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DISTRIBUTED EDGE SWITCHING SYSTEM FOR
YOICE-OVER PACKEC”TRWCE

RELATED APPLICATION
[0oD1]  This application claien priority to U.S, provisional

application 60/283,888 filed on Apr. 13, 2001, the contesis
of which ats iooorporsted herein by rulsmmo.

TECHNICAL FIELD

{000X] Thix juvantion rolmtas 1o packel nutworks, and
more particularly to cetwark devices.

BACKOROUND
[0803]) Ttis wcdou eminl » discussion of bwckgmuad.
It Tons 1 jons cyrdar k mohitee

turea that cusrenily exist 18 Jegacy or that are cerrendly uodor
dovelopreont. U wiso faclodes dbscussion of inaights and

cbservailoos made by |hs doveator sbout the p‘lo: ek
nystomns that are belpful o woderslanding the subsaqosntly
Aesoribed invecifon but kst were nol pecomasily appraat-
wied by persona sliliod fu tbe art or disclosed §u the prio srt.
Thus, 5o inclrsion of those inmights aud observations tn tids
hackground sactin shouk] not be ioterpreted as ae indica
tion sl such fnsi girs and obsarvaticos wors part of the prior
an, After the bsckgronud discusslon, a now Bags Swiiched
WNetwork (ESN) srchilsctuss is introduced and it i3 descrilod
amd comparsd to lsading *Next Ceooorstion Network™ sltar
nmtives. A Distribuied Bdge Swilch (DES) makes pomsible
it implemeatation of s HIN, In the QVERVIEW acciion
thiat is found in the Detailed Descyipiion soction, the desipn,
operstion and mansgomoot of the DES s described within
the wrobitoctuyal contexd provided by the BSN.

Next Genonation Networdking Appmoschen

[0084] In yocent yuams, wilempis Lo tensfoxm the legacy
Public Switched Telephone Natweri (PSTN) o explokt the
potenti of the Intemst bes od to approaches (bhat are
laosly reforrad to s the Next Gooeration Neswork (NON).
1t was bolisved that suck spprosches would lesd to con-

setworks. Convergerd naiworks prowive subsinotisl
oot sevings snd naw ssrvick opportunilies for iekecommn-
pications curicrs (ada, "carriers,” or "ustwork servico
providerns’"), As ¥ means 1o realize aow dats services, curiers
heve deployed overlay networks, which require overlay of
now infrasiiciue ooko axisting legacy voico networks. In
coutraat, the cooverged spproach of the NON sevks 1o
eliminate 1ho need Yo beve npuale ncnwrks For differcnt
media. 1t explolts the principl ** and evoragex
tis staudard pmmcuh uf 1P networks to curcy pat oaly daia
bt elso otwr media 5uch as voice aad video,

Tos PSTN aud AIN Principles

(6005} The NGN grew ool of the PSTN, bas 1w under-
stead its ovigins oo must voderisod presont day Advanced
Iuisitigent Network (AIN) cmployed by PSTN carviens 10
provide sdvancsd itlsphomy secvices, The AIN waa pro-
pased as 1he soiution to the carrders’ moeds fo produce
applicstions repidly and isdependunily of switch develop-
ment oiforis. Pror approachex had bundled sevices within
gwilches, giving riss to loog Jovelopment times wod inflex-

Nov. 28, 2002

ible sarvics deployrment, Jorvice dovelopmest end deploy~
oot way intiensicly tied o switch cvolution sod swilch
dnveloproont cyclos,

[0008) AIN proposed de-coupling sotvies dmlcymnt
and servioe logic from switchos by building approprine
sriggor poiots withis tha switch. Upno encovntasisrg 8 (rigger
detaction polt whils procesying s euld, the swiloh, calied the
Servico Swilching Paint (S5P), wonll tigger xad soad a
quary 16 1 Servioe Conlyol Point (SCE). FYG. 1 iBusirales the
¢lements of AIN. The S5P performs 8 query directsd 10 ax
SCP, Tha SCP exsoutos scevice logic that yiskis » cesuh sod
that yesult b rotunead to 1k SSP it inftiated e quacy, The
SSP thun coatinves wilh call processing,

[0M7] As s oxample, whon & subsariber dials an BOO
nwpber, ap SSP dotects 1hw the call requires AIN service
Iogie proopseing. Thy SSP direoin 3 query o so SCP which
i tro cxecwics seyvics logic et reluros o valid dialing
nuzober fo the SSP, The SSP thon sakn tie Sigoaling Systom
K7 (BS¥T) nutwodk 1o sol-up & call to that islepbone gumber,
357 nets wp signaling nod boaror paths necesansy 10 Suppmt
& vl 1 thet diglog mumber. The OFFICE
SWITCH sexviog tho called party spplies s ringiog lone to
the called parly's iclephone, Onco the cablsd pany anxorers,
Iho call i cutsblished and both the partiss cen vow have &
tolepbons conversatian,

[O008] FIG. 1 depicis the strscture of the PSTN, including
e suppont fus AIN. The CENTRAL OFFICE SWITCH s
decomposed fato four distiost modudes:

[9989] CALL PROCESSING
[081¢] LINE
[0011) SIGNALING
[5913} TRUNK
[0#13) Tho LINE module fanctioas inchudo &

hook!ol’hok,wlyhgdiﬂlummdmﬁnglmn.wlhd -

ing dided digits, sd communicating ivternally with the
asll-provessing module. The CALL PROCESSING modals
lnllymlhedt;iluol}ndedbythe LINE module, md anks
tbs SIGNALING modul form eppropriste actious.
The SIGNALING modale uuolfuu with Iy SS#) TRANS-
PORT NBYWORK for the purposs of solting wp s bawrer
channal betwsen the calling wud 1bo called CENTRAL
OFFICE SWITCHES, Tha TRUNK module transforms aoe-
log voics ¢ ¥ Tims Division Multiplezed (TDM) format for
transmission over PSTN tropks, The TRUNX moduls of 1hs
CENTRAL OFFICE SWITCH serviog the called purty
comveris the TDM 1ruak format back Ip enadog for rans-
roission over 1be Jocal loop,

The Next Geoeraiing Netwocking Madel

[0014) FIG, Z dlush the NGN approsch. Tho NGN
exhibits soveral slndlasitics to the logecy PSTN. I ons were
1o spiit spart the fowx wudnles thet comprize ts CENTRAL
CFFICE SWITCH (sec FIG. 1) ino scparstn aod distinct
computiog slaments, Ibe following componsnis of a NON
nsiwark jesalt;

[0015] MEDIA GATEWAY CONTROLLER

[0635] RESIDENTIAL GATEWAY

[0027) TRUNK GATEWAY

[0018] SIONALING QATEWAY

CiSCO.000186
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100191 To compars be favotioes of thoss o o
snalogous funciiors Lo the CENTRAL OFFICB SWITCIL,
e MEDLA QATEWAY CONTROLLER (A KA. “soft-
swiiah,” of “cadl agons) porfosmus (ke funciions of the CALL
TROCESHING modwle, tho RESIDENTIAL OATEWAY
(AKA, "customer gatewny™) parforeon the funcilons of the
TINR moduls and e TRUNK QATEWAY replaces the
TRANK mmodsde, banfar ss the RESIDENTIAL GATEWAY
sud TRUNK GATEWAY are both responsible for cogverting
madia wovidod in coe type of velwmsk to W fomast
ruqund i ancibier typs of network, thay xre referred 10

caerically as MEDIA GATEWAYS. With reaptei s support
or notwosk signaling Functons, the SIGNALING GATE-
WAY in the NON replacas the SIGNALING module in the
CENTRAL OFFICE SWITCH, Tha simifaritias betwora 1w
PSTN snd NGN end bere,

[o20Y FIQ. 2 shows s PACKET TRANSPOMT NET-
WORK based on IP i OSI Layer 3 (the aolwork Inyer)
eansposied over ATM is OS] Leyer 2 (the datalink layer). B
intorcuravets all fowr NON actwork olemonts, What ware
ouct rojor modeles withio s CENTRAL OFFICE SWITCH
awe aow disedbeted nstwodk clomsnts  lntercomsuisd
{pough & PACKET TRANSPORT NETWORK. The dis-
tribated panwe of network clercote fv wa NGN brings out
ous of the mos) slrndng Mmes between the PSTH aod

10 be

mo NGN mth joal adh
dmmiunindudnhafnnovdns.

[MI] The MEDIA GATEWAY CONTROLLER
may bo implemented vy a coliablo, high-perfog-
nanos, fnitidolerant server th is 1-basod and uses
siwudsrd prolocols bo comurenicale with (e gate-
ways. Sorvises om b implemeated ow soparate
platforms naing ppen application progrxmming iotes-
faces {ANX), which abould in theory Jead Io rapid
development and deployment of ssrvices,

(0022} The MNDIA QATHWAYS can sond medis o
cach other over sn IP-baxed PACKET TRANSPORT
NETWORK using a proiocol coalied Rest Time
Tratspont Protoend {RTF). The KTF protonol can be

uzed to iransmoit wot ooly voics bul kiso dale and.

video, The sue (P trwespont and protocol cen bo
used o cay urltipls media typos coocericatty, »
task that i difficult ty sccomplish with the cirouit-
switciod PSIN osiwork,

{0823] Vsl with the PSTN, where the sigualing
unetwork is sepumis from the voics network, NGN
niilizza the sume PACKET TRANSPORT NET
WORK 10 carry boib signaling and medis inaffic,

{0024} Whersas communication bstwoen the four
major modules ks isterual to the CENTRAL OFFICE
SWITCH in the PSTN, the NGN usas 5 gatewny
conlrol protocel for communication between the
MEDIA GAYEWAY CONTROLLER and ihe
MEDIA GATEWAYS,

[9025]) The maost widely studicd gatoway contnl protocol
i Medin Getoway Coolrel Protorol (MGCP) doscribed by
1ETF R¥FC 3015 ou Magsco Protocyl Version 1.0, RFC 3015
i5 & comxoon text with FTU-T Recommendation H.248, the
musl receot gl of which was developed x5 » closa coop-
cration botween the TETF Media Qakewsy Cuntrol Workiog
Group {A.K.A. "MEGACD Working Grovp™) sxd (TU-T
Smdy Geoup 16.

Nov. 28, 2002

[0026] The precursur by MGCP waa (he Skople Outeway
Cantvol Protocot (SOCE) developed by Tolenrdin, At abowt
tho ssooa tlnas Teleordin wes implomenting SOCP, » com-
pany cxllod Level 3 had dovelopsd s similar protors! called
[P Device Conteol (IPDC). Rether than bave iwo simitar
proiocols develop and cotmpeis ovor time, ‘Thloordis and
Lovel 3 merged thom inte MOCE MGCP was tailored o
adidess 0 PETN talophono ad was not designsd K haodie
dats or multimedia, ITU-T Study Gronp 16 extonded MOCE
10 support ISDIV and mmithmedia, which led to Recommeo-
dation FL.248. Thba body of work {s today relarst uslog b
moniker MEGACGO/I.248; it detadls s NON refercnce archi-
tecture bat peovides en opecstional context for the descrip-
tion of the MOCP imelf.

[e627] FIG. 2 depirts an NGN thet s archilaciorally
enmpatible with MBOGACO/H.248, The lllowing workfiow
sonquonce tllustrmiss u typledd call set-up procedure for the
NON dopicred i FIG, 2;

{0628 (1) A tetopbone goos ofi-book, The RESI-
THENTIAL GATEWAY serviog the telophons detccts
ibo off-book cvent, spplics dial tone, collects the
Jinkd Jigiis, acd autifics the MEDIA GATEWAY
CONTROLLER using MEGACO; Tes REYIDER.
TLAL GATEWAY also informs the MEDIA GATE-
WAY CONTROLLER thet it is propmed fo cecpive
un RTP medie strerm s p coniain port nddross, and
fuythor indicains the audio coding format it is abls Yo
suppait,

{0828) (2) The MEDIA GATEWAY CONTROLLER
processes tho digils andd then must detenmine whaiher
the called party telephonn is connecited to asather
RESIDENTIAL GATEWAY within the NGN of coe-
;;x;lﬁd to & CENTRAL OFFICHE SWITCH fa the

[0030] (3) Asmuning the called party is coscecied 0
anoier RESIDENTIAL GATEWAY within tbe
NGN, tba MEDIA GATEWAY CONTROLLER gus-
ries the RESIDENTIAL GATEWAY sorving the
called parly for as RKT¥ port {uwd the andio codiog
format) at which it would prefos lo rsceive o RTP

sbeam [ the colling paty RESIDENTIAL
GATEWAY,

[0031] (%) The called party RESIDENTIAL GATE-
WAY rospouds with the port at which 3 can recelve
an RTP audin siream firoen tbe callivg parly aod Lbe
audio coding format it {5 able to support.

{8032] (5) The called panty RESIDENTIAL CATE-
WAY ipplies & tinging tons 1o the called party's
telephoos.

{0433} (6) The MEDIA OATEWAY CONTROLLER
informs the calling RESIDENTIAL QATEWAY of
the nudio coding format supporied by the called
RESIDENTIAL GATEWAY 40d the port sl which it
is expecting lo receive so RTF stroam.

[0034] (7) Fellowing mure uxchanges of information,
both the calling aod cailed purty RESIDENTIAL
GATEWAY'S kaow the por| addizssos ad supporied

Cisco.co0187
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wndio coding formats oucessary for them 1o sead and
(eooive RTP sirenms (couiaining sucoded pudio)
io/from oaech other,

[0038) (8) Ouce thw called panly anwwers (he fels-
phoge, tWo-way communioation vsing RTP sieams
in catablishod,

hoplicstions of NON Deployment

[864368] Thwo o sevoml wgniﬂcml impliclﬁmn lhll
sosull from delvering ]

trgugh sy NON rather than ths BSTN. Ssveral of thom are
sumumarired in the potnts below:

{0037]) Unlike tho PSTN, which bas » sigusling wet-
wosk bl i separate from the TDM network for
esiahlishing besrer paths, the NON potwork carics
both sigavling amd wedis sucams over the same 1P
oetwork, thereby schieving & certaln wessors of
convergencs,

[0038} Wberena s ST requires soparats overluy
vetwnrks ond protocola for other medis beyond
voico, the NGN uiilizes lhe sume IP petwork and
protocols for all medis sommusicaticos (Lo, volcs,
duts, video),

[A439) While the PSTN camles voics medin over
dodicated cironit switcked coonections, NON cariea
eedia skoame in KTP packets that are troaied i the
soume mannss & any otber 15 packets, valng the “best
effoet® paradigm the Inioret eu:pbyl for voutlng

is. This mems Ul pack
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50 fat they coutd offer pew and ioovalive uetwork
sorvices, With the sdvect of the NGN, it was covie
sloned that the sase set af AP woukd be suitably to
psavids third-perty NGN applicaiions wilh the sbils
iy & accees shofler features by fuserfaciog with e
MEOIA GATEWAY CONTROLLER,

[6042] 'The NON mnkes 3| possible for o caminr W
provide pladn ofd telepbons servics (POTS) over &
PACKET TRANSPORT NETWORK by wing &
MEDIA GATEWAY CONTROLLER and & RESI-
DENTIAL GATEWAY mibes then x CENTRAL
QFFICE SWITCH. As wrerdy inad, the RESI.
DENTIAL GATEWAY fakes om the role of the LINB
wodile of the CENTRAL OFFICE SWITCH; theto-
fetw, thore sre no NON rerairemonts 10 obenge the
tpleghopa flanif,

A Vigiima of Feiled Feonomics

{UG43)  Thuough the NON Ia todey restricled i {ts applica-
bility to vakn communeications, il wes originally the tope of
both oaxiers aud veadors 1t volct-over-1P (VoIP) would
survs o boobstrap the NON sod sprwn off 2 oow ers of
converged mefwnrke Lbat would cater to voics, video and
dats comumatications, Couvergence promised 1o iramaform
the PSTN fnto u goness) puspose “multi-servics cotwork”
capable of simuitaeoously delivering volce, vidoo and datn
servions throegh a comeon PACKET TRANSPORT NET-
‘WORK that supports QoS, Thus far fhis sxpeciation has pol
muurhmmmm-.cmn'mm widely deploy

delnys; &nymbldwpwdmmwmmn-
o} mechnuivms that theolils puckeis at the worcs or
a1 the ingress ta the network, Honce, the bare publis
Internct does nol offor quality of swivice, Copse~
quantiy, an NON implomestation regiizes the crp-
stiva of » speciat-porposn 1P notwosk o support
petwark quality of vorvice (QuS), o cootrant, the
PSTN in copable of geareotecing QoS service for
potv-to-point  connectioes tramsporting  voico or
data,

[6040] 'The NGN imerwnsks with (ha PSTN via
TRUNK GATEWAYS and SHINALING OGATE-
WAYS, Thas, while the sud-to-end comneution
between two NON subscribers would oceur smicely
within 1be PACKET TRANSPORYT NETWORK, the
enwd-lo-end conusctiva betwesa and NGN subscriber
and 2 PSTN subscriber would ceour in both the NON
antt tho PETN, & TRUNK GATEWAY and 2
SHINALING AY {0 canry bearer ol 1

a notwotk based on the NON schitecturn. Al the curmeat
ummwmumhamum-mhimmumk- .
shie to mest thele for L jves 1o d
mwwtwmﬁn;mwhﬂunthnmﬁmnbmm
aotwork sorvies oveancs, Ultimasely the NON boouom »
victim of hikd ics thet resulied from il inurdin
comploxity and ipseBicicnt suppodt for new services,

Complexity Confounds NON Deployment

[on44]  Fhe inowdinete complexity of the NGN ia w a burge
uxtant des 10 overrobisnce on Hzed comtrol ol

for nutwork seyvice delivery, While its many nasiwork ele-
wes may be physically disiribwed, 1he NGN srchitechure’s
logical ceotalization mimics the functivaally of the "maty
frame-osicotod” PSTN. The NGN aschileciure bes wore
weceakly been wtered From ity origina! design lo model the
Intorued, relyiog wpon & "hovizonts) mlegretion” of spocial
ized, cooperatiog notwork el Many of these setwork
cloments are ool shown ln FIG. 2, but ars nocossavy for

conteo spd petwork slsmling information, respue-

NGN Isap} (p-g. [zaluze servors, wedia sorvers,

tively, between the twe sot fcipaling ju

o 1oczss devics controllers, policy servem, domain

he call. N

{Wﬂ] 'Ihud-pmy applications cao be offered via an
tious progrsmming lnlerface (A1)

oﬂ‘md by the MEDIA GATEWAY CONTROLLER.
Some staudards for Open APls include PARLAY,
JAIN, XML, ar SOAP. 1t is bayond the scope of thin
discussion ko provide dsfinitions for thesa APIs of lo
elaborate on them beyond prosesting their monikes.
Lat it simply be said that the thrus! of these APSs wis
originally an effort 1o make AIN infrashwcture in the
PSTH sccessible to third-perty applicetion providers

g servors, SIP proxy servem, TRIP servers, subscriber
di:eclnry sorvers), Yory much wniiks the interget, virtuily
a1t NGN network olcmoonts require som degree of cootral-

izad covtral by, or inlersction with, MMBDIAGK('EWAY
CON]‘ROLLER mn:lhg w speciiﬂud proiocols. All of
thesze p {ie. te traffic
m) e mmier‘l PACKET mmspon‘r N'E'I'WDRK.

{0045] T suppont its cesiratitad servics delfvery model,
the “vartically iotegratad” PSTN was buscd ap s berdwwe
scatiog moded fn which the majority of software processes
commuuicated direcely wiib cach oiber inside prrpesc-bailt

. berdware computiog modules. Thess computing modules
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