •••••• • • •••• • •••••• • •••••• • ••••••• •••••••• ••••• ••• 
• • • •• • • • •••••••• .. . .. .. . . 

• •••••• • • •••••• •• • • •• • •• • ••••••• • •••••• •••••••• •••••••• •••••••• • •••••••••••••• • • • • • • • • ••••••• • •••••• •••••• ••• • • • •••• • • • • • ••• • • • •• 

N>o...,nr that non·lmcar dutonton elfrcu the 0\IU% eonndlauon pomu mor< scvcrcly !han the IM<T conJiellauon pomu. the C011"1111J 10 compromue lhc not" ammunny of the iM<T potnu tn f~vor of the more •US«ptl)l, 0111 potnu. The ruuh u thai the IMUI dutan« bcN.tm pomu IS tnausccl m the OUICf fnll~ of !he cONU!labon (unproYtnJthe tmmuntl)' 10 alll)"pCJ of duiOIUOll. but panttularly non·hncu d11tomon) while the mean dtn.t.ncc be~ the IM<T potnU 11 reduced. 

l.l.9 lmpltlllt~latloa 

The V .34 sl&lldud cloa no1 tn.Uid.&ll: the llllltm;~lcmcn~a~>e~a or all fcall.ftl ..,lhzn lhe docllmcftl. There &rc mmlmvm rcqlllmii«''IU 10 that modcma will f\mclional w V .34 lcYCI bu1 h lca\'Uihe dct.ails 10 lhe ~. Each m&liU!aauror dccidcJ wbicb opoODS will be wed aid in whal otd.cr they will be ~·llCd Wil!s dlb ooa new. it 11 ur.dcmood dlat lhcn III'C cr.cleoffs aid <OitljA onuses bcm, made 10 opiiDiize the V ~ modems paf-with dot connection over the IIC'IWOr\. The da11 mn wllllhcnforc be KilO lhe lupac poulblc 1cw1 bul10 lbc lowest clalomm.ltot of dot 111: •-, f« compa~~"llilny. 

, 
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3. Transmission Parameters for V.34 Modems 

fl'SC DOCKET 910696-TP 
EXIIIBIT RiolO J 
PAOt 1901'2S 

Wilh some undcman4irll of wtlal die V .34 modems arc doinr in I'CSpOnK 10 lhc ulcphonc ncrwork. a look lllbc II'IIISllliuioo rr.quimDcnu u nccdld. Tht V ~ ~wnuwwl.llitlli 
~quimncns arc bucd OD mot.= cm;tlC!!!C!'U!Mn and a=! 10 k mtd'mcd ill llicpboay laiN. The impon&lll ~ C'C ~ (fftq;uc:DC)' lt:\jaUUDCUIS), remw lcwl and noise ~uimncnL M 1111 V .34 o•a ticw Died 10 nlllllrltc,lhc moclcmln da!p!cd 10 talcc lhc ncawotk vamliOIU into &CCOIIIII and opdm.ia-w modem's pcrfOIIIIIIICC. 

3.1 Bandwidth Requlrement:a for~~ Rate S.ltctJon 
The lllJ Rccommmdmon in Ibis suUon is c:a1lcd Carrier frtqiiCI)Ciu. h talca anml cabin and calcubrioau 10 pn II inro =mslbla malcc ICIIIC in abc talcplxiac worl4. Thc table k low showt lbc rdatiomlup be-symbol rau. badwictdi!Uid daaa rile. Symbol rita b abc tam,_ oscd. 10 .. ~baud rile. Eacb tymbol cncodc1 u mmy u nlnc (9) b!r:s or dar:s wbich )'ic!Ab the dala nrc. Each symbol rile accpt 3G9 bu two cc:nrcr !rcq\laldcs 10 chose er- and lhcy arc called luah and low. llxn b ~ty a 200 Bz diffcra~CC ill lbc biD6widlh used. nw is 10 compaaarc for f'rocquaq roll-ofT 11 cilhcr 1hc hip or low mds oflhc IJ'CCIMII. 

Symbol M•n=m 
Rnc Ccmtt IWdwidlb ,~R.m DCT I CC frcoucncv ll u 

2400 Low 1600Hz 400. 2100Hz 21.6 
Htp 1100Hz 600 • lOOOHz 21 .6 

l74l • Lo•· 16ot6 Hz 27• · lOll Hz ,.,0 
H•ah 1129Hz 4S7 · 3200Hz 2•.o 

2800 . Low 1610Hz 210· JOIO Hz 2• .0 
Hlp 1167Hz 467 . 3267 Hz 2A.O 

JOOO LOV.' 1100 H.z 300 . 3300 Ht 26.• Hip 2000 H.z SOO • JSOO Hz 26.A 

3200 Low 1129Hz 229 ° 3429 H.z 21.1 
Hip 1920 H.z 320 • 3S20 H.z 28.1 

3429 . 1959Hz lAA - 367• Hz 21.1 

• Opuonal Symbol Rnc 

Tclc:phonc wiff rcquircmcnu arc w ... lly wnl\cn 1.10und 300 10 3000 H.z. M 1hc table IIIIUITIICI. V.l• moclmu 10 ....,u beyond lhnc n~o~~~~bcn. in :rcahay. lhc nnworlt bu more bandwidth !han lbt uniTs mu. butlllcrt arc no~ Dlffc:tal:lnaupon I)'SioCmS will wan lbc badWic!lh. Wbi'lc Ibis c*s-cft'ca wolc:c c f • 1, b will ch&Qac abc pcrfonDIIICC of 1 v .34 modem. It "-ld be undcmoocllbltlbac mchmlarc probinJ lhc my hmiu or the ulcphone rpcc1n1m and !TylnJIO adap11o the conclhioau lharort !hen. 

3.2 Raet /ve '--vel (C.rrler O.mctl 
Thc lllJ ~cotN'nftldauoa on lhrahold lewis fot camcr dc1cction Is a I"" I JRaler !han -43 dBnL Tlus " !be modem's tmn fM nttt>e level. II bu been obun-cd lha1moa1 V .34 modems need a 
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Jew I of ~0 c!Bm at !be hip end of Chc banctwidlb 10 Kt ~ symbol ra&c 1114 on rate. r or cumptc, If a modem rcJUim a lew I of ~2 c!Bm 113400 Hz. !hen it -wd sclm a symbol rate o( 3200 and usc !he lowu CCilG frequalcy or 1129Hz. The data ratr would be ac111l6A Kbps if all olhcr 
puarm1m were adcqua~&. 

3.3 Nola• Requlf81Mlft 
The mJ v .34 rccommcndadon doc.& not dlrcctly addtw the noise rcqllircmaul. h wu ntCC&WY 10 chcdc """'modem~ As Chc ~ mdica&cd. Chc ccmullation of lhc V .34 modan u wry compact. S(JuJ..co-Noisc Jlado (SN!U .. v the s-ra- !bat wu n«dcd to be m<L The lower h.mll lbal bu bcCD q11011:d b 3110 J4 cia. Tbfs b Chc ~-$Na. nccdtliho be 1ble to coMcct at lU Kbpl 011 V .34 modems. M0111:1r!Jfrcqu!nmmla 11ft wrillm 10 l\lltllllft 

011Jy 124 dB sm. Tbo ocr-wit baa Iiiii* DUd ad Cbis CIZIItta Ia addC">cd 111 Chc rwndxd nctwerlc. but older eypcs of netWOrk clmcnll&tC rdll dqlloycd &114. u llldl. a SNil or 32 or pula UMOt be JUinllllecd. 

Bcllcorc'a TM·15202"1 tqiOI'tCd atpal·~nolsc ralios for diJical cormceli0111. Wbcn an analoa•to­d•Cttal (AID). tltm a clialtai·~Hn~loa (DIA) cooYCTS!on oea.n.lbm Is a SNit or 3610 31 dB mc:u=d tltrouJh lhc tnmpan. A U~~Jwn:al d.iplloop comer (1Jt)L.C) b a !)'Ilia I example round In lhr nriWOrk. Two of these ll'liiJpON would mtllt In . sm oflliO 3$ dB. Wbcn I local swttrlt and cablc b added iDto the cqlllliOCI.the 5m. WINJd !all ID 32 or lc:u. TltiJ would drop the data ntc one level. 

4. Local Observations 
TbCTc hove bcm rq>orU &om local companle&ltaYUIJ 10 do With shon local loops. h wu dctmnmcd WI loops whh lw llwl 3 dB or lou Weft Nl:liztJ lowu !han c::r;pmcd data rues. TluouJit aul and ctror, pcrformwc wu somcumc:s unp1ovcd by •dd!na addlaOII&IIOSJ to lhc loop. The Ultdul)'lllf !actor wu poor m11m 1011 and IOniC modems cwld 1101 cancel 0111 the ncar md echo that wu produced. The modems would tniCTpr'CIIhc echo u nouc and adjust the dati rotc down to co:npau;a!L T1us u a CIZ!tda.mcncaltssut lhatlw bcm taltCft up by lbt: E1AIJlA sundards body on 1naloJ modems. A new nctw01k model hu been pro:poscd 10 more accUT~.tcly rcOcet the acnal swttched tclcpltonc ncrwotlt. 

Thu e wne ahon loops can rcncntc hi alter cunm1 tltrouJit sow mod.cm ll"ll\s(ormm 111d cause poor pctformancc. CuJ!9!11C'11 hnc Nd 10 add bll&nccd rtSUion to the ltnf 10 reduce the cumnt now thtoufh lhC1t modc:ms. Anochcr usuc u With modcau that hive clcaronlt tcmun~uon wh1ch re ru!J1ulhc cuttc~~l. lrlbcsc modems arc <OMCCicd 101 dtplllloop earner (DLC) channel unit thai adJWU rnnsmus1on levels based on loop muiiiiCc,lhc modems will rc«tve a hot level and Ita..: TC1lolm lou problcrm. 

The CUJtomcr'ahome mVITOMiml can cfTcet V .34 modern performance.. CIISUIIIICI' prcmuc1 W\I'C can p1ck liP no~~t..,.,. twUICd cable piU'I u 1101-.l. Abo. a 4tt= nm from lhc prouaor may fiVC some tmprovcmcnl. lbc olhcr a.ourcc of none can come from olhcf telephone uu on lbt: same hnc u wcllu F~~t rttKhlncs and IIIIJW'UUIIIIIIC!tmca. RmtoYU1J ~ dc¥\ecs from lbt: dua lmc could help m WlpiO•mr data c:onnccoons. 

9 
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5. Modem ~es_tJng 

5.1 System Configur~tlon 
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--' M:ldlmA.- _,;;;Lo:..:•~'.;.;"~~ RDrj 
! OISI ·' ~--~~-------

!LJ 
S"'tch 

TAS 1022HS I 
TttmiOt ,l flftuluo-r n 

!Computet• 

- M:ldlmA 

TAS 10l2HS _ 
lcrm1n11 £mulacor . 

----; 1\otdcm s' 
' 

Flpr• 4 Modrm Tut CoDllpradoa 

DISl 

. . __ _. 

! 
• I I I 

:RDTI I OJr~-

~.•uu 

Firon 5 Modm Tost Coallpratloa wtUI Addltloaal Coannloa 

S~tch 

Th< tat S<tups detailed in F(ll\ftf 4 1111d S lnvol~ a SLC 96 COT and IRT with IPI'f'Opi'W.< POTS 
and UVG LUs. The a:< as l)'llcm in f~J~n 4 wu ~t~~~allcd u lftlc:Jnted DLC with 1M fwiu:h 
locattd at w Bcllcorc fatility in W Banlc, NJ. Tbc DLC ')'~~emf wa-eloe&lcd at 1M Jklleort 
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facilcy m MOIIUIO"'L Jlcllccn ~It nc1W01t Mt1Xs -IIJCd (« UlC 1.1:. 1 CCIM«lloru bct\1/ccn Moml101flll m:l Red Bank. 1n all cam. och system wu CX~tn~ally lllntd from a S011U111 I lcvtl cesium c:loc.t IOIII'tt· 

5.2 Teat ProcedUTN 

n.c 1oa1 of tlxu laU wueo clnmDaw lhc maximum dill n~e~ urwlcr clltrc:rau cond1nons A tik wu ~nrurmod bcrw ten modems 10 inJun a Yalld COMCCtioo. 

A Tckom .Malyw Symms TAS IOllRS la'lllillalcnllaiDr wu liiCd 10 comrol ci; moclc:nu. Procomm PLUS forWzn6ows wu wed tocOIJII!IImicalt willl dieT AS 10l2HS. A emp~lilc. "'T'll\m m Procomm'a WmclowiAipcc1 Scnpl (WAS) W\Ju&Jc wu wed 10 IWI.Ciftl&l.c lhc TAS I OllHS c!ia1mJ. file lnDSfcr ...S 10 capon ltSI raulu. 

5.3 Result:a 

5.3.1 Tuu wltb PCM Co:ovcnloaJ 

The ublc bclowahowslUIIIts.o(ltiU where lhc niiZII'bcr of analoJ IO dlJIW convcn•cnu and lhc loop lcnJI)u ~ vaned. 

N11m'bcrof A 11ck Balclc dB Lou at dB Lou at A 8 convcn1ons .._ Loop 1004Hz 360' Hz 0.11 Ralt O.uR&u 
I ca Ill <4.6 IU 21.1 
I 3 ICII 3 JCJI 7.7 .... 21.1 

2 ) lUI I.S lUI 10.0 30.2 21.6 2 6KII I.S K/1 IO.S )).A 21.6 2 9K.ft s.s Kll 12.0 36.2 21.6 2 12 Kll S.S Ktl u.s )9.2 19.2 

AI seen 1n lht ublc. one dJJtul convcmon relllhcd m a ~1111\IITI connc" l'liC oflU Kbps. Howc•·cr. thcrr waa cui!Cf no loop aaadtcd or 1 very ahon loop wu prcscnL Tbc ruult wu lrllle frcqurncy roll otr atlhc NJh md. When 111 a4dJilonal convcn•on u prcsaiL lhc da1a nit drop~ m bolh d~rceuoru Tbcre uno addtuonal ctrm Wllh loop lcn,U. until am 1l1c 9 Kll accnon '' reached. The level at 360' Hz J:lltU 10 JCU clo1cr 10 lhc _.0 dBm poilu 119 K11 and 11 12 Ktl. h u close cnoup 10 ulhl.tlhc dna nit JOCS down IIIOihcr 1~1. 

5.3.2 Local Cable Tau 

Below 11 a ublc which shows II>: coancct n:w wbat IWIIJ lhc fil\ca loops found 111 TJI..JolWT. 0003931'1• Thcac loops were wed 10 dc1mnUIC lhc ctrccu of dlft'crau cab .. lcqlbl and bndrod­upa can on modem COMCCt rua. Tlwy arc ...-1 cab1caloc:lled in lbt 841~ Morrillowft Lab. Tbc B aide oflhc WI~ wu actati.S JCJI ofl6 pup cable 10 np~M~t an ln~cmct Srrvuc Pl'o'tidu Oft a aban loop, ctlhcr tO a locaiiWitch or a Dlailll Loop Canicr (I)LC). The A 1idc rcpre1mltd typical taldcnual uacn. Ollly one cllJIIII comas•oa b prcscnt tn thiJ act OfWll 

---------------------------------------------- II 

21.1 
21.1 

24.0 
:l4.0 
24.0 
::14.0 
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Loop# l.GlllhofA BT dB Lea at c!ll.call A~ I Side IXI'Il OC#l 1004Hz . 36CWJb DllDJWe 
IS 12 0 II .A w %6.A 14 14 3.S U.A 2U U.A 
13 ll 3 11.1 l7J. %6A ll 13.5 0 IU n.s l6.A 21 11· I.S ll.J %7.3 %6.A 10 16..5 I ll.J :zt.l l6.A f IO.S <t.S II .A 27.(, U.A'' • 16 I ll..S :ztj, . 14.0 ' u.s 0 J.U D.l w 6 17.5 I ll.il 30.6 14.0 s IS I.S ll.J :zt.A 14.0 • 11 0 13.0 30.A 14.0 Jl IS 3 u.o 31.3 14.0 z 16.5 I.S 13.5 31.6 14.0 I IS 0 14.3 3l.7 11.6 

The rmllu I !\dime lllat bridJCll•l&p 4oa 1101 di7ull)' di'IIC1 diC da11111a ofV .lA edema II II morr dcpcnll&m on !he aauallcQJ!hoflbc Able. nr dalan.IE b I ""'"' baa-IO.S IU\IIId 16.5 Xlt. Tho: clua nte cocs down -lew I at U lUI end clropt apln alllll:A. 'The nlatiooahip b in lhe ;power lou atlht hiah md of !he apcc~Nm. 1bc B mock:m would be~ 111 IIOIIUN) I<Yel or · 10 c!Bm. The =dw lcwl is lhm ·36.9 c!Bm Cot loop 115 and ~2.7 c!Bm ror loop'' · The acruallcwl is ""'II II dcwuall'llnJ lht 4a.la niL 

6. General Assumptions 

With th< cblCTYitloru and tcrtlna that tw bern done. some acnml US\Imptioru c:an be nwk To a: tum a lU Kbpo cOMCCtion on lhc l'llblic Swnc~ Tcl;pbonc NctWO!t (PS'TN), tint tcadiuons would alwa)'l Meld 10 be mel One 1:1\d rwo llt non-loaded abient bolh CDdJ ofl:hc connecncm wilh a lmJih or no man !han 9 Xll The !bird cGIIdltion is only cac AID and DIA co:IYcnum on th: ccmncction. Any lhmr leu than will probably mull m a ~cct rue leu !han 25.1 K!-;>• On the 1\TraJC. lhc ti'.IJoniY o( .'.c \'..J.l modc:n ~am •'lll rultu a COM« I rue or 2~.0 10 26.4 KbpJ. 

The table below could be wed u an aid 10 dnmDiDc be tnOA oplimislic claD rue !or a V .34 moe! an OY'Cf the Inn LATA NC'!WIIft. It b Ulti!Md t'W lhcn arc no nublc concliliona 1:1\d all loops 1tc Wltlun ncmnal paramatm, It is not adviublc 10 111e111p110 auicn rcladw \'alua to lhc n=bcn. 

Customer loop 0.9 Ktt Nl.. (0) 9· ll NI..X! {I) ll· 18 Ktt NI..O) II · 24 Kit L (7) ~lO Kill. (10) > 30 lCft L (12) 
t...•Valote•l 

' 

a R.r:ttt'~ 
O.!i!Ralt 

UA 
16.A 
16.1 
26.• 
l6.A 
l6.A 
16,4 
24.0 
l6.A 
U.A 
.l<t.O 
.l4.0 
14.0 
l6.A 
J•.o 



• • • 

LoopCxr NoDLC(O) IDI.C (l) 

SWIIdl Type Analoa (0) 

ln<m>trice Facfllly .DiJIIal RGw (l) A~~~ lor tandem (4) 

SWIIdl Type An&los (0) 

LoopCu No OI.C(O) ID!.C (1) 

C uno meT loop 0.9 Kft NL (0) 9-llNI.Kft(l) 
11 · 24 Kft L (7) l.&.lll IU\ L (10) 

Add lhc sa values 10 obwn lhc Sum of Values 

UDLC (6) 

Fl'SC DOCI(CT 910696-Tl' 
EXIIIPIT AAUI J 
PliO£ 2H~U 

Loop CD' Val1t • I 

DiJtlal (I) 
Swtldl Valu • I 

BIB T -Cxr (6) 
F adllty V 11 .. • L • 

DiJilll (I) 
Swllc• Valat • I 

UDI.C (6) 
lMp CD' Val1t • I 

12·11 Kft Nl(l) 
> lOKftL(U) 

lMpValat• l 

S•• •f .JI JI.JIIn- I 

Tau lhc Swn ofValua and fllld lhc nnrc llw< idmd fics lhc most opam1Jtic poulblc dau n~ for thiS COMCCfiOI\. 

0·6 • 21.1 Kbpl 7-9 • 26,4 Kbps 

t7-20 • 19.2Kbps 21·2S • tUKbps 26-l0 • 9.6Kbps 

7. Conclusion• 
The rcsulu or thll r<pon clwly •ndacatcllwt V .34 moc1cm performance will VII)' pul.ly ovc:rlhc swuchcd telephone DCtwork. This u eWe. m pan. to lhc vaned fulllllcs !hat Cl.1ll m the IIC1Worlt. but oa how modem manu!arnnn haw nnplcmm~d lhc V.)a recommmdauon. 
The ~lcphonc ncrworic Is made up ofPCM 1mb wUh AID and OIA cOI'I\'U'Iionl. E&th luU: will dcsnde a V .34 modem connection by one level &loc 10 the 1dd11ian of quanr!u•lon DDisc mnduud by the 1'-law C'!COC!ma aid dcmc!mr When local ca'bu Is &cldcd 10 the cquadoa. 1 lcnJih or I1IOI'e !han 91Cft or pu~ wnt dcpdc 1 modem corwa ~ .W.C 10 the frcq\lcncy roll· orr 1tlhc lush md ortbt QCC1N11. Thcft!orc. lf 1 ulcpllcnc WL14*11' hid oaly dlJI!al rwitd>a. and all ~flU I ~ bmo «11 tbcm and had oaly local cable Cbal- « n bd 9JUI. alllhcsr cunomm would be happily l'loiMiftr their daca hDa at2U 101pL Howawr,III!J CIIVbcaww:m doea not urn 1t lllls - · Many modem IIICI'I wfll baw daca .-daDs at leu lbtD 21.1 Kbpl but bccauu or how V .)4 modems operate, they wfll Nft II die moll opdmum ntc poal'blc. 
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