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ABSTRACTL
Onelof [t heOpri marylchal | engesli n(t oday’ sCconput er [

net wor ki ngiwor | d0 sCpr ovi di ngOenoughCbandw dt h(t oCachi evel
t ruelbr oadbandCaccessli n[t hel ocal , Cord ast-m | e, Oaccess[
net wor k. O0Over [t hecour selof [0t he ast Odecadeor [Oso, [t her ed
has[beenlalt r enendousli ncr easel n[t hebandw dt hCof [t hellcor e
net wor ki n(t heU. S. OO nf act , dalsubst ant i al Cpor ti onOof [t hi sO
cor elnet wor k, Dwhi chlpri mari | y[consi st sCof [f i ber Copti cO
t echnol ogy, U0 sCunused. OOThi st sOpri mari | yOduelt ot hed ackD
of bandw dt h(d n[t hel ast - m | efaccessnet wor k. [dThel ast -
m | eflaccesslnet wor k[of [t oday[jpri mari | yOconsi st sof [
t echnol ogi es( e. g. [di gi t al Osubscri ber i neCandlcabl eOodent]
access) [t hat [r el yConO nf rastruct uresCdesi gnedt oldcarry[]
voi cellandlcabl e[l el evi si onlisi gnal s. 0AsOalr esul t, Cconsuner sl
ar e(not Oabl et ollenj oyt r uelbr oadbandlser vi ces. 1]

Thi st hesi sdi scussesandlanal yzes[t hellusellof [passi vell
opti cal Onet wor ki ngll( PON) [t echnol ogyaspossi bl ylt helbest O
sol utionlkt ol oday’ sl ast-m | e[lbottl eneck. OGener al OPONC
t echnol ogyllconcept sCanddet ai | sCconcer ni ngt helt wolpri mar y[l
PONLt echnol ogi es, Casynchr onous(l r ansf er Onodell( ATM CPONs Cand(d
Et her net PONs, [Car e[ddi scussed. [I0Thelappl i cat i onOof CPONC
t echnol ogyli nCachi evi ngf i ber [t ot heChone, Cusi ngfbot h[PON-
onl yCandOPON- hybri d0 nfrastructures, 0 sCal soldescri bed. (0O
Fi nal |y, [t heCcur r ent OPONCbusi nessOmar ket CandOr egul at or y[
fact or sCar e[di scusseddandCanal yzed. [0
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| . 10 NTRODUCT! ONLIU

Over [t hepast [decade, [0t heOanount Oof [ nf or mat i onCbei ngll
cr eat edlandlconsunmedChasli ncreasedOdranmati cal | y. OO n
addi tion, [ hi s nf or mat i onChasbeconmeallvi t al [r esour celf or O
t helOgover nnent , [Of or (busi nessesandf or [ ndi vi dual s. [0
Comput er Onet wor ks, Cespeci al | yOt hel nt er net , Chavelbeconelkey[l
i n[t ransportinglt hi st nformation, 0 nCt helf or niof Odi gi tal O
dat a, anongst Cand[w t hi n(t hesellenti ti es. OThus, Obandw dt h{J
demandonlkt heselnhet wor ks[Chas[al soll ncr eased, Uasnor e(land
nmor el nf ormat i on sCnovedbet weenll ndi vi dual sCandO
or gani zati ons.
[ Thebandw dt h[Jof [t hellcor elinet wor k, Cor Ol nt er net [
backbone, Dwhi chlconsi st sCof [ i nksObet weenlimaj or [ci ti esUand
countries, hasOgr ownlt oOreet [t hell nf or mati onlkt ransport [
requi renment s. 0Thelcor e[net wor kdbandw dt h(i sOon[t helor der [J
of [lgi gabi t sCper [Dsecondlandli sUappr oachi nglt er abi t sCper [
second. OThi sCOdr amat i cl ncr easeld nCbandw dt h(Ocapabi | ity s
duelpri mari | ylt oladvances(i n(key[t echnol ogi es, Osuchlas[]
advances(i n(opti cal [f i bers, Copti cal [Of i ber Cequi prent CandO
dense-waveldi vi si onUul ti pl exi ngl DWDM . O n(Caddi ti on, [t hel
bandw dt h(r equi r emrent sUof [t heOmet r opol i t anOnet wor k, Chi gh-
capaci tyd inksOw thinlcities, Chavelbeenlsati sfi edOw t h[
bandw dt hOon[t heOor der Cof [Ogi gabi t s/ second. O

Onelof [t heOmaj or Opr obl ens[Owi t h(k hell nt er net [t oday i s
t hell ackUof Cbandw dt h{i nt hel ocal Oaccess oop, Uor ('] ast -
m | e” Opor ti onlof [0t hel nt ernet. OThel ocal Uaccess oopli st held
porti onUof [t hell nt er net [t hat Oconnect sUl nt er net USer vi celJ
Provi der s(J( | SPs) CandOconsuner s. [I0Thellcur rent Odel i ver y[
infrastructurel)forresidential OoroadbandUaccessll sl

i nadequat e, Uas[ t doesnot Cpr ovi de[Jadequat e[bandw dt h(lt o]
o 10



nmeet [consumer Cbandwi dt hCneeds. [OThi s nadequacyOcanbe
denonstrat edd n(t wolways. OOFi rst, [0 t OcanCObedenonst r at edby [
di scussi ngt hedi sparit y[bet ween[t heldnet wor k(cor e(ddat al]
rat esCandt heCaccesshet wor kdat allr at es. Ovbr e[ han[Ot wo-
t hi rdsUof Cal | OU. S. [r esi dent sCwi t h[ nt er net CaccessCarelstil | O
accessi nglt hel nt er net [t hr ough[56kbpsCnodens. [IThesehodens [
havelalt heor eti cal Odat alJr at elJof [56kbpsCandlgener al | ylldo[hot [
achi evelldat alr at esUof Onor e[t han[50kbps. (OHowever , Osome [IDWDM]
systens[d nt hellcor e[lcanlt ransport [J1. 6[0Tbps, Onear | y[1300
mllionCtimeslCt hellcapacit ylof [t helt ypi cal Caccess[
connecti on. OEven( f Oconsuner sOwer et oChavell ocal OaccessU
rat esCof [01. 544[Mops, [t helkt r unkCwoul dst i | | Chavelonelm | | i on[d
ti meslt hellcapacity. 00

Many Opeopl el er nik hi sCt he[™ over capaci ty” Oprobl em [
whi chdseens [t olbealm snoner . [ t [ sCnot [t heCabundanceUof [
cor e[bandw dt h(capaci t y[t hat [0 st hel(jpr obl em OOThepr obl ent]
i s(t hat [0t hell ocal Caccesslbandw dt h(dlcapabi l ity s
i nadequat e. OThi sOpr obl entd sCanal ogous[t ot heChi ghwayOand
roadlsyst em [ITheld nt er st at e[hi ghways[r epr esent [0t heldnet wor k[
cor eCand ocal st r eet sCandlCr oads[r epr esent [r esi denti al [
net wor kJaccess. OOThr oughput OandOspeedCar elgener al | yOnor e
t hanCadequat e[Jont heChi ghways[{ cor e[net wor k) . O0As[lsoonas[]
youll eavellt helhi ghwayandCent er [t helli t y[Ost r eet [syst entl
(1 ocal Caccesslnet wor k, [t hr oughput Oandspeeddr opUof f [
significantlyOandtrafficlldata)Ocanlconellt oCalhal t. O0The
sol uti onlt ok heOpr obl enil st o0Ow denCandli nprovelki tyD
street sCandlt hei r CaccessJ( | ocal Caccessnet wor k) [t ot he[d
hi ghwayUsyst eni]( cor e[net wor k) . [

TheOsecondDway [t ol | | ust rat el held nadequacyof [0t he[
| ocal accessinet wor ki sCbylanal yzi ngliconsuner [bandw dt h{J
requi rement sCandOcur r ent Caccessldat allr at es. [TJACt ypi cal [

N 20



househol d nlk he[Onot - so- di st ant [f ut urewi | | Chavelbandw dt h[
requi renent st hat [gr eat | yOexceed[t oday’ slJaccessIspeeds. [
Tabl e(11. 1[shows Dwhat [t heCpossi bl e[ ut ur eCbandwi dt h(d

requi renmentsiw | | [be. OO t 0 sCeasylt ol0seell hat [ heJaccess
net wor kof [t oday, Cwhi chOpri mari | yOpr ovi desUbandw dt hCon[t held
or der [Jof [ki | obi t s/ second, U sCf ar Of romidsuf fi ci ent O nOreet i ngd
t heseljpr oj ect ed[bandw dt hCneeds. O

[
Bandw dt hJ Tot al (Bandwi dt h{J
_ Nunber [ _
Appl i cationO Requi r enent sl of O Requi renent sl
(Mops) O Sessi ons(] (Mops) O
Hi gh-Definitionl 200 20 400
TVO
Qual i ty[webO 50 20 100
Sur fingd
Onl i neGam ngO 20 10 20
Tel ephonel . 0640 4[] 0. 2560
Fi | eTransfer 100 10 100
TOTAL[Bandw dt h(IJ 62. 2560 O O

Tabl e(11. 1000Pr o] ect ed[Resi dent i al IBandwi dt h{J
Requi renment s
0

Ther eld sChopel nCachi evi nglt r ueCbr oadbandaccessf or O
t hemassesldespi t e[t helCcur r ent O ackOof Cbandwi dt h nt he
access[net wor k. dTheOnunber Dof Dhousehol dsOw t h[br oadband0
I nt er net Caccessshoul d ncreaselldr amat i cal | ylover [0t heChext [
sever al [year s. [JAsCOnewor oadbandk echnol ogi esUext endf i ber [
t o[t helhone, Onewlappl i cati onslar e[ldevel opeddandldepl oyedOd
andCnew(] egi sl ati onld sCpassed, Luser sdemandf or [br oadband
servi cesiw | | Ogr owdandOser vi celpr ovi der sfwi | | ChaveO
i ncentives[t olJprovi de(t hesellservi ces. [J

0 30




O TheOFeder al OConmuni cat i onsOConmm ssi onJ( FCC) Odef i nes[

br oadbandOas[havi ngCalt ransm ssi onlCr at eCof (at (1 east (12000
kbps[i Gat t uso, OApr . (2002, [11) . OBr oadbanddaccesscanbelhor el
accur at el yOdescri bedOas[hi gh- speedl nt er net Caccess[t hat [ s
capabl ellof Odel i veri nglvoi ce, (dat allandvi deoJser vi ces[t o]
your [hone. [OSpeci fi cal | 'y, Ot r ueCbr oadbandOl nt er net baccess[
shoul dbelholl ess[t han[J100Mops. [IOThi sCOdat alr at elineet sCt hed
needsldescri bedl n(Tabl e(11. 1, [Cwhi | eOpr ovi di nglspar el

capaci t yIf or Ounf or eseenappl i cati onsandlser vi ces. [

Why [doOwe[needlbr oadbandJaccess[t olour Chones?[The
push(f or [r esi dent i al Obr oadbandCaccesslconesf r oniimany [
fronts, [t ol ncl udel® helt echnol ogy[ ndustry, [0t hellgover nnent , [
consuner OdemandsUandt heCerrer gencelof Chew(appl i cat i ons. [
Consuner sCw t h(br oadbandll nt er net Caccesshavelt he(potenti al [
t ol eaplt helbenefi t sCof Oappl i cati onslsuchOasChi gh-
definitionltel evisionJHDTV), [ivi deolt el econmut i ng, [t el e-
educat i on, [vi deo- on- demand, Uonl i nellvi deolganes, [ nteracti vel
shoppi nglandOyet [0t o[belldet er mi nedCappl i cati ons. OO nO
addi ti ont o[br oadbandaccess[pr ovi di nglenhancedser vi ces, [
bot h{t helt echnol ogy[l ndust r yCandlt he[U. S. COgover nnent Cal sold
seellbr oadbandlCaccesslasallkcat al yst [0t o[t heChext [U. S. O
econom cboom OO
O Currently, Ot woOmaj or [t echnol ogi esCpr ovi de[househol ds[
wi t h[FCCldef i ned[br oadbandaccess: Casymetri clDi gital [
Subscri ber OLi neJ( aDSL) CandChybri d- f i ber Ccoaxi al Ocabl el
(HFC) , [al solknownascabl el nt er net Caccess. [IITheselt wo[l
t echnol ogi es, Hal ong[wi t h[Dot her [br oadband[t echnol ogi es{e. g. [
satellite, (Ofi xedwi rel ess), Oar elbri dges[bet weenlist andar dJ
di al - uplaccessUandllt r uelr esi dent i al [br oadbandaccess. [

Thei r Odat alr at es, Dwhi chlt ypi cal | yOddoOnot Cexceed10Vbps, [doOd

N 411



not Osupport [t r uelbr oadbandCappl i cati ons, O i kel hoseOshown[d
i nOTabl e(11. 1. OO0

Onelpossi bl e(sol uti ont ot hed ackof Obandwi dt h(d nk held
| ocal Daccesslnet wor k(O sPassi ve[lOpt i cal [Net wor ki ng{ PON) O
t echnol ogy. (JPONCt echnol ogylicanlCenabl e i ber Copti cskt olbe
pushedlt okt hellcur bsCand[t ollcust onmer’ sChones. O0Thelbasi c
i deall st o[dshar eonelf i ber channel Canongst Osever al [
cust oner sfusi nglpassi veldlconponent s. [ITr uebr oadbandlaccess
wi | | Obelr eal i zedoncelf i ber Chas(r eachedlt hellcur bsCor Chones, O
asllt helIi ber Owi | | Cdel i ver Ovoi ce, Odat alJandvi deolIser vi ceslat [
unpr ecedent edIspeeds. [OJAccess[T at esof Chundr edsCof [
nmegabyt es/ second, CandCbeyond, Ow | | Opr ovi dellconsuner sCwi t h{

f I exi bl edandCenhancedUser vi ceslnever [bef or elddr eanmedlof . [

Ther elar e[t echni cal , Opol i ti cal CandCbusi nessli ssues]

t hat Chust Cbelr esol vedbef or e[PONLt echnol ogy[becones[t hell
answer [t olour [br oadbandJaccesswoes. (OITechni cal | y, [

conpet i nglist andar dsheed(t olbeld r onedout Cand[t helcost [Cof [
equi pnent Oand(f i ber 0 nstal | ati onCneeds[t o[belr educed. [
Politically, O egislation, Dwhichd s n(k heCwor ks, Omay Cneed
t olbellenact ed[t oljpr ovi deanClenvi r onment Owher e OPONC

depl oyrent O sCencour agedCandnecessary. [IBusi nessli ssues

i ncl udet helneedf or Omaj or Cpar adi gmilshi ft sOonCt heOpar t sOof [
br oadbandOpr ovi der sCandt helneedf or OsoundOPON/ FTTHO

busi nesslinodel s. [

I nCt hi st hesi s, [t helf easi bi | i t yfJandOpot ent i al Cuseof [
PONCt echnol ogyCasUallsol uti onlk ot hel ocal Caccessbott| eneck
wi | | Obelexam ned. O0TheOnext Cchapt er Odescri besCanddi scusses
current [ br oadband” [ echnol ogi es[J( e. g. DSL, Ocabl elnodent]
access, [letc. ). OChapt er (3bri ef | y(di scussesOPONChi st ory, O
current Uor gani zat i onsOwor ki nglt opr onot eJPONCt echnol ogyUand[
descri bes[OPONCt echnol ogy. 0Chapt er 4di scusseshow PONLI
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t echnol ogyOcanCbeldepl oyed[t oljpr ovi de[ r uelbr oadbanddaccess[
i n[(t hed ast-m | e, Oconpar es[OPONCt echnol ogy[t oot her 1 ocal [
accesslnet wor k[t echnol ogi esfandldi scusses[t he(Jadvant agesO
anddi sadvant ages[of OPONCt echnol ogy. I nOChapt er [5, Ocurrent O
and(f ut ur ePONCbusi nessUmar ket sCar elldi scussedllandUanal yzed, O
t old ncl udelcur rent U. S. PONOdepl oynent sJandOPONCequi pnent [
provi ders. O0Chapt er D60descr i besUandOdi scusses(t helcurrent O
pol i tical 0 ssues[lt hat UhavelandDw | | Oaf f ect OPONCdepl oynent [
i n(t helU. S. OOFi nal | 'y, OChapt er [070pr ovi desOaUsunmar y Cand
concl usi on[t o[t helt hesi s. 0O

D

O

[
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| 1. OCURRENTLBROADBANDLITECHNCLOG ESLI

O Br oadband, Cor [hi gh- speed, [ nt er net Caccess, Casldef i ned
by [t he[OFeder al OComuni cat i onsOCommi ssi ond( >[200kbps), O sO
current | yOprovi dedt oconsuner s[ivi allsever al [0t echnol ogi es
See(Tabl e[2. 100f or CalOsunmmar yOof [t hesellt echnol ogi es. [IThesell
t echnol ogi espr ovi delldat alr at es[t hat [f ar CexceedOdat alr at es[d
attai nedlby[t raditional Odi al - upOnodenit echnol ogyCand
provi de(Jan[™ al ways-on” [oconnect i onlt ot hell nt er net . (I
However , [t hesell echnol ogi eslar elnot [Of ut ur elpr oof . OCCur r ent [
br oadband[t echnol ogi esCdolnot Chavelt hellcapabi | ity ol
provi dell r uelbr oadbandll nt er net access, astdi scussedli nlt held
i ntroduct orylchapt er. (Theselt echnol ogi eslar e[bar el yO
suf fici ent OO or [t oday’ sCheedsCandOappl i cati onsOandUar el
nmer el yOalbri dgelbet weenlddi al - updaccesslandlf i ber-to-t he-
home[( FTTH) Uaccess. [

Ther elJar e[ wolt echnol ogi esllt hat ldom nat et oday’ s[]
br oadbandUmar ket : [Idi gi t al Osubscri ber O i nell( DSL) CandOcabl el
nodenijaccess. OO [t he[110. 70m | I i onChousehol dsi( t ot al O
househol dsl n(U. S. : J1020m | | i on) [t hat Chavelbr oadband[
access, [163%of [ henilconnect [t o[t hell nt er net Ovi allcabl el
nodens Cand136%Jof [t he[househol dsCconnect Ousi ngODSL
(Hansel | , ODec. (12001, [(12) . OOTheselt wolt echnol ogi esCaccount [
f or Oappr oxi mat el y[199%lof [(br oadbandOsubscri bers, Owi t h(Ot hed
r emai ni nghonelper cent Cof Cbr oadbandOsubscri ber sCusi ngChew(]
andUener gi nglt echnol ogi es, [suchlassatel | i t elaccesslandl]
fi xedwi rel esslaccess(lt echnol ogi es. (IOThelr emai nder Cof [U. S. O
househol dsCuses(r egul ar Orodenidi al - upCaccessJ( over [54[]
m |1ion)Cor OdoesOnot Oaccesst hell nt er net by CanyOreans. [
O TheOpri mar y[r easonlf or Ot heldi spari tyl nCuselbet ween[]

t heldirst [ wollt echnol ogi esCandlt heOot her [t echnol ogi esl s
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t helpr esencellof Canlal r eadylexi sti ngl nfrastructurelford
cabl emodenilandDSLaccess. [IdThesel[lt echnol ogi es ever agel
t hellexi sti nglcabl eClandlCt el ephonel nfrastructures, Cwhi chCar e
near | yOubi qui t ouskt hr oughout [t he[OUni t edISt at es. [I0Thelot her [
t echnol ogi es, Conlt hellot her Chand, Or equi r e[t heCbui | dOout Oof [
newll nfrastructures. ([OHowever, CasUdenmandf or [0t heseld
t echnol ogi eslgr ows, Onor eCandOnor el nfrast ruct ur el sCbei ng
depl oyed. O
[ Thelr emai nder Cof [t hellchapt er Owi | | [di scuss[lt oday’ sl
pri mar yOreans[of Oor oadbandlaccess: [JIDSL, [cabl eOnrodenilaccess]
and[w r el esslaccess, [t old ncl ude[bot h(lsat el | i t edaccessUand
fi xedOw rel esslaccess. [Techni cal Caspects, [capabilities, O
limtationsCandlcurrent (U. S. Odepl oynment sCwi | | Cbeldi scussedO
f or DeachUof [t hesel[ echnol ogi es. [
A. 0 DI d TALOSUBSCRI BERCLI NECK DSL) [0

1.0 Techni cal (Descri ptiond
[ DSL sCalt echnol ogy [t hat Or unsCover [t hedsanellcopper O
wi reslt hat [t el ephonellservi cesluse. 0 t U sUalnodent]
t echnol ogy [ hat Oconver t sCexi sti nglcopper [t el ephonel i nesl]
bet ween([lt hellcust onmer Candt heCent ral OO fi cel CO i nt olhi ghl
dat allr at el i nes. DSLL sChot Calsi ngl el echnol ogy, tbut O sCald
fam | yOof [ echnol ogi eslbasedlonCalgeneri cODSLOrodel . OThe
t wolhost Opr eval ent (DSLLCt echnol ogi esli nfuselby[househol dsO
t odaylar e: dasymret ri cODSLO( ADSL) CandCver y[hi gh- speedDSL[]
(VDSL) . OO her CDSLLt echnol ogi eslexi st , (suchOashi ghChbi t O
rat e[IDSL( HDSL) CandOsynmret ri cDSLL( SDSL) , [but [t hey[Car el
primrilyOusedlbylsmal | [t olmedi um si zed[busi nesseslduellt o]
t hei r [hi gher Osubscri pti onlcost sCandd i m t edOavai l abi lity. O

AnCOADSLci rcui t 0 sOsi m | ar Ot oCalr egul ar Odi al - upChodent]
circuit; however, [t helodensusedli nCanUADSLci r cui t Car ed
qui t edi f f er ent [f r omit heCnhodensOusedl nCaldi al - upCci rcui t. OO
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TheOADSL i r cui t Ogeneri cal | yOOconsi st sOof CanOADSL Onodenidat [
t heldcust omer’ sCpr em sesandCanJADSLOhrodentat [t heOphone
conpany’ sOCO( Fi gurel2. 1) . OOThelt woChodens, Ounl i kelr egul ar O
di al - upOmodens, Cuseadvanceddi gi t al Ocodi ngt echni ques[t o[l
obt ai n[gr eat er Ocapaci t yOout Uof [0t helexi sti nglphonell i ne. [0
The[t wollnodens[cr eat e[t hr eeldchannel sDw t hi n[t helt el ephonel
I i ne: OCalhi gh- speedddownst r eaniichannel [f or Odat a, Calichannel O
f or [voi celor [f ax[t ransm ssi onsUandCalinmedi um speeddupl ex
channel Ousedf or Oupst r eaniddat alt r ansmi ssi on. [

T

Telephone Fﬂ % Telephone

SEEE

D5L
"Modem™

Maximum 18,000

{Underground or overhead)

0

Fi gurel2. 1000Gener i cODSLIODI agr ani) Fr om [0
www. howst uf f wor ks. com [
O TheOof fi ci al DAmeri canCNat i onal OSt andar dsl nsti t ut e

(ANSI ) st andar df or DADSLOuses[allsyst enilcal | eddi scret el

mul ti-toneld DMI) O Frankl i n, OMay[12002) . (IDMTdi vi des[t hel
copper i neld nto(2470di f f erent channel s. OJEachUof [t hesel
channel s s[4KHz[OW delJandlessenti al | y[pr ovi des[(247[]

si mul t aneoushodenilconnect i onslbet ween[t hellendOuser Candt he[
CO. OThelsi gnal sOar elshi ft edCanongst Ochannel s, Odependi nglon[
t hellchannel s’ (capabi | i t y[Of or Ot r ansm ssi onfandCr ecept i on.
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Thebot t omHA[KHz [ sCr eser ved(f or [voi celt raf fi cand sO
separatedf romdat altraf fi cCwi t hOal ow passofil ter. O

O TheOADSL Omodens Cusedld nCanOADSLCci r cui t Car efact ual | yO
t wolldi f f er ent Opi eceslof Cequi prent . ODJACDSLt r anscei ver [ sO
usedonlt helcust omer’ sCend, (whi | et heOphonellconpanyuses[al]
DSLOAccessMul ti pl exer O( DSLAM [f or Ccust oner [connect i ons. [
TheDSL[t r anscei ver, (al sollcal | edanCATU- R, [0 sOwher et hel
user’ slconput er [i nt er connect sOw t h(t heDSLO i ne. [

Transcei ver sCgener al | yOpr ovi de[lJUSBUor [Et her net [lconnect i ons[]
f or [t heluser . (ITheDSLAMJaggr egat es[lconnect i ons[f r onmtmany [
cust oner s nt oalsi ngl eldconnecti onlkt ol hell nt er net. O

0 VDSLO sCverysi m | ar [t oOADSLLO n(t heCway i t Ooper at esd
over [lexi sti nglt el ephonel i nes, [but [0t her ellar eCalf ew]

di ff erences(t hat Odi st i ngui shCVDSLf r onmiJADSL. [IOACVDSL

ci rcui t Oconsi st sUof CalVDSL[t r anscei ver [ n[t hehoneCanddald
VDSLOgat eway, Owhi chl sCusual | yOpl aced n(Calj uncti onCbox[
bet ween[lt helOCent r al O f i cellandlt hehome. OITr adi ti onal O

tw st edpai r i neslconnect [t he[OVDSL[t r anscei ver Owi t h(Ot hed
VDSL[Ogat eway. [(IHowever , [f i ber Copt i cOcabl i ngl sOused[t o[l
connect [t he[WDSLOgat eway Cand[t he[OCent r al 0COf f i ce. COTheVDSL [
gat ewayper f or ns [t hellel ectri cal - opti cal Cconver si on[bet weend
t helcopper Owi r eCandf i ber . CVDSLCk akesDadvant ageOof [t hed

hi gher [dat alr at esCavai | abl eOw t h(f i ber CandOshor t ens[t he[d
copper O i nes, [whi chOpr ovi desCadvant ages[t hat [Cwi | | Tbe

di scussed at er. O

[ Currently, [0t her efar et wollconpet i nglVDSL[st andar ds: [
DMT, Cwhi chCwas[di scussedlear | i er, CandOaOpai r Cof O

t echnol ogi esfknownlas[ICarri er| essUAnmpl i t udePhasel( CAP) Dand
Quadr at ur e(vbdul at i on. JCAPdi vi des[t hesi gnal Ui nt ol hr eed
w del ysepar at edchannel s. OThelzer ot o4[KHzOchannel [ s
usedlf or [voi celltraf fi c, Ot he[25- 160CKHz Cchannel 0O sOusedUf or O
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upst reanidat altraf fi cCandt he[12400KHz [-11. 50vHz Cchannel O s
used[f or Odownst reamidat altraffic. O
O QAMOquadr upl est heOanount Oof O nf or mat i onkt hat OcanCbe
sent Cover Call i nelt hr oughChodul at i onCandCOphaselshi fti ng. OO
Usi ngOnodul at i onCandCphaseOshi fti ng, [f our Cwaves, [shi ft edJ150
degr eeslout [of Ophase, OcanlbeCadded. OThi sCpr ovi desf or (11601
( 2*C=016) Ost at esCand 4 0oi t sCper Ceycl eCcanCbelsent . OdThel
nunber Dof Ost at esOdoubl esf or Deachladdi ti onal Obi t. OCW t h[D
t oday’ s(t echnol ogy, Ot 0 sOdi ffi cul t (0 olgoUbeyond4bi t sUper O
cycle. O

2.0 CapabilitiesCandLimtations[]
[ Theldat allr at e(f or DSLLI s(Cr el ati vel ylOgood[by[t oday’ s[]
st andar ds. OJADSLOdat allt r ansni ssi onOspeeds[r angeOupt oCall
maxi munmidof C10CVbps Of or Odownl oaddandOupCt o1 Cvops O or O
upl oad. O0Theselspeedsvar yldependi nglon[t helddi st ancelf r oni]
t heOCO. Ty pi cal | y, Ouser sCachi eveCaldat alr at elJof [(5000Kbps[
(Frankl i n, Ovay[12002) . O
[ ADSL[ s[Cal wayslon, (el i m nat i nglt helCneed[f or Odi al i ngQupO
t ollget U nt er net Caccess. [IUAl so, [user slcan(si nul t aneousl yOuse[
t hei r [t el ephoned i nefJandOsur f Ot hell nt ernet, Cel i m nati ngt he[
needlf or Callsepar at et el ephonel i ne. OFi nal | y, DADSLpr ovi des[]
aldedi cat edd i nkObet weenlt hellcust onmer Hand[t helpr ovi der . [J
Bandwi dt hJ sChot Oshar edCanongst Dot her Cuser s, Owhi chloccur s
wi t h(Jot her [t echnol ogi es. OVDSL[has[t heOsanelcapabi I i ti esfasU
ADSL, [but Cpr ovi desCalimuchChi gher [dat alr at e. OCVDSLOcan(d
achi evelldownst r eaniddat alr at esCashi ghUas[52[0vbpsCand
upst reanidat alr at esUof 160Mops. [
[ Fronilt helJjper specti vellof Oalbr oadbandlaccesspr ovi der, [
DSL[t echnol ogi esCar ellalgr eat (way [t o[lsavellost byl ever agi ngl
exi stingl nfrastructure. OOProvi der sCneedt oonl yCwor ry [
about Ocust oner Opr eni sellequi prrent [ CPE) OandCequi prent O nCkt heO
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CO. OThelx el ephonel i neslar e(Cal nost Cal waysOpr esent , O
el i m nat i ngCwor kOonCor Cupgr ades [t o[t heOout si delicabl e[pl ant . [
O TheOprimaryd imtati onCof ODSLO sOdi st ance. [(OHousehol dsO
needlt olbe[w t hi n[118, 000Cf eet Dof CaldCOt oOget DADSLJser vi cel]
andOwi t hi n4000Cf eet Cof DallVDSL[gat eway [t o[lget [VDSL[ser vi ce. [
Theselar el heOraxi nunir angesandlk her ef or elldohot Cpr ovi ded
t heladverti sedldat allr at es. [IICust onmer sCgener al | ylneed[t o[bel
nmuchlcl oser [t olenj oyt helChi gher adverti sedldat alr at es. [I0The[
di stanceld i m tationlOnot Oonl y[restrictslOavai |l abl e[dat all
rates, [but 0t Cal sod i m t st heChunber Cof Ocust oner st hat Chavel
anylJaccessl[lt o[DDSL[Iser vi ces. [
[ Thellexi sti nglk el ephonel nfrastructurelcanfal sodimtQd
DSLavai | abi l'i ty. [0Voi celdsi gnal sClover conelt helddi st ancel
i mtslvial oadi nglcoi | s, Dwhi chOanpl i fy[t hevoi celdsi ghal s. [0
However , [IDSL[si gnal sCOcannot [belpassedt hr ough oadi ng[d
coi |l s. OdTherefore, [ f 0 oadi nglcoi | sCar e[Jpr esent [ n[t hel
ci rcuit, DSLOcannot [bellused. [(Bri dgell aps, whi char ed
ext ensi ons[t hat [ser vi celdot her Ocust omrer s, Oal solpr event sODSLO
f ronibei ngldepl oyed. OFi nal | y, DADSLcannot Cpass [t hr oughCan
anal og-di gi t al - anal oglconver si on, Opreventi ngli t Of r onCbei ngd
usedCwhen(f i ber Copt i csOar el nt hellt el ephonelici rcuit. O

3.0 Current [Depl oynment sC&Depl oynment Ol ssuesU
O Ther eCar e(approxi mat el y[13. 90m | | i onChousehol dsU nt hed
U. S. [t hat Caccess[t hel nt er net Ovi alIDSL. OUAI t hought hi s
fi gurethaslbeenlgr owm ngldramati cal | yl nlk he(past f ewlyear s, [
DSLsubscri pti onOseenslt olhavell evel edof f. OTher ellar el
sever al [reasons(f or [0 t sOgr owt h(dsl ow down, [0t ol ncl ude: O
cust oner sCm gr at i nglt oldcabl eldnmodentlaccessandlot her [
t echnol ogi es, [0regul at or y[d ssues, Jaccess[t o[IDSL[kervi ces,
cust oner Oser vi celpr obl ensdandr ecent Opr i celd ncr easesduelt o]

conpet it or sfgoi nglout Oof [busi ness, Odecr easi nglconpet i ti on. OO0
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B. 0 CABLEOMODEMIACCESS[]

1.0 Techni cal (Descri ptiond
[ Cabl eJrodentlaccesslt echnol ogi espr ovi dellconsuner sfwi t h{l
br oadbandll nt er net Caccess[lt hr oughlt hesanellcoaxi al [lcabl el
t hat Cpr ovi deslicabl e[t el evi si on[Ichannel s. Theldcabl ehodent]
systenilkessenti al | y[t r eat sCidat allas[Canot her [t el evi si onl]
si gnal . O0Thelcabl elrodenilsyst enil Fi gur e[2. 2) Oput s
downst r eanidat a, Odat allsent [f r onit hell nt er net Ot oCallconsuner, [
i nt ollal6- VHz[channel , [t heOsanmelsi zelof Ochannel COusedby Call
t el evi si onlIsi gnal . O0Upst r eanidat a, Odat aldlsent [f r onit held
consuner [t o[t hel nt er net, Ousesonl yCalR[OVHz [Isi gnal , Oashost [
peopl elldownl oadCnor el nf or mat i ont hant heyOupl oad. (OO [
cour se, [addi ti onal Cequi prent O sCr equi r edf or [t hel
t ransm ssi onlof Odat allover [t hellcabl e(lsystem [

Customer's

Desktop
Billing System Local Server =

—]
ii Ethernet Connection

il i - Bidirectional Coax
N 1 Flbl' Coax o
L1 Router
Internet Service Provider Upstraam/
(|Sp) " Downstream Fiber

Cable Modem

Cable Modem Termination System
(CMTS) 0

Fi gur e[2. 2[0Cabl elMbdentISyst ent]
O Twolmaj or [pi ecesllof OendOequi prrent Car e(r equi redf or [
dat alt ransm ssi onCover [t hellcabl e(dlsyst em OCallcabl edrodeniland
aldCabl e- MbdenilTer m nat i onSyst eni) CMI'S) . [I0Cabl eOnodensCar eld
housedli nlcust onmer s’ Opr em ses, [whi | e[t heOCMI'SL sChousedat [
ei t her [t he[headendlor 0 nU ocal Odi stri buti onChubs. O
Toget her, [t heldcabl enrodeniland OICMISdi f f er ent i at e[dat all
si gnal sCf ronir egul ar [t el evi si onOsi gnal sCandOpr ovi delt hel
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comput er Onet wor ki ngf unct i onsCr equi r edf or Ocabl eChodent]

I nt er net Laccess. [

O TheOCMI' SO sCanal ogous [t o[t heODSLAMi nCaDSLOsyst entd n[l
t hat 0 t Opr ovi des[t hellconnect i on[bet ween[t helcust oner CandO
thel nternet. OOt 0 sOanl ntel | i gent Ccontrol | er Ok hat OmanagesO
net wor kJoper at i onsf or Orrul ti pl elcabl efnmodens. (OThe ICMI SO

t akeslupstreanitraffi cCf r oniallgr ouplof Chousehol dlcabl el
nodensover Oallsi ngl eldchannel CandlCr out eslt helkt raf fi c[t oland

| SP. OPri or [0t or eachi ngt heOCMTS, Odat alff r oniuser s s
filteredoylupstreanidenodul at ors, Dwhi chdi fferenti at eCuser [
dat a. 0ThedCMTS, [0 nCalsi m | ar [f ashi onCasCEt her net, OsendsO
downstreanitrafficltolal | Oconnect edlcabl eOodens, Cwhi ch

di scar dldat ali nt ended(f or Uot her Chodens. U

] Thelcabl elrodentd s[all64/ 2560quadr at ur eJanpl i t udeld

nodul ati onJ( QAM Or adi olf r equency [ RF) [r ecei ver/ transcei ver, [
capabl elof Odel i veri ngluplt o130k o[40Vops of [(dat alli nConeJ60
MHz [(cabl eCOchannel , Dwhi chi sCappr oxi mat el y[I500Ct i mes(f ast er [
t hanCab6kbpsCnodeni | EC, OCabl efvbdens) . O0Gener al | yO

speaki ng, [t hellcabl eOnodenipr ovi des[t hell nt er f ace[bet weenJall
consuner’ sOconput er Candt heOCMIrSOover [t heldcust oner’ s

i ncom nglt el evi si onllcabl e. 00

O Alkcabl eOhrodeninrodul at esCandCdenodul at esCbet weenlCanal ogll
anddi gi t al Osi gnal sOruch nt heOsanmeOway CasCallt el ephoneld
nodenildoes. [JJAOcabl eChodentik r ansl at esCupst reanidi gi tal O

i nformati onl nt ofanal og( RF) Usi gnal s, Owhi chCar et heOsane

si gnal sCusedlby[l el evi si onlchannel s. OThelcabl ehodenildoes(]
t helr ever self or Ddownst r eanidat a. [

W Speci fical |y, [t heCldownst r eanildat alli s[r ecei vedlby[t hell
cabl elinodentjasCall6[IMHz [Ichannel , [r esi di nglsonmewher e[bet ween]
t he[50- 75000vHz [Ir ange, [af t er [ hellcabl elsi gnal has[passedl

t hroughUalsplitter. OdTheOsplitter’ s obl st osepar at et held
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dat allchannel Of r onit helr egul ar [t el evi si onlchannel s, [r educi ngd
t helconpl exi t y[r equi r edf or Ccabl eChodens. O0The 2 OMHz O
upstreanilchannel O st ransm tt edoy[t he(cabl eOrodenti nt he
5- 42[0vHz [r ange. [OSi ncelt helt opol ogylof Oallcabl eCnet wor k[ s
general | yOalk r eefandlCbr anchlk opol ogy, [t he[lupstreanitrafficO
encount er sCall ot Uof [noi se. O0OAsUalr enedy, [fi | t er sCar e(pl aced
t hr oughout [t helCnet wor k[t ollel i m nat eCupst r eaniinoi se. [

[ Cabl elmodensar ellact ual | yOmadeDuplof [f | velkeyO
conponent s: OORFCt uner , DQAM_denodul at or, OQPSK/ QAMInodul at or, [
Medi allAccess[ICont r ol O MAC) Landlim cr opr ocessor [ dat alland
control 0 ogic). O Fi gurelR. 3)1

One-to-Two
Splitter
—

Set-Top Box

Cable Modem

E
Data and
PSKIQAM
o *“*-* S

~

U
Fi gur e[2. 30Cabl efVbdentConponent s Fr om OOwmwv. xi | i nx. com) [0

TheORFt uner Cconnect st ok held ncom nglicabl ed i nefJand

recei ves[t helrodul at eddi gi t al Osi gnal , Opassi ngl t Donlk o[t held
QAMdenodul at or . O0Thelldenodul at or [t akes[t he[(RFsi gnal , [J

whi chChas[hadli nf or mat i onCencodedl nli t CbyOvari edCanpl i t uded
andphase, Candt urns0 t Ui nt olaUsi npl eUsi gnal Of or CanOanal og-
to-di gital O AD) Cconverter. [I0TheJADOconver t er [ sOpar t Oof [t he
denodul at or Jand[t husOnot Oshownli n(k helJ i gur e. OO0
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O Thelnodul at or O sOusedf or Oupst reantt raf fi cCandO
convertsit heldigital Ctrafficlcreat edlbylt heCconput er [ nt o]
RFOsi gnal sCf or [t ransm ssi onon[t hellcoaxi al Ocabl e. OThe
nodul at or, [ i kel heldenodul at or, Chaslallconvert er, Owhi ch nO
t hi sCcasellconvert sk heldi gi t al Usi gnal [ nt oCanCanal ogsi gnal O
(DACconverter). OOrheOVACL sCalconpl exU nt er f acelbet weent held
sof t war efJandChar dwar e. OFi nal | y, [t heOm cr opr ocessor [J
control st helover al | Coper at i onlof [t hellcabl ehrodeniJandCcan(]
assi st [t heMACLH n[d nt er f aci nglbet weenlUhar dwar efJand
software. [

2.0 CapabilitiesCandLimtations[]
O Cabl efmodentl nt er net CaccessOpr ovi desanot her Cheans[t ol
achi evelhi gh- speedlaccessat Cappr oxi mat el y[t heOsanelcost Cof [
DSLK appr oxi mat el y[3$50) . 00 f [0t her eCwer e[ ust Donellcabl e
nodentd nCoper ati oni nCaldsi ngl e(lsyst em [0t heOdownst r eanmidat all
rat eCwoul dfbe[R27MopsC nCall640QAM sy st enidor (39IVbps i nCall
2560QAMsyst emi]( Ci ci or a, (Jun. (2001, [B) . (IHowever , [t her eld s
usual | yOnmor e[ hanConelcabl eOrodentl nCalsyst eniandt hust he
real i zedldownst r eanildat allr at e[d s(gener al | y[bet ween[1128kbps[
andl. 50Vbps[f or DeachOcust oner . OO0
[ Li keDDSL, Ocabl elmodenilaccessCpr ovi des[ al wayson” [
I nt er net CaccesslandOdoesUnot [t i eCupCalphone i ne. OHowever, 0
cabl elmodenilsyst ens[dolinot Chavelt hellsaneldi st ancel
i mtationsasDSLIsyst enslhave. Thelcabl ellsyst eniwasU
desi gned[ ollcar ry[cabl el el evi si onlOchannel sf or O ong
di st ances, [0t hus(al | ow nglicust oner st o[get [cabl el nt er net O
access[W t hout Chavi nglt olbel[ t hi n[118, 000 eet Uof [t hellcabl el
headlend. (Al so, Ocabl elnmodenilaccesslconsuner sCgener al | yJ
encount er [f ewer [cust oner [ser vi celJpr obl ens[w t h{dcabl eldnodent]
accessprovi der st hanOdoODSLCcust oner s. 00

N 160



O TheOprimaryd i mtati onCof Ccabl eChodentaccess st hat O
t heddownst r eamibandwi dt h(d sCshar eddanongst Cconsuner s. O0As Call
resul t, Odat alr at esOar eClunpr edi ct abl eCandOcanCbeds| ower [t han[
56[kbpslCaccessl f [t her ear emanyOconsuner s nt he
nei ghbor hoodlUonl i ne. JSecur ity sCanot her Cconcer nlf or Ocabl el
nodenilaccess. [OCpportuni ti estf or Osni ffi ngCandChacki nglby O
ot her Ocabl elinodeniuser slexi st [Isi ncellever y[cabl emodent]
recei vesleveryone’ stidownstreantitraffic. OJFi nal |y, JasCwi t h(J
DSL, [t hellcost [ s[rel ati vel y[hi gh. OConsuner sCgener al | y[OpayU
an(aver agellof 0$50Camont h{If or Ocabl edrodenmijaccess. [

3.0 Current (Depl oynent sC&Depl oynent Ol ssues(]
O Ther elar eCappr oxi mat el y06. 90m | | i onChousehol dsC nt hel
U. S. [t hat Caccess[t hell nt er net [t hr oughOcabl eCnodenilaccess. [
Cabl emodenilaccessll s[by[f ar [t oday’ s eadi ngCbr oadband
t echnol ogyli nCuse, Chavi ngQal nost Ot wi celasOmanyCcust oner sas[
DSL. (0Cabl ermodenidaccessUpr ovi der sCwer ellabl e[t o[lget Can(
ear | y[of oot hol ddon[t helbr oadbandUmar ket , Cas[DSLdepl oynent s
werelinitiallysl owdandlOcunber sone. Al so, [cabl elnodent]
accessprovi der stdolnot Osuf f er [f r onil r equi r edCunbundl i ng” O
regul ati ons, OasCdoDSLpr ovi der s. [
C. O SATELLI TEOH NTERNETOACCESSL

1.0 Techni cal (Descri ptiond
O Satel litell nternetaccesslsyst enslprovi de[br oadband
I nt er net Oaccesslt olconsuner stwholdonot Chavelphysi cal [
“wi red” Jaccess[t o[IDSLCor [cabl efrodentaccess. OlSatel | i tel
access[t echnol ogi esCprovi deddat alr at es[lt hat [ar el ast er [t han[]
di al - up nt er net Oaccessbut Odohot [r equi r eCwi resCor Ccabl es. [0
However, [wi t h(t helconveni encellof [Chot Chavi nglk olbe™ w red
up”, [t herel slallcost. [0Satel | i t e(lsyst ensJar ellspace- based[
andOdepl oynent Ocost sCar eChi gh. [
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O Satel | itell nternetOaccesslessenti al | yCwor kst heOsanme
as[satel litelltel evisionOaccessJ Fi gurel2. 4). [I0Geost ati onary[l
(36, 000kniaboveleart h) Cor O owear t hOor bi t 0 720knilabovel
earth)Osatel litestransm t [t he(dat allover [t he[Ku- bandJ( 11. 700
to[d12. 70GHz) [t oOsubscri ber sConCear t h. (O nCor der [t o[r ecei vel
t hesi gnal , Oconsuner sCneedt othaveOalsat el |'i t eldi shlk hat [J
recei veslt hellsi gnal Dand0i nt erfaces[w t h[cust onmer Cpr eni sel]
equi prrent [ CPE) . I

DISH Hem,km msmand,
VY N

]

DISH  StarBand
fMebwork

4

Internet

5§ - Send
A - Receive

[

Fi gurel2. 400Sat el I'i t el nt er net JAccess From [
www. st ar band. conf howi t wor ks/ i ndex. ht m) O
O
[ Thellsatel |i t eslal solsenddat allsi gnal st oCandf r onil

ground- basedlbr oadcast [f aci | i ti es. Theselbr oadcast U
facilitiesOarelt hell poi nt sUof Opresence” [(for Osatel litel

I nt ernet [(systens. [TheselIf acilitieslChavelal argelapert urel
satel liteldi shdandCequi prent [t old nt erfacelw t h(k hell nt er net O
or Oot her Onet wor ks. [00Br oadcast [(f aci | i ti eslar e[ esponsi bl ed
for Oconverti nglandsendi ngldat alt oCandf ronilsat el | i t esfand[
thel nternet. O O

0

D
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2.0 CapabilitiesCOandLi mtations[

Sat el litelaccessOprovi desUalreansof [hi ghUOspeed
I nt er net Caccesswhen[ el ephonellandlicabl el nfrastructures(]
ar e[not Cavai | abl e[Jor Oaccessi bl e. OSatel | i t efaccessl s
especi al | yOusef ul [Of or Or ur al Ocust oner s. [dTheselsyst ens ]
provi deruchlUqui cker Odepl oynent [t i mesUandof f er Cor e[
fl exibilitylforOoot hOconsumer sCandOprovi ders. [Provi der sCido
not Chavelt ol aylor Oupgr ade[wi r esor Ccabl es, [t husr educi ngQd
cost [f or Odepl oynent . [

TheOprimaryd imtationslUof Osatellitell nternetJaccessl]
ar e[hi gher Ocost st ollconsuner s, [1 ackof Cpr ovi der s, O
uncertai nt yCof Cexi stingldsatel |itell nternet Oaccesslprovi der s
andOdel ay. (O0Sat el 1'i t e[l nt er net Caccesslexperi encesqui t e(lall
bi t Dof Odel ayOduelt ot he[di st ancelt heldsi gnal Chas[t ok ravel . [
Thi sOcanObelCpr ohi bi ti velf or [ti nme-sensitivelaccess. 0

3.0 Current Depl oynment sC&Depl oynment Ul ssuesU
O Satel litelaccesslconsumner sCaccount [Of or [ ess[t hanloneld
per cent Uof Cal | Cbr oadbandlconsuner s. O0Ther eJar el
approxi mat el y[1110, 0000subscri ber st ollbot h(Isatel | i t eCland[
W rel essliservices, [w thlsatel |itelconsuner sCraki nglupCt hel
maj ori tyCof [t hi sOnunber . O0Thehi ghlcost Cof [sat el | i t esCand
satel |l iteldepl oynent Ohaspr ohi bi t eddmanyconpani esIf r ontl
gettingl ntolt hellsatel |l itelJaccesslarket. [IITher ef ore, [
consuner sChavelonl yOalChandf ul Oof Opr ovi der sCandser vi ceslt old
chooself rom O
D. 0 FI XEDOW RELESSOACCESS[

ThelI i xed[wi r el essllaccesslmar ket [consi st sOpri mari | yCof [
t hreelt echnol ogi es: Ospreadlspect rum O ocal Orul ti poi nt O
di stri buti onsyst eni] LMDS) CandOnul ti poi nt Onul ti channel O
di stributionOsyst enl] MVDS). i xed[w r el essIsyst enslar el]
syst ens[t hat Opr ovi de[wi r el ess RF) Ol nt er net Jaccess[t olJ
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fi xed, Oor Chon- nobi | e, Ocust oner s. 0Spr eadOspect r uniinet wor ks
oper at elJar ound[t he[2. 500GHz [f r equencyband, Cwhi chl sOan(d
unl i censedlband. O0Cust orrer sCusedanCaccesspoi nt [ AP) Con
t hei r Cequi prrent [0t oCaccessCalwi r el ess0Poi nt Cof OPr esencel
(W POP) , [whi chOconsi st sCof Callr out er Oconnect edt ok he[d
I nt er net, CanUaccessUpoi nt, OcoaxUcabl e[t oOant ennallanplifierd
f or Dext endi ngr angeCandUanCant enna. [

Ther ellar e[ woldi f f er ent [t ypeslof Ospr eadspect r uni]
met hods [t ollconst ruct Calf i xedDw r el esslbr oadbandUnet wor k: [0
Fr equencyOHoppi ngSpr eaddSpect r uni] FHSS) Cor [Di r ect OSequence
Spr eadISpect r unii DSSS) [t echnol ogy. OFHSSsyst ens[senddat all
packet stIf i rst [0t odalr andontdchannel O nkt helband, Owhi | el hed
next [packet [ sOsent [t oJanot her [r andonidchannel 0 nk heOsane
band. (IDSSS[r adi os[oper at elJonalf i xedr adi ollchannel , [ n0
whi chlt hedsi gnal [0 sOspr ead- out CbhyOm xi ngl t Cwi t h(JalOPseudo-
Noi sel{ PN) Ccode. [

LMDSIK Fi gur e[R2. 5) [0 sfalw r el esst echnol ogy[t hat Cuses[]
I i censedIspect runii nCt helr angelCof [27. 500t o[131. 50GHz. OLVDSO s
allbr oadbandwi r el esspoi nt -t o-rul ti poi nt Osyst entt hat CcanCbel
used[t olprovi delddi gi t al Oservi ces, 0 ncl udi ng nt er net O
access. [LMDSL sCgener al | y[depl oyedCasOallkcel | ul ar O
archi tecture. OJAOnet wor k[of (baselst at i onsCandChubsser vel
numer ouslCcust oner s, [si m | ar Ot o[t helcel | Ophoneldser vi cel

architecture. OO
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Metwork Antenna

Manager OC3 Multiple
| 10/100 Base T
i Network Ethernet
Router Terminator Switch
PSTN Circuit
Switch r Ha2s ||
ATM Gateway

Fi gur e[2. 5SOOLNMDSAr chi t ect ur e[ Fr om COww. al t era. com O
MVDSLI sdi f f er ent Ot hanOLMDSL nCt wolCways. [IFi r st , OMVDS[

useslaliuchl ower [f r equency, [gener al | yOar ound2. 50GHz. [
Second, [t heOMVDSO SP' st ower [ sCalhubO nCalpoi nt - t o-
mul ti poi nt Carchi tectureld Fi gurel2. 6) [t hat Chul ti pl exesO
comuni cat i onsf roniul ti pl eCluser s, Chencelnul ti channel O nO
t heOnane. [OThe[ ower [hasUalbackhaul Oconnect i ont o0t he
carrier' slnetwor k, Oandlt hellcarri er Onet wor k(i nt er connect s
wi t h(t hell nt ernet . [

Antenna
Manager ATM

&<

Router

10/100 Base-T _l _l
Wireless | | Ethernet I |

Modem Switch [

Network | 10/100 Base-T ‘

Wireless

ACCESS
Terminal

|:| Antenna |:|
Fi gur e[2. 60IMVDS[Ar chi t ect ur e[ Fr om Owww. al t era. com [
1.0 CapabilitiesOanddLi mtationsl
[] Fi xed[w r el essCaccessllal solpr ovi desalnreans [of [hi ghd
speedll nt er net Caccesswhenlt radi ti onal Cw red
i nfrastructureslarelhot Cavai | abl elor Caccessi bl e. (IR xedO

W rel esslisystens’ [pri marylCadvant ageslar eld n(depl oynent O
ti meslandlcost s. [Pr ovi der sCar e(labl e[t oldset Cupf i xed[
wi rel esslsyst ensd nCalshort Camount Cof Ot i melOconpar edt ol

“W red” systensJ cabl e, (0t wi st ed-pair, [f i ber). OOTheyOdoOnot O
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havelt odeal Ow t h(r i ght sCof Dway Oor [di ggi ngOupCcur bsOandd
streets. Thelf i xedOw r el esssyst enslar ellal sol ess[]
expensi velt odepl oy hanCbot hCwi red(syst enmsanddsatel | it el]
systens. [ [J
[ Fi xed[w r el ess(syst ensar ellgener al | yCavai | abl elonl y[ nd
met ropol i tanCar eas, [t hus i mi ti nglconsuner sCwholChavellaccess(]
t o[t hesellsyst ens. [IFor Cconsuner st hat Chavelaccess, [
subscri pti onlr at estar elgener al | yUhi gher Ut hanODSLOor Ccabl e[
nodenilaccess. [JFr equenci eslused[f or Of i xed[w r el esssyst ens]
arell i censed, Oraki ngl t Odi ffi cul t [f or Oconpani est ollent er
t helf i xedwi r el esslmar ket , [t hus i m ti nglconpetition. (O
Finally, [f i xedOw rel essisystenssufferfronireliabilityd
i ssueslf romweat her Ccondi ti onssuchUas[0f ogUor [r ai n. OO n0d
t oday’ slmar ket , [Oservi celprovi dersiw | | Onot O ast i f [
reliabilityl sCanyt hi ngld esslt han199. 999% uplki nme. 0

2.0 Current ODepl oynment sC&Depl oynent Ol ssues(
[ Ther ellar e[ver y[f ewf i xed[W r el esslsyst ensdepl oyed[
t hr oughout [t heU. S. OThi s sOduelt oOrany[f act or s, [t o
i ncl udel ackof Odemand, [ i censi nglr egul ati onsCand
reliabilityld ssues. Fi xed[w r el essUuser sCconposelalsmal | [
fracti onUof Conelper cent Uof [l | Obr oadbandCuser s. [Ther el s
pot enti al [Of or Cgr owm h, Cbut Opr ovi dersCwi | | Ohavelt olget Cover Call
f ewlr egul at or yCandk echni cal Chur dl esf or [t hi s[t echnol ogy [t o0
see[w despreadluse. U

O O o0ooogood
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Nurmber Cof 0| Typi cal O Typi cal O
Technol ogyO ush Dat all Mont hl yO Advant ages[ Di sadvant ages
Househol dsJ RatesO Cost 0
. - Sl owdat alr at esO
. >[1540] <Qd -1 nexpensi vell .
Dial-wpl | ono | sekppst| 5200 | availabilityn Thes uprphoned]
-Rel ativel yOof ast 0| - Not [t rueld
upst r eanildat ad br oadband
ratesd -LimtedO
- Useof Ophoned
i nfrastructurel avai l ability0O
- Bandwi dt hCnot O
DSL ] Ap_p. EB 90 784Kbps (] $5000 shar edOand sO (di stancel oCO O
mllionO st abl e
- FreesCupOphoneO | - Poor Ocust oner O
l'i ned servi ce; d ong
- Al wayslonl del aysf or O
connecti onld installationO
- Cost [ o
consumer s
-Rel ativel yOf ast | - Bandwi dt h{d s
downst r eanilat O shar edCandO
peakspeedd fluctuatesO
-Partial O | -Securityl
concerns(
useld of O exi stingl - Somelwor kJ
App. 6. 901 128Kbps0 requi reddonO
Cabl eOvbdent] ni I.I i an tolQ $500 i nfrastructurel i nfrastructured
1. 5MobsO - Cost [0t o0
- No[di st ance consuner s
limtationsO
- FreesOupOphoned
linesO
- Al waysonO
connecti onld
-Limtedd - Hi gher Ocost [0 o
i nfrastructured consuner st
- requi redd - Sl ower dat all
App. 110kd| 400KbpsO - Avai |l abl e[ ratesh
wi thd downl oa al nost O - Requi resQO
Satellited | satellited do $60- $700| ever ywher el unsi ght 1 yO
or(d - (rural)Od equi pnent O
wireless | 128KbpsQ - Qui ckO - Del ay&M at ency
upl oadO depl oynent O - Sonelsyst ens
ti eCupCphoned
I'i neO
- Qui ck&cheaper O] - Af f ect edlby
depl oynent O envi ronment &0
-LimtedO foliagel
infrastructureld -LimtedO
U T R e
i xe h s -Flexibilit -Securit
Wrel essO sat eolrlétem ton $50- 3600 ad g concernsé
wirel essOd 3MbpsO - LOSO

restrictions(d
- Scarcityof O
avai | abl e
spect runi]

Tabl e[2. 1[00Conpar i sonlof [Local OAccess[Net wor kdTechnol ogi es
usedd nlU. S. O
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|11 . OOPASSI VELIOPTI CALONETWORKI NGLTECHNOLOG ESL

A. 0O 1 NTRODUCTI OV PONOHI STORY
O Thelgoal Uhas[been[t olr educelor (el i m nat e[t heCnunber Cof [
opti cal [t ollel ectri cal Osi gnal [t ransi ti onsCandlvi cellver sall
t hr oughout [t helldevel oprent Cof Copt i cal networks. O nitial |y, O
t heOpr i mar y[f ocusDOwasConCachi evi nglt hi sCgoal [Of or O ong-
di st ancelor Ocor elnet wor ks. [ITher ef or e, [(syst enssuchlas ]
opti cal [repeaters, Oswi t cheslandlopt i cal Ocr oss- connect sChavell
beenlidevel opedCandlr ef i nedf or Ccor elinet wor ks, [Jal | om nglcor el
net wor kst ollbelvirtual l y(Ftransiti onldfree”. 0JPassi vell
Opt i cal ONet wor ksCwer eddevel opedf r onilt hellsane[per specti vell
andOwer e[devel opedt oCachi evell hi sOgoal [f or O ocal O
di stri butionlnetwor ks. OO0

Passi vedOpt i cal ONet wor ki nglt echnol ogyOwasCi nitial | yO
devel opedl ndt hel at e[11980s. [JOPONCt echnol ogy[di dCnhot [t ake[
of f, Odespi tel t sOseemn ngl y[Cear | yOst art OandCobvi ous
advant ages. OOThellt echnol ogy[f ai | edt oChakell nroadsCi nt ot hel
mar ket [Of or Osever al [ easons, [t o[l ncl udelhi ghCdepl oynent [
cost s, [hi ghlopt i cal Caccesslequi pment [cost sCandlt echnol ogy[
i nfancy. (OTheselhi ghlcost sCessenti al | yrade[PONCdepl oynent s
cost Cpr ohi bi ti velf or Opr ovi der s. (Al so, [t her eCwer eldno
st andar ds[f or OPONCt echnol ogy[at [t helt i me, keepi nglicost s
hi ghCandCar ket sOnon- exi st ent f or OPONClequi prrent [devel oper s
andOpr ovi der s. (IThus, OPONCt echnol ogywas[shel vedCasli t Dwas
seenllaslanli npracti cal [ ast-m | ellbr oadband(Jsol uti on. O
Theld nt er est [ nOPONCt echnol ogy[was[r esusci t at edld nt hel
1990s[w t h(t heCexpl osi onUof [t hell nt er net Candt he
correspondi ngldenmand(ff or [dat alt el ecommuni cat i onslservi ces. 10

I n01995, Callgr ouplof [t el econmuni cat i onsCpr ovi der s, [ ed
by[Ni pponliTel egr aphOand(Tel ephone, Oconbi ned[t ollkcr eat e[t hell
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Ful | OSer vi ce[JAccess[Net wor kK[J FSAN) [ ni ti ati ve[d( Sweeney, O
Jun. [20011) . IThell ni ti al Dobj ect i vesDof [t he FSANL

or gani zat i onOwer e[t olOst andar di ze[JalQgl obal Ospeci fi cati onf or O
br oadbandOopt i cal [syst enmsCand[lt oCaccel er at e[t heddepl oynent [
of Copt i cal Oaccesssyst ens. [I0Today, [t he[OFSANCor gani zat i ond
has[t heOsanmellobj ect i ves, [but Chasgr ownconsi der abl yOandOi s
conposedlof [(R1boar dlmenber s Fi gure(13. 1), [(RCadopt er O

menber sand[2000cooper at i vellsuppl i er Oconpani es Maeda, [IDec. [
20010127) . OOTheOFSANCor gani zat i onld snot Ualf or mal Ost andar ds[J
body, Oout [ t Odoes[wor klcl osel y[w t h(Ist andar ds[bodi es, Osuch[
asll nt er nati onal OTel econmuni cat i onsOUni on3-0

Tel econmuni cat i onsISt andar di zati onOSect or (| TU-T) , [t he
Asynchr onousUTr ansf er OvbdeJ( ATM OFor unidandCEur opean(d

Tel econmuni cat i onsUSt andards nstituted( ETSI), O nO

devel opi ngPONOst andar ds. O n(f act , OFSAN swor ki n[t he JPONO
arenalhaslr esul t edd nlt hed TU TG 9830Recommendat i ons, [t hel
firstDof Dwhi chCwas[Cadopt edli n[dOct ober Oof [11998. OUISi ncel hen, O
t her eChavelbeensever al G 98300Recommendat i onsf or mal i zed[
(G 983. 1t hr oughG 983. 5) [ Tabl e(13. 1), [l | Or esul ti ngf r o]
FSANCWor kOandOsupport . O0ThedG 9830Recomendat i onsCar e[t he[d
firstCandOonl yOf or mal Ost andar dsf or OPONCt echnol ogy. [

0

o Eiliol | i
(] Bell Canada
ezeq J s

(Y Chunghwa

we

Bell Sonath

[
Fi gure13. 1, OFSANBoar dMenber s From Oht t p: ww. f sanet . net) O
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0 H

| TU-TO When
Reconmendat i on[] Adopt ed

TitleO

Br oadbandOopt i cal Caccessl
syst enibasedOon[OPON. [

G 983. 10 Cct . 119980

ONTOmanagenent dandOcont r ol O
G 983. 20 June[19990] i nterfacelspeci ficati onlfor
ATMIPON. [

Albr oadbandOopt i cal Caccessl
Spri ng systeniw t h(d ncreasedservi cell

G 983. 30 o
20010 capabi | i t yCbyDOwavel engt h(J
al l ocation. [
Albr oadbandOopt i cal Caccessl
syst emiw t h(d ncr easedser vi cel]
G 983. 40 Nov. (120010

capabi | i t yCusi nghdynam c[J
bandw dt h(Jassi gnnent . [

Albr oadbandOopt i cal Caccessl
G 983. 40 Nov. (20010 syst eniwi t hCenhanced[
survivabilityOd

Tabl e[13. 1[1JAdopt edl TU- TG 983[Reconmendat i ons (]

I nONovenber Oof (2000, Calgr ouplof [Et her net Cvendor s, [t oJ
i ncl ude3Com UAI | opti cOandlC scollSyst ens, [beganl(t hei r Down
PONOst andar di zat i onUef f ort Dunder [t heCauspi cesUof [t hell EEE. [1J
Thesellconpani esf el t [t hat DATM Wwas [hot [0t heJanswer [Of or OPONs [
and[t hat [Et her net shoul dlbellusedl nst ead. 0TheEt her net [ n[J
t hedFi rst (M | e EFM Owor kgr oupJ( | EEE[1802. 3ah) [was [f or nedd
wi t hi n(0t hedl EEE[0802. 300conmi tt eelt olldevel oplalist andar dt hat [
w | | Cappl y[t hellEt her net Cjpr ot ocol [t o[t heOPONCaccesslnar ket , [
event ual | yO eadi nglt oCaligl obal CEt her net CIPONC( EPON) [
st andar d. OOTheOgoal Cof [t heCEFMwor kgr oupli st oChavedanJEPONC
st andar d0 nOAugust Cof [12003. 0000
00 270




Currently, Ot hedl EEE[1802. 3ahEFMITaskFor ce, Casl t O s
of ficiallyOcall ed, Chaslover (2000 ndi vi dual sOf r oniover 1800
conpani eslicol | abor at i ngOonCt he[JEPONCIst andar di zati onCef fort . (OO
ThelEt hernet 0 n(t hedFi rst M | eAl | i ance( EFMA) , 0al20- pl us-
menber [0 ndust rylor gani zat i on[t hat Opr onot esOEFMJawar eness, [
al solbacks[t helt ask(f or ce. OOThusf ar, Ot he(JEFMITask[For celJ
hasachi eved[ hr eemaj or m | est ones: f or mat i onUof [t he
groupli t sel f [0 nCNovenber Cof (2000, Cappr oval Uof CallProj ect O
Aut hori zat i on[JRequest [J PAR) [i n[(Quar t er 30of [2001andt he[
adopt i onlof Ualdconpl et e[Jset [lof [basel i nelt echni cal Opr oposal sU
i n[Jul yOof [2002. O0ThedTask[For celd sCon[t r ackk olChavelt hel
firstOdraft Oof Ot he(JEPONOspeci fi cati onCconpl et edlby
Sept enber (20020 ww. | i ght r eadi ng. com [OVar [2002) . (OTher e
seens [t olbelgr ow ngCnonent unif or OEPONs asevi dencedlby[t hell
creat i onlof DanOl EEE ask[f or ceand [t heDEFMA. [

TheOFi ber OToOTheHome( FTTH) OCounci | 0 sCanot her O
or gani zat i on[lt hat Chas[beenlCandw | | [bellvi t al [t o0t hel
wi despr eadladopt i onUof OPONCt echnol ogy. OOTheOFTTHOCounci |, O
creat edd nJul y[Oof (2001, (was[st art edCby Al cat el , (OCor ni ngQd
I ncor por at edCand0pt i cal OSol uti ons(
(www. ftt hcounci |l . org/ about. ht n). OThelor gani zat i on[(was[
creat edld nOor der [0t oCeducat el heOpubl i cOonC¥f i ber [0t ot he
home, Opr onot eFTTHCt echnol ogi esandCaccel er at et hell
depl oynent Dof OFTTHC nCNor t hOAmer i ca. OCurrent |y, [t heOFTTHO
consi st s[of 650di f f er ent Chenber sOwholconef r omidsever al [
i ndustri eslt old ncl udelt el ecommuni cati ons, [conputi ng, O

systens-integrati onCandlt heldcont ent Cpr ovi der [ ndustry. [1J

Al t houghUt heOCounci | [ sCrel ati vel yliyoung, [k heyUar eUpl ayi ng[J
an[d nport ant [0 ol el nspeedi nglupt headopt i onUof CIPONCby [
wor ki ngiw t h[OCongr essdandw t hOconmuni ti es[lt hat Chavell

deci ded oadopt OPONCt echnol ogy. [
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B. 0 PONOTECHNOLOGY[

1.0 CenericlDescriptiond
[ APassi velOpt i cal [CNet wor K[J( PON) , [al sofknown[Cas[dan(]
opti cal Oaccesslnetwork, [0 sCalkreel i kel i ber-opticlaccess(]
sol uti onlconsi sti nglof [brancheslical | edUopti cal Odi stri buti onld
net wor ks ODNs) . JANCIODNL st heOpassi velpar t Cof CaldPONCand(d
i sCt hellout si delcabl elpl ant Cporti onUof [0t hedPON, Oconnect i ngl
t heldlcent ral Cof fi cell( CO) [t o[k helcust oner Cpr em ses. [0The JODNO
i sOpassi vel nlt hat 0 t Odoesnot [r equi relacti velkel ectri cal O
conmponent s. [JAOgener i c[OPONCar chi t ect ur elconsi st sCof Oan[d
optical Oineldtermnal O OLT), Opassi vellopti cal [splitter
(PQS), [si ngl e- nodelopti cal [f i ber, ODandCanOopt i cal Cnet wor k[
uni t [ ONU) Cor Copt i cal Onet wor k[t er m nat i on( ONT) [J( Boer , CAug. [
2001, (15) [ Fi gure33. 2) . OOTheOOLTOandJONU ONTCar e(Cact i vell
devi ceslandUr equi rellel ectri cal Oconmponent s. (I

Central Office

QLT

Fi gure13. 200Gener i cOPONCAr chi t ect ur el]
O TheOOLTX Fi gur e3. 3) U sCallspeci al Osw t chCat Ot he[
central Uoffi cellt hat [ nterfacesOw t h(t he(dser vi celpr ovi der’ s
cor e[dat a, [vi deoand[t el ephony[net wor ksCandpr ovi des[user [J
servi ces. OTheOLTCei t her Ogener at es i ght Osi gnal sCf or Ot heO
ODNCor [r el aysOSONETsi gnal sJ( e. g. JOC- 1203si gnal s) [bet weenlalJ
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SONETCcr oss- connect Cand[t heJODN. [I”Whet her [t heOOLTOgener at es[]
si gnal s, [0r el aysOSONETOsi gnal sCor 0 nt er f aces[Owi t h(t hecabl el
t el evi si ondandCpubl i cOswi t ched[t el ephonelinet wor k, [ t Cal ways[
functi onsCaslalhead- endlcontrol | er. OO t O sCresponsi bl e or O
schedul i ngltraffic, Obroadcasti nglkrafficltolk heJODN, O

recei vingltrafficlfronit heJODN, Chandl i nglQual i t y[of OSer vi celd
(Q0S) U ssuesandOmai nt ai ni nglser vi cel evel Oagr eenent s

(SLAs). O
0
0
N ey
— E—

Fi gurel13. 3, OOpti cal [Li neTerm nal [ Left) CandOpt i cal O
Net wor k(OTer m nat i on[( Ri ght) [Of r onidTer awavel( Fr om [
http: ww. t erawave. com t w600. shtml ) O
O
[ TheOPOS[splitst held i ght Ocom nglf r onit heOOLTO nt o[l

several Oopti cal [ branches”, Owhi chlOconnect [t o[t he[JONTs/ ONUs. [
ThelsplitterOperfornslt helreverseloperati ondf or OOLT-
destinedd ightOtrafficlgenerat edlby0ONTs/ ONUs. [l t [r ecei ves[
opti cal Osi gnal sCf r omit hellvar i ousOONTs/ ONUs Candsends [t hentl
upst reanionUallsi ngl eCopti cal [Of i ber [t o[t heOOLT. (0 Becausell t [

i sOpassi vel( nolkel ectri cal Oconponent s), [t he[dPOSOdoes[not [

per f or manyOmul ti pl exi ngf uncti ons. OO nOmany Cvendor CPONC
depl oynent s, [t helsplitter Osplitstheli ncom ngOLTOopt i cal O
fiber [ nto3200or 641 i bers, [whi chlext endt oOONTs. [l n(al | O
cases, [t helact ual Cbandw dt h(Jal | ocat edlt olleachlcust oner [
dependslon[t helcapaci t yUof [t helff i ber [bet weent heJOLTOandO

splitterHandt helnunber Cof OONTsconnect edt o[k heOsplitter. OO0
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O TheOONUCandOONTCar e[t helddevi ces[t hat [r ecei velopti cal O
si gnal sCf r omdt heOOLTOandCconvert [0t henid nt olel ectri cal O
si gnal sCf or Ouselby [t hellcust orer . TheyOal soO0dolt helr ever seld
forOcustomer Ckrafficlsent [t o0t heOLT. (0Thepr oxi m t yOof [t he
fi ber [t ot helhoneldet er mi nesOwhi chlt ypelof Odevi cellt oluse. [
ANCONTO sCusedwhen(T i ber Cext ends[al | Ot heOway [t o0t he
cust onmer Cprem ses e. g. OFi ber OToOTheOHone) CandCanOONUL s
usedDwhen(If i ber Cdoes[hot Cext endlal | Ut heDway [t ot helbui | di ngd
(e. g. OFi ber OToOTheCur b) . O0The at t er Ocasell sCusedwhenOPONCI
t echnol ogy sUOconbi nedDw t hJanot her [t echnol ogy, OsuchCasO
br oadbandw r el ess, [t oOpr ovi delJalhi gh- speedlaccesslnet wor k. ]
ONTsOpr ovi delvar i ousdr opLi nt er f aces[t o[t heldcust oner . [
Typi cal [ nterfacesli ncl ude[110/ 100[BaseTl nt er f aces, [OT1/ E1[
i nterfacesandDS3/ E3UATM nt er f aces{ Fi gur e[33. 3) . [IJONTs [
may Cal sold ncl udelcoaxi al Ccabl el nt er f acesf or [t el evi si on[d
servi cesdandRJ- 45phonel]j acks[f or [t el ephonellservi ces. [
[ Thellgener i cOret hodlof Odat alt r ansm ssi onOw t hi nCaOPONO
i slrel ativel y(Isi npl e. OODat allcel | sOar e[br oadcast by [t heOOLTO
t ollal | OONTs, [whi chllei t her Odi scar dlor Odecode[t helcel | sCbhased
onlkcel | Oaddr essi ngli nf or mat i on. OOTr ansni ssi onf r onit he JONTO
t o[t heOLTO sdonelusi nglsonelsor t Cof Dopt i cal Osi gnal i ngO
format . OOTheOnmost Ocomonl yOusedCopt i cal Osi gnal i ngOd
t echni quesar e[Mavel engt h(Di vi si onOMul ti pl exi ng( WDM) / O
Wavel engt h(IDi vi si onOWul ti pl edJAccess{ WDMA) CandTi el
Di vi si onMul ti pl exi ng( TDM / Ti meDi vi si on[Mul ti pl elJAccessU
(TDVA) . OPONs Clcansupport Osever al Oot her Copt i cal [si gnal i ngd
f or mat sCldependi ngOon[t heOspeci fi cOPONC npl enent ati on. [

2.0 AsynchronousTr ansf er (Mbde- basedJPONs [ APONs) [

a. 0 APONO ntroduction

[ [ ATM based[JPONs [ APONs) Ower e[Jpr oposedlas [t he PONLI
st andar dlby [t he[OFSANCconmi tt ee. OATM Was[lchosenlas [t he[
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committeelfeltdtOwvasOnel | Osuiteddf or Onul ti pl eCprot ocol sO
andf or Oul ti medi allappl i cati ons. (Thelchoi celimay[havellal sold
beenll nf | uencedlby[lt hellt el econmuni cat i onsCheavywei ght s
wi t hi nOFSAN, Oast heyCar edmaj or Opr oponent sOandCuser sCof OATM
t echnol ogy. [IRegar dl essUof [t hellr eason, [t he[((FSANCcomri tt ee’ s
pr oposal [(was[Jadopt eddasCanll TUCst andar d, O TU- TO
Recommendat i on0G 983, [ n[11998. [IITheG 983[ISt andar dlwas [t he[
firstOPONCst andar dland sCcurrent | y[t hellonl yOof ficial | yO
recogni zedst andar df or Cpassi velopt i cal [net wor ks. [IThel[key[
f eat ur esUof [t hell TU- TUG 9830st andar dUar e[J( Chi ng, Ovay (2001, [
12): [0

o ATMTIcel | (based. 0

o Symmet ri c(155. 52Mops bot hDways) ODanddasymretri cd
operationld (622. 08MBbps downstream [0 155. 52MBbps[
upstrean) . O0ONot e: O0dat allr at esCar elIf or [t helopt i cal O
fi berOconnecti nglt heJOLTt ot he(splitter. O

o Alr angelof Ouplt o[R20knibet weenJOLTHandONTs. O
o Up[t oa132- way[spl it byt heCoptical Osplitter. O
0
b. 0 HowlanOAPONIWér ks
APONs[basi cal | yOwor kOas[hi gl ATMnet wor ks
(G eenfield, (2001, Op. 0180) . Vi rtual Cci rcui t sCi VCs) Car ed
est abl i shedbet weenllcust oner sCacr oss[t he[JPONCt ot hel
destination. OUAl | Cof Ot he[MWCslar e[event ual | y[bundl ed nt o
vi rtual Opat hs. OJAl so, [ he[53- byt elATM el | U st helbasi sCf or O
cel | stusedd n(OPONs. [TDAs[w | | (bellshown(l at er, [t helkcel | [si zeO
i sbdi fferent Of or Dupstreani ONTX oLOLT) Otraffic. O O
Transm ssi onsf ronit heJOLTk okt heJONTO
(downst r ean) Candf r onit heOONTt o[t heJOLT( upst r ean) Coccur [
over [t woldsepar at e[lchannel s, Cusi ngTDMI or [If or mer Cand OTDVAL
forthel atter O Fi gurel33. 4). OdThelori gi nal OG. 983. 10
speci ficati onlrequiredlt hat Odownst reantltraffi cCoccurredd
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bet weenlopt i cal Cwavel engt hsDof [01480nnmiand01580nmnidand
upstreanitrafficl oloccur [bet ween11260nmJand11360nm O n[
Apri | (2001, [0t heG 983. 3[0Reconmendat i on[wasCappr ovedlby [t hell
| TU- T, Dwhi chCOchangedt heOwavel engt h(al | ocat i on nCor der [t o[l
i ncreaselservi celdcapabi | i t yl( Ef f enber ger, [IDec[2001, Op. O
119) . OO

DM TDMA
From OLT , To OLT
[ABIC | [ ABIC |

/@é

Fi gur e[13. 4000TDMDownst r eaniITr ansm ssi onCandOTDMALCUpst r eant]
Transm ssi ond
W O TheOAPONspeci fi cati onCpr ovi desf or [t wol[t ypesUof [

cel | s, Odat alicel | sCandOPhysi cal ClLayer (OOper at i onsOand

Mai nt enancel( PLOAM [kel | s. O0EachCof [t hesellkcel | [t ypes s
basedlonlallst andar dUATM el |, [but Deachlser vesaldi fferent [
function. O0Dat allcel | sCar ellusedt olcar ryldat a, [Usi gnal i ngd

i nf or mat i onandloper at i onsCandChanagenent [ CAM) [

i nformati on. (IOPLOAM el | sCcar ry0i nf or mat i onCabout [0t he[d

net wor k’ sOphysi cal 0 nfrastructure. OOPLOAM el | sl sollcarry[
grant s, Cwhi chCar e[usedlby [t heJOLTCk oUpr ovi dellaccess[t o[t hel

PON. [
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O O Alconpl exOf ramest ruct ur e[ Fi gur e33. 5) [ susedlby
APONs [t oJpr ovi deCaccess[t o[t helnet wor kCand[t o[t ransmi t [t held
dat allcel | sOandOPLOAM el | s. O0TheOupst r eanCandOdownst r eant]
channel sCar eddi vi dedCupi nt oOf ranmesCandt i melsl ot s, Cal sod
cal l edlcel I s, Dwi t h(0t he[exact [si zellof DeachOdependi ngUon[]
whet her [t heOPONL sCsynmet ri cal Oor Casymmret ri cal . OOFor O
exanpl e, Odownst r eaniff r anesf or Osymet ri cal Onet wor ksar e[
conposedlof (6601t i melIsl ot sl cel | s). OB40of [t hesellt i melsl ot sO
ar e[ or Odat alland[200t i meUs| ot sCar ellusedf or Omanagenent . [IFor [
ef fici encylpurposes, Deachlti melsl ot [0 s[530byt es, [0t he(dsane
si ze[JasCanUOATMcel | . OO0

Upst r eanif ranesr un[56byt esCeachOandCar e[B3t i mel]
sl ot sl ong( G eenfi el d, (2001, [Jp. (1181) . (OTheCaddi ti onal (30
byt esf or Oupst r eanif ranesar e[lgener al | yCused[f or Onanagenent [
andOcont ai n(t helf ol | owi ng[t hr eelf i el ds: OOguar dt i nelfi el dOJ
t olpr ovi dellsepar at i on[bet weenllkel | s, Cpr eanbl eI i el dIf or Chi t O
synchroni zati onCandOdel i m ter [(f i el d(t old ndi cat et hellstart [
of [t heATM el | . OO
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155.52Mbps Downstream Frame Format

96 Cells ‘
PLOAM [ ATM ATM | PLOAM | ATM ATM
Cell 1 Cell 1 T Cell27 | Cell2 | Cell 28 " | Cell 54
L, 53
Bytes
155.52Mbps Upstream Frame Format
. 83 it
. Cells ;
ATM ATM ATM ATM
Cell 1 Cell 3 Cell 3 .- Cell 1

a6 '
Bytes
3-Byte averhead

(Guard time, preamble, delimiter)

Fi gurel3. 500Symet ri c1155. 52Mops [Fr ameJFor mat s
Sohowdollal | [t heselpi eceslconelt oget her [t o]

t ransport Odat ali nCOanCoper at i onal DAPON? IMWhenCanOOLTChas [
dat alff or Calcer t ai nJONT, [ t Osends[t he[JATMIcel | Odown[t he[d
net wor k[t oJever y[OONT. OJEachOONTOconpar est held ncom ngld
cel | " s[28-bitOvirtual Opat h(d dentifier/virtual Ocircuit
identifierd VPI/VC)[agai nstitsCownVPI/VC. OO f Ot hed
VPI / VCI sUmat ch, [0t he[JONTCcopi eslt he[ddat alland[r enoves[lt he[d
cell. ™ herw se, [t Odi scardsli t. OWhen[t heOONTUneeds [t o0J
sendldat a, 0 t Onust [wai t OOf or CanJOLT- gener at ed[IPLOAM kel | O
cont ai ni ngt heJONT’ slgr ant Chunber . O0Oncell t Osees t sOownd
gr ant Onunber, Cwhi ch sCOassi gnedCby [0t heOOLTCWhen [t he JONTL
j oi ns[t helnet wor k, [0t heOONTCt ransm t sCi t sCcel | . OO0ThedOLTO
recei veslt hellcel | DandCpassesli t Oon[t o[t helChet wor kOupst r eant]
of Ot heJOLT. OO
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OncelCanOAPONL sCoper ati onal , Caddi ngCanOONTCt o0t he
net wor ki sCrel ati vel y[Isi npl eCandseam ess. (Thelnet wor kI
doesUnot [havelt olbelt akenOof f O i ne[ oUJaddCalCnewJONT, Cnor 0
does[t he[Jaddi ti onCof OanOONTO nt er f ere[w t h(exi sti ngQd
custoners. OTheOOLTOper i odi cal | yOsends[alr angi nglgr ant [t hat [J
canlbeCanswer ed[byUany [ONT. JAny CnewIONTs [t hat [r ecei velt hi s
gr ant [r espondDwi t hJaluni quelseri al Onunber CandCan
acknow edgenent . (O nCr esponse, [t heOLTOconf i gur est heJONT[
wi t hCanOAPONUI D, OPLOAMgr ant Ununber CandCalldat allgr ant Onunber O
and(al | ows[t heOONTt olj oi n(t helnet wor k. O

c.d Security, 0QS, Ovanagenent CandOSur vi vabi ity

Four Ocruci al Ohet ri csf or OanyOnet wor k(Car e[
security, Oqual ityCof Oservi ce QS), Ohmanagenent Ccapabi [ ity
andOsurvi vabi lity. O0SecurityChas[beenlCalkcont enti ousll ssuell
f or DAPONs (duellt ol t sCbr oadcast Unat ur e. JAsnot edear | i er, O
OLTs[broadcast [cel | sCt ofal | OONTsCand [t husCany OONTOcoul dO
readlal | Odownstreanikel | s. OOTheJAPONCspeci fi cat i onCjpr ovi des[]
forOscranbl i nglkt ol | evi at e[t he(Jpot ent i al [Of or OONTs [
eavesdr oppi ng. O0Thelkel | * sCdat alli sCencrypt edCw t hJal24- bi t O
key, Dwhi chlOcanUbellchangeddynam cal | y. OOThi s sCald
rel ativel yOweak[securitylschenmelandt he[OFSANOconmi tt eeldi s[J
wor ki nglon[bol st eri nglsecuritylfunctionsf or DAPONs. [

Alr el ati vel ylnewd TUst andar d, [G 983. 4, speci fi esCallDynam cO
Bandw dt hJAssi gnnment [ DBA) Orechani snit o npr oveOPONO

ef fici encylandQoS. [IEssenti al | y, [t heIDBAChechani snil

dynam cal | y(adj ust sbandw dt hCanong[t he[JONTs. OThi sCal | ows
provi der st i ner granul ari tyd nCOranagi nglt raf fi cCandd

bandw dt h(r equi rement s. [l t Cal solClenabl esUpr ovi der s{t oJadd
nor ellcust omer st o[t helnhet wor kduelt olJ ncr easedbandw dt h(J
ef fi ci encyOandOpr ovi delenhancedser vi ceslt ollcust oners. [

Adequat efdmanagenent Oand[f aul t [t ol er ancelar e[kkey[]
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t opr ovi di ngOalr el i abl elnet wor k[t hat Ocust omer sCcan(ht r ust [t o0
be up” Oal | Dof [0t helt i me. CCNoCpr ovi der Cwoul dCbell nCbusi ness
veryd ongl f [t hei r JAPONCdi dChot [haveladequat eCup-ti me. 0O
Managenent [ t hi nOAPONs [ sCachi evedt hr oughCDOAM kel | s. [0
ONTs[useOAM el | st olr eport [ nf or mat i onUabout [t hensel ves[
(st atus, Cprobl ens, Cetc.) [t ot heOLT. DOAM kel | sCar edal sold
used[t oOranagellt helphysi cal Chet wor koy[Cal i gni ngd aser sOand
measur i ngOpower Cout put [ Greenfi el d, (2001, [p. (1183) . (I
Survi vabi ity sOachi evedt hr oughlUnet wor k[Or edundancyas (]
speci fi edlby[t heOG 983. 5[0Recommendat i on. [OEachOONTOwW | | [
connect [t o0t woOOLTs, [pr ovi di ngt wolpr ot ecti on(Jsi tuati ons. [0
Under 1+10pr ot ection, (transm tter sCandlr ecei ver sdonlbot h{l
si deof [t henet wor kOpi ck[ hecl eaner [ i ne. [JJOne-t 0- oneld
protectiondetsltheltransmttereither JOLTOor LONT) [t o]
chooselwhi ch i ne(t olluse, 0 eavi nglt heJot her O i neClunused
(Geenfield, (2001, Op. (0183) . OO

3.0 Ethernet-BasedPONs[{ EPONs) [
[ TheOpri mar y[di f f er encelbet weenJAPONs and CEPONs [ s Chowt]
dat ald st ransm tted. OO nCEPONs, [dat ald sCtransm ttedl nlJ
vari abl e-1 engt h(Dpacket slCof Oupt o[11518byt es, Dwhi chli s
def i nedCby[t hell EEE[1802. 3[Et her net [pr ot ocol [ Pesavent o, OVay [
2002, Op. 3) . O nOAPONs, Odat ald stk ransm ttedd n(f i xedd engt hJ
53[byt ellcel | s 48[ byt e(jpayl oadand5byt e[lover head) Uas[
speci fi edlbyt he[JATMJpr ot ocol [Ist andar d. (00

a. 0 EPONTransm ssi on(0Schenel

[ [ As[Ww t h[JOAPONs, Cupst r eaniandOdownst r eant]
transm ssi onsCar e(per f or medCover Osepar at eldchannel sCOandOdo
not [r el yConl[kt he[basi c[OCSMA/ CDUpr ot ocol . [fHowever , [0t he JEPONC]
standardOw | | O i kel yOuseldi f f er ent Oopt i cal Cwavel engt hsf or O
t hesellchannel s. (0Speci fi cal | 'y, OEPONsCwi | | Ousellt he11550nmnt]
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wavel engt h(f or Odownst r eanit r af f i cCandt he(11310nmiwavel engt hJ
forOupstreanttraffic. 000

O O Thelpr ocesslof [kt ransm tti ngldat alddownst r eantJand
upstreaniwi | | Oal solbeldi ff erent Ot hant hepr ocessusedi nd
APONs. [IDat ald sbr oadcast Odownst r eanilt ollal | OONTs i n[J

vari abl e-1 engt h(JEt her net Opacket sCi Fi gur e(13. 6) . (IJONTs [

i denti fyCandlr enovell hei r [r especti velktraffi clbyd ooki nglat [
t hepacket Oheader, [whi chld denti fi es t sCdesti nat i onJONT. 0

| IEEE 802.3 Frame |

1] 3 12 ]|—>

OLT

K 2]
plitter Q§§§t§\
3]

Fi gur e[13. 6[1EPONIDownst r eanilTr ansni ssi onlJ

Upst reanit ransm ssi onld sOmanagedCusi ngCOTDM [Dat a1
isOstill transm ttedd nCalvari abl e- | engt h(Cpacket Uof Cuplkt od
15180yt es, but DeachOONTOhas i t sCownlt i nmelsl ot O nCwhi cht o
sendll t spacket s. 0Theselt i neds| ot sCar ellsynchr oni zed[t o

avoi dlt ransm ssi onllcol | i si onsloncellt helk ransm ssi onsar eld
aggr egat edont o[t hel3si ngl eClupst r eanif i ber. O0ThedJTDM]
control | er 0 nOeachUONT, Hal ongDOwi t h(t i m ngli nf or mat i onf r oni]
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t heOOLT, Ocont r ol Oupst reanit i m nglof [t helpacket sCwi t hi nCONT-
dedi cat ed(t i mellsl ot s. OO0

b. 0 Security, DQoSOandOVvanagenent O

Duel o[IEPONs [ nf ancy, UOmanyUof [t heOsecuri ty, 0QoSO
andOmanagenent [ ssueshavelhot [been(f i nal i zed. OTher eChavel
beenlmanypr oposal s(t oladdr essCeachll ssuelw t half ewCaskt op
candi dat es[If or [t hellupcom ngUst andar d. OThelEt her net O
st andar didoesUnot Chavelbui | t-i nOsecuri t yChechani sns. [0
Ther ef or e(EPONCdevel opersiw | | Cheed[lt oldcr eat e[EPONspeci fi cl
securi t ylret hods, Oespeci al | y[Isi ncelldownstreanitrafficli s
br oadcast [t ollal | OONTs. O nCaddi ti on, Cequi prent Omaker sCay O
uselot her O POsecuri t yOhechani smsCandt echni ques, OsuchOasO
firewal | sOandOVPNs. (OThesewoul dbelsuf fi ci ent, Cbut Cwoul dO
addOcost [t o[t heCequi prent . O

Net wor kOQoSOandOmanagenent , CasCnot edCear | i er, Oar e[dd
key[ ssues[t hat [need[t o[belladdr essedf or Oanynet wor k[t o(be[
successful . OOTheEFMITask G ouplhas[beenlf ocusi nglqui t e[al]
bi t Dof [t i melandlCef f ort DonCaddr essi nglt hesell ssues, [as(lt hey[
ar e[not [0 nher ent [ n[t helst andar dUEt her net Opr ot ocol . CVany [
resear cher slCbel i evellt hat, Cat [igi gabi t [r at es, CEPONCW | | O
si mpl yOr el yUonCanO POt r af fi c- managenent Crechani snit oDof f er [
bandw dt hOODranagenent OJandQoSlcapabi | i ti es¥ Li u, Ovar. (2002, [
p. 05) . OOSonmelJpossi bi i ti esl ncl udelt heCuselof [
differentiatedOservices D ffServ)Oandlt helCusellof Ualt ype-
of -servi celfi el ddspeci fi edlby EEE[1802. 1p. U

4.0 APONs[Ner susEPONsJ

] APONs CandJEPONs ar ellcur r ent | y[t he [t wolmaj or CPONC
fl avors. OOJAPONs Car eOnor eOmat ur e[t hanOEPONs [ n(t er s Cof [
st andar ds, [0t est i nglandCequi pnent , [Cbut [t heOpush(f or JEPONs [
has[beenlgr owi nglst eadi | y[ n(r ecent [year s. O0Techni cal | y, [
t helonl yOmaj or Odi f f erencell st helusellof [Of i xed- | engt h(1530
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byt ellcel | sCbyOAPONs Candt heOuselof Cvari abl e- | engt h[115180
byt e(jpacket s[byIEPONs. [IHowever , Cjpr oponent sCof OAPONs Cand[
EPONs [poi nt Dout Omany Dot her Odi f f er ences, Odebat i ngd

ef fici ency, Oconpl exi t yOandCqual i t yOof [ser vi ce. OdTabl e[13. 200
provi deslCbot h[di f f er encesandladvant agesUof CeachCappr oach. O

O APON! EPONCI Comment s
| TU- TOG 9830 None; (bei ng0 APONsCar eld n[d
St andar dJ )
Reconmmendat i onsO devel opedlbyd EEE] | t hed eadOd
Fi xedOsi zeO
_ packet sO
Under | yi ngQd ] ]
ATMI Et hernet O simplifylthed
Technol ogyOd
upst r eant]
trafficlO
TBD; Dwor ki sCbei ngd ) )
Appl i cations
] donelon(d nherent O
Scranbl i ngO andOupper O

securityCasOwel | CasO

Securityl i ncor por at edd nOAPONO | ) | ayer sOmayO
i mpl emrent i ngO )
st andar dpr ot ocol O o ) provi de
exi stinglsecurityl )
) securityldd
techni quesf or O PO
DBAL sO
primarilyCforQd
QsO APONCDBApr ot ocol O TBDO
upstreant]
trafficO
Symmetri c: 155Mops &0
622Maps; O G gabitOratesl ] ]
] o G gabit Orat esO
Asymmet ri c: 0622Mops | (specifical lyd
. arellall
Speed d/ s, O155MipsCu/ s; O 1. 25Chps) [bei ngd

G gabi t Or at es[bei ngd
st udi edO
0

st udi edCbyd EEEO
802. 3ahOTaskOFor cel

chal | engelIf or O
bot hO

Advant ages[

Mat ur e, 0QoS, O

ef ficiency, (better(d
managemnent 0
capabilities, O

st andar di zedO

Et hernet O sO
everywhere, O
scal abl e, ho™cel | O

tax" U

Ar gunment sCcan
beOmadef or O
bot hTAPONs Cand
EPONs [

N
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C. OOCONCLUSI ONO 0
[ PONCt echnol ogy, Odespi teld t s(sl owistart, Chas[
suf ficientlyOmaturedCand sCreadyt olpr ovi dellconsuner sCw t h(J
t r uelbr oadbandll nt er net access. Thepot ent i al (dat alr at es, O
f ronit ensCof OMegabi t s/ secondt o[0G gabi t s/ second, Car e[t hel
nunber Conellr easonPONs Car e[t heldt r uelbr oadbandIsol uti on. JAs[
wi | | ObeOseenld nlt helnext Ochapt er, 0 npl enent i ngOPONs[ver sus[]
any ot her [ br oadband” [0t echnol ogyhasUOrany ot her Jadvant agesU
t hat Omakeld t Oalk r uelor oadbandisol uti on. [

St andar di zat i onlef f ort sCby[t he[lFSANClconmm tt eelhavel]
al | owed[t hel npl enent at i onUof Coper ati onal OAPONs [t o[beconelal]
reality. (OPONCequi pnment [cost sChavellbeenldr asti cal | ylr educed[
andOPONCawar enesshas ncr easedlsubst anti al | yOdue[lt o0
st andar di zat i onCef f ort s. O0Thelener gencelof CEPONs Chas[al sold
beenlkey[ nCt heldevel oprment Oandi npl enent at i onCof OPONs. [
TheOEPONCef f or t , [al t houghUnot CasOmat ur east heJAPONCef fort , [
has[pr ovi dedconpeti tion, 0 ncreasedlCawar enessandli ncr eased[]
mar ket (pot ent i al OOf or Ovendor s, (al | Oof Dwhi chOwi | | Thel pO
accel er at et he[wi despr eadUadopt i onOof OPONCt echnol ogy. OO t O
i st oollear | y[t ot el | Dwhi chlkt echnol ogyOwi | | Dwi nt he OPONLCr acel
andl t Oray[bell hat Ot hey[w | | Ccoexi st. OEi t her Cway, [t held
conpetiti onUandldebat e[bet weenlt he wolt echnol ogi esOw | | O
onl y[Chel pt heCover al | OPONCef f or t . (0

0

H

H H
0

O O
O
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O

N
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| V. OUAPPLI CATI ONLIOFLPONLITECHNOL OGYL

A O | NTRODUCTI ONO 0O

[ PONt echnol ogy, Odespi t el t sC nfancy, Oseens[lt o[bellk hell
obvi oust echnol ogylchoi celli nCpr ovi di nglconsuner sk rue, [

f ut ur e- pr oof [(br oadbandll nt er net Caccess. OPONs[Caddr esst hed
needslof [t he ast-m | el nfrastruct urelbet weenlt helser vi celd
provi der’ sCO, [head- endlor [poi nt - of - presencel( POP) , Cand
resi denti al Ocust omer s. PONCt echnol ogy, (Whet her 0 t 0 s n

t hedf or miof UATMJor LIEt her net, [al | owsCconsuner sCandlser vi celd
provi der stk olr eal i zell helJadvant agesof [Of i ber [ n[t hel

nei ghbor hoodUandIf i ber [0t ot heChonmed( FTTH) . O0OUnpr ecedent ed
dat alr at esCandOunf or eseenappl i cati onsOwi | | Chelr eal i zed

wi t h(OPONCt echnol ogy. (0Consurmer sCar enot [t helonl yOones[t o]
enj oyt he[benef i t sUof OPONCt echnol ogydas(ser vi celpr ovi der s
wi | | Oal soCenj oyOmanyCadvant ages, OsuchOas[t r enendoussavi ngs
i nCout si delcabl e[pl ant Omai nt enance. O

O Thi sCOchapt er Cwi | | Odescri beChowPONCt echnol ogylcanlbel
used[t oachi eveOFTTHOandCnor e(dgeneri cal | yChowdi t Cwi | 1 O

provi delf or [f i ber-to-thellx[ FTTx), Owher e(xOcanCbeallvari et y[l
of 1 ocations(e. g. Ccurb, Ccabi net, Ohul ti-tenant Cunit, Cetc.) O
t hat [t er m nat el helf i ber Opri or [t old t Or eachi ngt heChone. OOOAD
hybri d0sol uti onlt hat CusesCalconbi nat i onlof OPONs and[f r ee-
spacellopti cs FSO [wi | | Oal solbeldi scussed. OFi nal |y, [0t hed

pr osandlcons[of Ousi ngPONCE echnol ogyf or OFTTHOW | | Chel

di scussed. [

B. OOOFTTHOANDOFTTXO

[ Fi ber [t ot helhone[ FTTH) 0 sUpr obabl y[t heOhrost Oexci ti ngd
and[Jpr om si ngOappl i cati onUof OPONCt echnol ogy. (IFTTHOW | | O

al | owdconsuner st olaccesst hell nt er net Oat (1100Mops Cand

possi bl y[beyond, Owhi ch sCpr obabl y[t heOpr i mar yr easonf or [
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FTTHOandOPONs. CFTTHOW | | Cal soCpr ovi deJenoughCbandw dt h(f or [
ot her 0 npendi ngChi ghCbandwi dt hCappl i cati ons, OsuchOasOHDTV, O
vi deoonldemand, [t el econf er enci ng, [ nt eracti velgam ng, [
t el ecommut i ngfandOot her [t echnol ogi es. O0As Onor e Cand Onor e
consuner st akeadvant agellof OsuchCappl i cati ons, [t he[ldenmand[
wi | | Cgr owf or [t heseJandCot her Uf ut ur ethi gh- bandw dt h(J
appl i cations, [ ncreasi nglt heCnheedf or COFTTH. [
[ Sohowldo[weJachi eveOFTTH?PONLCt echnol ogylseens [t ollbe[]
t he(best Dway [t ofachi eveIFTTH. OPoi nt -t o- poi nt [0f i ber [0 st held
ot her [ eadi nglcont ender [Of or OFTTH. LOTheJpoi nt -t o- poi nt [Of i ber O
archi tecturellconsi st sUof [0 ndi vi dual Ust randsUof Uf i ber [t hat O
arelrunldfrondt hellcent ral Cof fi cell( CO) [t ol ndi vi dual [
homes/ bui | di ngs. O0JAswi | | Cbeldshown at er Ui n(t heOchapt er Oand
may [bellevi dent [l r eady, [t heJpoi nt -t 0o- poi nt Jarchi t ect urell s
not [ deal O nlt er nsUof Ccost Candf | exi bi |i t yCwhenlconpar ed(t o[]
PONt echnol ogy. O

I nOalstrict OFTTHCar chi t ect ur e, Cal | Chonmes[t hat Car e(par t O
of [t heOPONi st ri buti onOnet wor kCwi | | Ohavelf i ber Ot er mi nat i ngd
i n[t hei r Copt i cal Onet wor k[t er mi nal sCJ( ONTs) . (0 Basi cal | y, [
fiberwi || Orunlt ot heChomesOandwi | | Cnot Chelpr emat ur el y[O
t erm nat ed0at [ heOcur bCor Cany ot her [ ocat i on. O0TheOcust oner [
willOnterfaceDw t h(dt he[OJPONCat [t heOONTOand[Dwi | | OhavelaccessU
t o[t helser vi cesprovi dedby[t hat Oparti cul ar Opr ovi der . [0
Fi gurel. 10 | | ustrat esCanJAPONCFTTHOexanpl e. JEPONCFTTHO
archi t ect uresCwoul dlbellessenti al | y[t helOsanmeJas DAPONCFTTHO
architectures. 000
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Central Office

Cther Metwarks ustomer 1

idedlAudio
Metweark l

Customer 2

[Max 1:32)

Customer 32

P
L

&

Maximum Distance 20km
{OLT - ONT) 0

Fi gur e4. 100APONCIFTTHOAr chi t ect ur el

Ther elmay[bellcases[Whenldepl oyi ngf i ber Cal | Ot heCway [t o
t heChonel sChot [Of easi bl e. [I0Sever al [r easonswhy CFTTHOmay Chot [
belpossi bl el ncl ude: OFr i ght sCof Oway Omay Cnot [Cbellobt ai nabl e, O
t hellcost Uof O ayi nglt helf i ber Omaybelt oolhi ghCor Cser vi celd
provi der sCwant [0t olldepl oy[f i ber [ nOan0i ncr enent al Cappr oach. [
When([lt heldepl oynent Oof OFTTHC sOnot Cpossi bl e, OFTTxO
archi tect uresfar elt hellnext [best Copt i on. O0Theyconbi nellt he[
hi gh- speedlcapabi | i t yOof [f i ber ODw t hOpr e- exi sti nglor O essU
cost | y[t echnol ogi es. 0TheyldolUnot , Chowever , [pr ovi deld
br oadbandOdat alr at esUachi evedby[stri ct OFTTHOar chi t ect ur es. OO0
Fi gurel. 20 | | ustrat esCivari ousOFTTxO ogi cal Oarchi tectures. [J
Archi tecturelAD st i ber [t ot heCexchangel FTTeX), [BL sCf i ber O
t o[t helcabi net [ FTTCab) , OCU sUf i ber [t ot helCcur b0 FTTC) Cand
DO sCof i ber [t ok heChone/ bui | di ngl( FTTH FTTB) . I nkt hesell
scenari os, [PONs[ar ellusedasanlopti cal Odi stri buti on[d
backbonelnet wor k[t hat [f eedsllot her [t echnol ogi es, [(lsuchas
xDSL[t echnol ogi esOor [wi r el esst echnol ogi es. O0Thef i ber O sO
pushedlasf ar [0 nt ot helnei ghbor hoodOasOpossi bl eCandt hen
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anot her [t echnol ogyl sCusedlt olf i | | Ot heOgapCbet weenlt he

fi ber Oandt heChomelor Cbui | di ngd( e. g. Oapar t ment Ceconpl ex) . 0000000

Service Node

PON Head-End
Node

Local Exchange

Cabinet

Curb

Building/Home

A)

B)

<)

D)

AT or others

oLt

e N}

AT or others

oLt

ATh or athers

oLt

OnU

ONT

ONT

AT or others

oLT

o7 [N]

ORT

ONT

Fi gurel¥. 200CGener i cFTTxUAr chi t ect ur es

[ Some[of [t helf i r st DwavePONCdepl oynent sChaveCandOw | | [
conti nuelt olbelused[ ol ever agellandlenhancellexi sti ng
infrastructure. O0As[W | | Cbeldi scussedll nlt helnext Cchapt er, [
t he JPONCFTTHOar ket Cigr owt hpot ent i al [ s(Ost r ongland(lt her ed
ar ellcurr ent OPONCFTTHOdepl oynent s. [lHowever , Oduelt o[

depl oynent Ocost sCandt hellcur rent Cuncert ai n(ist at ellof [t hel

t el ecomruni cat i onslUmar ket , Orany[ser vi ce(pr ovi der sCand[

t el ecomruni cat i onslconpani esar elopt i ngt olusePONs [t o[If eed
ot her [t echnol ogi es. I nf act , (t heOFTTCOmar ket 0 sCexpect ed[]
t ogr owlsf r oniI$25000i | i ond n[2001t oCover O$9000mi | i onli nO

2004 Chi ng, OMay[12001, (117) . O0Thet hr eeOpr i mar y O

archi tectures, dasCOshownli nCFi gur e(. 3, Oar eChybri d-fi ber O
coax[f eeder, (IDSLAMT eeder Candhr oadbandwi r el essf eeder . 0O
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Central Office

oo Q| (o
(= OB &

Cther Metwiarks Coaxial Cable

ideosdudio
Metweork '

a| oLt
PSTMTDM
Petweark

[hdax 1:32)

Miobile Switching
Center

S T T

it

PRy

Fixed Wireless Access

Fixed Wireless Access |_|

Fi gurel. 300Pr i mar y[PONCFTTxOAppl i cati ons[]
C. OPON FREE- SPACELIOPTI CSL[( FSO) HYBRI DISCOLUTI ONOI
[ Fr ee- spacellopti csli FSO, [t hellusellof Oopti cal O
transm ssi ons[t hr oughlk helJai r, DwasUonce[lt hought Uof HasCall
conpl et el epl acenent [f or opt i cal [Of i ber. OO t Chas[t hed
pot enti al [t ollof f er Uhi gh- speedlbr oadbandaccesswi t hout [t he[
expenses, [hassl esCandlt i nrelddel ayslof [1 ayi nglopt i cal [(f i ber . O
However, (W t h(k hellenmer gencelof OPONCt echnol ogyOand[t hell
sear chldf or Ohor e(dcost - ef f ect i ve[waysUof (I opti cal | y” O eachi ngQd
consuners, OFSOW | | [t akeConCalnew(r ol easCalconpl enent ar y[l
t echnol ogy, Oqui ckeni nglt heldepl oynent Cof [br oadbandaccess(]
net wor ks, [speci fi cal | y[OJPONs. [I
[ FSOt echnol ogy[ sCanOopt i cal [t echnol ogy [t hat Ocanlcar ry[
ful | -dupl ex[Odat a, Ow t hout Copt i cal [f i ber, Cover Osever al [
hundr edOret er sCat (OGhpsCr at es. FSOsyst ens [ Fi gur e[#. 4) Cusel
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| ow power i nfraredd aser st ol ransm t Odat allbet weenOFSO]
nodes, [(wWhi chl nt erfacelw t hCall*w re” [(basedsyst em [IThesel

| aser sCoper at el nCanCunl i censedf r equencybandCandCcan
oper at el nCanlCeye- saf elimanner . (0Thellsyst ensar e(dcapabl elof O
ver y[hi ghCdat alr at es, Dw t hOsonelOconmer ci al [syst ensUJ

adverti si nglGopsr at es. (IHowever, [t hell asers’ i m t edOpower [
restrictslrangelandCbadlweat her, Chai nl y[f og, Ocan i m t [t he
reachlof [t hesel i ne- of - si ght Usyst ens. Typi cal [Or anges[ar el]
fromaldf ewlci t y[bl ocksCuplCk oDonelki | onret er, Owhi chlar el
general | yOsuf fi ci ent Of or Cbackbonellor (ot her [short - r angeld

pur poses. OO Ocour se, Oaslt helr angel sl ncreased, Cpot enti al O
dat alJr at elldecr eases. [

Laser diods Fholodelacior Signal
i : *
Noda' pace opbeal | = . regensaraing
3 nnn _J &5
A F "1 Roal node
! 1
n up o 1 kilometer Lasar dicds—
ML Oplical pulses ::
Eleclrical pulges riar-opic '
pipeine
Pholodabacior
O

Fi gure. 4[00Gener i cOFSOISyst entd Fr om CICwww. sci am con) [
[ Basedlon[t hellri ef Odescri pti onUof OFSOt echnol ogy, [lonel]
may Cwonder OwhyCuself i ber Dopt i clcabl i nglat (al | . OOFSOsyst ens [
havellt hel(abi | i t y[t ol0get [t r uellbr oadbandser vi ces[t o[l
consuner sCw t hout [t he[hassl| es[t hat Oacconpany ayi nglopti cal [
fiber. OOTheOpri marylr easonFSOksyst ensUshoul dlbellusedasall
conpl enent ar y[t echnol ogylandnot (allst and- al onell echnol ogy[l
islreliability.O0Servicelprovidersdepl oyi ngtFSO- onl y[I
net wor ks[woul dCnot (belCabl e[t oOguar ant eeClanCaccept abl el
reliabilityllevel, Oespecial | ybOwhenconpar edt o[0PONLI
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t echnol ogy. CTher ef or e, OFSOt echnol ogy [ sbest Cusedt oI i | | O
pot enti al OgapsO n(OPONCdepl oynent s. [

O Servi celprovi ders’ [cent ral Cof fi cesOor OPOPs Car el

general l ylcentral | yOI ocat edwi t hi nCallki t yCor Ocomruni ty. 00 nO
or der [t oldepl oy[IPONs ConJall ar geliscal e, [ser vi celJpr ovi der s
needt ol ayalksi gni fi cant Canount Cof Uf i ber Copt i cOcabl el r ont]
t heOOLTCX olopt i cal OsplittersCandlk henlt oChones. Depl oyi ngd
fi ber opti clcabl edf ronit heOOLTs[k okt hellsplittersOw I | O
general | y[belnmor el[cost |y, Or equi r elnor el i mefandr equi r eld

nor elr i ght s- of - wayOper m t sCt hanOdepl oyi nglf i ber Dopti csCf r ontl
t helOsplittersitolt heChones. [IBy[usi ng[FSOsyst ensas[t hel

I i nk[bet weenOCOland[passi velopti cal OsplittersFi gure4.5), O
servi celJpr ovi der sDwoul dlbeabl el olsi gni fi cant | yOm ni m ze[d

t hesellcost s, [kt i nesCandlr equi rement sCwhi | eOsti | | Opr ovi di ngd
opti cal Uspeeds[lt o[t heldconsuner. [IHavi nglsever al OFSOnodes (]

i n(seri eslcanlm ti gat ellt he[IFSOrel i abilityOrisks. OThi sO

wi | | Or educelX heldi st ances[bet weenlnodes, [r educi nglt held

ef f ect slUof Oweat her Donlt heOshor t ened0FSObeans. OFSO i nks[
may [(bellusedlel sewher el nlt hellsyst em OsuchUas[f r onit heOPCSO

t oChones, [but [t hesi gni fi cant [cost Osavi ngsCandr educed

depl oyrment [0t i mesOar elr eal i zedOby[r epl aci nglk helf i ber Copti cs
i nOt heOPONCbackbonewi t h(OFSO. [0

Home

Home

L FSOMode | —.— - —. FSOMNode |- - — - ,

Home

Hame

Fi gure4. 5000Logi cal OPON FSOHybr i dOAr chi t ect ur eld
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O Servi celpr ovi der s(canal sousePON FSOChybri didsyst ens[]
t olqui ckl yOdepl oyOopt i cal Cbr oadbanddser vi cest ol0gai nall
f oot hol ddont heOmar ket . 00Oncellconsumner sChavelCanCopport uni ty[
t oCenj oyt hellopt i cal [br oadbandspeeds [t helmar ket Oshoul d[
gr ow, [gi vi ngser vi celJpr ovi der s npet usUandlcapi t al [t o]
depl oy i ber [0t hr oughout [0t heCent i r enet wor k. (0Thelexi st i ngd
FSOOcanbelusedlasCalback- upd i nk nCcasellof Cemer genci esor [
fi ber Dopti clUmai nt enance. [
D. OOCASELFORCPONSL
[ I nk hi sCsect i on, [t hellcaself or Cdepl oyi ngPONCt echnol ogy U
w | | CbeOradelf r onit wolper spect i ves: [t heldser vi celpr ovi der
andt helOconsurmer . (Thelser vi celpr ovi der sCandt heCconsuner s
bot hChaveldi f f er ent Cr equi r enent s makeOroney[ver susdsavel
noney) CandCexpect at i ons( | owldepl oynent [cost Civer sus
reliability)Oof [t hel ocal CaccessCnet wor k. CTherefore, it O sO
| ogi cal [0t o[di scussOPONCadvant ages[f r onilt hesellsepar at e[]
per spectives.
Servi ce[lProvi der s’ Caself or JPONs[J
[ I nOor der [f or CPONCt echnol ogy[t ot akelof f i n0t heU. S. , O
servi celjprovi der sOrust [belt helf i r st Donesliconvi ncedOof CIPONC]
t echnol ogy’ sfadvant ages. [I0For t unat el y, OmanyQJadvant ages[f or O
servi celjprovi der sdolexi st CandCal | OPONCadvant ages eadlt o0
i ncreasedUOprofit O or Ot hellser vi celJpr ovi der s. [Looki nglat O
t hr ee[PONCchar act eri sti csUOcanUrakelt he(dcaseldf or OPONs[f r on]
t helOser vi celJpr ovi der s’ [per specti ve: [k r ueldor oadbandldat alJ
rates, holact i veldconponent sCi nlt heCout si delcabl e(pl ant Hand
t hepoi nt-to-nul ti poi ntOarchitecture. O

Aslnot edlCear |l i er, Ot heOpri mar yCadvant ageOof CIPONC
t echnol ogy, [0f or Cbot h(lt heldser vi celpr ovi der Oandlcust oner , [
wi | | Obel® heabi | it y(t oCachi evelt r uelbr oadbandldat alr at esi nd
t hel ocal Caccesslnet wor k. 0Sonme CEPONClequi prrent Cconpani esd
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ar e[l out i ngldat alr at es[ nt heOGbpsnei ghbor hood. OOW t h(

t hesellt ypes[of [dat all at es, Oser vi celpr ovi dersCwi | | Cbeabl e[

t opr ovi delJenhancedser vi cesUover Calf ut ur e- pr oof baccess

net wor k. COTheyDwi | | Cr eal i zeOnewr evenuellopport uni ti esfas

t heypr ovi de[bundl edOser vi ces[t hat U ncl udel nt er net Caccess, [
t el ephonelservi ces, [vi deolIser vi cesandlot her Cent er t ai nnent O
servi ces. 0Provi dersOw | | Tal solgai nCallconpetitivel

advant age, Cespeci al | yO f [t heyUar e(Jabl et o[get CanlCear | y[I

f oot hol dUJ nk heOFTTHOmar ket . OPONs Ocanlal soOpr ovi delser vi celd
provi der sCwi t h(Dalhi gh- speed(f eeder [syst enit hat Owor ksCwi t h{J
ot her [0t echnol ogi es, Osuchlas[br oadbandwi r el essOandVDSL. [

[ Thellonl y[act i veldlconponent sl nCallPONCsyst enilar e(at [t held
COJ( OLT) Cand[t helcust oner Opr em ses ONT/ ONU) . LTher elar eno[
acti vellconponent s nt helout si deldcabl eOpl ant, Owhi chl st he
por ti onUof [t helnet wor kr unni ngf r ok heOCOt o[t hedcust oner . [
TheOpri mar ydadvant agelof [t hi s sOallsi gni fi cant Or educt i onli nOd
net wor kJmai nt enancelandequi pnent [cost s. (JJAccor di nglt o]

st udybyOFi nanci al OSt r at egi esU0G oup, OLLC, Oprovi si oni ngfandO
repai r cost s[f or OPONs [(was [180%1 ower Cconpar edt oCal

conpar abl eDSLOsol uti onJ( Fi nanci al OSt r at egi es0G oup, [3) . (1
DSLsyst ens, Cal ongOw t h(Cot her Caccesssyst ens, Chavelmany [
activelkl ectri cal Cconponent sC n(t helout si deldcabl e(pl ant . [0
Thesellsyst ens[r equi r e(qui t e(albi t Cof Opr event at i veland[
correctivelmi nt enance, Dwhi ch sOnot [r equi r edf or CPONO

syst ens. Al so, [t heact i vellconponent sCar e(Jexpensi velt ol

pur chaselandli nst al | , Oanot her [r eason(f or [t hedcost U

di ff erence. O0Thesellcost Osavi ngslreal i zedOby[PONIsyst enslcan(]
i ncreaseljprof it Orargi nsf or Opr ovi der sand/ or O ower Cconsuner [J
pri ces. OThelr educedmai nt enancelal solequat es[k o[l ncreased
reliability, Dwhi chOcanlUhel pfassur ellcust oner [ oyal t yfland
decreasedlcust oner Ochurn. O
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O Thel ackOof Cact i vellconponent sCi nOPONs[Cal solr educes
ri ght s-of -waylr equi renment s. [Passi veloptical Osplitters, O
whi chCar e[about [0t helsi zeOof CalpackCof Ogum Cr equi relver y[O
littl e(lspace, Cespeci al | yCmhenOconpar edt ollcur r ent access
net wor ks’ [ cabl elhut s”. O0Theselcabl elhut s, Dwhi chCneed[t o
housell helJact i vellel ectri cal Cconponent sCandr equi si t efJpower [
equi pnent, O equi r emuchOnor edspaceandlcanlCdel ay[Caccess(]
net wor kdepl oynent sCduelt ol i ght s- of - wayr equi r ement s. [
O The[poi nt-to-nul ti poi nt Car chi tect urel sCachi evedd
t hroughlOsplitti ngt helf i ber [t hat Or unsf r onit heJOLTOW t h(Call
passi velopti cal [splitter. Conpar edlt olalpoi nt-to-poi nt
fi berOarchitecture, [t hi sCcanlsi gni fi cantl y[or educelicost sl
whi | elanorti zi nglt heselr educedlcost sanongst Chany [
custoners. Overal | [0 i ber Or equi r ement sCar elr educed, Oopti cal O
i nterfacesl n(t hedCOtar ellconser vedOandt heOnunber Uof [ aser s
neededll slr educed. O0The[JPONCar chi t ect ur e(Jal soJpr ovi des[f or [
better [Iscal abi | i t y£Jandli ncreased(f | exi bi lity. [ICust omer s
canlbelCaddedl ncrenent al | yCasUOal | Uof [t helf i ber Of r omit he OCOO
t olcust oner sdoes[not [havelt o[bel ai dCupf r ont . OUpgr ades, O
suchCasOnew DWDMequi prent , Cwi | | Oonl y(Caf f ect [t heOOLTOandO
ONT, [r educi nglicost s[f or [0t heser vi celjpr ovi der Candldecr easi ng[]
thelti melt [t akes[t oChakelt heseCupgr ades. O
Cust omrer s’ [ICaself or (IPONs[J

PONs[havellt helcapabi | i t yOof Cpr ovi di nglconsumner sCwi t h{J
enhancedandlconver gedservi ces, [ ncreasedlreliability, O
i ncreasedOcust oner Osat i sfacti onfandr easonabl elpri cesf or O
t heCenhanced3ser vi ces. JPONs[Cai nit o[br eaklt hel ocal [access[]
net wor kdbandwi dt h(bot t | enecklbyli nitial | yOprovi di nglaccess[
rat esCbet weenT- 1sCandJOC- 3s( Fi gur e[#. 6) . OW t h(t hesel
speeds, [cust orersOw | | Cbellabl et ollenj oyhi gh- speedl nt er net [
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surfing, Ovi deodonCdenmand, [0t el ecomrut i ngCandCalhost Cof ot her O
bandw dt h{ nt enselappl i cati ons. OO

| Range of Operation for Passive Optical Mewtorks +
L sweeT sPOT OF OPERATION
Elandwidth BAK 144K 1. 1] 185M 1G 106G
(bps) i i i- c .i ". i 1;: i
Services POTE DM DEL T " T3 ‘ oc-3 T OC-182
New Etharnat Fast Ethemal Gigabit
Sarvices 10BaseT 100BaseT Ethemat

Fi gur e[4. 6[0PONCDat allRat e[dGoal s Fr om [I_www. al | opti c. conm) O
[ PONs[Ow | | Oal solpr ovi dealdreans(lt olJaggr egat elcurrent O
dat a, [t el ephonelandlk el evi si onlIser vi cesli nt ollonelservi celd
packagelover Conelf i ber. [IIThi sCw | | Or educeldai nt enanceland]
bill'ingl ssuesCaswel | OasOpr ovi dellonepoi nt Oof Ocont act [f or O
al | Ot ypeslof Oser vi ces. [OCust oner sCwi | | Cenj oyt hel
reliabilitylof OPONsCandt husCbelnmor e(Jsati sfi edOwi t h(t hei r O
access. [IvanyCof [t helpr obl enswi t h[(t oday’ sCaccessnet wor k[
st entdf roniunrel i abi |l ityOandCpoor Oservi ce, Owhi chlar el
m ni m zedObyOPONCt echnol ogy. O
Exanpl e(0FTTHHousehol dO
[ Thus[f ar, [t he[Jadvant ages[of [IPONshavel[beenldescri bedO
i nOgener al [t er ns. OOThef ol | owi nglscenar i oCandlcor r espondi ngld
di agrans[ai it ollshowlIspeci fi clappl i cati onsCandadvant ages(]

t hat Call* FTTHOvi allPON’ Chousehol dDOw | | Oenj oyCover CalChousehol dO
wi t hout OFTTH( e. g. [ br oadband” Chousehol dUof [t oday) . [J

[ Today’ s br oadband” [Of am | y[Ogener al | yllaccesses[t hell

I nt er net [t hr oughdi gi t al Osubscri ber O i ned( DSL) Cor Callcabl e-
nodeniiat (dat allr at eslli nlt helhei ghbor hoodUof (L Mops. 0Theseld

t echnol ogi esCar elJjpr ovi ded[t hr oughlk helff am | y’ slCexi sti ngl

t el ephonel i nelor [t hei r Cexi sti nglcoaxi al [cabl e, O

respectivel y. OJAssunelt hat [t he(f am |y, O i keOallwaj ori t ylof [

t oday’ sCbr oadbandf am | i es, [Chaslcabl e- nodentJaccessCandhas
si gnedOupCf or [ hi sCser vi celt hr oughOConpanyUA. OCFor t unat el y, O
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t heyd i veld nOalnewidevel opnent Owher eliver y[If ewpeopl elhavel
si gnedCupf or [cabl e- nodentaccess. [For Onow, [t hey[enj oy[dat all
rat esOwel | Cover O1Mops. OO

Thelf am | yOhas[t hr eeCnet wor kedOconput er s, Donef or [t he[l
par ent sandonelf or Deach(t eenagelichi | d. OJAt CanyOgi venlt i med
t her eld sat [0 east Donelpar ent bon- | i neClandConelchi | don- | i ne. O
Ther ef or e, [0t hell ot al Cbandw dt h(lt heDf am | y[Or ecei ves[ sl
shar edbet weenllat [ east [t wolluser s. (IThi sCupset st hel
par ent s, Caslt heyOcannot [r easonabl y[t el ecommut e, Cand0i t [
upset st helt eenager s, Caslt heylcannot downl oaddsongsdand
nmovi esf ast Cenough. [0
0 Theldf am | yCenj oysldi ver sellent ert ai nnent [ser vi ces; [
t her ef or el equi redsonellsor t Cof Cenhanced[t el evi si onlser vi ce. [
Today, [0t hesellenhanced(l el evi si onlJser vi ces, [Mhi ch(gener al | yO
consi st Uof Omany[hi gh- qual i t yCchannel sCandpay- per - vi ew]
access, ar elpr ovi ded[ hr oughOsat el | i t e(di shUor di gi t al [
cabl e. O n(addi ti on[t ot helbasi cllcabl e(Jser vi ces, [ helffam | y[
hasOchosenlsat el | i t edaccessf r oniiConpany[B. [Fi nal | y, [0t hed
fam | yDOw | | CheedOanOaddi ti onal Ot wolk el ephonel i nesf ronid t sO
t el ephonellconpany, OConpanyC, Cast helt wolt eenager s n[t hed
fam | yO ovelt ot al k. O
O I nOsumrary, [t helf am | yOhasOl nt er net Oaccess[t hr oughUall
cabl e- modenilf r omidConpany A, Osat el | it eTVOf r onCIConpany [BOand[
t hr ee[Jsepar at e[jphonel i nesf r ontConpanyC. OOThelf am | yOwi | | O
havelat U east [t hr eelIsepar at elbi | | sCandlt hr eesepar at e[
conpani esllt old nteract Cw t h(d nlt hi sOscenari o. OFi gurel#. 70 sO
aldi agr anilof [t heof am | y’ sl nt er net, [t el ephonelandd
t el evi si onllaccessisituation. [
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To Company A for Cable-
¢ Madem Internet Access

To Company B for Satellite

‘ Television Access

To Company C for Telephone

: Service I
+ m m

.
Fi gur e4. 700Br oadbandHousehol d0of [TToday [

O TheOsanmef am | yOwasOsoCupset Coy [t hei r Caccesssi t uati ond
andser vi ces[t hat [t heylnoved[t oCalldevel oprent [0t hat Cwas [
adverti si nglPON- basedOFTTH. Ovor eCandCnor epeopl elhadOoved
i nt ot hei r Onei ghbor hoodand[t hei r O nt er net Oaccessspeeds

di m ni shedIfi ve-f ol d. OJAl so, [t hey[wer el i r edCof Ohavi ngd

t hr eedsepar at elbi | | s, Cwhi chOusual | y[it ot al eddover 0$2000a0
nmont h. OOFi nal | 'y, Ot he(f am | y[di dCnot Or ecei vellconsi st ent U

cust omer servi cesf r onit helt hr eedconpani esUandDwer eCunhappy
about Odeal i nglwi t h{t hr ee(Jsepar at ellconpani es. [Thenew]

nei ghbor hood’ sDaccessUwasadverti sedCat Opr ovi di ngd
“potential |l yOunlim tedlbandw dt h, (conver geddser vi cesandU
superiorquality”. O

[ Thelnew(nei ghbor hoodhadCallsi ngl elIser vi celpr ovi der [

t hat Opr ovi dedCallsi ngl e(Ist r andlUof [Of i ber [t oOeachChone. Thi sO
si ngl eOst randlof [f i ber [r an[t oCalweat her pr oof Caccess(]

t er m nal O ONT) Oount edConCt hellout si deJof [t heChouse. [OTheOd
ONTOwas Uabout [t he3si zellof OalUshoeboxandpr ovi dedl nt er f aces[
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f or Oal | Cof [t heaccesslneeds. 0ThePON- basedOFTTHOsyst ent]
provi dedt hef am | y[w t h(f our [0t el ephonel i nes, Ol nt er net [
access, (wi t h(Odat alr at esOuplt o[1100Mops, Chi gh-definiti on
t el evi si onJ HDTV) Oandvi deolConOdermand. [0Theselser vi ceswer e
aggr egat edover [t heldsi ngl el i ber Or unni ngk o0t hehouse. [
Al so, [0t heldf am | y[r ecei vedlonl yConelbi | | [f or Ual | Dof [k hei r O
servi cesand( t Ogener al | y[it ot al edCbet ween1$1000and3$1500a0
nont h. OOTheyal solClenj oyedhavi ngt oOdeal Owi t h(Jalsi ngl e
conpanylr at her [t hansever al Oconpani esCast heyhadCk ol n[J
t hei r Dol dCnei ghbor hood. [ O

Thelf am | yO oved[t hei r Chewllaccess[Isi t uati on( Fi gur el
4. 8) . UdTheycoul dOdoCal | Cof [t hel™f ol | owi ngOsi nul t aneousl y: [
tal kODon(dal | Cf our [t el ephonel i nes, [t el ecommut e, Cdownl oad[t he[d
| at est [Isongslandlvi deos, [Cwat chCHDTVLor Cor der CandCwat chkt hed
| at est [hovi el el ease. [IdThelladdi t i onal Cbandw dt h{If or O
I nt er net Uaccesslal solprovi dedt heldf am | yCanUopport uni ty[t old
enj oylon- | i nelgam ng, Oenhancedhousehol dlsecuri t y[f eat ur estd
andOalnei ghbor hoodll nt r anet . OHowdi d[t heyCever Osur vi vell
wi t hout OFTTH?[

Single Strand of Fiber to o o
Service Provider II

O
Fi gur e[4. 8(0Br oadbandHousehol dwi t h(CFTTHO
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E. 000Dl SADVANTAGELOFOPONCISOLUTI ONO

[ Thelpri mar ylcasellagai nst PONs [ sl hehi ghUOcost Uof [

depl oyi nglf i ber Copt i cslnecessar y[f or [t helnet wor k. JACICI BCL
Wor | dCVar ket s esear chr eport Cest i mat esllt held nstal | ati onld
cost sCof [Of i ber Cext ensi onst olr unCanywher e[0$350, 000t o

$750, 0000per [f i ber Om | e[d( Langowski , OSep. (12001, Op. (3) . OO

O her Cest i mat esCput [t hef i gur eflbet ween3$100, 0000andd

$300, 000. ORegar dl esslof [t hellexact (Of i gur es, [0t he[bot t onil i ne
i sttt hat Ot O sOexpensi velt ol unCopti cal [Of i ber. OOThi sCf act [
requi resiservi cellprovi der st olhavelsubst anti al Ocapi t al O

bef or elClenbar ki ngOonOPONCdepl oynent Oandpat i encelt o[wai t [If or [
their Or et urnConl nvestnent (RO ) . [

0000 Fi ber Dopt i cOdepl oynment O sOmuchOhi gher O nOdensel yO

popul at edr esi dent i al Car eas, OsuchUasOdownt ownONewdIYor k[
City, Ot han n(Ogr eenfi el didevel opnent s, OsuchCasOnewsubur band
comuni ti es. 0 nlOdensel y[Cpopul at edOar eas, OsuchlCasOdownt ownd
ar eas, [t her ellar elJor e(Ist r eet sCandlsi dewal kst o[t r ench, Unor eld
ri ghts-of -waylOperm t sCar el equi redCand abor 0 sCgener al | yOI
nor elJexpensi ve, [al | Ocontri buti nglt oOver yUhi ghlcost sUof U

I ayi nglf i ber. 0Si ncemanycent r al Cof fi cesCar el ocat edli nd
densel y[popul at ed[r esi dent i al Car eas, [t helhi ghCcost sUof [J

| ayi nglcabl eld n(t heselar easd sCalmaj or [f act or [0 nCdepl oyi ngQd
PONs. [

O Thelhi ghOcost Uof O ayi nglf i ber Owi | | Onever CgoCaway; [

t her ef or e, Uot her [f i ber Cdepl oynent [3sol uti onsUneed[t olbel

expl or edbypr ovi der sOw shi nglt oDusePONLCt echnol ogy. [IMany
of [ helcur rent OFTTHOpr ovi der sUar e(bypassi nglt heldcost | y[I

resi denti al Oar easlbyUdepl oyi nglPONs [0 nOnew(r esi dent i al [
devel opnent sCandli nlr ur al Oar eas. [INewldevel opnent [ar eas, [or [
greenfi el didevel opnent s, Chavell r enchi nglt hat Cal r eadyCexi st s
f or Opl unbi ngOandOsewer , Osol ayi ngf i ber 0 sCanOobvi ous
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choi celover [ ayi nglt wi st ed- pai r Uor Ocoaxi al Ocabl e. OO nCrural O
areas, [t renchi nglcost sCarelrel ati vel y[ nsi gni fi cant, [

reduci nglt heldcapi t al Oneededf or OPONs [ n[t heselar eas. [
However , [gr eenfi el dldevel opnment sCandCr ur al Oar easOdonot [
havell hellconsuner [baselineeded(T or [ser vi celJpr ovi der sl o]

enj oylqui cker RO slandCall ar ger Ccust oner Omar ket . (0OVbney [ s
wher e[t hel(peopl eare. O

[ Servi celJpr ovi der sOmay [bellabl et olJenj oyt headvant ages[]
of OPONs [by[usi nglal t er nat elimeansUof Cdepl oyi ngf i ber . OO nCald
studylbyOMerril | OLynch, O i ber Odepl oynent [cost sCwer elr educed
byCasOhruchOas[160% 1 hr ought he[usellof Caeri al [Of i ber Dor O

t hr oughlt heCuseof Cexi st i nglcondui t [ Chi ng, Ovay 2001, [p. O

9) . OdTher ear e(al solhurdl esOw t h[ heselt wolopt i ons, [but [t he[d
mai n(jpoi nt O st hat [t heyOpr ovi delIsi gni fi cant [(cost [savi ngsas[
conpar edt ot r enchi ng. O0Anot her Cal t ernati vel st ouseIFSO]

t echnol ogylaslidescri bedlear | i er [ n(t helchapt er . OFSO i nks[
canlbelused[t olget Opast [t helhi gh- cost [f i ber [depl oynent [
areaswhi | e(Isti | | Oprovi di nglopti cal Ospeeds. O O

F. OOOCONCLUSI ONO

[ PONt echnol ogy[seens[t o[t he[best [Isol uti onlt oachi evi ngl]
t ruelbr oadbandCaccessli nt hel ocal DaccessUnet wor k. (I n[bot h[J
FTTHCandOFTTxar chi t ect ur es, Ocust omer sCandOser vi cel

provi der sfar ellabl e[t ollenj oy [t heOJadvant ages Uof (IPONC]

t echnol ogy. OThelpri mar y[Cadvant ages[of [IPONCt echnol ogy[f or [
cust oner sfiar e: LI

° Enhancedlser vi cesld
o Consol i dat ed/ conver gedlservi cesl]
. Decr easeddcost sf or Oser vi cesd

o Consol i dat edbi | I i ng
. Morelr el i abl e(Oser vi ces0
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ThelOpr i mar yCadvant agesCof OPONCt echnol ogy[f or Cpr ovi der s(ar e: [

o ReducedUai nt enancellcost s[J
o Fut ur e- proof [0 nf rast ruct ur e or Opr ovi der [
o New(r evenuellopportuniti esl]
o I ncreasedscal abi I'i t yQand(f | exi bi i tyOd

| nOaddi ti ont oCFTTxOandOFTTHCopt i ons, Oser vi celJpr ovi der s
shoul dlconsi der (PON FSOhybr i d0sol uti ons. (Theselpr ovi deld
consuner sCwi t hlopt i cal Caccesslr at es[whi | e[ educi nglcost s
andOdepl oynment [t i mes[f or (ser vi celpr ovi der s. 0

[ However , [IPONsOdo[f acellaliaj or Chur dl e: OFf i ber Dopti cs
depl oynment Ocost s. [I0Ser vi celpr ovi der sCneed[t olCexpl or e

al ternativellfi beropti csldepl oynent Cnmet hods[t olr educell hesell
costs. They[al soCneed[t olbel¥ or war d- | ooki ngfand(r eal i zell
t hat Chi ghld ni ti al Odepl oynment Ccost sOw | | Obelf ar Dout wei ghedO
byt heCadvant agesandgai nsr eal i zedoy (IPONCbased FTTHO
systens. 0 O

O O
0 H
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V. UHPONLBUSI NESSLIVARKETL

A. [0 NTRODUCTI ONO - OO

[ Thelcurrent CU. S. OPONCbusi nesslUmar ket , [ n[t er s Cof CPONC
depl oynment sCandOPONClequi pnent Cpr ovi der s, O slrel ati vel yO
smal | . OOPONs Chavelnot (beenlabl et ok akedt helcount r y by
storm Odespi t et hellcl ear Cadvant ages[PONs [havellover Cany [

ot her Haccess[lt echnol ogy. 0Thelsmal | er [t hanCexpect ed IPONL
adopt i onCandOdepl oynent O at e[ sCduelt olIsever al [f act or s, [t oJ
i ncl ude: OO

o Thel uncertaintyld inld today’ s0 tel econmuni cati onsld
mar ket [

o Regional 0 BellO Operatingld Conpanies’ [0 (RBCC) O
rel uct ancelt old nvest [0 nOw de- scal e[lPONCdepl oynment O

o Hi ghl nitial COcapital Ocost sUof OPONCOdepl oynent [0

Ll
TheOPONCmar ket Omay [belst r uggl i nglt o[t akellof f ; Chowever, Ot O

i sCgr ow nglat Callr easonabl e(jpacelandwi | | Opr obabl yOmake

maj or [ nroadslConcellser vi celJpr ovi der sCandOconsuner sCreal i zeld
t heOmanybenef i t sOof [ hi sCt echnol ogy. [

O Thi sCchapt er Dwi | | Odi scusskt helcur r ent Candf ut ur ed
trends nt heOPONOmar ket O n[t heOU. S. 0AnCover vi ewlof [0t he
PONOmar ket , 0 nt er s Cof Opr edi ct edgr owmt hCandDwhowi | | [he
usi nglt helk echnol ogy, Ow | | CbeOpr ovi ded. [00JAct ual OPONO

depl oynment sCwi | | Cbeldi scussedlasOwel | CasCt hellcur r ent OPONO
equi pnent Cpr ovi der Umar ket . [

H
B. ULUGENERALLU. S. IPONCIVARKETU

[ Accor di nglt ollalr eport Chy[l n- St at / MDR, PONCr evenueld n{d
2001was[$67. 10m | 1 i onO( www. | i ght r eadi ng. com [Jun. [12002) . 000
I n(t er nsLof Ouser [(base, [t her eCwer eCappr oxi mat el y[189, 0000
homes[i n[t helU. S. Cat [t hellendUof 2001k hat Cenj oyedPOND
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enabl edf i ber [t ot heChone( Nadr owski , Jan. (2002, Cp. [11) . OO
Thel[f ut ur e or OPONCt echnol ogyldoes[ ook[bri ght, [0t hough, CasO
PONCr evenueld spr edi ct edt o[be[$833. 500 | | i onli n[(20060

(www. | i ght readi ng. com Jun. (12002, ) CandOFTTHD sOpr edi ct edt o
reach2. 650m I i onOU. S. Chomes( Fi gur e[5. 1) by 20060

( Nadr owski , Jan. (12002, [p. (1) . OO

Projected number of U.S. homes 2,651,000
with a direct fiber connection ki
1,501,000
860,000
8000 Bamcms
89,000 .
2001 2002 2003 2004 2005 2006 -

Fi gurelb. 1000U. S. FTTHPr oj ect i ons[J
(From OOWeber, OCct . (2001, Op. (1) . O
[

Thelcur r ent OPONCbui | d- out sChavelbeenconcent r at edd nJ
greenfi el dar eas, [rur al Oar easCandlsmal | Ot owns. O0G eenfi el dOJ
ar eas, [whi chOar enewChousi nglCdevel opnent Uar eas, (ar eCwher el]
PONCdepl oynment sUcur r ent | yOhakelt hellhost Osense. O n(fact, 0 t O
i sOpr edi ct ed[ hat [0k o[I60Cper cent of [igr eenfi el dOJ
devel opment sCwi | | ChaveOFTTHO n2006( Skedd, OFeb. (12002, [p. O
1) . O0Ser vi ceUpr ovi der sCar elabl et o ayk helf i ber [cabl e, O
whi chOusual | yO sCover 075%of [t he[JPONCcost s, [at [vi rtual | yOnoU
cost, Oas[t heldt renchi nglal r eadyexi st s. ONewl nfrastruct ured
has[t ol[belldepl oyedlanyway, [(sold t OrakesOsenselt o ay[f i ber . OO
Accor di nglt o0Opt i cal [OSol ut i ons, Cal0PONCequi prent Cpr ovi der, O
fi ber beat slcoaxi al Ocabl e[byOabout (1$300CalChonelonalt ypi cal O
5000Choneldepl oynent [ Laf ferty, OVvar . (12002, Op. (03) . OOThelcost O
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f or Daldsyst enflcanCr angef r omiJ$1800 0(3$21000per Thone, Owhi ch
i slOsignificantlyd esslCthanl f Ot renchi nglwasChot (al r eady
done.

Rur al Car easOandOsnal | Ocontruni ti esChavelal solbeenOpri nmeld
PONCdepl oynent Car easOduellt o[t hei r Or educedlt r enchi nglcost s. [
Ther e(ar e(f ar f ewer (st r eet sandsi dewal ks, [ f Cany, [0t o
t rencht hr oughl nt hesellar eas, Um ni m zi ngUt he[out si delcabl e[
pl ant O abor Ocost s. Al so, OmanyUof [k hesellar easar elnot Don0J
t helr adar [scr eenlf or ORBOCs. ISmal | Ot ownsCandCr ur al Car eas([]
arelof t en ef t Uout Ui nk er ms Uof [br oadbandlaccess. Thel
peopl eld n(t hesellar easlr eal i zel[t helld nport ancellof [(br oadband
access[andar e(not Cwai ti ngf or ORBOCs [t o[Jpr ovi delJaccess. [
They[seellbr oadbandaccesslaslalkey[t ot hei r Deconom c[f ut ured
and[Chavellt hellhot i vat i on[t olJget [br oadband(l ok hei r (ar eas. [
They[bel i evelallFTTHL nfrastruct urellcanCat t ract [busi nesses[]
andOenhancelt heldqual i tyOof (i f e(f or [t hellci ti zens[t hr oughO
t el enedi ci nelJanddi st ancell ear ni ng. (Il nOgener al , [t hesel
ar easlar e(dgoi ngCar oundORBOCs CandCar eJadopt i ngOPONC
t echnol ogy [t o(Jpr ovi dell hei r [br oadbandCaccess[heeds. [

Onelof [t heOpr i mar y[r easonsFTTHCOhas[dseenlsuchd i mi t ed
depl oyrent O st hat [t heldlcost Dandr et ur nCon0i nvest nment OOf or O
bi gt i meCdepl oynment sCar elisti | | O nOquesti on. OFTTHOW | | O
pr obabl y[r emai nCallsmal | , Cbut Ogr owi ngOar ket Cunt i | O ar ged
carri erslcanlbelassur edlof [r et ur ns. (OHowever , [Onot Cever yone(
i sOwai ti nglf or ORBOCs, Haslsonmellgr oundwor k[ sCbei ngd ai d n[J
several [greenfi el dd ocati onsCandOsmal | [t ownsChysmal | O
conpani eslandlor gani zat i ons[lt ol ncl ude: Odsmal | -t ownO
i ndependent [t el ephonellconpani es, [utilityOconpani es, [ eal O
est at elldevel oper sCandll ocal Ogover nnent s. [0Thesellgr oupsCar el]
abl et oldepl oy OPONCEt echnol ogy[wi t hOruch essri skt han[d
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RBOCs Owoul d0 ncur OandOar eConl yOdepl oyi ngt het echnol ogyon[
allsmal | Oscal eCandl nd i m t edOar eas. O

Thesellsmal | Cconpani esand ocal Cgover nnent shave Orany [0
advant agesOover [IRBOCs or [ot her [ ar ge- scal e(lser vi celd
provi der st hat Ocur rent | yOmake[t henid eader s n[t he JPONO
depl oynent 0 ndust ry. OOFTTHD sCnot Cyet Ceconom cal |y
benefi ci al [f or ORBOCs [or Uot her [1 ar gelIser vi celjpr ovi der s. [
Theselconpani esof ocuslonlr egi onal , Onot 1 ocal , Cdepl oynent sU
of allt echnol ogyCandlt heyar eCluncer t ai nCabout Odepl oyi ngPONO
on(alw de-scal e. OThi sCuncertai ntydi sCpri mari | yOduelt o0t he
hi ghCupf r ont Ccost sCandt heyCar e[not Oconvi ncedt hat [0t hey[
wi | | Ohavealshort Oenoughlr et ur nConli nvest nent [t i mef rame.
The smal | Oguys”, Chowever, [onl y(f ocusCon i m t edCar easCand0
canlaccept Oall onger Or et ur nConli nvest nent [t i mef rame. O0OVany O
of [ hellcarri er sCandl ndependent [t el ephonellconpani eslli n[J
rural Car easlCar ellco- oplbusi nessesownedlby[t heljpeopl eCwho[]
usell hei r Oser vi cesJ( Weber, [ICct . (12001, [p. [(12) . OTher ef ore, O
t heyChavelt hel(Jabi | i t ydand[ ncenti velt old nvest [0 nCalhi ghO
cost, Osl owlr et ur nCaccesslCnet wor k. [0They[OdoOnot Chave
shar ehol der sOpr essur i ngt hentid nt oOmaki ngOmoney Das[Of ast Cas(
possi bl eCandcanOoper at eClonCall ong-t er nibasi s. OFi gur e[5. 20
showsOanCexanpl elof ChowmuchChor eClear ni ngsCpr essur el her e[
i sonOallt el ecomruni cati onsCconpanyt hanCalutilitiesOd
conpany. [
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Return on Equity

[
Fi gur e[ 5. 2[00Ret ur nsCOConpar i sonl Kennedy, Jan. (2002, Op. () O
L
Thell ocal Cconpani eslent er i ngdt heOPONCmar ket (al solenj oy

| ocal Cpresence, Opol i ti cal Ocl out DandCbr andlr ecogni ti onl[t hat O
| ar gellconpani eslmay[not [Cenj oy Kennedy, [(Wan. (2002, [p. [(2). 0O
Qovi ousl y, havi nglt heselnot Uonl y[hel pst hellconpani es(sel | [

FTTHOof f eri ngs[t ol ocal [Ccust oner s, Cbut Cnor el nportant | y[

t heylhel pli nOgai ni nglri ght s- of -way[access. O nCor der [t o[
depl oy[PON, O delIspr eadldconstructi onld sCrequi r edCandl hi s
requi reslgai ni ngOpubl i cCandOpri vat el i ght s- of -way. [
Conpani es[t hat Oar el ocal | yOwel | CknownChavelalChuchCeasi er O
ti melgettinglt heselr equi redlri ght s- of -way, Owhi chr educes[
depl oynent [t i meCandcost s. [

0 U
C. 0U. S. OPON FTTHUDEPLOYMENT SO

[ TheU. S. OPON FTTHOmar ket O sCcurrent | y[F cent ered” O n[d
greenfi el didevel opnent s, [smal | [t ownsCandr ur al Oar eas. [I0Thi s
sectionw || Chi ghl i ght [t wolof [t he ar ger CandUnor el
successful Odepl oynent sCandOwi | | Cal solbri ef | y[di scussO

smal | er DandChor elr ecent Odepl oynent Cef f ort s. [IUNot el hat [0t he
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PONCdepl oynent sCdi scussedl n[t hi sOchapt er Car eChot [Cbei ngd
donelby[IRBOCs[i nlret r opol i t anlar eas. I nst ead, smal |, [
i ndependent Oconpani esCar eCpri mari | yOdepl oyi ngCPONC
t echnol ogyli n(Osmal | -t ownCar eas. [

1.0 G antOCounty, (MAshi ngtond [

G ant OCount y, [(Mashi ngt onld s n[t heOm dst Oof CalFTTH PONC
bui | dCt hat Cwi | | Tt ransf or ik hi sOar eali nt oConeUof [t heOnost U
br oadband-ri chUar easl nlt helcount ry. [OThelr esi dent sUof [t hi s
count y, twhi chOhasOonl y[187, 000Cpeopl eland137, 000 esi dences]
and[busi nesses, [M | | Osoonlenj oy[hi gh- speedlvoi ce, [vi deoand[]
dat allser vi cesiwhi chOwer el(Isel dontl hought Cof [ nlk hi sCar eal]
(Keegan, Jul . (2002, Op. (50) . OOTheOGr ant OCount y[Publ i cO
UtilityOD strictJ GCPUD) haslbeenlOspear headi ngt helef fort O
si nceldlconstructi onCbeganConlCkt helnet wor k, Ccal | edZi pp, 0 nO
Mar chCof [(2001. (Zi pplbri ngst woldedi cat edf i ber st oCeach
cust oner [ ocat i on, Cwher eCall@ gabi t OEt her net Ogat eway [shoul d
provi deJenoughCbandw dt h(t oCpr ovi delJalhost Uof [hi gh- speed
servi ces. [Current !y, (0t helnet wor k’ sCbackbonell sl nCpl acel
and16000honeshavelbeenlpassed. [IJAnaddi t i onal (06000Chomes
wi | | [belpassed[t hi slyear . OOGCPUDCpl ans[t olr eachal | 187, 0000
homes, [whi chCar eOspr eadout Dover Cappr oxi mat el y[I50000squar el
m | es} Shapi r o, (Jun. (2002, Op. (1) . O
[ ThelutilityChasOspent Cappr oxi mat el y[0$350000per Ocust omer [
| ocat i onCandOexpect st hi sCcost [t ollevent ual | yOf al | [t o[0$25000
byt hellendof [t hi sCyear . (Thesell nst al | ati onllcost sCar el
qui t elhi gh, Oobut OOf or IGCPUDLt helhi ghOcost Ui sCnot Ualmaj or [
factor. OO t sCbusi nessCpl anld ncl udesCall15- year Ccapi tal O
recoverylperi odOandlexpect st heldsyst enit ol et ur n(jposi ti vel
cashlf | owld n(Isi x[t olsevenllyear s Shapi r o, (Jun. (12002, (p. [(12) . O
O Thelr api d[bui | dDout OhasbeenOmret Cby [r api dd0dermand, CasO
t he JGCPUDhas[la[134[Jper cent Oar ket Caccept ancelr at eland[
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expect st hi sr at e[t o[belover [6OOper cent Cby [t helk i nelt hel

net wor ki sCconpl et e. 0Cust oner sUof [t heOser vi celpayallone-

ti me$3000 nst al | ati on(0f eeCand$400alnhont hf or Caccesst o0

t heCnet wor k. OFor Callcost Uof $900t o$250alnont h, Ocust oner s
obt ai n[OLOOMops Ol nt er net Oser vi celf r onmdonelof [ni ne ocal O

| SPs. OThey[¥ ecei vell hei r (voi celJandlvi deolIser vi ces[f r onilonel]
of [t wol ocal [0t el ephoneliconpani esfandUonellof [0t wollvi deol
conpani esl Keegan, [(Jul . (12002, Op. [50) . O

I nCaddi ti onlt oOpr ovi di ngladdi ti onal Oservi cest ol held
count y[resi dent s, [t helZi ppChet wor kDhasUal sopr ovi dedan(]
econom clboost [If or [t helcount y. [OThr eenewbusi nesseslhavell
noved[lt o[t he[Jar ealbecauseof [t he[hi gh- speednet wor kJand[k he[J
count y[bel i eves[t hi sUnunber Ow | | Cgr owlandChavelall
signi fi cant O npact Uont hellcount y. 00Count y[ eader sCest i mat eld
t hat Cwi t h(Jever y[1300Chewllenpl oyees, [t heldcount y[w | | Cenj oyall
$720m | 1i onboost [ okt heCeconomny [ Keegan, (Jul . (2002, Op. O
50) . OO

2.0 Kut zt own, OPennsyl vani all]

Kut zt own, [PA, [ i keOany ot her Cr ur al Oconmuni ti es, [
seenmed[lt o[bell gnor edCby[Veri zon, [t helt own’ sUmaj or [ser vi celd
provi der, Dwhenl t Ocanmelt o[t hei r Cbr oadbandCneeds. [00So, [t hey[
t ookOmat t er sCi nt ot hei r DownUhandsCandObui | t Ot hei r Down[0$4. 60
m | | i on0PON- basedlsyst eni Rat ner, OVvar . (2002, Op. [4) . O0TheO
t ownlconsi st sCof Dappr oxi mat el y[12230ChonesCandl sCal soChoned
t o[Kut zt own[Uni ver si ty, Chonme[dt o[08000Cst udent s, Owhi ch
provi deJanCal | uri ngCaudi encelf or [br oadbandser vi ces. [

TheOPON- basedUsyst enipr ovi deslcust omer sOw t hOupCt o
f our Ophoned i nes, J100Mopsl nt er net accessandO
anal og/ di gi tal OTVL nterfaces. [IThellki tyli sCcurrent | yQ
negoti ati ngtwi t hCanCunnanedt el ephonelpr ovi der [f or O
t el ephonellservi cefandOwi t h[OINat i onal (OCabl eTel evi si onOCoop[O
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for[tel evisionlservi ces Stunp, OVar. (2002, Op. [(12) . OOTheOt ownd
has[not Oset Calr at el or Oser vi ces, [but [pl edgesCthat Dt Cwi | 1 O
be100t o[200per cent [t hanCpri ceslel sewhere. O

TheOconmuni t yOsol d0$20m | |1 onD nlht axabl eCbonds [t opay
fornitial OconstructionCandluti|ityOpaynment sCarelhel pi ngO
t ollcover cost s. OOncelt hellsyst entl s nOpl ace, OKut zt own
of fici al sCexpect [t ol ecouplt hel ni tial Ocost s n10t o150
years. [

O her Osmal |, Orur al Ocomuni ti esChavelt akent heOdsanme
rout ellas[IG ant OCount yJand[Kut zt ownCbyOdepl oyi nglk hei r Down[J
FTTHOsyst em OO her Osmal | Cconmuni ti esOar elbei ngliser vi cedlby
| ocal Oservi celJpr ovi der sCor [by[r eal [est at e[ldevel oper st ryi ngd
tolattract Ohomeowners. [ITabl e(5. 10pr ovi desCal i st Uof O
communi ti es, Odevel opnment sfandUser vi celJpr ovi der sCw t h(J
current Oandpendi ng3si gni fi cant OPONCdepl oynent s. [

D

OO0 o0oo0oo0oogoogoogoog O

O0OO
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Servi ceProvi der/ [J , . .

( Conmmuni ty) O Busi ness[Typel| Popul ati on[]] Bui | d(Dat e[l
G andCount y, [MAL Count y[I 87. 0000 | Marchr20010
PUDL] gover nnent [
Bor oughDof O o .
Kut zt own, CPAC] Muni ci pal ity 5000+0 Fal | (20010
Sur eWest [
Conmruni cat i onslJ | LECO 40000 Nov[1220010J
(Rosevi l |l e, OCA) O
Ger vai slTel ephonel
Co. U | ndependent [0
(WIllanmettellval | ey, O Tel coll 50000 Dec20010
OR) O
Dani el [l sl andOMvedi all
Co. ( Charl eston, O Devel oper/ CLECT] 21000 Jan[120020
SO O
Contract or OProp. U
Devel oprent OCor p. O Devel oper/ CLECO 120000 Feb[220020
(Ever noor, OOWN) O
LPGAl nt ernati onal / O
Renar (Hones [ Devel oper/ CLECO 18000 Feb[20020
(Dayt onallBeach, [OFL) [
RyelITel ephonelCo. O | ndependent [
(Col oradoC ty, [ICO O Tel coll 20000 Summer [2002H
| deaOnelTel econt] | ndependent [
( Far go, CND) O Tel col 172,0000 | Jul y[r0020
Reedsburguti lity[O
Commi ssi onl] oountyl 80000 | Summer [2002(]
(Reedsburg, W) O 9

Tabl e[5. 100SonedCur r ent 0U. S. OPONCDepl oynent s

O

D. OOVAJORLU. S. IPONCEQUI PMENT LVENDORSU

O

As[w t h(It hedaf or enent i oneddPONCst andar dsdi f f er ences, O

t he(OPONCvendor Oscenell nt heU. S. Ui sspl i t Obet weenOAPONC
equi pnment [ivendor sCandCEPONCequi prrent [ivendor s. COThe JAPONO

equi pnent [ivendor sCar e(lgener al | ylol der Oand ar ger, but [t hel
EPONClequi prent [vendor sChavelbeenlmaki nglt hellgr eat est Ogai ns[]
i n[t heEPONOmar ket . [0TheDEPONCequi pnent [Civendor sChavelbeen(
getti nglnor ellvent ur ellcapi t al i st OnoneyCandOnor e[buyer sCover [
t hell ast Oyear Cor [soas[t hi sCt echnol ogyli sOpi cki ngCupOd
nmoment um OC0Ther eCar efbot hOwel | - knownCconpani es, suchlas
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NEC, [t hat Ohaveldsubsi di ari esCandr ecent st art - ups, Osuchlas
Quant umiBri dgedandUAl | opti ¢, Osel | i ngdPONCequi prrent . 0

O Al | OPONCvendor sar ellopt i m sti cCwhen(i t Cconmes [t o[ ut ur e
PONCdepl oynent s, Cdespi t e[t helseem ngl yOsmal | Opr o] ect ed0PONC
f oot print. OVost OPONCequi prent Omaker sCar e(Jai m ngt old

penet r at e[t he[IRBOCUmar ket [ nUhopes(t hat [t he[IRBOCs[wi | | Ouse
t hei r Cequi prrent Of or Ow de- scal e[(JPONCdepl oynent . [I0Current | y[O
t helonl y[ORBOCdepl oynent Cof Cnot el sCbyOSBC. 0 t Ui sOwor ki ngd
wi t hOJAl cat el [t odepl oyBalPON- basedOFTTHOnet wor K[ nCk hel

M ssi on[Baydevel opnment Car eallof OSanFr anci sco. OPONC

equi pnent [ivendor sCar e(Jal sobwor ki ngiwi t h(Ismal | [ser vi celd

provi der sfandlcomruni ti esl n(t heChopes[t hat PONCt echnol ogy [
wi | | Cbellenj oy[W de- scal e(Jadopti onllt hr oughlUalbot t ons- upld
appr oach. 0Conpani esOwor ki ngiwi t hOcomuni ti esCandOsnal | O
servi celJprovi ders, OsuchOasOOpt i cal OSol uti ons, O nc. , Chavel
enj oyedsuccesslast hey[havelallsol i dfbusi nesspl anCandCar eld
not Cover ext endi nglt hensel ves. 0

O Dur i ngt heldcour sellof [0t he dot - cont [r i selJandsubsequent [
fall, [t hereOwer eCmanyOror e(lconpani eslconpet i ng nCt heOFTTHO
mar ket . OCVany Cconpani esCwer e(f edCby [t heCunf ounded

exuber anceOandOdr eanilof [If i ber [t oCever ywher e, [but Chany [
conpani esldi dCnhot [havellsol i d[busi nesspl an. (Those[

conpani es[t hat Osur vi ved[t hi sCper i odChadCaOsoundbusi ness

pl anCand(t ar get edsnal | - scal e[JlPONCdepl oynent s. O

O Tabl e[5. 200 sCal i st i ngUof Osomellof [t helmaj or OU. S. OPOND
equi pnent Civendor st hat Car e[d nCbusi nesslt oday. [IISoneof [

t heselconpani esDOwer eIst art edsever al Oyear sCago, [sur vi vi ngQd
t he(t unul t uousCt el econmirar ket , (whi | elot her sCar el el ati vel y[
new(t o[t he(dscenelandUhavellyet [0t o(jpr ovellt hensel ves. [

H
N
0]
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Vendor [ Headquart er s Typel URL[
NECLE! um nant [J Chantilly, 0 | APONDlwww. el um nant . cont]
Tech. O VAL
Quant umiBri dgel O APON ww. guant unbr i dge. cont]
Communi cat i onsO
Ter awavell U APON] www. t er awave. cont]
Optical O M nneapol i s, O] APONJwww. opt i cal sol uti ons. cont
Sol uti ons, Ol ncO VNI
Paceonl Dul ut h, OGAO | APONJ www. paceon. cont]
(M tsubishi)O
Pur eOpt i x[ Car | sbad, OCAO| APONC www. pur opt i X. contl
Wor | dwi dedPacket sC] [ EPONC] www. wap. cont]
OnePat h[ONet wor ks | Pri ncet on, O EPON] ww. onepat hnet . contl
NJ [
Al l opticl Li vernore, [ EPONCJww. al | opti c. cont]
CAO
Sal i raOptical O SanJose, OCAL| EPONOwww. sal i ra. cont]
Net wor ks[J
Lum nous[Net wor ks[] Cuperti no, [ EPONCI ww. | um nousnet wor ks. contl
CAO

Tabl e[5. 200Maj or U. S. PONCEqui prent [Pr ovi der s
O

E. OOOCONCLUSI ONOI

[ Thelcur r ent OPONOar ket 0 sCpri mar i | y[bei ngOpl ayedOout O
at [t hel ocal O evel . TheCadopt i onlCof OFTTHOseens [t o[bel]
startingat [t he[lbottom Owi t hOsmal | Ot ownsCandsmal | [

conpani esldepl oyi ng[PONs. [IIRBOCs andUot her [maj or [(ser vi cel
provi dersCarelunw | I i nglt ol r ont [t hellcapi t al Onecessar ylf or O
alw deliscal e[lPONCdepl oynent , Cespeci al | y[i nkt oday’ s[]

uncertai nlt el econmuni cati onsUmar ket . (Al so, [t heseldconpani es[]
ar e(lnot Oconvi nced[ hat Odemand(f or [Iser vi cespr ovi dedCby FTTHO
ar e[bei ngldemandedlbyllconsuner sand[t her ef or e[t hey[w | | Onot [
seellalqui ckOenough(r et ur nConli nvest nent . [dHowever , HasO

smal | er Oconpani eslcont i nuellt oldepl oy PONCt echnol ogy[and

nmor eldconsuner sisi gnOupf or OFTTHOser vi ces, IRBOCs[w | | [bel
forcedllt o[t akelnot eJandbegi n[t olnovell nt o[t heOrar ket . [
Oncelt hat Coccur s, OFTTHIshoul dlseelw despr eadlldepl oynent .

[ Communi ties, Outilitylconpani es, Odevel oper sCand
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i ndependent [t el ephonelconpani esChavelr eal i zed[t hat CPONC

t echnol ogyl s[best [way [t olCgof or O ocal Caccess. [ITheyhavel
someluni queladvant ages[t hat al | owt henilt oCent er [0t he OPONC
mar ket Wi t hout [0t heOsanmelconcer nsCandlr i sks[t hat Call ar geld
conpanylmay[have. [IITheyal solddolinot Chavelt heljpr essur elof O
Wal | [0St r eet CDandOcanDwor kOonOalh i met abl el hat 00 sCconsunmmat el
wi t h(PONOdepl oynent . [J

[ Whet her 0 t [ sOalsnmal | Oconpany Cor DanORBOCCt hat [depl oys[
alPON, [0t hel i r st Donelt olmar ket Cwi | | Chavelallgr eat Cadvant age. [1J
It Owi | | Cbellal nost O npossi bl et oOupr oot CanyOFTTHser vi celd
provi der, OJas[OFTTHpr ovi desalf ut ur e- pr oof Chet wor k[t hat Ccan
provi delal | Cof Caldlconsuner’ sCaccesslneeds. (It Cw | | Chel

di fficult,dfOnot O npossi bl e, If or Omar ket [l at econer st o]
unseat [f i r st Orover s nt heJPONCmar ket . 00
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VI . ODREGULATORYLIFACTORSI NFLUENCI NGOPON/ FTTHO
DEPLOYMENT[

A. 000 NTRODUCTI ONO

Thus[f ar, [t wold npor t ant [0f act or sCk hat [ nf | uencelt hel
success[of OPassi vellOpt i cal [Net wor ki ng( PON) Odepl oynent st n[J
t he[lU. S. (havelbeenldi scussed: [t echnol ogyJandCbusi ness
mar ket s. [0Bot hof [t heselar elvi t al [t o[t he[Owm delJspr eadl
depl oynent Dof (PONs. [IDepl oynent [cost sCw | | Cdecr easelland[]
net wor kOper f or mancelw | | [0 ncr easellas[OPONCt echnol ogyU
conti nueslt ol nprove. [(IdTheselcost [ldecr easesJandper f or mancel]
i ncreaseswi | | Oprovi delnor eld ncenti ves(f or [servi celd
provi der st olldepl oy OPONCt echnol ogyOandli ncent i ves[If or [
cust oner st ollusePONCt echnol ogy. [IIPON- r el at ed[busi nesses, [
whet her [t heylar e(Jser vi celpr ovi der sCldepl oyi ngt he[dt echnol ogyO
or OPONClequi pnent Opr ovi der s, Oar ellvi t al [ nCOget t i ngCPON- based
Fi ber OToOTheHone [ FTTH) Osyst ensout [t ot hellconsuner s. [
Theselbusi nesseslar e(JandOwi | | Obelt heli nt er f acelbet ween(
cust oner sCandOPONCandOpl ay Calaj or Or ol el nCconpel | i ng
cust oner st ousePONCt echnol ogy. [
O Gover nient Opol i ci esCar eJanot her Omaj or [f act or [ n
achi evi ngFTTHOW t h[OPONCt echnol ogy. [0Gover nnent Opol i cy, O
whi chlCcanbell npl erent edt hr oughCr egul at i ons, [ aws, [t ax[
i ncenti vesCandO oans, Chay[belt helpri mar yf act or [t hat [
det er m nest helOsuccess[or [Of ai | ur ellof PON- based OFTTHO
depl oynent s. [IJRegar dl essof howllgood[lt helt echnol ogyUmay[bel
or Chowlsound[busi nessnodel sChaylbe, 0 f O awsCand
regul ati onsthi nder Oor CdolUnot Csuppor t OFTTHOdepl oynent , [0t hend
PON- basedlsyst ens[Wi | | (hot [succeed. [dThelcurrent OU. S. O
adm ni st rati ondandOCongr esslhavelbeenCandar eOwor ki nglonfald
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nat i onal [Cbr oadbandst r at egy, [Whi chCcoul ddaccel er at e[t helusel
of OPONs [f or OFTTH. 0000

Thi sCOchapt er Cwi | | Odi scusssonelof [t heOnor el nf | uenti al O
regul at oryf act or st hat Owi | | Caf f ect Cwi de- scal e[0PONLI
depl oynent s. (Al so, [possi bl eClchanges(lt hat [heed(t olbehadel]
i nCor der [t oOpr onot eCandCaccel er at e(PON FTTHCadopt i onCwi | 1 O
belpresent ed. O 00
B. 0 REGULATORYLFACTORSLI NFLUENCI NGOPON FTTHODEPLOYMENT
] 1.0 Unbundl i nghand[Resal e[JRegul ati ons[]
] ThelITel econmruni cat i onsOAct Dof (11996 0mandat edunbundl i ngO
of (1 ocal O oopsandliot her Chet wor kel enent s[J( Jayant , (2002, [p. [
10), Cwhi chCwoul d[t henl[belsol dt o[jpot ent i al Oconpet it or sCat O
whol esal elpri ces. 0TheOgoal Cof [t hi sOr equi r ement Cwas [t ol
stimul at eClconpeti ti onlf or [k hedl ncunbent [Local OExchangel
CarriersJ I LECs) O e. g. OSBC, [(Meri zon, OQwest ) Cbyperm tti ngd
newllconpetitors, OsuchCasOConpeti ti vellLocal OExchangel
CarriersJ CLECs) ((e. g. OMcLeodUSA nc. , [CovadU
Communi cat i ons), Oalway [t olpr ovi delt el ephonelservi ce[w t hout [
havi nglt o ncur [t heldcost sCandlr i sksUof Chui | di ngk hei r Down[d
facilities. OThelal ternativelt ollunbundl i nghwoul dbeld
facilities-basedlconpetition, Owhi chOwoul dOpr obabl yOpr ovi deld
t he[best Oconpetiti vel andscape. [lHowever, [(faciliti es-basedl
conpetitionOwasCandlhas[beenlsti f | edCby[t heOunbundl i ngd
requi rement stof [t heTel ecomruni cat i onsAct Uof [11996andt hel
| ar geCanount Cof [ ni ti al Ccapi tal Orequi red. OO O

Theselunbundl i nglandr esal el egul ati onsCappl y[t oCbot h{I
t el ephonelservi ceandOdat allser vi ces. [IJACbr oadband
conpetitor, OsuchOasCalDSLOpr ovi der, Cpr ovi dest heCend
facilitiesOandCequi prent [ e. g. ODSLOmbdeniand[DSLOAccess[
Mul ti pl exer), Owhi | e(t hel LECCpr ovi desCt hellcopper Cwi resi nd
t hell ocal O oop. (0TheOCLECChaslconpl et e(f r eedonit olsel ect all
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parti cul ar ODSLt echnol ogy, Cal | owi ngCt heOCLECC oCpr ovi deld
servi ces[t hat Chay[not [bellof f er edCby [t he LEC. OBy Oal | owi ngd
di fferentiati onlCof Oservi ceslconpetiti onflcanlobeld ncreasedd
andd LECsOmay[belnot i vat edt olpr ovi deClenhancedIser vi ces[]

t hensel ves.

Si ncelt heTel econmuni cat i onsUAct Dof 11996 hasbeen
enact ed, [ her eChavelbeenChundr edsof OCLECs [t hat Chavelcone
andgone. 0Thelgoal [of [ ncr easedlconpeti ti onOdoesnot Oseent]
t olhavelbeenlnet . O nlf act, Usever al O LECsUconsol i dat edCand
t her ellar e[f ewer O LECs [t oday [t hanOwhen[t heJAct (becanel aw. [
However , [t heCunbundl i nglr equi r enent sCr emai nCandOseenit olJ
pl ayalimaj or [r ol eld nOPON FTTHOdepl oynent s. O0Vany Cof [t hed
| LECs[ar guell hat [ heylhavell i ttl el ncenti velt olupgr adel]
theiri nfrastructurelw t hOPONOduelk o[t heCunbundl i ngCand
resal elrul es. OTheyCar ellunwi | | i nglkt oluselt hei r Downlcapi t al [
andt akeon(t hel r emendous(¥ i sks[f or Dalnewl nfrastruct urell
i f [t hei r Oconpeti t or star ellabl et olhavellaccesst ol hi sChew(]

i nfrastructurelat [(whol esal elTates. [

W Judgi nglby [t hellcur rent [t el ecommuni cat i ons andscape, O

i t Oseens[t hat [t heCunbundl i ngCr ul esCOdolCnot Cpr ovi defalmor e
conpetitivel andscapelandli nst eadlar eChi nderi ngt held

depl oyrent Dof Cadvancedbr oadbandnet wor ks. C0Thel LECs, [ n[
addi ti ont olalf ewnhat i onal Ccabl eCpr ovi der s, [Car edsomeof [t hel
onl y[conpani eslt hat Chavelt helcapi t al JandCnat i onal [Or each
neededlf or W de- scal e[IPONCdepl oynent . (lHowever , [0t helcur r ent [
unbundl i nglr ul esOseentdt ollunder m neCanyli ncenti velt hell LECs[
may [havelt olr epl acelk helJexi st i nglcopper U ocal -1 oop
infrastructurebOw t h(fiber. ]

[ Ther eld sOanlef f ort 0 nOCongr ess[t ollchangelt hi sUr ul elof [
t heldTel econmuni cat i onsAct Dof [11996. [IThe[THouse[of [

Represent ati veslpassed[lt hell nt er net OFr eedoniand[Br oadband
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Depl oyrent DAct Oof (20010 seeTabl e[6. 1) DonCt he®27!"0of O
Febr uar yCof [0t hi sCyear [ Shi ver, (Jul . (12002, Op. (01) . O0Thelbi I'1 O
i sCcurrent ! yfighti ngCanCuphi || Obatt | el n(t hedSenat e. 0One
of [t heOpr ovi si onsof [t helbi | | Cwoul dCel i m nat et he
unbundl i nglandOr esal elr ul esCof [0t he[dTel ecomuni cat i onsOAct [
of 11996 by [pr ohi bi ti nglt he[lFCClandeachUst at e[ r ont]
regul ati nglanyUhi gh- speeddat alJser vi ces. 0Thelr ul esDwoul dJ
stil | Cappl y[t ot el ephonelservi ce, [t huskeepi nglk helddoor O
openlf or [ ncreasedlconpeti ti onl n(kt helt el ephonelservi cell
mar ket . OO0

Many[ar guelt hat [t hi sCchangeOwoul dr educellconpeti ti onld
i n[t helldat allser vi ceslar ena, [put ti nglk hesellser vi cesli nlt held
handsUof Calf ew] ar geldconpani es. O However , [t he[hew(lact (Jal so[]
requi reslCeachll LECOt oCupgr adeldt hei r [ nfrast ruct ur et oJ
provi deldbr oadband(Iser vi cesw t hi n(fi vellyears. [ITJAs [t hell LECs[
provi deor e[br oadbandser vi ces, [Icabl edconpani eslandlot her [
servi celjprovi dersiw | | Cbelf or cedt o[lupgr adeandlext end
t hei r Cbr oadbandser vi ces[t ollconpet e. OThi sCshoul d ncr easel
conpetition, O nprovelqual i t yCandr educelcost sf or O
consuner s. OAl so, Ohany Cof [t hel LECsCwoul dCpr obabl yCupgr aded
nmuchCof [0t hei r 0 nf rast ruct ur et oOPONCk echnol ogy. (0The[
over al | Odepl oynent Ocost sCwoul dCnot [Cbellsi gni fi cant | y(gr eat er [
t hanODSLOdepl oynment Ocost sCandt he LECSOwoul dbeCabl et o
reducelmai nt enancellcost sCwhi | eddepl oyi nglalk ut ur e- proof [
net wor k. [J

2.0 R ghts-of-wayUAccessl
[] St at elland ocal Opol i cylmaker sCal solhavealsi gni fi cant [
i npact Conlt heldepl oynent Cof OPON FTTHCOnet wor ks. 0 t O sCat [
t hesell evel s hat [Ori ght s- of - way[jpol i ci eslicanlhavelt heldost [
i mpact . OJAs[busi nesseslbeconelnor el el i ant Don[t hell nt er net [

andOot her [t el econmruni cati onsOservi ces, Oan[up-t o- dat e[
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comuni cat i onsi nfrastructureld sCbecom ngOnror eCandCnor elof O
aldf act or 0 n(t heCCeconom cldevel opnent [at [t heOst at e(Jand[ ocal O
| evel . OOComuni ti esCandst at es, Oespeci al | yOr ur al Cones, Cheed[
advancedser vi ces[ nlor der [t ollconpet e[ t hCnet r opol i t an[]
ar eas[f or [busi nessesandpeopl e. OO
[ As[di scussedlear |l i er, [broadlri ght s- of -waylaccessli s
requi redf or O de- scal e[IPONCdepl oynent . [0Ser vi celJpr ovi der s
cannot [(depl oyt hei r OPONs LI f [t heyOcannot [access[t helpol esU
andcondui t sCineeded(f or [k helf i ber CandUequi prent . O0TheOnewdd
fi ber Orequi redf or [k heOnet wor k[needs [t olgolsonmewher eJand[]
of t enllt hellst at e[Jor [l ocal [lgover nnent Ccont r ol st hi sO
“somewher e” . [0

Currently, 0 ocal Ogover nnent sChavelalrel ativel y(ti ght O
cont rol Don[t hesellri ght s- of - wayCandOcanUmakeli t Cdi fficul t O
f or Opr ovi der s[t ollent er [t heOPONOmar ket . O0TheOpr ocess[f or [
gai ni nglri ght s- of - wayJaccess[canbellcunber sone, sl owJand
costly, Ocausi nglt helpot ent i al User vi celJpr ovi der [t o ook[
el sewher e. Thelst at e(Jand ocal Ogover nnent sOwoul dOpr obabl yO
belbet t er Oof f (1 ooseni nglt hei r r i ght s- of - way[Caccess[]
requi renments. [0Ser vi celpr ovi der s ooki ngt o[depl oy [IPONC]
t echnol ogyOwoul dChavelonell esslhur dl et olover conelandlCt he
| ocal Oar easCwoul dlenj oyt heCenhancedser vi cespr ovi dedby[
PONCt echnol ogy. O

Thellst at eCand ocal Ogover nent sCcanCal soll nfl uencel
privatelrights-of -wayli ssues. Ut i |itylconpani esCandl
rai |l roadlCconpani eslal sollcontr ol Ori ght s- of - wayCandOsonet i nes[]
havellseem ngl y[unnecessarylrestrictivelaccess[t olt hem [
St at elland ocal [gover nrent sCcanCuselt hei r Opower [t ofopenlupd
t hi sCaccess, Oprovi di nglservi celprovi der sCwi t h(or e
al ternati vesand[f ewer Chur dl esf or Odepl oyi nglPONs. [

0
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3.0 Financial O ncentivesl
[ Fronil ar gellconpani es’ [per specti ves, [0f i nanci al 0
i ncentives, OsuchOast axOcr edi t sCandd ow i nt er est 1 oans, Car eld
pr obabl y[t helOrost [leye- cat chi nglr egul at or y[(f act or [ n{J
br oadbandOdepl oynent . (JAny[f i nanci al [ ncenti vespr ovi dedby[
t helOgover nnent Dwoul dChel pUof f set [0t hellcapi t al CandOsonmelr i sk
i nvol vedwi t h{t helOdepl oynent Uof HJalPONCD nf rast ruct ur e. 00
[ Fi nanci al 0 ncent i vesar elnot Ualhur dl et o[JPONO
depl oynent s, Cast helpr evi ousl yhent i oned(If act or sChay [be. [
Theylar eJalway [t oot i vat eldconpani est olldepl oy[IPONIsyst ens. [
Conpani es[woul dbellabl e[ o[luselt hellt ax[br eaksor [1 ow
i nt erest [ oans[t ollof f set [lcost sl nvol vedwi t h(k helldepl oynent [
of Calnewd nfrastructure. O0Current| y[t herelCarelseveral [bil |l sO
i n[Congr ess [l hat Cai midt oCpr ovi delf i nanci al [0 ncenti ves[t od
conpani esldepl oyi ngladvancedlbr oadbandser vi ces( Tabl e[

6.1).0
4.0 Consuner ODemandl
O Thelgover nnment ' sCr ol eld nOconsuner Odemandf or [br oadband

servi cesUmay[hot [belr eadi | yTappar ent . (0Var ket [of or ces
general | y[i nf | uenceldenmand(f or CalJpr oduct Uor Oser vi ce, [not [

t heCgover nnent . (I n(k helcasellof [br oadbandser vi ces, [
however, [t hellgover nnent Ccanli nf | uencelconsuner Odemand(f or O
br oadbandser vi cesl n(t wolways: O put ti nglnor ellgover nnent [
servi ceslonllt hell nt er net CandCaki nglchangest ot hell
copyright O aws. [

[ Thelgover nnent Ocanlpr ovi delI conpel I i nglcont ent ” [0t oJ

U. S. Oconsuner sCbyChavi ngOnmor e[lgover nient - r el at edd

i nformati onUon(t hell nt er net CandCbyCal | ow nglici ti zens(kt old

per f or mir equi r edd0gover nent - r el at edt asks, OsuchOasr enewi ngll
driver’ s icenseslor doi nglt axes, Cover [t hell nt er net . (0The
gover nirent Ocoul dOal sol ncr easeldemandf or [ t sCownCenpl oyees[
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byt aki ngt held eadli n(t el ecommut i ng. Local CandOnat i onal O
agenci escoul dpr ovi deldgover nnent Cenpl oyees[hor e[l
opportunitieslt oddoOsonelor Cal | Cof [0t hei r Dwor kDover [t he

I nt ernet. OOThi st el ecomrut i nglpushlont heOpar t Dof [t he

gover nment Ccoul dOspi | | Cover U nt o0t helpri vat elsect or, Caddi ngd
t ot hedemand[f or Chi gh- speedser vi ces. 0

O Accor di nglt oM chael OPowel | , Ochai r manCof [t he[OFeder al O
Communi cat i onsOCommi ssi ond( FCC) , [br oadbandli nt ensi vel

cont ent [0 s nt heChands Uof Cimaj or Ocopyr i ght Chol ders, O

especi al | yOrusi candOnovi ellconpani es Powel |, OCct . (2001, Op. O
2) . OThesellconpani esunder st andabl y[If ear O nt er net Opi racy
andOar e[wi t hhol di nglconpel | i nglcont ent [t hat Ccoul dOJ

substanti al | y[boost [0t hedermandf or OFTTH. [OTheOgover nnent * s
rol el nt hi sCar eald st wof ol d. 00 t Ocoul dlassi st [ nr esear chd
ef fort st hat Cwoul d ead[t oJant i - pi racy[t echnol ogi es, O

al | evi ati nglt helf ear sOof [t he[dconpani es. [IThellgover nnent [J
coul dal solr evi ewit helcur rent Ocopyri ght 0 awsCandseewhat [
canlbeldonelt oal i gnt hemiwi t h[(t oday’ sdi gi t al Cwor | d. 0O

U tinmately, Ot hellconpani esCheedt o[belCassur edldconpensat i on]

f or [t hei r Cwor ks, [but [shoul dCnot Chavelt oCpower [t olcont r ol O

t heldepl oynent Cof OPONCt echnol ogy. [

C. 0 CONCLUSI ONO

O TheOgover nnment Cpl aysUalmaj or [r ol el n(t heOw de- scal eld
depl oynent Dof (PONCt echnol ogy. O0They[havellt helneans[t ollenact [
andCenf or celr egul ati onslt hat OcanOpr ovi deld ncenti vesUf or O
servi celJprovi der st olldepl oy[hi gh- speedlidat alJser vi ces. [They[
al solhavellt heOreans[t ol ncr easellconsuner CdemandCandr educel
frictionlforOserviceljproviders. OHowever, Ooncelt helr ol | - out [
of OFTTHOhas[begunCandalf ai r, Cconpeti ti velrar ket Cexits, (al | [

| evel sCof Ogover nnment Oshoul d0Om ni mi ze(t hei r O nf | uenceCandO
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| et OconpetitionCandt heOrar ket sOshapelt hebr oadband

| andscape. [

Nane[of 0Bi | | O

Maj or [Pr ovi si ons[]

Dat e
| nt r oduced[

Consuner (Br oadbandO

- Reducellr egul ati ons[
restrictinglthelabilityDof [
est abl i shedl ocal Cphonel

I

: conpani esllt ollof f er O ong- 010Aug020
Deregul ati onCAct T di st ancellbr oadbandl
servi cesl[tolresidential O
consuner s
- Requi rest heOPr esi dent [
t osubm t [t o[dCongr ess[all
strat egylf or [t held
Nat i onal [Br oadband[ nat i onw deldepl oynent [Cof 0 050Jun020]
St rat egyOAct Oof (20020 hi ghlspeedlbr oadbandl
| nternet U
t el econmuni cati ons]
servi cesl
- OProvi depari tyl nJ
Br oadband[ORegul at or y[| r egul at or y[t r eat nent Cof [
Par it yOAct Cof (1200200 | br oadbandlIser vi cell 300Apr L0201
provi der s
- OFocuseslonCrural O
conmuni ti est]
Br oadband[ - OLowtd nt er est [ oansand[]
Tel ecommuni cationsl] |grants[] 20vay 10201
Act [of (120020 - [Aut hori zeUOst udi esCandl]
proj ect st ollexpl oreld
br oadbandlClt echnol ogi esO
Br oadbandDepl oynent 0| - OPr ovi deld ncenti ves[f or [
and[Tel ewor k[ t el ecommut i nglar r angenent sl
I ncenti velAct [of O 23Mul Lo10
20010
Br oadbandDepl oynent [| - OFaci | i t at e[t hel
and[Conpetitionl depl oynent Cof (or oadbandl]
Enhancgﬁent[mCtEbe sefviZesD 28MJuntolb]
20010
I nt er net [Fr eedoniand| - [Der equl at eChi gh- speedl
Br oadbandDepl oynent [ dat allser vi cesl] 240Apr 010

Act O

Tabl e[6. 1[Key[Br oadband[Rel at ed[0Congr essi onal [Bi | | s
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VI | . OOSUMVARY/ CONCLUSI ONOJ

O Thell ocal Caccess oopli st heOpri marylbott | enecki n
achi evi nglhi gh- speedlCnet wor ki nglaccess[If or [t hellconsuner . [
Thel ast - m | e[lof [t odayCpri mari |l y(rel i esfonlsyst ensJand

i nfrastructureslt hat Ower e(not Odesi gnedf or [t helt r ansport Cof O
di gi tal Odat a. O0AsCalr esul t, Oconsumer sCar e[lunabl et olenj oy

t hef ul | Opot ent i al Cof [t hel nt er net Dandlgener al | yOdo[hot [
havelaccess[t olenhancedser vi cesUsuchOaslCenri chedOd

mul ti medi aldservi ces, conver gedlvoi ce, [vi deo, Tanddat all

servi cesJandlhi gh- speedVeéblbr owsi ng. [

(00  Thi st hesi sChasOshown[t hat [Passi veOpt i cal [Net wor ki ng[d
(PON) O sCanlef fecti velheans[t oljpr ovi deU. S. [consuner sCw t h(J
t ruelbr oadbandl ast - m | e[access. OThelk echnol ogi esO

current | y[Cbei nglusedlOmay[belsuf fi ci ent [If or [t oday’ sCheeds, [
but [t heyOdo[hot Cpr ovi de(t hellr equi si tel ast-m | elJendst at el]

f or Oconsuner s, twhi chldshoul dlconsi st Cof Conelhi gh- speed
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