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physically plugged into vach othor fo create Jargp, distrib-
uled muisdrame computers such s the CENTRAL, OFVICE
SWITCH, The mose horizooialy inlegeated NGN is based
okt asofiwars sualing model thal for a) intents snd purposes
romsins s opersticanlly cooicalized as the PITN, if oot
o 80 it some instances wher control over a vory lage
muvber of swbacribens (potontially milliceis) may be aggre-
gried into w regions) offive, Adkeronts of the NON archi-
icotirs maintsin that such s high dogres of contralization
offoss cons bonclite; howevey ths cost beoefits of contraliza-
liow a¥o (0 ¥ largs monsurs offsot by Dealt velersabilily acd
lhe muwdmdmtbcwuhasmm reduedancy, Gons
orsily spexk g it s k does anythiog for
mulunﬁso{mhwﬂmnnhamﬁm not ouly doss the
cargior peud two of Shom, but also the sbility to sutvmsliclly
fall ovor fom one o We viber witkout drarmatically intor-
rapting service delivery. losplsmenitag Ihis kvel of func-
liapality for comtralized componants is shalienglog and ofen
probibitively cxpenaiva,

{0044] As dopmtcd u: F{G. 2, the physically fistribited,
highiy-ds voticn upon » an
Horchemis™d of Iniudopoxﬂunl suftwire services raalag o
distfbuted metwork olements; these saftwire services, cack
scrording o its vaigue roly, communicals fu onso-ow,
Tmany-io-ony, or mie-to-masy rolationzhips with oiber inter
dopendont software sarvices tuough the PACKET TRANS-
PORT NETWORK, aach using specializod protacols.

[0047] Dua to phycies) limitstdone co bow masy MEDIA
GATEWAYS ran be controlled by » slogle MBDIA GAYE-
WAY CONTROLLER, \ho NON musi bo puriitioned imo
control zones. Local device-leve] signsling performod by the
MEDIA GATEWAY CONTROLLER within its coairol 2oue
raust be somebow syncluonized with sod-to-end petwovk
sigmling thal would b ncesssary for s cull o spas mors
;hn a mgb wnc. The result s » two-ticred sigoaling

jon to ihs jmologant NGN soating
modo! sod il mhnmnt reghitsment for network partitioniog,
Notwork signaling protocols such s Seswion fuilistion Pro-
tocol (BIP) se uscd betwesn control xones for snd-In-end
astwork sigoaling, wherors MEGACO is wsod clossr 10 the
cadpoist for Joca) MEDIA GATEWAY coniml,

[0ME] Amang oibes things, the two-tiored sigoaling
muodel conphicates the integration of APPLICATION SERV:
ERS (aod potetislly PBXs) that 1ypically require more
siguaking infarmadion thas can bs conveyed by MBGACO
(0.g calliug and callod pasty dialing umbers). As & roslt,
oetwodk sigeading using SIP must be extendsd directly to the
APFLICATION SERVER w if it wera anothey MEDIA
GATEWAY CONTROLLER Le. sociber "ocomirol 2ove.™
Thus, for the NON o cosble neiwodc-bused entisnced
services such ax voice meil or growp conferonuing, il wust
interface APPLICATION SERVERS using » differem
method thn the way # inlofacos lelophanes, From sa
operntionnl porspective, the two-lisred signaling modsl
means that lbe MEDIA GATEWAY CONTROLLER
becomes & tynch pi, aod must cow actively mediske sl
telephone sccess i the APPLICATION SERVERS,

{00497 1In Lhe NON, subscrber telopbones sre consscted
thuough RESIDENTIAL GATEWAYS sud controtled by the
MEDIA GATEWAY CONTROLLER using MEGACO,
This comploxity hus fnher implcatioss {p orms of cora-
plicating overall network design, particularly with respect 1o

Page 19 of 27

Nov, 28, 2002

tho sualing of paniolpailng setwork stemecis. Thus, as a
conssquance of Ha inordicate complexity, the NON amcli-
touture brings with it » wuwber of very signifioant impla~
wentstion considecations thel way be summarized as fol.
lowsi

[0999& Potential poos parformence resulling ko the

bigh processiag cva&ud: network functlooatity is
bighty decomposed Into distrbuted octwork ele-
tnonis thi must communicato through the suiwork
{tsnlf using various protocols;

[6081] Numerous indetorminats scaling relationships
st introduce » proportiousily Incger paber of
poisalia] bottlenecis;

{0052] Troubleabooking procedures that st isolnie
sud vesolve problows (st sppear to reside ig more
thaw ene place do fo protocol ncompatibiltiics

[0053] Software integrstion requiremsats that ane dif-
Goult for moet carviers (e support.

{0954] 1t s the conclusion of this anelysis that tbe NON
arghilecturs s ropreseated in FIG. 2 has loo maoy moving
paris o opeyuts effioisotly, Atlempis to dy those Hmd-
lations uhtimalaly raselals into implemestation cot for the
cusedor sitempting to doploy an NGN.

losufffolens Suppont For New Servioes Conlfounds
NON Deploympat

[Iﬂ!!] The NGN wrchitectwre suffers from josufficioot

Joc naw ssrvicas. It Ingely roplicates the reiephone.
ombd feature set of fodey’s PETN, Due & the centralized
conirol mode] of the MGN, inppert {br now vetwork services
in depsadunt upop the abilily of the: MEDIA QATEWAY
CONTROLLER rod APPLICATION 3ERVERS hu provida
the fontures thal compries & notwork sorvice. Much like with
the FSTN, leature mﬁvnry by a ceairslized controlling
watity j¢ limited by the oxrries’s abiliy (and willingnoss) 1o
wodify the cootrolling ntity 0 provide pew services, Not-
withstanding tha NGN vision of third-party spplications xad
nsw servicns supposied eough MEDIA GATEWAY CON-
TROLLER APy, a3 w peactical maller i is » tomuous
propusitive to modify access to i, or sdd 1o fis sacvive Josd
oes it bas been optimized to deliver a pacticulsr portiolio of
sarvices,

[0858] Beyond riaks refated to destabilizing ihe core of 1he
oalwork by providing APT secaxs 16 the MEDIA CATEWAY
CONTRO! e geoeric concopl of asing APl o
Infeigeeto application services came into gueation some lime
afior the incaption of tbe NGN st k:APl-bmd :lme;y.
actual practice—* actuel practice” boing a fonction of indus-
try conssasns depived from yeam of mtcmnl expegiency-—
third-pasty spplications offered through the NON are prob-
ably better Msmwd ustog stendard 1P-hosed JETE
protovols such a5 SIP sad Hyperlext Traosfer Protosol,
APPLICATION SERVER integrativn into Ihs PACKET
TRANSPORT NETWORK wsing internel-slyle proluculs
{husad on messige passing) hes proves far more flexibike sod
vost-cffective than integrations based on APls, APEs 1¢nd o
be highly vendor-specific, proyramming language-specific,
aod, gluce they are besed fondsmeotally on furction calls
rather than message seis, {end to be less inleraat uf pantial
implemenation,
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[0057] Notwitmiacdiog the forogaing, it should b kept bn
miod that sskwork sigaaling protocols like SIP are pol
compatible wilh the device-orenlos MBOACO protonol
used 10 control telsphnnes compeclod (o RESIDENTIAL
(ATEWAYS. Thus, as poinied ast enclior o the disoussion,
the two-tiered sigaaling model of te NG pols the MEDIA
GATEWAY CONTROLLER into x medistion role, performe
{ng 0 imperfoct iransistion t its use of MEQACO 10
coptrol service dedivery % {vlopbones and i use of SIP ay
Ibe mesus to accoss spplioution servives.

[00SB] Tnleractive calling servioes were originally envie
siontd that would provide ths NON wbmibcr with th
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logic that luvoives nofwork sigoaling uporalions (5.8
call codirection, multipolat vl copleol, call supor
vinfom, mwiliple Yow appravsnces, elo.) withow ceg-
Iraixest by the MEDIA GATEWAY
CUNTROLLER. Tixse fuctors imposs sobstential
comsitaiols on the variety of network sarvices thy
NON esa doliver beesuss esvl mow service must be
ghtly iosegvuied with the MEDIA GATEWAY
CONTROLLER in ovder to perform oall control
operstinas,

[0862} To work around Iheso comstemints, rocent

upprmcbe! to affecng paw servicos in the NGN lave pul s

sbility o saleot or tomize nad P g Jugle, p

even 1% oushle Fveroperability butvmn vetwork fertures
and application programs nuing ba the subsoriber's pere
sonsl compoine (o8 active browsor scasioos, fstent mes-
sagting clunts) or {0 access subscribor-spocific dain objects
{e.g, costact lists, call logs, content subscriptions). Imples
weointon of thess types of intersctive calling sorvices usiog
oaly AlN-style AFls was oventnally poscoved as Jasgely
imprsotical in tha NON becawse the MEDIA GATEWAY
CONTROLLER (supparting the APIA) would be mqtdmi [
accoss, masage, and axvcuin unigue, complex servicy
mrvnqhmmbuofmbmibmummﬂm 'Ib
{oilpwing points ilistrate afor significant limistions of the
NGN with rerpoct S0 supposting new sesvinos:

[0059] In the NON, lbe MEDIA OﬁU'RWAY CDN-
TROLLER dolivers toepk by
roriroliing the RESIDENTIAL GATEWAY, it o
only deliver featwres lbrough 3 RESIDENTIAL
GATEWAY whoae featnm aet it fully snderstands
acooding (o e MEGAGO staodugd, Thin factor
foposes subainadial covatriints on the varkely of
nelkaummu tho NGN un dnlivn bcmm k v

practical or unlsusib [
fontare net that cxicrds br-yvnd that lndcipnlod by
MEGACO

CaBling services that perform call contml
operations requirs & Ml knawladge of subscriber
Claay of Service paramsters s seavics deljvery
preferencen. This information goveros not only the
snbacriber’s shility to involce the calling survicn o
1be first place, but 1bs unique bubavior of the service
when favoked by that particular swhscriber. Moxi of
the informuting that joteractive calling ssvices (2.4,

call log Fanctions, programomable eall-blocking aod -

call-forwardiog) require is buided somuwhery doop
jnside the NGN infvsatraciure fo muoh the samge way
that it way buried iosids the CENTRAL OFFICE
SWITCH In the PETN, This facior imposes substan-
1ial coustraints oo thie varjety of petwork sorvices the
NGN cag dolivar boceuso call log cotrios and relaizd
subscriber-spocific oetwork usage dala aro lurgely
wovailable for real-lime poocss by third-party apphi-
callons.

[#061] RESIDENTIAL GATEWAYS are wnintelli-
genl in the seose thal ey require the MEDIA

GATEWAY CONTROLLER to mediste all ustwork
mgmlm; functions on their behlli. They cennol

{he tyondes natwork signiling couloxt of
the c-uingopcumns in which diey p-mcipuxc They
pehle of indep y g Seryice

g betwoon he RESIDENTIAL GATEWAY and
tbo MEDIA GATEWAY CONTROLLER. The application is
responsible for controlliog the subseriver's tekephones, giv-
ing them acceas i varions aow fanturen, These spproaches
support: () » variely of 4 typos oot suppored by
standard MEGACT, &) Sreiter botess to enl] Jog records and
relaked & cific: metworle uaags daw; and (o) the
ability © exacule uses-configursble service Jogic ool sup-

.puthdbyhllﬂDlAGATKWAYCOmw

{9063) As ls of this ap companiss such 1
Ciscu, Broadsoft, LongBoud, and Sylunirn Ieve buill appli-
cnlian that provids oplimized cornbinations of busi-

sorvices \bal nclwde PEX and Cestrex
kmmmul (e sclutions are decigued for
ertorprive deployment, thoue istended for carrier deploy-
went kee often welared 10 using (he montker “1F Cestrex.”
P Centrex sohutioes provide cailing services and tolepboas
fuaturos wiing various brands of officn 1elsphosos xad web
browser-based grapbloal waor intarfaces, Genodcally, [P
Centrex solutions cquate to 1 network-besed softwmes PEX
npplication that repleces nch of the funclionality of the
MEDIATE GATEWAY CONTROLLER.

[0964) 1P Coatrex solutions mo often roforred o in the
indairy as “point soluions” Poipt sohtions enable the
carrier 1o provide » very particular sel of sew suvices for
isolsted populations of subscribors. They are 8 work-around
bourne et of neoossify and introduos sdditional “nou-
standard” fricrmodiary network ol inka the MNGN.
Adding sew meiwork clemonts of Iis typs brings with it
vignificenl scuting {mplications associaied wilh varrier
depleymeul of & sorvicos lbat cannol scals ss the network
jtself seales, Foiot sofuntions are operatioonlly unfessible for
coartiors seving Isas of millions of subacribers bunnuu lhc
feature sot of tw poind sohwtive canant be
staudard nstwodk fenrare sot that may be - enabled ue d(snblnd
for wry subseriber x will. Iff such » servico borame popuhr,
the camrler would bave o replicale many lostacces of the
systcar—ypotentisBy thowsands of themt—cach o sorve
cortain eritfcal maus of subscribers, and Ibou lo manegn these
sysicoss &s indepoodvat istads of wrvics delivery capabil-
ity.
[6065] As sumunasized below, pouiml solutions bring, with
thom their own woique sel of camier deployment challeoges
and st the sews times do rot resolve the gepers] Kmitstions
of the NON with respect 1o supporting mew services:
[0066] Point solutions db not in a geoeral sansy
skl ke NON o conteol 8 telophons festure sed {or
olber endpoint dovics fsature set) that extends
boyand that sotcipated by MBGACE, bul ipswead
supports selected vendor telophopes in 1 wey that
suits their own specific purposcs,

CI8C0.000190



Case 5:07-cv-00156-DF-CMC  Document 1-2  Filed 10/15/2007

US 2002/0176404 A1

[OOW] Point solutiona do 0ot in & generud sexse muke

al Jog wootds and rolsted svbaceiber-specifio nat-

work wsage dma availebln fior roal-fimo acoosa by a

third-party spplicetions, bt fnstead slmply siore it
funrmally for thaic owe use,

[80s8] Polnt salvtions do cotin s 1 sonse make
B yossibh for Mﬂlvplﬂy ns to perform eall
rol operstions, but lnstesd imploment call con-

Iml opsmationd for thoir owe spocific pucposes,

NGN Swpport For Multi-Service Delivery

{0069] The NGN aschitecture Joaves to futtre consider-
ution features sots thet extead beyond tradltfonal PSTN
voisd sorvices, Nt assumes coniel office {or equiveloat)
deployment for most network clements and that the RESI-
DHNTIAL GATEWAY i# providing teicphone servics aver
1 gouenal-purpose PACKET TRANSPORT NEYWORK thut
supports QoS, Video and data services are ool addrossod
direcly by the NGN, aod i is smrumod thal otber wetwork
clemenis nnd relaiod infraslyuchire componsats will provide
thoss nervices indspeadently.

[0070] The abuvs asaumplions do oot anticipase that the
mbsoriber puschasing volae sarvices s alsa likely 1o
chase datk and video servicas from ibe seme currisr,

the cusvicr’s primay coancction to the mbscdber premive is
throughs & brosdiand socess sotwork, it quiddy beoome
fspraciieal to lostell & lo physical tion ur
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[0073] Some LADs support voics.over-® apd QoS arbi-
Ualion fewtnmes whorens others altempl © shyiste lotsl
rofiance on remoie LAD control by 2 MEDIA OAYEWAY
CONTROLLER (nsing MBOAGO) by implomeuting
selecied POTS talephous fontires aud SIP network signuing
withén ths 1AD, Some JADs used by the cable industry do
a0t suppest Volftin the NON aenso of #, but lnstesd provide
for "voice-aver-broatband® The lexa vaico-ovor-trond.
band rofers 10 & family of propriciery socoms notwork
designs, the moeat common of which s sl wasd by cable
companies tiat iraasport voice, as well as data and video, oo
distinct broadband channels crented throvgh Fo vl
sion multiplexing (FDM). In this Iypo of voice-over-broad-
baod network, voice and dsin fows am aplit » the ceulul
offics (or centrsl offica equivalont), with the vyolca path
vongsctisg & 1 CENTRAL OFFICE SWITCH (usually
thnmgh & G 303 pwkei interface), IADs of (ki typs nu
plod from this o f thny do not
lba coaverged “ond-to-cad [P” vision of the NON ang nm
fundswepisily incompatible with it

[8674] NGN voics sorvices offered theough ag IAD usiog
VoI exc virvatly idenfics] to voice ssrvioes alfered dire

tbrough & POTS lios connovied o & CENTRAL OFF)

SWITCH. Typtoadly, the 1AD is eed to coonsot telsphones
wid compuiers 1 & broxdband data servics provided 1o the
premise, Theough the pbwuy facilitien of the LAD, vokce
and daln am s distinet packel flows ovor &

mdeguudr.ntmmﬁn For each Iype of media servica offomd
st sobscriier. Much of the molfvetion behind lhe
{runsilion tn & coaverged spowork is based on the potiun e
walliple stavicus—virice, viden, and dets services—cag ba
offered Yo & network subscribes hrough » single TE data path
to I prexnise, The converged vision exteads o casbling
canieen (0 comabine severl media typos into s comprehon-
stve network services offoring,

[8671] This typs of mulﬁ-cbwice delivery requires Qo3

wicvisions, PCs) iustalisd thore; all of theso Icnninl] dsviall :

way be opomting of le s3mc thye sharing tbo ssae 1P data:
path, Meny potootial oow setvicos asticipste providing
vahia to subsoribors because of thoir ability o suppost
pltipls medix 1ypes at iks same time, potengislly intograte
ing bwo worvicos taal snppnrldnlfummednypuhuwny
thal ceakes sach mpse wsefnl. In addition, voice, vider apd
daly termined deviees instafled ot the subscriber premise
ofisn support different control interfxces that must by oor
malized to network signeling aod device control convenlivoy
thal would eoable them W istcrsct with notwork-besed
APFLICATION SERVERSE in » consisierd fashion.

[6672] Equipment venpdors bave wsponded to rwquire-
weuts ko enable NGN multi-servics delivory thyough &
single IP dais path to the subscrib ry ing a0
integraled access devien (IAD) Thu JAD begra tife 28
specialized vermsion of & RESIDENTIAL GATEWAY,
estgoed us 0 meuss lo corbls subsaibers to connpet voicc
and dath torminels at {he promiss lo sach fashion as they may
shsro » commou 1P date path v the carritr's PACKET
TRANSPORT NETWORK. The TAD wmarkstplace loday
offors the curhrs » bewildering assoriment of devices,

binstioas of conl efectiveurss aodhr

fearo nchwss.

P data path 1Im [s cortigiows {from s JP con-
nectivity ssndpoing) with the BACKET TRANSPORTNET-
WORK 1o the NGN, the foatwre set of the CENTRAL
OFFICH SW!TCH i cmaiated by the MEDIA CATEWAY
C!DN‘I'R fowry with o manbes of other o ck
clemonts u a “fowture sorver” Concoptusl the
NGN the 1AD fusotions cxactly as any othes RnFyﬁDEN~
TIAL GATEWAY.

[0075] Unable to deliver inditional PSTN neiwork see-
vices Indepeodbady, aod devold of the ability ® coabls
comwpelivg caw survice capebilities, iho valvs propusitioa of
fhe LAD lirs i its shility to coable the subscriber o wso ogs
physinal bice (5.5, DSL ling, cable, T1) for both voice and
data #t tho same tim, 1o sumuary, e coet of the TAD mmst

ba cogrparnd 1o the cost of simply instelling soparaie voico
wad data lincs to dw premise.

[007€] After subsiamis) feld cxporience, lechniond staff st
two major United States Locst Bxchange Curriers recemily
concluded thm the cost for them 10 dzploy serwork secvices
using an JAD is greates than or equsl (o the cost lo deploy
scparaie voics end dats tines fo the pmmw,muplmz‘m
cages where it would be exceptiopaBy axpansive o bring in
a0 widiomel Hne. Despite wide wvailability sevend for
yeats, tho limitod deployment of LADs further suggests that
the NGN hss been s victim of fadled scopomics. From e pure
technion] perspactive, an 1AD may be an xppmpnm Yedge

Osvics” Yomg-Tactor fo sddrese MEGACO requiromonts for
muli-service delivery 1o (be subseriber premise. This obaar-
vetion does om rewedy the uederlying probhm 1hat s cost
fo deplay is preceived s mipte e can be justified by the
mydest fuoctioneiity it enables,

SUMMARY

An Edge Swilcbed Nutwark Aschitecture

[0077] An Bdge Switched Network (ESN) urchitecture is
introduced a5 a ingovation whirss implomentaiion is depes-
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dent ipon the Disttibuted Edga Switch (iha “invention” tbat
is the wbjeat of this ditclosare). 'The goneral operating
piinciples of the ESN are described balow 8 & prstaxt to 2
dotailod desoriptiva of ths Distributed Edgs Switos (DES)
found i the OVERVIEW soclion, Jt will be shown that t
ESW resolves many of fimitatons {sherso to the NON,

{0078} FIG. 3 deplois so ESN srchitocture principally
comprised of “conuectivity elomeonis” A connectivily sh-
monl 19 a prricudes typo of notwodk clemoal that is capable
of parudyuing ta csl) sesaione umg SIP ueiwark sigoaling

o KT bowses \r ou of iy
ulomon‘tl commenicsin h . plal'-ln paer {ashion withowt
usceamatily requiring assiutance from the metwork beyoud 1P
cosmsolivivy. The thrae connectivily clemeat typos defived
for the ESN we 15 follows;

{0079] EDGB SWITCH
[0688) APPLICAITON SERVER,
(8081} PSTN GATEWAY

[0082) AN thico convectivity elewents chas s shnflar
network intecfuce dusign that comblees suppod for SIP
nelwosk sigaiing, RTP bearer imnspodt, modia oncoding!
decoding, and ovet-tkiven call processing ino & singls
inteltigont codpoint device. From a concoptusl standpeint,
cach comoctivity slemont collspacs functiooality from exch
roajor NON oelwork olemont ik a self-confuinsd whols
capable of “Wielligont panicipatiou” i cal) sossioo, Tuksk
ligrat participstion refors 1o 1he ability of 2 comnactivity
clemeni to apurate both ws SIP network signaliog endpoint
aud 25 3 ool contro} agens cspable complex esll controt
operstions. Complet axfl coutral opsrations might (ovolve
supervising call seasions Thst coptuin multipls ck logs
sxtendiog i olher ivity clemeonis. C ivity sle-
cois mwy jevenage uatwork-bmasd SIP proxy servers to
support thase aod other wmplo:. oporatioas.

Rols of the Bdps Switch in the BSN

[6083] The BDGR SWITCH ix an ESN commctivity elo-
ment whose prineipal funoting 5 to suppor the delivery of
voics, videa (mnitimedis) and data socvicas—oulti-sovics
detivery—-io the subscribes promise through a shaved IF duia
path, 18 aggregning several funciions logefes iolo  singls,
coel-sffactive device thut i deployed by the carer 25 »
promise-based petwork clement.

{0084} FIG. 3 shows ihat ibe EDGR SWITCH funclions
& x brondband sceass nstwork tsrmination device (8.5, DSL
modom, cable modem, T1 twuninalor, passive optical (enmi-
nator) at the subsceiber premize, providiog 4o 1P duts path
from the preenise W the PACKET TRANSFORT NET-
WORK. laiso provides s weans by which voice, vidso sud
datn inals af the sub ise may [
otber actwork endpoipts in the PACKET TRANSFORT

NETWORK, cach cremting conoections thravgh s shared,
rovted 1P dats jotesface,

(0085} Uldmately, sl sebscriber teyminala pluggad into
the EDGE SWITCH commumicate with e PACKET
TRANSPORT NETWORXK through Qo8 routing capabili-
tiex built inte the FDGE SWITCH. EDGE SWITCH routing
uspabilities enable Qo8 srbitration a1 1he exact point whete
subsoriber terminals istesface the broadband accoss net~
work. Viden siconming servives deployed withio the network
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are made soceesible to $UP wodts stwaming dovices cons
secied 10 the BDGE SWITCH (sach IlSl,P—mabhd sut-lop
heves). Cals (xansmission capecity nol usod for voic tole-
phone connunivatioog or medin streuning & meds sooes.
$ibls to Uata tarminals foc date communiostions. The EDGE
TICH operdies o8 5 MEDIA GATEWAY 1o the extepl
that it is obla to presant POTS o otber typsa of aoo-SIP
tslnphones (conuscted (hrough its LINE interface) 1o the
network as SIP asiwork signaling sndpoinis, The BDOE
SWITCH provides necesssry tarminal ndeplation s wedes-
sury for e cooversion of device signaling and bearwr
vhannel coctest al the LINE mterﬁcs lnlfmm sip mmrt
signaliog wnd RYP voice i con g
by the BSN.

[0686) The EDGE SWITCH excoutes locally siored cal)
procossing spplications in responss 10 detecting setwork
srigger cvonls, In this way, voice iclephone featuros and
related catling services ere provided by the BEDGE SWITCH
1o the subscriber throungh legacy POTS and/or 1P telephones,
witbowt the panicipation of centralized petwork copiral
clements.,

(9087} In order to perform in Wb capucitios deactibed
sbove, the BEDOE BWITCH must opesslz o & geoornd
computing device able o sxscuts cnmplex sofiwars pro-
g sud stor relatvoly largs anovols of infosmietion,
x‘@mny.mwcsmmmmww

[8088] Sofficknt computing capasily, memory, and
operntiag sysom functiooality mepesnry 10 suppust
applicaiion-lovel progrom devalopeoont sod lp'plica-
tion program execution panicelarly ibo exscation of
call provewsing applicsions;

[0085}. Sufficient siorage caprnity ko bold s operat-
ing evem history of & yeur or wor; operatiag oveats
includs configursiion changes and bl polcutially
billsbls subacribor acoess Lo calling services (s.g. call
fog recondu);

[00%¥] Sufficlent siorsge capacity 1o hold sl call
processing applicstion oxectable code neaded to
suppont notwwk service delivery sccording to the
subscriber’s Class of Sorvice; -

0851} - Suficient storage capecity jo hold Jocal call
roufes and nerwork sddtresing toformation needed o
support nebwork servics dolivery {viz cail processing
epplications) for all subacribers served by the EDGE

[0052] Suflicicnt storag capacity o bold subsczibor
Class of Sorvics parwmctors and service delivery
proforeaces noeded 1o goven tho subscribor’s ability
o lvoke n gnruculnr calling service snd ths volque
bobrvior of tha service whep acieally iovoked.

10693} Systom software to sepport s SIP sctwosk
signaling protocol stsck that cap be programmed o
selsctively cxpose frigyer poinix in a call that auto-
maticafly invoke service logic (ie. call processing
applications).

[0€%4] System software wo support contlizad sor-
vice provisioning, device management, xod softwara
upgrades by 1 romels systera mangsmea platiorn
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{0095} Syatoen software to suppout the fulf comple-
ot of QoS wibitation, jockudiog 1rafe :l:ﬂﬂn;
tiom, packet Waheting, prcket g, 30d pdm)
sion coniml buft.iunn subsoriber Class of Borvies,

(0036] System softwars to suppost reabtios remots
woonitoriog of network sorvice delivery, wilh aclive
reporiing of shatus 10 & remute syMom mpasgement
pletfoon.

[ntm] Sym softwayn requited o moler setwork

dotivery by gendrating call log records aod lo

r-lnnahmm:.dmbm emsl to e EDCE
SWITCH.

[0038) System softwas regquired to normalize ven-
dor-specific tormioal devico inlerfaces 1o comply
with petwotk sigrallag and device control convon-
Hous Shat would cunbis ihem b intersot with pal-
work-tused CATION SERVERS in & cousie-
tont fashion.

[0099] Socws duta exchange inlerfacos thai make
EDGE SWITCH Kamm wud all ioformaticn stored

within #ts interaal d e o remole
datebao clients, notwork munngomont systemn, and
{ulmd-pasty applications,

Reks of the Applicaion Server in the ESN

Nov. 28, 2002

calling party. For oxample, if the calling party is a SIP
aotwark signaling codpolal (SIP Usor Agent) used by no
EDGE SWITCH o roprosent & FOTS [eleplions st the
subsoriber prewise, (be APPLICATION SERVER wil
yeoeive (s ding nuwher of tha oulling penty (6. the
dialing mimber assigned o the POTS ekphone origioating
ths csl). 1 sy Lham wse thin disting mamber o xcoons sq
intermad datsbase for ibe purpose of retrieving the Class of
Secvine parameters ssgociated wilh (his dialing aumber,
Cluss of Service paraooters will inform the APPLICATION
SERVER w to whethor or pot it should eeoder il servics o
the calliog party.

[0103) Asids from the sumbor of simultansous SIF call
scxaione it can poleatially svppost-—a funciion of fia bacd-
wap form-factor—ibere 6 & fondamental diffeyencs
betwesn the APPLICATION SERVER sod the BDOR
SWITCH: wheress the AFPLICATION SERVER rendens
nelvrk services and Jeatures W a califng party, the EDGE
SWITCH renders network sarvices and fesitiess in wnminal
davices plupoed Into it ot the subscribar promiss,

[0184) In recdering perwork services and features Ip &
calling pasty, the AFFLICATION SERVER oxploits the
oupebilites of verlons sysiem roeources, Call procesaing
pplictions vxccuting os the APPLICATION SERYER may
perform datubese quorien, mudls stor-and-forwaed opera-
tions, Suppurt group conferoncing, corverl lext lo spoech,

(0160 ‘The APPLICATION SERVER is an ESN connen-
lvity clerecal whase principal fmction is 1o support the

delivery of network serviom fo piber ESN coanectivity
cloments. As ta commos o xlf ESN connectivity ¢lomenls,
the APPLICATION SERVER Ix capsblo of intolbgont par
ticipsticn jo call sessions. H cau sxscute iatomelly stornd
call ptwuuh‘ applicatinos (sorvice logic) in seaposse 1o
network evenis snd rolued ttigger polos o & call,
An sxumpls of g ovonts thud would trigwer service
logis excowtion inclide s atempt by & SIP sigoaking
cudpolnl v consect 1o the APPLICATION SERVER ar
disconnect from B once coscected, Triggor points jo s calt
might include evenis doiected whils the SIP call sssion i
in.rmmu , such we mid-ssasion cootyo) cessegss or cortain

[0161] In mos sccoarios, nstrork services of foatwres
wpporied by wu APPLICATION SERVER sre rondered
dienctly lo SIF oetwork sigoaling sndpoints that coanect o
it. For rossuns of sscwiily sud protocol compatibility, the
APPLICATION SERVER may implement sscurs connes-
tiop paliciee that prokibit sccess to SIP network signaling
andpdlb that are ool dmctly mnnsud o mediatsd by

tyity , 8 PC-brgsd
s c]iul altympting o coonect N ihe APPLICKI‘ION
SERVBR Itwongh the public interael may be probibited from
doiog m; however, & PCbagsd. SIF ulisn! eitempling 1o
conneat io the APPLICATION SHRVER thyough an EDGE
SWYTCH will bave its SIP sipnaling medisied by tht EDCE

goize voice ds, or w0y oo of a pumber of
upmalmuthulmnhibﬂbvyond Ikt scope of wost aa BDGE
SWITCH could prefonn withow! ssaistance from ibe net-
work, By shuply commecting to an APPLICATION
SERVER, sn BEDGR SWITCH or PSTN GATEWAY may
raquosd ot receive the intelligent participetion of iho
APPLICATION SERVER wheo 1hoy requint such assin-
isoce,

Rols of the PSTN Gatoway in ths ESN

{0105] The PSTN OATEWAY is an ESN connectivity
clomend whoss principal foaction is 1o (8} make it possible
for the EDCE EWITCH to conncot 1o PSTN sudoointe wsing
SIP nctwouk sigoaling and {b) to make it powsibia for PSTN
andpoints to coonest o the EDGE SWITCH wslng PSTN
uolwork nignaling. The PSTN GATEWAY combines the
fimctions of tha NON avchilectee*s SIGNALING GATE-
WAY, TRUNK GATEWAY, and MEDIA GATEWAY CON-
TROLLER 50 &5 to enable SIP call sassfous countetiog to it
to be bridged lo PSTN cmipaints, 1t provides pecessary
signaliog gutewny functions s roquired to inlerface the
PSTN using SS#7 protocok. §t Mso providss necessary
wedin geaway fuxciions i convert boarer chaonel socoding
{ormavs a1 the TRUNK interface to/fom SIP sad RTP voice
i ixzive cop i gui d by e BSN,

{0106} A connection attempt that origioates in tho BSN
il it B immdcd to ultimately copgect to 8 PSTN

SWITCH—perbaps seerypled sccosdlng o sa Intarmal car-
rior notwosk standard—and #s & resull muy be sllowed 10
conoew {0 the ARPLICATION SERVER o this way,

[0002] Upom duiccting » SIP cafl session injtation, the
APPLICATION SERVER sxuminea SIP sigasiing igformn-
tjon and comparss it with what K imaws intsrslly about the
ciling paty so st ) ay automatically detarminy the
foature, function, or service thay it should render to the

dpuint, will be d d lo & 5IP k signaling ond-
poist vo 8 PSTN GATEWAY, '!'bn PSTN OATEWAY will
inilinte inlly fhe spoom wark used by the

APPLICATION SBEVER o exsoote mmrully siorad anl]
processing, applioations, Consl with ils spocistized role
in @n ESN, the PSTH GATEWAY will cxcouie a call

g npphication that will the & fog SIP
cell session through 1o the specified PSTN todpoint, Thus,
ag incowmsing SIP cell from the ESN 1o the PSTN GATEWAY
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will inftfate a coaaspooding PSTN call set-up to & PSTN
andpolet thougb the TRUNK iutorface. Io the ravewss
dirsatfon, an incoming PETN call 1keough the TRUNK
imterface will resudt in 2 SIP cell set-up 1o & SIP mstwork
signaBog codpoint in tha PACKRT TRANSPORT NET-
WORK.

Aschitectenl Compurison of SN to NGN

{0107} The ESN is subateotivoly differont from the NGN
in s vt of sigoificant ways, and as & manll of these
differcnocs, Ibe BSNY dies corinia aschi ) limlte-
tlons inkeresd to the NON us set forth In the foregolng
sections, By showiog bow spacific limiltlans of lhe NON
nre rasolved by the ESN, the rummary below affords 1o
opperinaity to hiphtight immoriat capabilitivs iohorent 1o
ths ESN axchitochiso within a relovent oontegt:

{0308} (1) The polcstisl poor podiormancs of ihe
NON yoanlting rom high provessing overbend for
disiributod elenionts comaunicating through the nat-
work (and atendamt scaling moblems relsted
thereto) bs resolved by \he folowlng

[0195) Elmimting the MEDIATE GATEWAY
CONTROLLER finction entiscly, and instoud dis-
tributing call processing capebifity thronghout the
oerwerk by embeoding B in Intelligon! endpodnt

devicon;
{om] Fuamm«nimad network servico delfvery
' through il at the premise s

poformed by dedicased computing resowrces
physicaily loosted on the subsoviter premiss (Ls.
by the EDGE SWITCH);

[0111) b the extent lhat the above method of
feature dolivery dooa nut requirs assistence from
tho suiwork for must cell procossing fuuctions,
feature resporsivencss is porvsived by BSN sube
scribers to be cxsontislly nsiantanwows, rwgardicss
of the sombor of simultansous ESN mctwork
WS,

{G?.:AJDN a coptpguoacs of ebimioiog the,

GATEWAY CONTROLLER fapciion
vrdircly, 5o too is the gatewsy contro) layer eXomd
wmted, offaclively Hatlaciog the two-lisred NON
ustwork sigoaling model inlo & oormadived SIP
achwork sipmling wodel wadmg (o the pore
wialfzed SIP notwork sigoaling model, voice aod
waltimedia foas we cetsbilshed pecr-lo-
peoy using the ssaee method;

[0113]  Asa result of Bstioning the two-tiered NGN
pstwork sigmaling model into 3 povmwized SIP
geiwork sigoaiog modal, overatl ESN sysiemm
performancs with  rsspsat to APPLICATION
SERVER accost by EDGE SWITCHES and
PSTN GATEWAYS is dramstically eahauced. The
delivery of network-based fsaturss pmvtdad by
APPUCA’I‘!ONSERVERS inle WN is perczive

bsorib i and
relatively unul'caed by the oumber of simula.
osous BSN notwork vsen.
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[®114} (2) The NON' lage oumber of potential
botllenecks that are imiroduced a5 » sosult of ifs
nuawious indotermivete soaling rlaticoshipy se
rosolyod by the followlng:

{811%] Teduoing the mmbes of wetwork clemoats
that are nceded (o participae lo potwork servics
dalivery;

[0%16) Embodding foature delivery and service
melering functions infa Ibe petwadk aconss dovics
(EDOR SWITCH or PSTN QATEWAY) w a5 lo
slimimaio requiraments for the centralized etwork -
clemenis io retala information sbout the stae of
any giver cell.

(8137} (3) Troubloshooting procedurss for the NGN
wust isolsle and resolve problems thet appear 10
taside o more 1ban oos plece becsuse of protocol
inacaapatiblities. This ivsua is rescived in tha BSN by
the Following:

[M34] Rodaciog the total number of protocals;
[0119] Reduciog e (otal anmher of aobwork clo-
meoka,

[0120] Managing all conmcctivity cloieots us
populations of liks olemonts, vack of which sup-
ports arrs or koss ideatical grovisioning, dovics
managewrent, disguostio, g cvent reporting
meabsuisws, and pach usdng the swme inlerface
protocols to suppost similas fanks, .

(01211  (4) Software iotagratfon requircmamis for the
NON e dificull for wost curriens 1o imploment sod
suppont, This ismee is resolved in the ESN by ihe
following:

[0322] Supposting & herdware soaling wodel i
whick BSN servive delivery capsbllity is buill ap
in » predictable, Hucar fashivs by replicatiay
copnoctivity cloments;

[”l”] Herds jih‘ m ' i : el &.‘
fures inlo & very low-comt deviee {EDGE -
SWITCH) that fs phydically replaced if an apror
ooudition iy dotected rather thao repadred; the
replacement uni is then sutomstically detoctad
aod ps-synchronfzed with & sysiom mansgement
platform so that identical network service caps-
bilities wee revborod to the sabscdber;

[0124] Roquidng rehtively fow contralized soft-
wears processes to suppont fonturo-oricoted ael-
work strvice delivery, an compered to ths NON;

{0125} Utiltzing STP-based scoess to service Jogice

ronsiog withia APPLICATION SERVERS for
advanced [pature suppori—~—k method that sbarp)
contrasts with NON sapport for APE acoes 1o ©
pracessivg capabilitios within he MEDIA GATE-
WAY CONTROLLER,

[1128] (3) The cronutnic model for the NON that hus
a0t proved rompeling o carriers Ingely due @ high
tmplamemmun conts resulting from ils inordiuete

ily. The relative simplicity of the ESN trans-

Iates into & lower wlmn cant for greater oetwork

servios delivery capability, thoeby fucressing the

tikekibood that ils ccooomic modef would be dom-
pelling coongh lo wotivels casier impleentetion.
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Some of the principsd ressoos Bor fis simplicity
velative o tho NGN include the followlog:

[0127] Tho ESN is capsblo of deliveting Iradi-
tonal BSTN oeiwork services sad now wuld-
secvics capabifitivs Hrough & conmonn mesns with
litthe or no rslianoe on featurs-cantrollivg fufra-
strovtuse in to coniral offios; '

[Ui28] The ESN employs » bmrdware seating
mode! that usss pricoarily mess prodaced, ow-
cost EDGE SWITCHES for most of its aubacribar-
orfeoted sorvice delivery;

[0129] The ESN maquires dramatically boss eilont to

" test conpered to the NON, since validating the
Fosture aol of n singls EDGE SWITCH fur »
vertain mumber of coocwrsol sceslooa confsrs
walidation of the abilily to suppont wy maltiph of
thad cestain aumber of concurromd semslom by
degloyiog & propawticeste maliipls of acdiiansl
EDOR SWITCHES;

{0138] 'The ESN enjoys very low implomentation
caxtn due 10 tha fack (bud its nerwork Snisgration Is
tased on rclatively fow protocok other than STP,
The MEGACO prostoool stack bs eliminated fom
the model, aloog with sll sitendant regoiremenis
for Hounaing and interopersbility lesting buts
MEGACO-complisnt netwolk cloment

[6431] As a conwequeacs of fhess {aciors, overall sysiom
cost for the BEN oo « per-user basis bus been caleulaled to
be s cxpeasive than PSTN lechnology to provido sa
exuivalont featwro, Overall systom cost fo the BSN bay besn
cstimated to bs lass expansive than the NON to provide an
oquivalent foature.

[0132] Ie copsidersdon of the above cost pstimmiss, it
should be notod tat indeterminaie setatlonships in
the NGN, sod the Iack of deploysd NGN pstworks lhat
could bo wsod for dismct
confound atienvpts to quantify the brue implomentslion cost
of e sctus] NGN toploymeul. A thesmtical caloulstion of
cost-per-subacriber (3.8, an estimase) in Lbo NGN oright not
necesseelly refioct sctund fextae delivery capacily becanss
of vopnticipated effects that are likely (0 resull from ils
bighly docomposed archilzctue,

Suppon Ior New Services in the ESN

[0133] Suppim for new services by the ESN is made
pussible becauss of soversl capabilitics thet xe berest 10
ity architectuee, Some of these capabilitios ate doscribed w
follows:

{0134] The ESN supporks voico, video xod dils-
osisated network sorvices itwough & commou {i.c.
sbared) [P data paih, providing QoS arbitration at (he
premiss a5 is requited la support mulit-servics deifv-
ory; thus, pew sorvices can be offered for each type

. of media, o1 now services can combing featurcs that
involve more than oue typs of media inlo » single
roultimedia servien. As an exumpls, & featuce conld
be cresied 10 Jowar the volume of the wlevision if
someouc moswered the tlephons;

n, 1o faciors thal logothor .
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(0333} Feature dofivecy by the EDOE SWITCH i
rexaotely progremmable by i osmier; softwars
lowda c2n by uplosded into the EDGR SWITCH to
introduce pow foatures over tmoe withoul ostwodk
infratencture changes;

[0135] The PSN subsoriber may lofacsct with the
EDOR SWITCH w seloct fostores andd program (boes
0 betieve aocording to mubxcriber-specific param-
siom, potoctially tn interopenato with & vesioty of
ihird-puty epplicsticas, applioation progmes run-
ning on the subsaribers PC, or o securely nocoss
duta pbjeris stored in network servers of oo be
wibsestbar's PCL As on sxampia, a0 application coukd
uae insiant, messaging ko ioformm the ond uscr ks to tha
idontity of a calling party,

{0137] Most BSN actwmk imelfigence (8 located

SWITCH'S sbility lo joteranily stors call lo reconds
and odbver aubscriber-spucific information rsiated o
notwork sorvico dolivery. This siored informalion i
oifoct comprises s distibuted databass of vistually
wolimiicd scalabitity, Mow scrvics opportucliies aro
rando possible by vinwe of ihe [sct that this infor-
oathon muy be securely sccessed by na applicalion
nod wubsequently presenisd ¥ ag end user withia tho
coulexl of intorective cuiling services. As an
cxuogle, oetwork-based web spplications wey be
crested o provids cod oers sacess 10 soulsi-yory cal
bistories managed through & web browser-based
graphical user interface.

{0138] Bocamso of its SIP-bascd notwork sigosling
model, the EDGE SWITCH can performe complex
call conteol operstions st involve SIP d
stgnaling sudpoints located vistually naywhers inihe
aetwork, This sipport ko complex call controd
operations by the EDGE SWITCH in cffect enablos
1t to Fanciion wa a distribuied vall contro] soscuce of
yictwally untimited scalebility. New service opporin~
nities are macts possiblo by virtwe of the fact that thde
capability om be socuroly neozssod by an spplication
aod sebsequenity presonied 1o an snd user within the
copext of indsructive calling services. As w0
exsmple, petwark-based web applicadons may be
cested 10 provide end users the ability lo scoess

BDGE SWITCH culling feafures through » web

b bused graphicsl wsor indeefi

[0139] EDGR SWITCH cal) costrul nperations can
be used 10 transparantly avcoss petwork-based fex-
tures provided by APFLICATION SERVERS. As a
rezuld, combinetions of call conirol features luternnd
to the EDGE SWITCH aad aciwork-based forturcy
that are exierasl 1o the EDGE SWITCH cag be
Jymamteally confipired snd preszoted togotber to
cad users 28 o onifled mivics of capRbility—hist i,

wEvoied in surh ¥ wiy thal the source of tha featurs
intersal i Ibs EDGE SWITCH o netwurk-based) is
eutirely tragmparent i tho eod users, Thus, beyond its
v‘iﬂ‘,ft?v ppart progr bl interoa] feature seis
n softwace uparades sed rebis call process-
fng applications, ibe m&“ggnm tnl:ma g6l
may be furlher sxizaded irough transparent inlee
gntion with network-basod foairer. As &o examplo,
2p EDOR SWITCH feature may be created o aver-
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ride buslo dixklope service: whes an EDGE
SWITCH dolccts thmt & lolephoon pingged ok it
wenl vif-hook, the averride fentum wonld forgn e
basic diaMono sarvics snd iostoad trenspareaily con-
noot W 8 ootwork-based voice-sctivated disling
spplication,

[0149) o gencral, in ane oapoct, ihe iovealion foaturos a
network device iociuding » plurality of communieative
infesfaces, amopg whtch these is w lelophans line intesfaca,
% compwier dete interface, and & broathiand network foter-
Iaon, The oobwork devios lso jncludes a procossor; «
nschign-resdably storsge meditm which during vao sora a
cxll procensing wpplicaiion xud sorvics profiles, usd which
stores cxecutabls mabuctions 1o mediste communioatioos
between the planlity of commupication intecfaces, fhe
instruotions cewsing thy netwoik deviee o dswol motwork
sigmliag evenis or t poinis in & lelophone cull upd
invoke tho call procemsing spplivation in responss to the
delecied notwork signaling svonis ot tigger poiah, the call
prosessing application operating sccordivg to panmeton
dofinod in the sorvics profiles.

[0141] Profered embodimends include ore oy movs of the
follvwing featuyey, The pierslily of vowwsmoimtion intor
fecas furthey incledes & video strosning dovice htetface,
The dbsad oetwork inorfacs tsrminates & brosdband
petwork link that joias w customer pramises to 8 packet
carrlsr network, The instructions fusther cass 1bo vetwork
devios 10 rowls FP data between the compujer daiz tnterface
asd the broadband petwork Interfacs. The ¥ device iz
cootafoed s a single physizal cncks The instruct
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work device o route P dain between e compuler dats
{alerface sud the broadhand qetwork fwecfies, And the
plurality of ication intexf furthey inelodes »
video swsaming device intesfase,

E:l“] tu goneral, {0 still noother sspect, the inventon
ajures & oatwork dovice tucluding x plussBty of commu-
nicetion intosfaces, among which there is n telopbone line
Iniecface, & compuler daty lojorfros, and » broadhamul not-
work intorface, Tha nelwork device also jncludos & proces-
sur; and » muohi dablo atarag fivrm which stores
sxocuizbls lnsiuciinns o mediate commumnications butween
the pharality of interfeces, thy instruciions cavsing the pot-
work dovico to log & ickphons event reoord to  inlephons
cvent rspasitory, the svont recond deseribing a (slephoos oall
commumnicalion medisted by the nctwork device,

[0145) Proferred embodiments acinds ons oy moge of the
foflowing Seatures. Tha lelaphone event repository can bs
inclugud i tho setwork device or be remole relaiive to the
ootwork device, Tho network device is bomsed in a siogle
physical enclosues,

2146] " In geperl, in still yo! anoibor wspoot, the iovontion
steres 4 network dovico inuludes & broadband potwork
mteyfam; a plorality of interiaces, among which ibore is »
\elephone oo imterface sod & computer data interface; a
procoasar; avd W machive-resdable storage modivm that
slores processor-oxecutabls insinuclions to provide proxy
axaots. The Loalruciious caves the network dovice lo provida
1 iolopbone SIP prowy agsal lo seprosant & oon-8IP iels-
phone that uses ibn iclopbons Hne iotev[eow; provide a

further cawe (he network dovice to provide a Best SIP proxy
agont o reproseat 2 lelopbono tha wses ths telephons line
interfacs, and provide a sacond Sn'pmz:‘swt 10 represent
& compeier thal uses the computer. _interface, The
stange medinm storos call routing 1eblcs, sad the iostruc-
tions furfber copes the astwork device to padform call
rouing for ielephone calis that uss ibs telephooe lioe
inierface, ‘The atoragn medium skeo siores call routing tables,
ot fhe insimotions cause the avtwack devics to puform call
routing for telophoibn culls eccording o she eall routiog
tables, the telaphous cxlls ucing the tslepbope Hos loterface,

[#142} Yo geneol, in anothes aspect, the fwveation &

dinstioxt SIP proay aguot for cach sdditional dovice Lhat wses

an istacfece fn the plality of fnterfxces; and cavea Lhe

netwiek dovice 10 iplement w proxy server 1hst wedistes

3}l SIP cumundostions over the broadband oetwork Mtere

?mi;l::ubia[ the naw-S1P mlcphons snd tbe sach wdditional
ovi - -

{0147] In geueral, in another sspec, the foveoton faatures
& method for esublichiog a voico-over-paciet oetwotk
sarchitsetwre. The method mcludes localing & sysizm mag~
sgement plutfiorm in v shared pecket oetwiirk, the sysien
wmasugement plathorm collectiog call log dats fror a phe-
ralily of petwork devices; wod distributing the plarefity of

L dmeri

s ostwark devics inchuding @ plurdity of commmnication
inverfaces smong which there ix a Islephone Hoe intorface, 3
computer dta intorface, sod & broadband nelwork fnisrfare,
The petwark device aleo includes a processor; & machioe-
rosdabils storage medinen which during use siores cali rout-
ing iables, and which tores oxncntahls insiredions i ruedl-
sle communicaiions betwoen the plarality of intesfsnes, the
insructions cavsing e setwork devics w0 perfom oall
rosting accerding 10 the ca¥d rooting tables, Ibe loiephone
cully using the elepbone loe imerface.

[0143] Proformed embodiments includs ous or more of the
follywing feaboros. The call routiog ivcludms peor-to-peer
call sipaaling b cusiomes premiscs pver a sharad P
network. Toe call signeling & performed withoul requiring
staiefu) slomonts of the shared IP vetwork sbove whe 1P
infrasbincture, The beoadband network interfses terminstes s
link that joiny the metwork dovics 1o tbs shased 1P uetwork.
The cail routfog includmy call signating to a PSTN endpoint
vie & PSTN gateway that is reachable over the hrosdband
oetwatk ioterface, The iostructions funber cawse the net-

K dovices that oacl include s telepbons ins interfacy,
3 P datn imtesfres, 3 broadbaod network ivierface
teeminating & Link from e shwd packsl colwork, » pro-
cessor, sud & machine-rencdable storege medivm storiog
procossar-cxncsiable mstructions to conteo! telsphons calls,
Ibe instructions causiog sach actwork device to ronty tele-
phbous calls in & poar-io-peer fashion over the abared packet

oetwork and o sond call log data 1o 1hs Fystem msnsgement
platform,

[8148] The detuils of oue or mwote cmbodinreats of tho
investion o et forth is the sccomprnying diswings eod
tho description below, Othier foatures, objocts, and advan-
tages of the invention will bo spparent from the description
aed denwlogw, and from the cleims,

DESCRIPTION OR DRAWINGS
Couveutiong

[0148]  tigures niklize 5 dottsd-decimal numbar schsme to
identify sysiem cierronts wsing a brackel nolstion shown a8
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“[nunber]” The decimal is used to denole & sub-slemen
deponduady, Programaatic relationships sad call signaling
puthways e mumbared wsiug a curdy brace notation shown
u"{number}" where the sumber i6 & lag vsod to dentity
these relatiomnbips sd y-&hm%wiu the discussions and do
oot boply cwder of operstione, With reapsct to the ralation-
ship botween network clomunts aud noiwork comectivity
clouds shawn in ths §i lid conpeotor lines denole
physioal neiwock ini whereas dolted linos domots
incemgo-passing protocol rolxlivnsbips » which protocol
dain units o cuchanged theough ao IP date path, Many
will spply terminology based oo Iha soven Inyor
Opes System Inieroonnection (O81) Refersuce Model,

[9158) A DEFINITIONS scotiva provides  detafled
deacriptions of scitcied tecma und aysiem elomounts as they
pexiain o tbe invention, The DEFINITIONS section follows
tho OVERVIEW seciion, Sysivio olements that are depicted
i lpuses will show a gember ideatifier ia bracksts so that
they may crossefestuced.

Thble of Figarea

{0151] BIG, 1 shows the suuctaro of PETN and AIN wilb
Sigeallng, Transport, ant Servies Covirol

[0152] FIG. 2 shows « Noxt Geosration Network Aschi-
woluro.

(=)
tecture.
[8134)
[ms5)
{ntiore.
(o136}
[

(o173
sy

FIG. 3 shows An Bdge Switched Network Archi-

FI1G. 4 shows A Diswibued Sdge Switch.
F1G, 5 stows the Bdgs Bwich Hardware Archi

F16, § shows the Bdgs Swilch Soliwar Architee-

FIG. 7 shows the Edge Swivch Call Model,
ﬁc.lmmbwmuzaysww Carigr

Y Dnls

[0!59] TIG. 9 shows ibs Distributed Edgs Switch System
Manugement Workfiuw,

4

{0160] FIG. 10 shows the Distributed Edge Switch Call
Sigualing Workflow,

[0X61} FIG. 13 shows the Dimdbuwd Hdge Switch ss
Distributedt SIP Froxy Serves.

[0162) FIG, 12 shows the Dsisibated Bdye Switch Nes
waek Service Delivesy Workdow,

[A163] FIG. 13 shows ao Boge Gwitch Por Residential
Sutxcrirer Deployment Uslog VIISL Broadbaod Acvess
Notwork

{0164] Like rwferonce symbols in the variouws drawings
indicais like cheaents.
DETAILED DESCRIPTION

Qveevisw

[6365] The DES desciibed bolow i5 gew whesess the
PSTN GAYEWAY aad AFPLICATION SERYER clomonis
of the ESN are uswud 5] nspmml txusting syeciﬁa
catsgorles of octwork ¢ i for lute-

L I
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gratlon joto the NGN. Sincs ey prosens thamncives o tha
uotwork 18 SIF network sigealing cadpoiety, tey ue also
suftable for deployment within the ESN.

[0168] o the ESN mxchilocimre, the EDOB SWITCH
serves su the zoana to doliver network servicos o subsasibe
ers, 'The DES i3 an ivoplawentstion of the EDGE SWITCH
desoibad for the BSN, and thos should bs viewed s fis
funational equivalest, Whils the BACKOROUND secticn
focused oa the role of s gearric EDGR SWITCH in e ESN,
this QVERYIEW socilon, in conjunotiom with the DEFINI-
TIONE saction aod FI0S, 4-11, pravides sufliciest technieal
infopmation  ososssery bo impkmnnl m actual BEDOB
SWITCH ln the lunn of » DES, Mow deisiled technicst
descyiptions of bardware and software subcomporeats, and
tholr dotailed fanctiveal contribwtions, s contalned with
ibe DEFINITIONS section, This OVERVIEW saction will
foous o alionistiog ey sespective roles as DB system
clcmonts with \he erchitectural comtext of i BSN.

{0167] MG, 13 depicts an embodimont of wo aciest EDOR
SWITCH dexign kst &5 suitable for rosidonting subscriber
doploymons vsing » Dipital Subseriber Line (DSL) coanmo-
toa tu b broadband brosdbaod socass nstwork,

[0168] ¥IG. 4 sdepicis ha two busic slements that com-
jwiee the DES; the EDGE SWITCH [1] and the SYSTEM
MANAGEMENT PLATPORM [2] Ay shown, the 8YS.
TEM MANACGEMENT PLATPORM {2] resides within the
1 CARRIER NETWORK (§] wherons the EDGH
SMTCHES {11 amn deployed st the svbscxiber (cnstomer)

A deserfption of these mdlvldul olkimonis oay be
Pmlnd fn e DEFINITIONS sechion.

{016%] FIG. 4 shows poiwark clemonts of the DES apar)
fom the falt complomvad of thoso sbown for the BSN
architechure; as & resulk, FIG, 4 serves (o aid in snderstand-
oy the DES ftecll .
Yorm-Facior Coasidoratinns

[0170] Toe EDGE BWITCH [1] can be constracied to
support ey newber of fors-fxcios, depooding upon the
ragsmizsion capacity of ths BROADBAND ACCESS NET-
WORK [6.1] and 1hs mmber of TELEPHONE STATIONS
[3]. snd SET-TOP BOXES [4) ibw designer belicves s
ppropritts for a single imstance of as EDGE $WITCH [1),
FIG, 4 depicts thove distinet foro-facions, with EDGB

SWITCHES [1] kboled A, B, axd C supposting 1, 4, and 8
‘TELEPHONE STATIONS [3] respeciively.

[M71] The chaice of Inm-Iactoy will effect the ratio of
ONE STATTONS [ ¥} tn COMPUTER WORXSTA.

TIONS {! Qﬂﬂ Repardices of the gumber of THLEPHONE
[3] supponed by » given EDOR SWITCH {1]

Form- oue instncs of n EDOE SWITCH [1] will
support aoly o COMPUTER DATA INTBRFACE [4]
This circumsiuocs resulls because {he basic design of he
P.DGB SWITCH [1] i lo manage il of Ihe trsasminsion
for » ysios! connection to the BROAD-
ACCHSS OD.I( [6.1}, and 10 manags 2 ss &
slmndll’dm patli for use by all fanwinad devices coosocing
% il Awry tremsmission capucity that is ol used for voice snd
video call sessivs 8 made svailable For common data
traospost theough the COMPUTER DATA INTERFACE [4].
As shown for the BDGE SWITCHES [13 Isbelod B and C,
an ETHERNET HUB [#] may bs piogged in place of a
CUMPUTER WORKSTATION [5] for the of dig-
tributing deta sarvics to soversl CO WORKSTA-
TIONS [5}

CISCO.p00197
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Dals Servics Aggrogsiion

[0172] Axy mumber of EDGE SWITCHES [1] may bo
«deployod i 1 single subscriber promiss, I the subscribor has
wore TELEPHONE STATIONS [3] or SET-TOP BOXES
4] than cnn be by s siogle EDGE SWITCH [1],
anoiber EDGE SWITCH {1} is congeeted o 1bo BROAD-
BAND ACCES8 NETWORK (6.1} (o epsblc move TELE~
PHONE STATIONS [3] aod/or SBT-TOP BOXHS [4]10 ba
plugged in. Deploylog moss thea one BDGE SWETCH [1]
Wt lie seme promise may require they the COMPUTER
DATA INTERPACES [14) aro aggregated together inio »
single date sorvice-ibe subscrber iy lkely (o waot uli
COMPUTER WOBKS'W’]ONS [5] a1 the mmm 10 b
intee b Jocal ares

with a singls uplisk to ﬂu peblic ostwark (t.e, Toloroet),

[0113] For puxposu of duie service rdundancy sod

dih, any bus nggrogate & nunher
of BROADBAND ACCESS NETWORK[£.1) conneclions
into » skaghs date zervico 1o which they connect (heiy LAN,
umielly throwgh u router, In the sxample sbove (io which
maoee {ban ons EDOE SWITCH [1) is vsed to support more
TELEFHONE STATIONS [3] thun cxs be sepporied by one
RDGE SWITCH [1] sione), & law-cost aggrogation routor
may bo josialled io loud-balance LAN access to the public
uetwask ovealy scross the COMPUTER DATA INTER-
PACES[14}. To suhisve lsin configuration would e a coble
plog-ia oporation: the LAN sidn port of the uggregation
rouisy would bis contseckod to the LAN hub; wpbink ports on
the aggrogaiion rowler would conmect it 1o the COMPUTER
DATA INTERFACES [14]

3

Modas of Commmeication

{0174} Becasse all of the EDUR SWITCHES (1} aw
consecied to en IF CARRIER NETWORK [§], sud becsuse
nosk EDGE SWITCH {1] suppouts oall sessiosx using SIP
peiwork signaling, e coommumiculions butween EDOGE
SWITCHES 1] s for the most pant peor-to-peer. Excoptiog
the circwmsisnce in which s call session has oae of i3
cudpoints in a astwork oibey thao the I CARRIER NET-
WORK[6](i.e. PSTN), u SIP nstwork signaling vodpolat »t
ons EDGE SWIFCH [1] simply “invitss” 1 SIP oetwork
sigoaling cadpeint ot anmother EDGE SWITCH [1] to joimi it
in o el sessing. Usually, ths p:nhnpnmg uudpninm nppo-
tute 10 ereats voise or video {f

thoa. .

[0178] Cowpmunicstions baiween TELEPHONE STA.
TIONS [3} wre wsuslly based on E.164 dinling ouwsber
sidressing, The EDGE SWITCHES 1] preform the neces-
sary oonvession (using selwork-based resurces) lu dynami-
cally asenciste 8 disling sumber with oo [P addrom, 2
requited o sei-up the STP call session. Communications
betwesa SET-TOP BOXES [4] may be besed on T.164
disling number addressipg or sonw otber earierspecific
oeming or addressing convention, SETTOP BOXES {4]
typically voaoect 1o & SEF APPLICATION SERVIR uad
thus may wse u dilferent scheme,

{8176] Communications beiweeg COMPUTER WORK.
STATIONS [9] are based on 1P-based dila communication
pratocols. The EDGE SWITCH (1] takes s active role i
oon-SIP date communications tuitlaed by COMPUTER
WORKSTATIONS [5] plugged into the COMPUTER
DATA INTERBACE [1.4]. Data cosomunications theough

13
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the EDGR SWITCH1] are Altored thxongh & programmnable
ficesyalk foature xet balerasl fo the BDOR SWITCH [1) and
Neiwork Adoresx Translslion {NAT) scrvices may also he
wppiied, In addhion, thes EDGE SWITCH [1) performs Qo8
webitration betwoon #ll terruingls compoling for broadbund
sccoss actwork irapsmisaion cxpacily, uad o3 & resull may
attsmwate the fow of IP packeis available for dats commti
nications s iransodssion capecity j» dyesmically reserved
for voice and video Wspsmissios,

Huge Switch Hardwats Acchilechue

[0177} WG, S dupiots » geseratized hardwase architecturs
for ibs EDOE SWITCH (1] Tko BROADBAND NET-
WORK INTERPACE [1,11 physicaily coogects (OS] Layer
1) the BDOR SWITCH [1] to the BROADHAND ACCRSS
NETWORK [6.1} Ws nbimate rols Is 1o provide a duialink
ication path thwough the BROADBAND ACCEHSS
NETWORK[6.1] (081 Layer 2) 16 the rouied [F CARRIER
NETWORX {67 (O8I Layer 3) Tusile the EDOB SWITCH
{1] iteelf, tha BROADBAND NETWORX INTERFACE
[1.3] ultinwiely prosunts wn I daie path in the network tayer
lo the 1P ROUTING MODULE {1.2] {OB! Layer 3}. The
physleal conasutlon provided by the BROADBAND NET-
WORK INTERFACE [1.1] sy servo 13 the DC POWER
SOURCE [6.2] in some nxtwarke, Othepwiss, the POWER
SUPPLY [13] will sequirs 2 DC POWER SOURCE [$6.2]
fom ibe subscriber promise.

[0178] The COMPUTER DATA INTERFACE [1.4] aund
e VIDEO STREAMING DBYICE INTERFACE [1.5)
provide physical intorfaces for COMPUTER WORKSTA-
TIONS [5] aod SET-TOP BOXES [4) mspectively, The
TELEPHOME LINE INTRRFACE [ L] providus & physical
inlpsface for TELEFHONE STAYIONS [3]. The IP ROUT-
ING MORULE {1.2] provides for QoS routing of IP packels
1sough the COMPUTER DATA INTERFACE [1.4] and the
VIDEO STREAMING DEVICE INTERFACE [L.5]. It also
[J:widu l’o( Lmole access o EDGE SWITCH {1} datz

fwes aod foatore
activation fsstesfaves through the iP deis path to the IP
CARRIER NETWORK [6].

[0179) The TELEPHONE LINE INTERBACE [1.9] cas-
verts devico-level telepbone signals (e.g. POTS telephone
sigols) to/from diglaly oncoded sudio sireams sod digi-
Lally encadod devios sistes (2., off-hook, on-hook, DTMP
digits), The MEDIA STREAM CONTROLLER [1.7} inter-
fsces the TELEPHONB LINE INTERFACE [1.9] snd jo
wesponsible for touling (hess media sircams to/fmams the
PACKETIZATION COFROCESSOR (1.6} perfomping
medis format imoseeding (as required) by applying digitel
sigunl processiog Kgoribms 1o e, Digital signal praccag.
ing algonthms rua o the DIGITAL SIGNAL PROCBSSOR
[1.8). The PACKETIZATION COPROCESSOR [1.6] Inkaz
responsibility for medin siream tmasmission shwough the 1P
ROUTING MODULE [1.2] using RTP.

{0186] The CENTRAL PROCESSING UNIT [1.16] is
wapoostie fur supervising &R volwork cowmunications
thsough the BDGB SWITCH [1), using ths RANDOM
ACCESS MEMORY [1.11] o sxecuis an operating system,
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pelwork communications protocol siacks, sad CALL PRO-
CHSSING AFPLICATIONS [1.23.2], All of these softwue
comypontats we ylord in & FILE SYSTEM {1.23] that uscs
the NON-VOLATILE MEMORY {112] s ils siomge
medium, NON-YOLATILE MEMORY {1.12] is wod o
slote & varisty of dalabases, configuration i, amd evem
historiee,

Pags Switch Softwere Archiicciure

[6181] WIG. 6 » software acchitecturs for tha
EDOE SWITCH [1,

Iayared over tha EDOE SWITCH {1] bardwars architacturs
depicied in FIG, 8. Coritin soffwue clemcats servs as
inrdware abstractions St makotade » direot controd relation-
ship over & martioular hardware Other sofl-
ware elcmesis support aperaiions Lhat do not ditecily refato
10 asy particulars hardware subcomponenl, bt in fact pary
bigher functiooality 1o 1be HIOE SWITCH [1] as 1 wholo.

QuS IP Routing Punctions

[6182] The NETWORK ADAPATION LAYEH [1.13]
wpmm programmable finoware, oF soltwars sub-
pooonts vequired fo spsble the BROADBAND NET-
WORK INTERFACE [1.1] o preacnt 1P comnectbvity lo the
1P ROUTING MODULE [1.2] in OS1 Layer 3. Tha NET
WORK ADAPAT!ON LAYER [1.13} ix desigmed (o be
i wpust from the 1P ROUT-
ING SYSTBM {£.14] 0 thal B may bo chinoged fo suppost
differcnt O8§ Layer 2 technologies withoul requining com-
memsunie changos 1o the 1P ROUTING SYTEM [1.14).

[0363] Tim 1P ROUTING SYSTEM [1.14] i she comtrol
softwire voquired 1o enable (e 1P ROUTING MODULE

{1.2] %o operate. T softwars incospurates the 1P protooot

stack axd i reaponaibles for supperting all 1P routing func-
tiow lbr tho EDGESWITCR 1} iudndhu Qus nbhrntion

it sharing
mal-hm vo(cede comnramicstions and common dau
ranspsission. Certudo sofiwars or Snoware subcompone:
olda]?kﬂlfﬂmm[llllmlybe
pucket labeling (ox ro-tatraling), raffic shapivg,
and otker QoS ubirstion fanctions reisted to mamgu
pucket exchangs botwoen the [P ROUTING MODULE .2]
o tho routed fexmioel intesfaoes (1.0, COMPUTER DATA
INTERFACE [1.4) snd VIDEO STREAMING DEVICE
INTERFALE [1.5),

[#184] Cortain sofbware or Browars subcompopents jo of
the 1P ROVTING SYSTEM [1.34] sysiem may rua on the 1P
ROUTING MODULE [1.2] (6. downloaded Bcmwars ur
programmable Jogic) whils others may mun oo the CEN-
TRAL PROCESSING UNIT {110}, communioating with
ths IP ROUTING MODULE {1.2] i » device coalrol
capacity,
[0085] Tho IP ROUTING SYSTEM [1.14] incorpomies &
software sbatyaction of the [P ROUTING MODULE [1.2},
supporiing internat APls necessary o ensble 1P commund-
cations by the RTF PROTOCOL STACK [1.15), ke 5IP
PROTOCOL STACK ([1.16), the HTTF PROTOCOL
. STACK {117} nnd the SNMF PROTOCOL STACK [1.18)
Routing sorvices sveh &5 Matwork Addvess Translation and
progeammeble firewall fostures arc also supparted through
tuls absirection.
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Prolorol Stacka for Network Commuokations

{0186] The XTP PROTOCOL STACK [1.13) rns prima-
sily on the PACKETIZATION COFROCESSOR {1 .6‘; 50 a8
10 enxure cosistently unisenrwpied RTP medin irsnsmisslon
thiough the neiwosk kraspeciive of the processing Joad on
ibe CENTRAL PROCESSING UNIT{}.18}. The RTE PRO-
TOCOL STACK (1.15] is vsed by e ABSTRACT TELE-
PHONE CONTROLLER [1.1%] to sapport raal-time voico
communications by TELEPHONE STATIONS [32 plugyed
Into the TRLEPHONE LINE INTERRACS {119

[0187] The BIP PROTOCOL STACK [1.14] runs on the
CENTRAL PROCESSING UNIT {1.10] and is used by the
ABSTRACT CALL MODEL [120] ‘o swppont all SIF
netweosk siguating operrtions. Among otber rokes, {l fance
lions ax tae dofrult SIP Proxy Sorver for all voics sad video
lemminae plugged into the EDGE SWITCH [1] acting s
{ntermediary for all STP petwork signaling operations
botwesn lhose erminef devices and Iboss i ths nelwork
with whom thoy ore commundcating, FIG. 11 depicts tiis
role of tha S1P FROTOCOL STACK [1.16]ta the axicnt that
the DES a5 » system fvoctions a8 ¢ distribwiod SIP Proxy
Scrver, using rbe DNS SERVER [18] 54 a contyeliged
dilabezs 1o tumslats B.164 dinling oumbers ioto 1P
ndd;’l!m (a8 raguized to ssisblish SIP cail sessions in ths
ESM.

{0188] The KTTE PROTOCOL STACK [1.17} rens ou tin
CENTRAL PROCESSING UNIT [1.19] and is used 1o
pruvids secure, sesslon-tased acocss bo the XML MOMT
INTEBRFACE [1.21] by smote meosgement applications
aod metwark-based applcatioos. fo » similar fabion, e
SNMP PROTOCOL STACK [1.18] aleo rans on tha CEN-
TRAL FROCESSING UNIT {1.10] mud piovides & stan-
dards-based mumagowent interface 1o variowe DRVICE
MOMY AGENT [1.22] and relaied dats objocts (Le, SNMP
Agenia sad SNMP Maoagsweni Joforastion Blocks).
Torwins) Interfrcos :

[0189] The COMPUTER DATA INTERFACE [1.4) sud
tha VIDEQ STREAMING DEVICE INTERFRACE [1,5] use
phyaical, rouled interfaoss to be TP ROUTING MODULE
[12], trs cookrel Yogie in the IF ROUTING SYSTEM
{1.14} will modutase 1P packst flows lo/fom COMPUTER
WORKETATIONS [5] avd SETTOP BOXES [4] phugged
into thess interfeces, TELEPHONE STATIONS [3] plegged
fato the TELEPHONE LINE INTERFACK [1.9] vitmalely
present themunlves 15 the EDGE SWITCH [1} software
archilectnre through the ABSTRACT TELEPHONE CON-
TROLLER [L19] woich providea xn sbsiract softwase
control model for the MEDIA STREAM CONTROLLER
[1.7] and ths TELEPHONE LINE INTERFACRE {191, Logi-
cal media stream control operations, sdjunct digitsl sigoal

processing fanclions, und device-lsvel contral of 'TELE-
PHONE STATIONS {3] sre made accessible to other inter-
anl EDGE SWITCH [1}suBtware subsompooents through aa
AP presented by the ABSTRACT TELEPHONE CON-
TROLLER {1.19] Tuis APl coutsine functions thst onable
1be delection of device-lavel lalophooe signaling ovents f.a,
o9-hook, pff-hovk, Bush, DTME digils, Rash) originatieg
from the TELEPHONE STATIONS (3] plugged inlo the
TELEPHONE LINE INTERFACE [19] These logical
operations and fanctions supporied by e API are senlized
by suspping tecm to physical operstions supporied by ihe
MEDIA STREAM CDN’I’ROL{;R {1.7] aad the TELB-
PHONE LINE INTERFACE [1.9%
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