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DISTRIBUTED EDGE SWITCHIRG SYSTEM FOR
YOICE-OVER-PACKET MULTISERVICE
NETWORK

RELATED APPLICATION

[0001] This application claims priority to U.8, provisioaat
application 60/283,888 filed o Apr, 13, 2001, the contents
of which arc incorporated herein by refersuco,

TECHNICAL FIELD

{00U2] 'Tbis invenmtion relates to packel networks, aod
more paricularly lo oelwork devices.

.BACKGROUND

[6003] This section contains 2 discussion of backgrougd.
It summirizes felecommuaications casrier network aschitec-
tures that currently exist 25 legacy or that sre cwreatly wader
development. 1t also ivcludes discession of insights and
observalions mado by the invenlor aboul the prios art
systems thet ars helpiut to wndemtending the subsagqueatly
described invention but that werw not secessarily approci-
ated by persows skilled in the art or disclosed i the prior art.
Thus, the inclusion of thess insights and observatioas io this
background section sbould oot be imerpreted a5 an indica-
tion that such insights and observations were part of the prier
art, After the beckground discussion, 2 pew Edge Swiltched
Notwork (ESN) architecturs is introduced and 1 is described
and compared fo leading “Mext Genoration Network™ alier-
gaiives. A Distributed Edge Switch (DES) wekes possibie
the implementstion of an ESN, [u the OVERVIEW section
that is found in the Detailed Doscription ssetfon, the desigu,
operation ard managernent of the DES aro deseribed wilthin
the architectural context provided by the ESN,

Next Generation Networdug Approuches

[00D4] la secent years, attempls {o traasform the legacy
Public Switched Telephone Network (PSTN) to exploit the
potential of the Iolcroet has led o approaches that wo
loosely ceferred to as the Next Gensration Network (NGN),
It was belioved that such approaches would kead to con-
verged networks, Converged networks promise substuntizl
cos! savings and new servios opportunities for telecommuy
vications carriers (a.k.a, “cerriors,” or "network service
providers"). As & meags to realize new daia services, carsiers
bave deployed overlay metworks, which require averlay of
new infrastructure onto existing legacy voice rotworks. In
coutrast, the copverged approuch of the NGN sceks lo
elirinaie the ooed to bave separate petworks for differeot
media. ]t exploils the principles of “opeaness” aod leverages
the standard protocals of IP newworks to eemry oot only date
bul also other media such as voice and video,

The PSTN and AIN Principles

[660S] The NGN grow out of the PETN, thus 0 under-
stand ils origins one wust uadersiand preseot day Advacced
Intelligsnt Network (AIN) employed by PSTN carders to
provide advanced ielephony services, The AIN was pro-
poscd as the solution to the carriers’ meeds fo pruduce
applications repidly sod independently of switch develop-
ment efforts. Prior spproaches had bundled servicas within
switches, giving rise 10 long development times 3ad infiex-
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ible service deployment, Service development and deploy-
ment was iatimatoly tied to switch evolution and switch
development cycles.

{0BD6] AIN proposed de-coupling service development
and service logic from switches by building appropdate
\riggsr points within the switch, Upon encountering a igger
deteotion point while processing a call, the switch, called the
Service Swilching Point (SSP), would kigger and send 2
query o 8 Service Control Point (SCP). FIG, 1 illusirates (he
clements of AIN. The SSP performs a query directed to an
SCR The SCP execuies service logic thal ylelds a resull and
thal result is returned to the SSP that initiated 1he query. The
SSP then continues with call processing,

[6007] As an sxample, when 8 subscriber dials an 800
aunber, an SSP detects thal the call requires AIN servics
logie provessing. The SSP dirocls a query to an SCP which
in turn execuies servics logic thal returns a valid diaking
gumber 10 the SSP, The SSP then asks the Signeling System
#7 (SS#7) network to sei-up a call lo tha! telephone oumber.
SS#7 sets up sigaaling and bearer paths accessary to support
a call o that dialing ouwber, The CENTRAL OFFICE
SWITCH serving the called party applics & ringing tone 10
18 called party’s telephone. Oucs the called parly eoswers,
the call is established and both the parties ¢3n now have
1elephone conversalion,

[0008) FIG, X depicls the structure of the PSTN, including
its support for AIN, The CENTRAL OFFICE SWITCH is
decomposed into four distine? modules:

[0089] CALL PROCESSING
[0816] LINE

[0013] SIGNALING
{0012] TRUNK

[0013] The LINE module fusciions include detecking on-
book/off-hook, #pplying dial tone and ringing tone, coilect-
Ing dialed digits, and communicating igternally with the
call-processing mwodule. The CALL PROCESSING module
anulyzes the digits collected by the LINE module, and asks
tbs SIGNALING module 1o perform sppropriate actions,
The SIGNALING module jnterfaces with the S8#7 TRANS-
PORT NETWORK for the puspose of selting up a bearer
channe] beiween the calling and (he called CENTRAL
OFFICE SWITCHES, The TRUNK module transfocms ana-
fog voice to 3 Tiwe Divisiop Multiplexed (TDM) format for
tragsmission over PSTN troaks, Ths TRUNK module of the
CENTRAL OFFICE SWITCH serving the called panty
cunvers the TDM trunk formet back lo analog for trans.
mission over the tocal loop.

The Next Geosration Nerworking Model

[0014] FIG, 2 illustrates the NGN approach. The NGN
oxbibils several similaritics 1o lbe legacy PSTN, If one were
to sphit apart the four modules that comprise (he CENTRAL,
OFFICE SWITCH (see FIG. 1) inio seperate and distincl
compuling elemsnts, tbe fllowing components of o NON
servoric resuit

{0615] MEDIA GATEWAY CONTROLLER

[0016] RESIDENTIAL GATEWAY

{8017] TRUNK GATEWAY

[0018] SIGNALING GATEWAY
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[0019] To compars the functivos of thess slements to
analogows fuoctions in the CENTRAL OFFICE SWITCH,
the MEDIA GATEWAY CONTROLLER (AXK.A. “sofi-
swilch,” or "call 2gent) porforms the functions of thy CALL
PROCESSING module, the RESIDENTIAL GATEWAY
(A KA. "customer gatewsy"} performs the functions of the
LINE module and the TRUNK GATEWAY rcplaces the
TRUNK module, Insofar es the RESIDENTIAL GATEWAY
and TRUNK GATEWAY are both responsible for converting
media provided in ome type of network to the format
required in her type of o k, tbey are refened to
generically as MEDIA GATEWAYS, With respeci to support
for notwork sigoaliog functions, the SIGNALING GATE-
WAY in the NGN replaces the SIGNALING module in the
CENTRAL OFFICE SWITCH, Tho similarities between tha
PSTN and NGN ead hore,

[0028] FIG. 2 shows a PACKET TRANSPORT NET-
WORX based ou IP in OSI Layer 3 (tbe ueiwork layer)
trausported over ATM in OS] Layer 2 (the datalink layer). It
interconneeis all four NGN network clements, What wero
ones major madules within a CENTRAL OFFICE SWITCH
are gow distributed network clemonts interconnecied
through a PACKET TRANSPORT NETWORK, The dis-
tribuled natme of network clements in an NGN brings oul
ove of the mos! striking differences between the PSTN uod
the NGN approaches, The theoretical advantages to be
gained from this distribution include the following:

[6021] Tbe MEDIA GATEWAY CONTROLLER
may be implemeoted on & relisbls, kRigh-perfor
maucee, faudl -oferant server that is IP-based sud uses
slandard profocols to comuwuaicale with the gale-
ways. Services cen be implemcnied on sepasste
plalforms using open epplication programuming inter-
faces (APT), which sbould in tbeory lead to rapid
dovelopment and deploymest of services.

[0022] The MEDIA GATEWAYS can send media to

each other over an [P-based PACKET TRANSPORT

NETWORK using & protocol called Real Time
Trausport Protocol (RTP). The RTP protocol can be
used fo traasmit bot oply voice but also dats snd
video, The same IP transport and prolocol can be
used to carry omtitipie media types concurreatly, 2
lask that is difficult to accomplish with the oircuit-
switched FSTN petwork.

[0023] Uopliks with the PSTN, whers the sigoaliog
aetwork is separate from the voics network, NGN
utilizes the same PACKET TRANSPORT NET-
WORK to cerry both signaling #nd media iraffic.

{0024] Whereas communication betwesn the four
major modules is intesnal to the CENTRAL OFFICR
SWITCH in the PSTN, the NGN uses a galeway
contiol profocol for commuaication between the
MEDIA GATEWAY CONTROLLER =zod the
MEDIA GATEWAYS.

[0025} Tbo most widely studied gatoway control protocol
is Medis Gateway Control Protocol (MGCP) described by
TETF RFC 3015 on Megaco Protocol Version 1.0, RFC 3015
is a common text with ITU-T Recommendation 1.248, the
most recent drsft of wikich was developed a5 a closs coop-
eration batween the JETF Media Gatoway Conursl Working
Group (AKA. “MEGACO Workdng Group”) apd 1TU-T
Stugdy Group 16,
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{0025] Tue precursor 1o MGCP was the Simple Gateway
Control Protocol (SGCP) developed by Telcordia. At about
the same time Telcordin was implementing SGCF, » com-
pany called Level 3 had developod » similar protocol called
IF Devics Coatrm} (JPDC). Ratber than bave iwo similar
protocols develop end compele over lime, Telcordia and
Level 3 mevged them into MGCP. MGCP was taifored 1o
sddress a PSTN felephone and was not designed to haodie
datu of rouitimedia, [TU-T Study Group 16 extended MGCP
to support ISDN aod multimedis, which led lo Recornmen-
dation H.248. This body of work is 1oday referred using the
myniker MEGACO/H.248; it details a NGHN reference archi-
tecture that provides au operational cantext for (he descrip-
tion of the MGCP itself.

{0027} FIG. 2 depicts an NON (bat is archifecturally
compatible with MEGACO/H.248. The following workfiow
sequoncs illusirsics a typical call set-up procedure for 1he
NGN depicied in FIG. 2:

[0028] (1) A tolepbone goes off-hook. The RESI-
DENTIAL GATEWAY serving the telephone detects
the off-book event, apphes dial tope, collects the
dizled digils, and oolifies the MEDIA GATEWAY
CONTROLLER using MEGACO; The RESIDEN-
TIAL GATEWAY also informs the MEDIA GATE-
WAY CONTROLLER that it is prepared lo receive
a0 RTP media sirsam at & ceytajo port address, and
further indicates the mudio coding formal it is able lo
suppost,

{0028] (2} The MEDIA GATEWAY CONTROLLER
processes the digits and then must determine whethey
the called party telephoue is comnecied o snother
RESIDENTIAL GATEWAY within the NGN or con~
gecled to 8 CENTRAL OFFICE SWITCH o the
PSTN.

{0030} (3} Assuming the celled party is connscied 10
snotber RESIDENTIAL GATEWAY within the
NGN, the MEDIA GATEWAY CONTROLLER qus-
rics the RESIDENTIAL GATEWAY serving the
called party for an RTP porl {and the mulio coding
format) at which it would prefer fo receive an RTP
steam from the callig party RESIDENTIAL
GATEWAY,

{0031] (4) The called pasty RESIDENTIAL GATE-
WAY responds with the port et which it caa receive
an RTP sudio strear from the calling party and the
audio coding forront it is able to support,

[0032] (5) The calied party RESIDENTIAL GATE-
WAY applies a rioging tome to the callad party’s
ielephone.

[0033] (6) The MEDIA GATEWAY CONTROLLER
inforros the calling RESIDENTIAL CATEWAY of
the sudio coding format supporied by tbe called
RESIDENTIAL OATEWAY and the port at which it
is cxpecting to receive an RTP stream.

[06034] (7) Following more exchanges of information,
buth the callicg and called panty RESIDENTIAL
GATEWAYS koow the port eddresses and supported
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audio coding formats necessary for thow to scad and
receive RTP streams {containing cocoded audio)
to/from each other,

[0035] (8) Ouce the celled party answers the tele~
phooe, two-way comamnication using KTP sucams
is cstablished.

lmplications of NON Deployment

[0036] Thero are several sigoificant implications that
result from delivering vetwork services o subscribers
through an NGN rather than the PSTN, Several of (hem ore
summarized in the poits below:

[6037] Uniike the PSTN, which has  sigaaling net-
work that is.separate from the TDM network for
establishing boarer paths, the NGN network camivs
both sigoating aod medis streams over the same IP
vetwork, thercby achieving a ceriain messury of
convergsuca.

[0038] Wheroas the PSTN requiras separale overlny
notworks and protocols for other media beyood
voice, the NGN utilizes tbe same IP peiwork and
protocols for all media communications (i.e. voice,
dats, video).

[0039] While the PSTN carries voico media over
dedicated circuit switched conncctions, NGN canies
medie streams in RTP packets that are treated in the
saxpe mapner es sny other IP packoets, using the “best
effor” paradigm the Internel owploys for outing
packets. This means that packets cas encounter
delays; they can be dropped due fo cougestion con-
{ro) mecbanisms that throttle packets at the source or
at the ingress to he network, Henee, the bare public
Internet does not offer quality of servies. Conse-
quently, as NGN implementation requirss the cro-
ation of & special-purpose 1P petwork lo supporl
neswork guelity of service (QoS). I contrast, the
PSTN is capable of guarantesing QoS service for
point-to-point coneeclicos transportieg voice or
datg.

[0040] The NGN interworks with the PSTN vis
TRUNK GATEWAYS and SIGNALING GATE-.
WAYS, Thus, while the cad-io-cnd coumection
between two NGN subscrbers would ocour entirely
within the PACKET TRANSPORT NETWORK, the
end-io-end connection between sod NGN subscriber
and 8 PSTN subscriber would occur 1o both (he NGN
and the PSTN, using 3 TRUNK CATEWAY and a
SIGNALING GATEWAY (o camy bearer channel
content and potwork signalieg infounation, respec.
tively, beiween ths two subscribers participating in
the call,

[6041] ‘Thivd-party applications can be offered vis an
open applications programwmicg interface {APD)
affered by the MEDIA GATEWAY CONTROLLER,
Sowe slaodards for Open APls irclude PARLAY,
JAIN, XML, or SOAP. 1t 5 beyond the scope of this
discussioe 1o provide defimitions for these APs or to
claborate on them beyood presenting their monikers,
Let i simply be said thet the tust of these APIs was
originally aw effort to make AIN infrestsucture in the
PSTN aceessible to third-panty spplication providers
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50 that they could offtcr new and jnoovative petwork
services, With the advent of the NGN, it was eovi-
sioped tbal the same set of APls would be suiteble (o
provide third-party NGN spplications with the abil-
ity to aconss similar features by joterfaciog with the
MEDIA GATEWAY CONTROLLER.

[0042] The NGN makes it possible for a carmier 1o
provide plaig ¢id telcphone service (POTS) over a
PACKET TRANSPORT NETWORX by using a
MEDIA GATEWAY CONTROLLER and s RESI-
DENTIAL GATEWAY rather than a CENTRAL
OFFICE SWITCH. As already explained, the RESI-
DENTIAL GATEWAY tekes on {he role of the LINE
medule of the CENTRAL OFFICE SWITCH; there-
fore, there are no NGN requirements to change the
telephone itself,

A Victim of Failed Economics

[on43] ‘Though the NGN is today restricted in its applica-
bitity to voics communicutions, if was originally the bope of
both carriers and vendors thal voice-over-IP (VoIP) would
serve lo bootstrap the NGN and spawn off a new cra of
couverged notworks thal wouald cater lo voice, video and
data communicalions, Convergence promised to traosform
tbe PSTN inlo & geaeral purposs “mulli-service network”
capable of simultansously deliverdng voice, video and dala
servicos through a common PACKET TRANSPORT NET-
WORK that supposts QoS. Thus far this expectation has not
malerialized due fo lhe camers’ reluctance to widely deploy
a nstwork based on the NGN mrchitecture. At the curreat
tims, many carriers percsive the NGN erchitscture nosuit-
abls to meet thelr forward-lovkiog objeclives to decroase
network operaling costs while at the same time ipcresse
network service reventes. Ultimately the NG became a
victim of failed economics that resulted fiom it inordinate
complexity aud insufficient suppont for now services,

Complexily Confouads NGN Deployment

[0844] The inordinate complexily of the NGN is 1o & large
extent dug 10 overreliance on centralized conlral alements
for pelwork service delivery, While its many notwork ele-
menls may be poysically distributed, the NGN architechye’s
logical centrelization mimics the functionally of the “main-
frame-criented” PSTN. The NGN architecture has more
recently been aliered from its original design o model the
Internst, relying upon a “horizontal integration” of special-
wed, cooperating cetwork cleweats, Many of these network
elemenis are pot sbown i FIG, 2, but are mecessary for
NGN impleweniativn (o.g. feature servers, media servers,
intvgraled access device controllers, policy servers, domain
neming servers, SIP proxy servers, TRIP servers, subscriber
directory servers). Very much unliks the internet, virtually
4l NGN getwurk slemenis reguive some degres of central-
ized control by, o interaction with, the MEDIA GATEWAY
CONTROLLER according to specialized protocols. All of
thess protocols communicste through (i.e. generate lrafic
on} the varrisr’s PACKET TRANSPORT NETWORK.

[0045] To support ils centralized service delivery wode,
fhe “vertically tutegrated” PSTN was based on a bardware
scalivg model in which the majority of software processes
cormmunicated direstly with each other inside purpose-built
bardware computing wodules, These computing modules
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physically plupged into each othor to create large, distrib~
uted mainframe computers such as the CENTRAL QFFICE
SWITCH. The mors horizontelly intograted NGN is based
on a softwere scaliog model thal for all ivtents and purposes
remnins as pperationally costralized es the PSTN, if ool
more so io soms justzuces where countrol over a very large
mumber of subscribers (potentially millions) may be aggre-
gated into a regionsl office. Adberents of the NGN archd-
tecture maintain thal such & hiph degree of centralization
offers cost benefits; however the coat benefits of centraliza.
ton are to 2 largo measure offsct by fault vulnerabliity aed
the costs associgted with eosuring systern redundancy. Gon-
crally speaking, if something in & network does anything for
thousands of subscribers 2t the sawe titoe, not ooly does the
cucrier need two of them, but also the ability to automatically
fail over from one to the other without dramatically inler-
rupting service delivery. Jmplomenting this level of func-
tiopalily for coptralized componenis is challenging and often
probibitively sxpensive.

[0046) As depicied in FIG. 2, lhe physically distributed,
bighly-decompased NON architecture selies wpoa » an
“orchestra™V of interdependent softwere services ruanivg on
distributed petwork sloments; these software services, sach
according 10 its uvigue role, communicate in ons-to-oue,
many-to-one, or one-to-many reletionships with other inter-
dependent software sorvices through the PACKET TRANS-
PORT NETWORK, each using specialized protocols,

[0847] Duo o physical limitations oo bow many MEDIA
GAYEWAYS can be controlied by a single MEDIA GATE-
WAY CONTROLLER, tbe NGN mus! be partitionsd iniv
confrol zones, Local device-lovel signaling performed by Lbe
MEDIAGATEWAY CONTROLLER within its conirof zone
wus! be somehow synchronized with cod-to-sad network
sigoaling that would be necessary for a call to spen more
than a sioglo zoos, The resull is a fwo-tiergd signaliog
architechure—a couocession fo the inclegsnt NON scaling
mods] and ils inhorent requirement for netwark partitioning.
Network signaling protocols such es Session Taitiation Pro-
tocol (SIP) are used between control zapes for snd-10-sad
potwork signeling, whereas MEGACQ is used closer to the
endpoint for local MEDIA GATEWAY coatrol,

[0048] Among other things, tbe (wo-tierod signaling
wodel complicates the integration of APPLICATION SERV-
ERS (zod potestially PBXs) that typically requirc more
signaling information than tzn be conveyed by MEGACO
(e.g. calling amd cailed party dizlivg suwmbers). As 3 resull,
vetwork signaling using SIP must be extended directly {o the
APPLICATION SERVER &5 if it were snotber MEDIA
GATEWAY CONTROLLER i.t. another “cootrol zone,"
Thus, for the NGN 1o cnable nctwork-based enhanced
services such as voice mail or group confercaciog, it must
interface APPLICATION SERVERS usisg 3 differcnt
methed than the way it interfaces telephones. From aa
operatiooal perspective, the two-tiered sigealing model
means that the MEDIA GATEWAY CONTROLLER
becomes a lynch piv, aud must now actively mediate all
lelophone sccess to the APPLICATION SERVERS,

[0049] lo 1be NGN, subscriber telephanes are conoected
through RESIDENTIAL GATEWAYS aud controtled by the
MEDIA GATEWAY CONTROLLER using MBGACO,
This comploxily bas furiber implicstions in lerms of com-
plicatiog vverall network design, particelarly with respect 0
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Ihe scaling of participaling pelwork elemenls. Thus, as 3
cunsequence of its inordinale complexity, the NGN archi-
tecture briogs with 11 e number of very significent imple-
mentation considerations that may be summarized as fol-
fows:

{00507 Potential poor performance resulliog from the
high processing overhead: network functionality is
bighly decomposed into distrbuted astwork cle-
ments that must communicate throogh the nsiwork
itself using verious prolocols;

{0651}  Numerous indolerminate scaling relationships
that iotroduce x proportionally larger wumber of
potentizl boftisnocks;

[D052] Troubleshooting procedures thet wust isolate
and resolvs probles that appear to reside o more
thag one placs do to profocol incompatibilites;

{0053) Software integrativn requirements that are dif-
Heult for most carders 1o support,

[0054] It is the conclusion of this analysis Ihat the NGN
achitecture as represeated in FIG. 2 hes low wany moving
parts (o operate efficiently, Allempts to remedy these limi-
latfons ultimalely transiste into woplemsntation cost for ibe
carricr attempting lo deploy 83 NGN.

Insufficient Support For New Services Confounds
NGN Peployment

[0855] The NGN architecwre suffers from insullicient
support for new services, It largely replicates the telephone-
oriented feature sci of today’s PSTN, Due 1o the centralized
control model of the NGN, support for nuw nelwork servicey
is dependen! upoa the ability of the MEDIA CATEWAY
CONTROLLER and APPLICATION SERVERS to provide
the featuras that comprise & aetwork service, Much like with
the PSTN, fenture delivery by a centralized controlling
entity is limited by the carrer’s ability (a0d willingness) 1o
modify the controlling entity to provide new scrvices, Not-
witbstanding the NGN vision of third-party applications and
new services supported through MEDIA GATEWAY CON-
TROLLER APIs, as s practical meller it is a leouous
proposition 1o modify access to it, or add to its service joad
onco it bas been oplimized to deliver a particular portfolio of
sorvices,

[0056] Beyond risks relared to destabilizing the care of the
aetwork by providing AP aceoss to the MEDIA GATEWAY
CONTROLLER, the geoeric concep! of using APls fo
integrale application services came into question some time
aftor the inception of the NGN and its API-based sirategy. In
aclual prectice-—"actual practise” being a function of indus-
ry consensus desived from years of internsl expericoce—
third-parly appiications offered throngh the NGN are prob-
ably belter integraied using stendard 1P-based IETF
projuvols such 25 SIP aod Hypertext Transfer Protocol,
APPLICATION SERVER integratiou inlo Jhe PACKET
TRANSPORT NETWORK using intsruet-siyle protocols
(hesed oo message pessing) has proven far more Sexible aad
cost-effective than integranons based on APIs. APIs tend to
e highly vendor-specific, programming lsoguage-specific,
aod, sigce they are besed fundamenially on function calls
rather then message sets, load io be less llerant of partial

}1}
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[0057] Notwithstanding the foregoing, it should be kept in
mind that nstwork signaling protocols like SIP are pot
compalible with the device-prientied MEGACO projocol
used to control {elephones vonoecied lo RESIDENTIAL
GATEWAYS, Thus, 46 pointed out eadier in the discussion,
the two-tiered signaling model of the NGN puts the MEDIA
GATEWAY CONTROLLER into & mediation rale, perform.
ing an imperfict waoslation between its use of MEGACD 10
control service delivery to telepboues and its use of STP as
the means o access application services.

[0058) Interactive calling services were origioally envi-
sioned thal would provide the NGN subscriber with {he
ability 1o sslect or customize call processing lugie, perhaps
even lo oanble interoperebility between aetwork foaturcs
1ud spplication programs runging oa the subscriber’s per-
sonsl computer (2.g. active browser sessfoss, iastol mes-
saging clients) or 1u access subscriber-specific dats objects
{c.g. contact lists, call logs, content subscriptions). Tmple-
menlation of these types of interactive calling services usiag
ouly AIN-style APls was eventually perceived as largely
impractical i the NGN because the MEDIA GATEWAY
CONTROLLER (supporting ihe APls) would be requised to
access, manage, and cxcoute unigue, complex service logic
for very large aumber of subscribers a1 the sams time. The
following poiuts illustrate otber significant witations of the
NGN with respect to supposting pew servicss:

[0059] Iu the NGN, the MEDIA GATEWAY CON-
TROLLER delivers telophone featusres by remotely
controling the RESIDENTIAL GATEWAY. It cas
only deliver featwres lhvough & RESIDENTIAL
GAIEWAY whose feature sst it Fully understands
avcording o the MEGAGO stendeed. This factor
imposes substential constreints on the varicty of
petwork services the NGN can deliver becauss it is
jmprectical or unfeasibie to conlrol an endpoint
featurc sct that cxtends beyond ibat anticipated by
MEGACQ,

[0060] Cealling services b3t perform calf control
operstions requira & full koowledge of subscriber
Class of Service parameters sod service delivery
preferences, This informatios governs mot only tho
subscriber’s ability to invoke the calling service in
the ficst place, but the waigue bebavior of the servics
when inveked by that particular subseriber, Most of
the information that interactive calling servicss (¢.g.
call log functions, programmable call-blocking snd
call-forwardiog) require is bured somewhere doep
ioside the NGN infrastruciure in much the same way
Ibat it was buried ioside the CENTRAL DFFICE
SWITCH io the PSTN. This facior imposes substag.
lial constraints oo the variety of nefwork services the
NON can deliver because cal] log eatries apd relaled
subscriber-specific setwork usege data are largely
unavailable for real-time sccess by ihisd-party appli-
cations,

[0861] RESIDENTIAL GATEWAYS ars uainleli-
gent in the sepss that they require the MEDIA
GATEWAY CONTROLLER 1o mediate sl network
sigusling functions on their behslf. They cansct
dotormine the brosder network signaling coutext of
the caliing operations in which they participats. They
aro incapable of independenily exccuting service
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logic that iavelves network signaling operations (o.g
call medirsction, muitipoint call coniral, call supes-
vision, mullipls line appearances, ¢lc.) without cen-
trafized participation by the MEDIA GATEWAY
CONTROLLER. These factors impose substantia)
coosirainis on the variety of petwork services the
NGN can doliver becanse each new servics roust be
ughtly integrated with the MEDIA GATEWAY
CONTROLLER in order to perform call control
operations.
(0062} To work around these copsiraints, (eceal
approaches to offering oew services in the NGN bave pul ag
spplication belween Lhe RESIDENTIAL GATEWAY and
the MEDIA GAYEWAY CONTROLLER. The applicslion is
respoasible for contrelling the subseriber's tsisphones, giv-
ing them access {o various new featuses, These approaches
support: (1) & varisly of (elephone types pot supporicd by
stapdard MEGACO, (b} better access o call log records and
related subscriber-specific network usage dats; and (c) the
ability lo execute user-configurable service logic not sup~
ported by the MEDIA GATEWAY CONTROLLER.

[0863] As ao cxample of this approach, compamies such as
Cisco, Broadsofl, LongBoard, and Sylantro have built appli-
calion systems that provide optimized combinations of busi-
ness telephope services thal includs PBX and Centrex
Toatures. While some of thesc solutious are desigoed for
enlcrprise deployment, lboss iniended for carier deploy-
megt are often referved to using the moniker “IP Centrex.”"
1P Centrex solutions provids calling services and telephone
foatures using various brands of office telephones and web
browser-based graphical user interfaces, Geserically, IP
Centrex solutions oquats to a oetwork-based software PBX
epplication that replaces much of the functiooality of 1he
MEDIATE GATEWAY CONTROLLER.

[0064] [P Ccairex solutions are often refearcd to in the
industry as “point solutions.” Poiot solitions epable the
cammier 10 provide a very paslicular set of new servicss for
isolated populations of subscribers. They are a work-around
bourne oul of necessity and introduce additione] “non-
standard” intermodiary netwode olemenls into the NGN,
Adding new network elemeals of this type brings with it
significant scaling ivoplications associated with carrier
deplayment of a service {hal cannot scale as the network
jiself scales. Point solutions are operationally unfeasible for
carriers sorving tens of millions of subscribers because ihe
feature sel of ihe point solution cannot be managed as a
stapdard network fcatire scf that may be enabled or disebled
for eny yubscriber at will, If such & service became popular,
the cawier would bave to replicate many instances of ihe
system—poisotislly thousands of them--oach to serve &
cerlain critical mass of subseribers, and lhew (o manage these
systems a5 independent islaads of service delivery capabil-
iy,
{00651 As summarized below, point solutious bring with
them (keir own waique sat of cander depluyment challenges
aod at the same tme do pol 1esolve the genecral limitations
of 1he NG with respect {p supponting new services:
{0066] Point solutions do not in & general seose
suabls the NGN 10 control a telephone feature set (or
other eudpoint device foature set) that extends
beyond that saticipated by MBEGACQ, but instead
supports selected vendor tclephones in a way that
suils their own specific purposes,
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[0067] Point solutions do ol In & geosral sepae make
call log records aod releled subsoriber-specific net-
wark usage date aveilable for real-time access by a
tkrd-panty sppHcations, but instead simply stora it
intcroally for their own use.

[0068] Point solutions do not In » gepersl sense make
it possible for third-pasty applications to perform call
control oporutions, bu! instead implement call con-
tro} operations for thekr own specific purposes.

NGN Support For Multi-Servics Delivery

{0069] The NGN srchitscturo leaves to futere consider-
ation fealmes seis that oxtond beyond traditional PSTN
voice services. It zssumes ceninil office {or equivalent)
deploymeat for most petwork eiements and 1hat ibe RESI-
DENTIAL GATEWAY is providing telephone service over
a geaertl-purpose PACKET TRANSPORT NETWORK that
supporls QoS. Video and data services are oot addressed
directly by the NGN, aud it js sssumed that other network
cloments and related infrastructure componeots will provide
thess services independenily.

[0070) The above sssumptions do not enticipate that the
subsceber purchasing voice services is also likely to pus-
chase datz end video services from the same carrier, Whes
the carrier's primary connectivn to the subscriber premise is
through a broadband access network, it quickly become
impractical to iostall & separete physicel comacction or
indepsuden! solution [or cach typs of media service offered
o lhat subscober. Much of (he motivetion behind ihe
trepsilion to & cogverged network is based og 1be notioy thut
multiple services—voice, video, and data servicss—-can be
affered 1o a network subscriber through » single IP data path
tg the premise. The cooverged vision extonds to coubling
carriers to combine severnl media types inle & compreben~
sive setwork services offering.

[0071] Tuis typo of multi-soreics delivery requires QoS

arbitration at the subscriber premise 5o as to eusure QoS for
all voice, video, and data terminal devices {i.e. telophoaes,

televisions, PCs) insialled there; all of these terminal devices -

mury be operating at the same time sharing the sews 1P data
path. Many polential mew scrvices asticipate providing
valus 1o subscribers because of their ability to support
multipls mediz types at the sawe tims, potentially integrat-
ing twa sorvices thal support differont media types in & way
that makes each mote wseful. In addition, veics, videc and
datz lenpinal devices installed 2l the subscriber premise
often support difforent control interfaces that must be gor-
malized to getwork signaling and device control convsaotius
ibay would egable {bem lo inlersct with nmetwork-based
APPLICATION SERVERS iu a consistent fashion.

[0072] Equipment! vendors bave responded (o reguires
wonts to coable NON multi-service delivery through a
single [P data path to the subscriber prewise by creating an
integrated access devica (1AD). The 1AD beogan life as
specislized vemion of a RHSIDEWYIAL GATEWAY,
desigoed as 2 means Lo enable subscribers to counesl voice
and date temminals at the premise in such fashion ag they may
sharo & commeon 1P deta peth io [he carricr’s PACKET
TRANSPORT NETWORK. Tée JAD marketplace loday
offers the carriers a bewildedng assortment of devices,
fargeting opitmel combinations of cost effcctivencss and/or
featurs richooss.
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{0073] Some 1ADs support veice-over-P apd QoS arbi-
treliva features whereas others aliempt to obviale Iotal
reliance on romole JIAD cooirol by & MEDIA GATEWAY
CONTROLLER (using MEGAGO} by implemenling
saloctad POTS telephone features and SIP network signaling
withia the JAD, Spme 1ADs used by the cable industry do
vot support VoI P in the NGN sense of i, bul instead pruvide
for “voice-over-broadband.’ The term veice-over-broads
band vefers to » family of propriclary access oetwork
desigos, the most common of which is that uscd by cable
companics that trausport voice, as well as data aod video, oo
distinct broadband channels created through frequency divi-
sion multiplexing (FDM)- In this type of voice-over-broad-
band nstwork, voice and data flows are split at tho central
office (or central office equivalent), with the voice path
connecting o + CENTRAL QFFICE SWITCH (usually
tbrough a QR 303 packet interface). IADs of this type are
excepled from this discussion becanse they do not support
the converged “end-lo-cnd TP vision of the NGN and ere
fondsmentally incompatible with it

[0074] NON voice seevices offsred through an IAD using
VoIP are virtually identical to voice services offsred directly
ibrough a POTS line connected o 8 CENTRAL OFFICE
SWITCH. Typically, the 1AD is used to connect telephones
and computers to & brosdband dats service provided fo the
premise, Through the geteway facilities of the 1AD, voice
apd datk are wrensporied as distinet packet flows over &
common {P dets path that is contiguous (from en IP con-
nectivity standpoint) with the PACKET TRANSPORT NET-
WORK, In the NON, the feature sct of lhe CENTRAL
OFFICE SWITCH is cwulated by (be MBDIA GATEWAY
CONTROLLER iu coucert wilk 2 number of other getwork
clemepls such as a “feature server.’’ Coacoptuelly, in the
NGN the TAD funclioos exaclly ss any other RESIDEN-
TIAL GATEWAY.

[0075] Unable to deliver Uaditional PSTN setwork ser-
vices independently, and devoid of the ability 1o enable
compelling new servios capabilitics, the value proposition of
the LAD lies in its ability to cnable the subseriber 10 use one
physical line {e.g. DSL line, cable, T1) for both voice and
data gt the sams time. In summary, the cost of the IAD must
be compared fo the cost of simply installing separaty voice
and data lines to tho promise.

{8076]  After substaniial field oxpericucs, technical staff at
two wajor United States Local Exchange Carmiers recently
concluded that the cost for them to deploy network services
using an [AD is greater than or squal to the cost (o deploy
separate voice and data lines lo the premise, except in raro
cusey where it would be exceptionally expeusive to bring in
ag additional tine, Despile wide availability several for
yeass, the limited deployment of LADs further suggests thal
the NGN bas been a victim of failed cconomics. From a pure
techaical perspective, an [AD may be an appropriate “cdgs
device™ form-factor 1o address MEGACO requiremments for
multi-service delivery 1o the subscriber premise, This obser-
vation does not remedy the uaderdying problem that its cost
fo deploy is perceived es more than can be justified by the
medest fusctionality it egables,

SUMMARY
Ag Edge Swilched Natwork Arcbitecture

{8077}  An Bdge Switched Network (ESN) architeeture is
introduced s an lonovation whose implementalion is depen-
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dent upon the Distributed Edge Switch (the *inventing” that
is the subject of this disclosure), The poasral operaliog
principles of the ESN are described befow as & prelexi to a
detailed descriplion of the Distribuled Bdge Switch (DBS)
found in the OVERYIEW section. it will be sbown that the
ESN resolves many of limitations isherent to the NGN,

[0078] FIG. 3 depicls an ESN architecture principaBy
comprised of “conoectivity elemenis.” A conpsclivity sle-
mont is a particular type of network clemest that is capable
of participaiing in call sessions using SIP network sigualing
nnd RTP bearer transmission. Commuaities of counsctivity
slements commuaicate in 1 peer-to-peer fashion withoul
necessarily requiriog essistance from the network beyond IP
connectivity. The three coomeotivity element types defined
for the ESN are as follows:

[0079] EDGE SWITCH
[0080] APPLICATION SERVER
[0081] PSTN GATEWAY

[0082] Al thres comnectivily clements share & similar
uelwork ioierface dosign thal combines support for SIP
gelwork signaling, RTP besrer Iransport, medis encoding/
decoding, and evenl-driven call processing into a single
intelligent codpoint devico. From a couceptus! standpoizt,
each connectivity element collapses functionality from cach
wajor NGN network element mio a self-contaioed whole
capable of "mtclligent participation” iz cal} sessions. fotsl
ligent participation refers o tbe ability of 8 compectivily
elemesol to operate both as SIP petwork signalivg coudpoint
and as & csll control agent capable complex eall controf
operations. Complex call control operations might invelve
supervisipg call sossiops ihat contain multiple call legs
extendivg to other commectivity clements, Conasctivity sle-
meots may leversge msiwork-based SIP proxy servers to
support these and other complex operatiens.

Role of 1he Edge Switch in the BSN
[0083] The EDGE SWITCH is an ESN conneclivity ele-

ment whose priocipat function is to support the delivery of

vaice, video (muttimedia) and data sorvices—muiti-servics
delivery—io the subscriber premise through a shaved IP datg
palb, 11 aggregates several funclions logether inlo 2 single,
cosl-effective device ihat is deployed by the cerder as a
premlise-based network elemest.

{€084) FIG. 3 shows that the EDGE SWITCH functioos
as 2 broadbend access network lermination device (e.g. DSL
mudem, cable modem, T1 Iermmalcr. pasaive optical loymi-
palor) at the subscriber premise, providing an 1P data path
from the premise to the PACKET TRANSPORT NET-
'WORK. It also provides & means by which voics, video and
data terminnls at the subseriber premise mey copnect fo
other network oodpoints in the PACKET TRANSPORT
NETWORK, cach crealing connections through & shared,
routed IP data intesface.

[0085] Ultmately, all subm:nbar terminals pluggsd ioto
the EDGE SWITCH commumicats with the BACKET
TRANSPORT NETWORK through QoS roulisg capabili-
tics built isto the EDGE SWITCH, BDGE SWITCH routing
capabilitics enable QoS arbitration al the exacl point where
subscriber lerminels interface lhe broadband access oet-
work. Video sircaming services deployed within the network
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are wade accessible to SIF media streaming dovices con-
nectod to the EDGE SWITCH (such as SIP-tnsbled set-top
boxes). Dale frausmission capacily ot used for voice icle-
phone comwunications or media slreaming is made accos-
sible to data 1ermins!s for dste communications, The EDGE
SWITCH operntes as 3 MEDLA GATEWAY lo the extont
lhet it is able lo present POTS or otbor types of oon-SIP
telepbones {(compected through its LINE inleiface) to the
petwork 85 SIP uetwork signaling endpoiots, The EDGR
SWITCH provides necessary terminal adaplation as neces-
sery for the conversion of device signaling and bearer
channe) content at the LINE interface to/from SIP aetwork
signaling and RTP voice transmission conventions required
by the ESN.

[0B86] The EDGE SWITCH axecutes locally stored call
processing applications in response 1o dolecting network
trigger cvents, In this way, voice telephoue features snd
reluted calling sarvicos are provided by the EDGE SWITCH
10 the subscriber through legacy POTS and/or IP telephones,
without the participation of centralized metwork contro}
elements,

{0087] In order to perform o the capgeities described
sbove, the EDGE SWITCH must operate as a geoeral
computing device able 1o sxecute complex sofiware pro-
grams aod store relatively large amounts of information,
More specifically, the EDGE SWITCH contains the foliows
mg.

{0088} Sufficient compuling capacity, memory, and
oporaling systew funclionality necessary 1o support
application-level program development sod applica-
tion program execution; particularly the excoulion of
call processing applications;

[0089] Sufficlent storags caprcity to hold an operal-
ing svent bistory of & year or more; operating cvents
' inchade configuration changes and z2i} potentially
billable subscoiber access o calling services (e.g. call

{og records);

{0090] Suifivieat storage capacity to bold all call
procossing epplicstion execulsble code ueeded to
support metwark sorviee delivery accordiog i (he
subscribor’s Class of Service;

{0091} Sufficieat siorage capacily 10 hold local call
roules aad network sddressiog information needed ‘o
support network service delivery (via call processing
applicatioas) for all subscribers served by the EDGE
SWITCH,

{0092] Sufficiet slorage capacily to hold subscriber
Class of Service parameters and scrvice delivery
preferences poeded {o govern the subscriber’s ability
to invoke a particular calling service apd the unigue
belmvior of the service when aciually jovoked.

{0093] Systew softwire o suppost a SIP network
signaling protoco) stack that can be programmed to
selectively expose trigger points in & call thal auto-
matically invoke service logic (ie. call provessing
applications).

{B034] System softwase to support ceolralizod ser-
vice provisioning, device management, and sofiware
upgredes by a remole syslem managemen! platfonm
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[0095] System sciiware to support the full comple-
meat of QoS srbitralion, including traflic classifica-
tion, packet labeling, packel scheduling, and admis-
sion coolrol based oo subscriber Class of Service,

{0096] System software 1o support real-lime remots
monitoring of netwark service delivery, with active
reporting of status 10 & remote sysiem management
pletform,

[0097] System software tequired o meter pefwork
service delivery by gencrating call log records and to
stote them in a datsbase imtemnal to the EDGE
SWITCH.

[A098] Systom sofiwarc required to normalize ven-
do-specific Yormioal device interfaces to comply
with setwork siganling aud dovice control coaven-
tions thal would enable them to ioteract with oet
work-based APPLICATION SERVERS in a consis-
tent feshion.

[0099) Securt daty exchauge inlerfaces thal wmake
BDGE SWITCH featuros and all information stored
withio its internel datebases sccessible to remots
database clisnts, network manegement systems, sod
{hird-pesty applications.

Role of the Application Secver in the ESN

[0100] The APPLICATION SERVER is an ESN connec-
tivity element whose principal fugction is io supporl the
delivery of nelwork servicess to other ESN comncetivity
slcments. As is common to wll ESN couzectivity clements,
the APPLICATION SERVER is cepable of intetligent par-
ticipation in call sessions. It can execuls internally stored
call processing epplications (service logic) in response o
cetwork sigaaling events and retated tripger poinis in & call,
An example of signaling svents that would tigger service
logic exccutivn include so ailempt by s SIP signaling
endpoint to cospect to tbe APPLICATION SERVER or
disconnect from i coce conoccted, Trigger points ia & calt
might includs ovenis detected while the SIP call session is
in progress, such as mid-session control messages or certain
call control operations,

(0101} In most sceparios, network services or featurcs
supporied by an APPLICATION SERVER are reodered
directly to SIP network signaling cudpoints that copoect to
it. For reasons of security and protocol comgatibility, the
APPLICATION SERVER may impiement seeure connec.
tion policies that prohibit acenss to SIP network signaling
oundpoiats that are oot directly managed or mediated by
apolber ESN connectivity element, For cxample, 2 PC-based
SIP client stterpting lo connect to ths APPLICATION
SERVER through Lbe public internet may be prohibited from
doing s0; however, a PC-besed SIF client altempliog to
conncet to the APPLICATION SERVER through an BDCE
SWITCH will bave its SIPsignaling medisied by that EDGE
SWITCH~—perbeps cucrypled according to an intesnal car-
rier petwark standard—and as & resull mey be allowed o
connecl 1o the APPLICATION SERVER io this way.

[0102] Upoo deteciing & SIP call session inftation, the
APPLICATION SERVER examines $IP signaling informa-
tion and compares it with what it knows interaslly about the
calliog party so thet it may aulomatically determine the
feature, function, or scrvice that it sbould render in the
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calliog party. For exumple, U the calliop party is a SIP
network signating endpoint (SIP User Agent) used by ao
EDGE SWITCH 0 represent o POTS (clephione at the
subscriber premise, lhe APPLICATION SERVER will
receive the dialing vumber of the calling party (ie, Ihe
disling mumber ussigred to the POTS lelephone origloating
the call), R may then uss this dialing mumber (o sccess an
inlerna! detabase for the purposs of retricving the Class of
Service parameters sssocialod with this dialing oumber,
Clags of Service parameters will inform the APPLICATION
SERVER as 10 whether or not it should reader iis service 1o
1be calling party.

[0103] Aside fiom the pumber of simultaneous SIP call
sessions it can potentially suppori—a fuaction of its hard-
ware form-factor—thore i3 @ fundamontal differonce
between the APPLICATION SERVER and the EDGE
SWITCH: wheress the APPLICATION SERVER rsoders
network servicss and features W g calliog party, the EDGE
SWITCH renders network services and features 1o termins)
devices plugged into it ot the subsoriber premise,

[0104] lu readering network services and features 10 &
calling party, the APPLICATION SERVER exploils the
capabilitics of various system resources. Call processing
applications vXecuting oa the APPLICATION SERVER may
perform databese guerics, mudia store-and-forward opere-
tions, suppost group conferencing, coavert lext o spaech,
rovogaize voica commands, or any one of a pumber of
operations thut might be beyosd the scope of what an EDGE
SWITCH could perform without assistance from the nel-
work. By simply coppecting 1o an APPLICATION
SERVER, aa EDGE SWITCH or PETN GATEWAY may
request aod receive the intelligent participation of the’
AFPLICATION SERVER when they require such assis-

lauce,

Role of the PSTN Gateway io (be ESN

[0105] Tbe PSTN GATEWAY is an ESN copuectivity
element whose principal fenction is to () maks it possible
for the EDGE SWITCH 1o conoeet to PSTN cadpoints using
SIP oetwork siguating and (b) to make it possible for PSTN
endpoists lo coopect to the EDGE SWITCH usiog PSTN
pelwork sigoaling, The PSTN GATEWAY combines fhe
functions of the NGN architecture’s SIGNALING GATE-
WAY, TRUNK GATEWAY, and MEDIA GATEWAY CON-
TROLLER so &s to énable SIP calf sessions conpecting to it
{o be bridged to PSTN eodpoints, It provides gecessary
sigosling pateway functions as required to interface 1he
PSTN using SS#7 protocols, It alse provides accessary
media gateway functions jo convert beater chaonel encoding
formats xt the TRUNK, interface to/from SIP and RTP voice
frapsmissios conveatios required by the ESN,

[0106] A connection attemp! that originates ig the ESN
and thal is intended to ultimaicly commeet to a PSTN
vodpoint, will be directed 10 a SIP network signaling end-
point on & PSTN QATEWAY. The PSTN GATEWAY will
witiale essentisly the same workfluw sequence used by the
APPLICATION SERVER 1o sxecule internally siored call
proeessing applcations, Consisteny with ils specialized role
in the ESN, s PSTN GATEWAY will exccule a call
processtag epplication that will connect the incoming SIP
call session through 1o the specified PSTN cadpoint. Thus,
a0 incowing SIP call from the ESN 1o the PSTN GATEWAY
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will initiaje 2 corresponding PSTN call set-up to a PSTN
endpolni thiough the TRUNK intorface. In the revorse
direction, an incoming PSTN call through the TRUNK
interface will result in & SIP call set-up to a SIP aetwork
sigoaliog endpoint in the PACKET TRANSPORT NET-
WORK.

Architectural Comparison of BSN to¢ NGN

[0107] Tbe ESN is substantively different From the NON
in & oumber of significant ways, aod a5 8 result of these
diffcrences, the ESN remedics cortain nrehitectural limita-
tions inherent 10 the NGN s set fortk in the foregoing
seclions. By showing how specific limitations of the NGN
are resolved by the -ESN, the summary below affords aa
oppochumity to highlight important capabiliies inberent o
the ESN architecture wilbia & relevant context:

10108} (1) The polential poor performance of the
NGN resulting from bigh processiog overbead for
distributed elements communicating through the aet-
work {and attcudant scaling problems relsied
thereto) is resolved by the following:

{0189} Eliminatipg the MEDIATE GATEWAY
CONTROLLER functios catirely, and instead dis-
tributing call procossing capability throughout the
network by ewbedding it in intelligent sndpoiot
devices;

[0110] Foaturc-oriented netwaork service delivery
to subscribors Wrough ferminals at the precmise is
performed by dedicated computing resources
physically lacated on the subscriber presise (i.o.
by the EDGE SWITCH);

[4311] To the sxient ihat the sbove method of
foature dolivery does not require assistance from
the network for most call processing Runclions,
feature respoosiveness is perceived by ESN sub-
scrbers lo be essontially instantancous, rogardlcss
of te aumber of simultancous ESN network
usews;

[0112] As a comsequence of elimioatiog the
MEDIA GATEWAY CONTROLLER function
entirely, s0 too is the gateway conirol laysr elimi-
nated, effectively feftening the two-tisred NGN
petwork sigualing model iolo a gormalized SIP
weiwork sigualing wodsl. Acgording 1o the nor
malized SIP uotwork signeling model, voice sad
multimedia cooneclions are establishod pesr-lo-
peer using the same metbod;

[0113] As a rosult of Hattening the two-tiesed NGN
aetwork signaling model into a normalized SIP
metwock signaling model, overall ESN system
performancs with tespect to APPLICATION
SERVER sccess by EDGE SWITCHES acd
PSTN GATEWAYS is dramsticatly enbeuced. The
delivery of oetwork-based festures provided by
APPLICATION SERVERS in the BSN is percsive
by subscribess 10 be esseptially instantancous and
relatively unaffected by the mumber of simulta-
neoes ESN petwork users,
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[0114] (2} The NGN's large mumber of potential

bottlenecks that are introduced as a result of its
owmesous indetenoingls scaling relationships are
resolved by the following;

[B115] Reducing the number of network slements
thiat are peeded lo participate in network service
delivery;

[0116] Embedding foatwre dolivery and service
metering functions into the network access device
{BDGE SWTTCH or PSTN GATEWAY) s0 a5 to
eliminate requirements for the contralized network
clemeats 1o refain information ahout the state of
any given call,

{0117] (3) Trovbleshooting procedures for the NGN

must isolatc and resolve problems tbal appear to
reside ja more than oos place because of protocol
incorpatiblities. This issue is resoived in the ESN by
the following: )

{0118] Reducing the total sumber of protacols;

10119] Reducing the total sumber of nstwork cle-
meois.

{01207 Managing all conpectivity elemenis as
populations of liks slements, each of which sup-
poris more or less identical provisioning, device
mavsgement, dingnostic, and cvent reporting
wechanisms, and each using the same interface
protocols to support slmilar tasks,

{0121} (4) Software infegration requiremesis for Ibe

NGN are difficult for most carrers to implement and
support, This issus is resolved in the ESN by the
following:

[0122] Supponing a hardwere scaling model in
which ESN secvice delivery capability {s built up
in & predictable, linear fashion by replicsling
coupectivity clements;

{0123} Embedding most subscriber-oriented fea-
tures inle 2 very lows-cost dovice (EDGE
SWITCH]) that is pbysically repleced if an error
condilion is detected ratber than repaired; the
replacement unil is then sutomatically delected
g re-synchronized with & systems meosgemen!
platform so that identical network sorvice capa-
bilities are restored o the subseriber;

{0124] Requiring rclatively fow centralized soft-
ware processss 0 suppont foeture-oriested net-
work service delivery, as compared to Ibe NGN;

{0125} Uiilizing SIP-based access 1o service logic
moning within AFPLICATION SERVERS for
advaoced [eature support—a method that sharply
conlrasts with NG support for API sccess to call
processing capabilities within 1he MEDIA GATE-
WAY CONTROLLER,

[0128} (S} 'The cconomic model for the NGN thet has

nol proved compelling ia carriers Jargely due to high
implementation costs resulting from its inordinate
complexity, The relative sirophicity of the ESN trans-
lates Joto & lower relative cosi for greater network
service delivery capabilily, thereby incroesing the
likelikood that its cconomic model would be com-
pelling enongh to motivale camicr implementation,
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Some of the principal reasons for its simplicity [0138] Featurs delivery by the EDOB SWITCH is

relative 10 the NGN include the following:

[032Y] The ESN is capsble of delivering tracti-
tional PSTN notwork services and new multi-
servics capabilities through 8 common meaus with
litde or no reliacce on feature-coutrolling iofra-
structurs in the central office;

[0128] The ESN e¢mploys a hardware scsling
mods) that uses primerily mass producsd, low-
cost EDGE SWITCHES for most of its subscriber-
orented service delivery;

{01297 Tho ESN requires dramatically tess offort to
test compared 1o the NGN, sincs validatlug the
feature se! of a single EDGE SWITCH for &
ceriain number of concurrent sessions copfers
validation of the ability 1o support 2oy multiple of
that certain gumber of coocument sessions by
deploying a proportionate mulliple of additiosat
EDGE SWITCHES;

[0130] The BSN enjoys very Jow implemeatation
costs due to the fact Lhat jis aciwork integration is
tased oo relatively few protorols other than SIB
The MEGACQ projocol stack is eliminated from
ths model, along with ell attendant reguirements
for licensing and intaroperability testing betweon
MEGACO-compliant cetwork sicments,

[0131] As a consequence of thesa {actors, overall sysiom
cost for ths BSN on a per-user basis hes been calculated to
be less exponsive than PSTN technology to provide an
cquivalent featurs, Overell sysiem cost for the ESN bas tewn
esitmaled to bo less expoasive thaa the NGN {o provide an
squivajent feature,

[0132] In considerstion of Yo above cost estimales, it
should be noted that indeterminate scaling relatiouships in
the NGN, and the lack of deployed NON networks Lhat
could be used for direct comparison, ars faclors Hat together
confound altompts to quantify the tme implomentation cost
of sa actizel NGN deploymen, A theowetics] celoulstion of
cost-per-subscribor (i.c. an cstimate) in the NGN might ool
necesserily reflect actual feature delivery capacity because
of vnanticipated cffects that ars Iikely to result from its
bighly decomposed architecturs.

Support for New Services in the BESN

[0133] Support for new services by the ESN is made
possible because of several capabilitics that are inhereat to
its archileciure, Sume of these capabililies are described es
foltows:

[0134] The ESN supporis voice, video and data-
orienied petwork services lhrough 2 common (e,
shared) IP data pail, providing QoS edbitration at the
premise as is required (o supperl multi-servics deliv-
ery; thus, new services can be offered for each type
of media, or oew services cen combing features that
involve more thas ous 1ype of media imin a single
multimedia service. As an examplt, a fostuse conld
be crested to lower the volumo of the television if
someone answered the telephony;

remotely programmable by the carrier; sofiwarc
lasds can be uploaded into the EDGE SWITCH (o
mlyoduce pew fertures over lime without nstwork
infrastructure changes; )

{0136} The ESN subscriber way interact with the

EDGE SWITCH to select features and program them
to bebave according to subscriber-specific param-
cters, potentially fo interoperate with a variety of
thisd-party applications, spplication programs ruo-
ning on the subscdber's PC, or to securely access
date objecis stored in network servers or on the
subseriber’s PC, As an example, an epplication could
use instant messaging 10 inform the end user as to the
identity of a calling party.

[8137] Most ESN network intelligence is located

within the EDGE SWITCH itself, A Javge part of this
“notwork  igtelligence”  includes the EDGE
SWITCH'S abilily fo isternally siore call Jog records
aod other subscriber-specific information related 10
network service delivery, This stored information in
eftsct comprises a distributed databaso of virtually
unlimited scalability. New ssrvice opportuaities are
mads possible by virtue of the fsct that this infor-
mation mey be securely sccessed by 2o application
aod subsequently presented o an end user within the
context of interaclive calling services. As an
example, petwork-based web applications may be
created fo provide end users scoess o multi-yenr cll
tustories managed through a web browser-besed
graphical wser interfacs.

{0138] Becavse of its SIP-based networle signaling

madel, the EDCE SWITCH can perform complex
call control operstines that lovolve SIP network
signaliog sodpoints located virtually anywhere in the
actwork, This support for complex call couairol
operations by the EDGE SWITCH io cffect enables
it to function as a distributed call conrol resource of
virfually untimited scalability, New service opporiu-
pities et made possible by virtue of the fect that this
capability can bs securely accessed by an application
aod subsequently presented to an end user within the
coptext of interaclive calling services, As an
cxample, sctwork-based web applications may be
created to provide ead uscrs ibe ability lo access
EDGE SWITCH calling festures throvgh a web
browser-based graphica user interface.

[0139] EDGE SWITCH call coutrol operations cau

be used to transparontly access network-based fea-
tures provided by APPLICATION SERVERS. As a
result, combinations of call coutrol features intesnal
to the EDGE SWITCH and network-based features
that are external to the EDGE SWITCH can be
dypamically configured aod presecied logether to
ead usery as 4 unified service or capabllity—thal is,
preseated in such a way that the source of the feature
{internal to the EDGE SWITCH or nelwork-based) is
catircly transparcnt (o the eud users. Thus, beyond its
ability lo support programmable intornal feature sels
via software upgrades and configurable call process-
iog applications, the EDGE SWITCH feature sel
may be further sxtended lhrough transpareot inte-
gration with network-based foatures. As an example,
an BDGE SWITCH feature may be created lo over-
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ride besic disl-tone service: when zn EDGE
SWITCH detects that a tolephone plugged inlo il
wen! off-kiook, the override feature would forgo the
basic dial-toae servico and inslead {ransparcatly con-
pect to & petwork-based voics-pctivated dialing
application.

[0148] In gouersl, in one aspect, the invention features @
petwork device includiog a plurality of communicativa
interfaces, aong which thers is 2 telepboone fine {storfuce,
a compuier dsie interface, and a brozdband network inier
fsce. The petwork device «lso includes s processor; »
machins-resdable storage medium which during use sfores a
call processing application and sexvice profiles, and which
slores executable instructions to medisle communicetions
betwesn the plurality of commvnication interfaces, the
instructions ceusing the wetwork device to dotecl network
signaling eveuts or tigger points in 2 telephone cell and
invoke the call processing application in response o 1ba
detected network signaling cveuts or kigger points, the calf
processing application operating sccording fo parameters
defined in the service profiles,

[0141] Preferred ewbodimenls ivclude ooe or more of the
following features. The plurality of cowmommuaicstion inler-
faces furiber includes a video sysamiog device iuterfsce.
The brosdbsed nefwork interface terminates § broadbasd
oetwork Yok that joins & customer promisss to 2 peokel
carrier notwork. The instructions further cause the network
device fo roule IF datz between the compuler dae interface
aud the broadband network interface, The network devics is
contaived in a single physical coclosure. The instructions
further cause the petwork device to provide s fisst SIP proxy
sgenl 1o reprosent & tefepbone that usces the telephone line
interface, and provide & second SIP proxy sgent to represent
a computer that uses the computer dsta interface, The
storage medium stores call routing tables, and the jostrug-
tions further cause the melwork devics (o perform call
soutig for felephone calls that use the telephone line
interface. The storegs wedinm also stores cell routing tables,
und the instructions cause the network device 1o perform call
routing for telophowe calls eccording to the call roufing
1ables, the telephone calls using the telephone line mtorfsce.

{0142} 1o general, in another aspect, the invention fealures
a network device inchuding s plurality of communicetion
interfaces among which thers is 8 telsphone line interface, &
compuier data interface, and 2 broadband wetwork intorface,
The petwork device also {ncludes a processor; & machine-
readable storage medivm which during use stoyes call rout-
ing tables, and which stores sxecutable imstructions to medi-
ate communications betwosn the plurelily of interfaces, the
instructions causing the oetwork device to perfonm call
routing according to the call routing tables, the tslophone
calls using the telephone line interface,

[0143] Preferred embodiments include ane or more of the
following features, The call roulig includes pecs-io-pesr
call sigualing between cusiower pregists over a shared [P
network, The call signaling is performed withoul requiring
stateful elements of the shered IP wetwork above the IP
infrastructure, The broadband network interface lorminnios
1ink that jotas the network device to the shared 1P network,
The call routiog inchudes call sigaaliog to a PSTN cadpoint
via a PSTN galewsy that s reechabis over the broadbsnd
oetwork isterface. The instructivns futiber causo the ost-
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work device to route IP data between the computer data
interfacs and tbe broadband petwork interface. And lhe
plurility of communication interfaces further includes a
video sireaming device inlerface.

{01447 1o popersl, in siill another aspect, the inventon
faztures 3 network device including & plurality of commou-
nicslion interfaces, amoog which there is a telephone line
intrface, & compuier data intcrface, and a broadband net-
work interface. The setwork device also iacludes a proces-
sur; aud 8 machine-reedable storsge medium which stores
sxecutebls instrctions 10 medisle communicntions hetween
the plurality of inlerfaces, the instructions causing the net-
wotk dovics to Jog & lelspbons event record to 8 telepbone
event reposilory, the event record duscribing a telephone call
coomuaication medialed by the network device,

[0145] Profesed embodiments jnclude one or mare of the
follewing features, The telephons event ropository can be
included i the actwork devics or bo remote relative to the
vorwork device, The uetwork devive is boused in a siugle
physical enclosurs,

[0145] Ingeoerzl, ip stll yet apother aspect, the invention
featuses a octwork device jacludes s broadbend ootwork
nrface; & pluality of joterfaces, amoog which there is a
telepboue line interface and » cowputer duta interface; a
processor; and a machine-readable siorage medivm that
stores processor-executnble instruclions Lo provide proxy
agents. The inslruclivns cause the network device $o provide
2 {tlephone SIP proxy agent lo represent e non-SIP ele-
phone that uses the telsphone line interface; provide a
distinct SIP proxy agent for cach additional device that uses
an interface in the phrvality of iterfaces; and cause the
aetwork device lo implement 2 proxy server that mediates
&}l SIP communications over the broadbend nstwork inter-
fece jovolving the non-SIP telephone aud the each additional
devices,

[0147] Ingenern!, ip another spect, ths fovention festurcs
a method for establishing 8 voice-over-packet network
architecture. The method includes localing a system men-
zgement platform in & shared packel network, the sysicm
magagemenl platform collecting cull log data from a plu-
rality of network devices; and distribuling ibe pluralily of
netwark devices that cach include & tolephone lize interface,
a vompuler dala ioterfuce, a broudbend network interface
{ermyinating a link from Ihe shared packst oeiwork, a pro-
cessor, and 3 machine-readsble slorage medium storing
processor-execilable instructions to conlrol telephone calls,
the instructions causing each network devies to roule tele-
phone calls in & pesr-to-peer fashion over the shared packet
actwork agd to sead call log data fo the system menagement
plstform.

{0148] The details of ove or mors embodiments of the
invendion are se1 forth o the accompenying drawings and
tbe description below. Other features, objecis, and advan-
tages of the iovention will bo apparcut from the description
and drawings, sed from the claims.

DESCRIPTION OF DRAWINGS

Coaventions

{U149] Figures utilize a dotied-decimal number scheme lo
idenmify system clements using a bracket notatioa showg as
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“fmumber].” The decimal {s used to deoots & sub-clement
depondency, Programmatic relutiouships and cull signaling
puthways are nembered usfog 2 curly brace notatios shows
us “{oumber}” where the number s a (ag usod to identify
these relationships wod patbways io the discussions and do
not imply order of oparstions. With respect to the relation-
ship between ustwork clements and network commectivity
clouds shown in the figures, solid copnector lines denote
physical network interfaces wberess dotted nes descie
message-passing protocol relstionships in which protocol
data ooits are cxchanged through sm IP data path. Many
discussions will apply terminology based oa the seven layer
Open System Intercomnection (OSI) Refesence Model.
[0150] A DEFINITIONS sseticn provides detailed
descriptions of selected enms and system clewments a3 they
pertain lo the invention, The DEFINITIONS soction follows
the QVERVIEW scction, System clements that are dopicted
in figures will show a oamber identifier in brackets so thal
they may cross-refereoced.

Table of Figures
[0151] FIG. 1 shows the structure of PSTN and AIN with
Signaling, Transport, and Servies Coatrol,
[0152] FIG. 2 shows a Next Geacration Network Archi-
tecture,
[0153}
lecture.
[0154]
[0155]
tecture.
[0356)
ture.
[0157) FIG. 7 shows the Edge Switck Call Model,
[015B] FIG. 8 shows the Dislributed Edge Switch Carrier
Network Refercocs Architecturs.

[0159] FIG. 9 shows ibe Distribmted Edge Switch System
Managemecol Workfow,

[0168) FIG. 10 shows the Distributed Edge Switch Cail
Signaling Workflow, '
{0161] FIG. 11 shows the Distributed Bdge Switch as
Distributed SIP Proxy Server.

[0162] FIG, 12 shows the Distributed Bdge Switch Net.
work Service Delivery WorkBow.

[0163] FIG. 13 shows an Edgs Switch For Residential
Subscriber Deployment Using VIXSL Broadband Access
Network

[03.64] Liks referenco symbols in the various drawings
indicate Like elemenis,

FIG., 3 shows An Bdge Switched Network Archi-

¥1G. 4 shows A Distributed Edge Switch.
FIG. 5 shows the Bdgo Switch Hardware Aschi-

FIG, 6 shows the Edge Switch Software Architec-

DETAILED DESCRIPTION

Qverview

[0165] The DES described below is new whereas the
PSTN GATEWAY and APPLICATION SERVER clemecals
of the ESN are sssumed o represent existing specific
categories of network clements originally designed for inte-
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gration ioto the NGN, Siuce they present themselves to the
oetwork as SIP network signaling eodpoinls, thoy are also
suilsble for deployment within the ESN.

{0166] In the ESN architccture, s EDGE SWITCH
serves as the means to deliver network services lo subscrib-
e5. The DES is an fmplementation of the EDGE SWITCH
described for the ESN, aad thus should bo viewed &s its
functional squivelest, While the BACKGROUND section
focused oa the role of a generic EDOE SWITCH io the BSN,
this OVERVIEW section, in conjunction with the DEFINI-
TIONS sectioo and FIGS. 4-11, provides sufficient 1echnical
information neeessary lo implement an actual EDGE
SWITCH ig the form of a DES. Most dsteiled technical
descriptipns of bardware and software subcompouents, and
iboir detailed fuactional contributions, are contained with
the DEFINITIONS section, This OVERVIEW seclion will
focus on articulaling tbeir respective roles as DES syslem
elements with the architectural context of {be BSN.

(0167} FIG. 13 depicts s embodiment of an sctual EDGE
SWITCH desigo that is suilable for residentin} subscriber
deployment using & Digital Subscriber Line (DSL) connse-
tiop 10 2 broadbaod broadband sccess network.

[0168] FIG. 4 depicls the Iwo busic elements (bal com-
prise the DES: tbe EDGE SWITCH [1] and the SYSTEM
MANAGEMENT PLATFORM [2] As shown, the SYS-
TEM MANAGEMENT PLATFORM (2] resides withln tba
1P CARRIER NETWORK [8] wherees the EDGE
SWITCHES [1] are deployed al 1be subscriber (customer)
premiss, A deseriplion of these individua) ¢lzments may he
found in the DEFINTTIONS section.

[0169] FIG, 4 shows petwork cloments of the DES apart
fom the fuli complement of lbose sbown for the ESN
architecture; as 3 result, FIG, 4 serves o aid in waderstand-
ing the DES itsclf.

Form-Factor Consideratioas
[0170] The EDGE SWITCH {1] cen bs coostrucied to
sepport key number of form-factors, depending upoa the
transwmission capacity of the BROADBAND ACCESS NET-
WORK [6.1] and the oumber of TELEPHONE STATIONS
[3] »nd SETTOP BOXES {4] the desiguer belicves is
appropriate for a single instnce of an EDGE SWITCH {1},
FIG. 4 depics three distinct form-factors, with EDGE
SWITCHES {11 lateled A, B, and C supportiog 1, 4, and 8
TELEPHONE STATIONS [3] respsctively.

[0171}] The cheics of form-factor will effect the ratio of
TELEPHONE STATIONS (3] to COMPUTER WORKSTA-
TIONS {5]. Regardiess of the oumber of TELEFHONE
STATIONS [3] supparted by a given EDGE SWITCH [1}
form-factor, ooe instance of an EDGE SWITCH [1] will
support only ons COMPUTER DATA INTERFACE [4)
‘This circumstance results because the besic design of the
BDOE SWITCH [1] is to mapage all of the wansmission
capecity for & single physical connection to the BROAD-
BAND ACCESS NETWORX {6.1}, and to mepage il a5 8
sharved 1€ data paih for use by al] lermioul devices connevied
10 it. Any lransmission capacity that is not used for veice and
viden call sessions i5 made available for common data
transport through the COMPUTER DATA INTERPACE [4),
As showa for (he EDGE SWITCHES (1] labeled B and C,
an BETHERNET HUB [9] may be plugged in place of a
COMFPUTER WORKSTATION [5] for the purpose of dis-
teinuing date service to several COMPUTER WORKSTA-
TIONS [5}
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