WO 02/ 43410 PCT/ US01/ 43399 System and Met hod of Mobility Managenent in a
Mobi | e Comruni cati ons Network Having a Proxy Switch Background of the

| nventi owado2/E4ed d of the Invention This invention rel at eBCT/OSOm3899%
conmruni cations and, nore particularly, to the wuse of a proxy switch in a
nobi | e communi cati on network to inprove capaci ty and cost- effectiveness of
t he communi cations network and to offer Rﬁgtformfor new nobil e

services. 2. Di &Yﬁ%ﬂb&ndfMﬂéhadmeablhly dagementiinea ddobilei cat i on
systems have a hi er@Gonfihoaiczaions Netwiirk HaviihiaPréxy Eﬂﬁ&?ﬁh' cal "coverage
area" is partitioned into a nunber of small er geogr dphi cal areas called
"cells." Referring to figure 1, each cell is preferably served by a Base
Transcei ver Station (BTS) 102a. Several BTS 102b-n are aggregated via fixed
l'i nks 104@4prsidhnd df BrIsverltiy on Control ler (BSC) 106a. The BTSs and BSC
are sonetinmes collectively referred to as the Base Station Subsystem (BS)
107. Severnal BRESAPEMaRnBY Pe aggregated into a Mbile Sw tching Center
(MSC) 110 via fixed Tinks 108a-n. The MSC 110 acts as a |l ocal swtching
exchange (Wi t hraddhid@oak 151@? JHhefild SmARL B 'Iﬁcgg g&f&ﬁ AT e

requi renent, discussed be comuni cat es WI 8 net wor k
(PSTN) 12@s¢ i oprgky mehﬂngirmulpk cddmdenicatioB. netwodrk Itelmpbm cdqﬁmtjz et ®sts a
concept of haone and a Gateway MSC. The t he MSC

corres pongffaﬂwte{}ests %E&(?fgmﬂléca%{‘g%ﬁ?t&’f’gﬁa% tPt??fgr 8 fPE“ LREVOROPHIES) : t hi s
associ at i @gvicss. based on the phone nunber, e.g., area code, of the Ms. (The
home MSC is responsible for the HLR discussed below). The Gateway MSC, on
t he ot her hand, .is the exchange used to connect the M5 call to the PSTN
Consequentty, &8sl fRelafed Pste MSC and the Gateway MSC are the sane
entity, but other tlrres they are not (e.g., when the M5 is roamng).

MEC 10 ang 2 onr el (ooat aRm Rt pbF bl d A ol RESR ST b he®
will be explichi mMgﬂaph\@aUanﬁdgﬁﬂa@E’HslpSﬁﬁioﬁ&Bﬁx% a hedbay, oftshﬂllbiLR and VLR are
used for %eggrrl hical ateds ceHl%g $‘ce(Hs » ﬂ e(;"rrlﬁgb t%rﬁgurf ?regglg Icecif| is preferably served by

a Base Transceiver Station (BTS) 102a. Several BTS 102b-n are aggregated via fixed

links 104a-n into a Base Station Controller (BSC) 106a. The BTSs and BSC are

sometimes collectively referred to as the Base Station Subsystem (BS) 107. Several
BSCs 106b-n may be aggregated into a Mobile Switching Center (MSC) 110 via fixed
links 108a-n.

The MSC 110 acts as a local switching exchange (with additional features to
handle mobility management requirement, discussed below) and communicates with the
phone network (PSTN) 120 through trunk groups. Under U.S. mobile networks, there is
a concept of a home MSC and a Gateway MSC. The home MSC is the MSC
corresponding to the exchange associated with a Mobile Station (MS); this association is
based on the phone number, e.g., area code, of the MS. (The home MSC is responsible
for the HLR discussed below). The Gateway MSC, on the other hand, is the exchange
used to connect the MS call to the PSTN. Consequently, some times the home MSC and
the Gateway MSC are the same entity, but other times they are not (e.g., when the MS is
roaming). Typically, a Visiting Location Register (VLR) 116 is co-located with the MSC
110 and a logically singular HLR is used in the mobile network. As will be explained



profiles. Briefly, a nunber of radio channels 112 are associated with the
entire coverage area. The radio channels are partitioned into groups of
channel s vab boerted to i ndividual cells. The channel s ar ePOBP®EMO433ar ry
signaling information to establish call connections and the like, and to
carry voice or data information once a call connection is established. At a

relativel i I I bstraction, nobile netwgrk signaling |nvolves at

| east tm%ﬁgﬁ%ﬁglﬁgaf\’&%%%‘ﬁm?ﬁw{ig %yttfff@sg?&?’béﬂl% ipferiaion 34 M5 and
the rest g&ﬂﬂgge network. Wth 2G ("2G' is the industry termused for
"second géneration") and later technology, this signaling concerns access

met hods used by the M5 (e.g., tine-division nultiple access, or TDVA
code- di vi si on dxieflyps pumbered sadio chadDii)L 12 arssisgpoiased with the enfirocaokeagael s,

aut henticatio ete. second aspect,.i nvol ves .the sjgnaling amng the

varous. et s Fidfo R naRBTR O S Seehimels Agrar e P aREmY Mo,
VLRs, HLRgells. etfe chifhels £@a0&HtolafrY sighalsfdrition &f &tdbBith E41 @nnédRnbObi | e
Application Part (MAP) especially when used in the context of Signaling

Syst em No .ang thedikp) andiiecayy vpisg o1 flafp arfonationpmse p 6all comnegiion is ggfablisBediat a and
voi ce conmuni cation) are transmtted and received in accordance with

various standargs, ..k (o I ! Lation
(EIA) and Tel egg%nl#ﬁlﬁﬁ{é%??lggr@k%%ggggs rtjr f}éi@é%i(’??’g% ?(é)t# O??%i?%ﬂ[%gflﬁﬁg%ﬁt ne many
U. S. st andeasidso meictaspestd. Duklaspedtiimiolves the sifafalisg backeen an Mhaddoust yf t he
CCITT and | TU hel i.ne. LAt ernational standards, such as GS) P, which
s an §n Sl ae Wi aCE A BE ARG lh ROTS Sneohe SRR natiies &\l

known and t@aioldey,ftRid REbnh iR ddeBm @&&M@:ﬁ&th@ﬂgﬁs‘éhﬂ?ﬁﬂe £8S tAfe-d®istordS i N
the literature, ~see, e.q., Bosse, SIGNALING IN TELE NI CATI ONS NETWORKS

(W1 ey 1'5'99891@131@'@0@@&@@%3 Acegde-division arpliiple agepss, o1 (IAVIAY agsignmens ofurber and
D e, e AR B LR I W S kR o)

nunber ca Vice’ ‘reques 107. The

M5C 110 chegdus antitibs @rthaambile aétedrk/sith dbibe {ippdlRghelong)MSOs,datrey, MURs, i f t he
M5 114 is allowed the requested service. The  Gateway MS5C routes the cal
to the | oélg Tuciesprbpat iSsspmetimgs ideriedde apthedyabuesApplication Path MASY 5|

exchange : back signal is

rout ed b§§§£%§y?ﬂ§“§§?ﬁﬁﬂh?E@%ﬁ%ﬁ%?ﬁ@g@ﬁﬁ%ﬁﬁ%ﬁﬁﬁfﬁi%§7%wnch t hen conpl etes
the speech path to the M5. Once the setup is conpleted the call may
proceed. 2 WO (he43dd fodms ofS0gnadisg &3 well as the data and voice communication) are

transmitted and received in accordance with various standards. For example, the
Electronics Industries Association (EIA) and Telecommunications Industry Association
(TTIA) help define many U.S. standards, such as IS-41, which is a MAP standard.
Analogously, the CCITT and ITU help define international standards, such as GSM-
MAP, which is an international MAP standard. Information about these standards is well
known and may be found from the relevant organizing bodies as well as in the literature,

see, e.g., Bosse, SIGNALING IN TELECOMMUNICATIONS NETWORKS (Wiley 1998).

To deliver a call from an MS 114, a user dials the number and presses “send” on
a cell phone or other MS. The MS 114 sends the dialed number indicating the service
requested to the MSC 110 via the BS 107. The MSC 110 checks with an associated VLR
116 (more below) to determine if the MS 114 is allowed the requested service. The
Gateway MSC routes the call to the local exchange of the dialed user on the PSTN 120.
The local exchange alerts the called user terminal, and an answer back signal is routed
back to the MS 114 through the serving MSC 110 which then completes the speech path
to the MS. Once the setup is completed the call may proceed.
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To deliver a call to a M5 114, (assumng that the call originates fromthe
PSTN 120) the PSTN user dials the M5 s associ ated phone nunber. At |east
accordi ngvo02/4348) st andards, the PSTN 120 routes the cal PCTOSOIM3395 s hone
MSC (which may or may not be the one serving the M5). The MSC t hen
interrogates the HLR 118 to determne which MSCis currently serving the
MS. This also acts to informthe serving M5C that a <call is. forthcom ng.
The home MSC t hedekivsiasall tpa Mxil14, t(@ﬁSlﬂﬁ@géb%t\ﬁhwgﬂ]l\@&mﬁfbﬂefroméhw]’fh"@\] NBC

pages e 146 o PSTAS.ERRAON SS B N SHRON 1Lt SRAGPY 2

signaling | S are setup n a ca

cooper at esmndardmﬁg:d’mmewmrthe 8IS tHORIS’§ lﬁorﬁ@MBIﬂ(wlil@lﬁ nR¥afBla§ nobecause

of signal ndi ti ons. Th anges are known as_"handoffs," and they
i nvol ve th% Gﬁﬁewif‘[gég @fsgkﬁgﬁﬁ?%mg%ﬂﬁmes@?&%&i%to defpsmingpect of MAP

invol ves wARBINISECYs FRARAGIERIn th@MSi‘f'l“Mlsv%ﬂb %&?Eoefﬁtforﬁ?&eg&ﬁngr\@% iRy be

needed and used to serve” an roans to
| ocat i onscalMstprthicoping ndhe reme MSE theagotthaithe tchid tc&hbewazmg\MSGﬁ dkhet he

subscri be r er. L.nf ormat.i o need er vice (and
bill) cal em% ﬁ{frléeéép?%/es(i]ble h‘flgthee%ampﬁétégg%hghe%rg?ﬂoin ﬁti on Regi ster
(VLR 116a@idpr@até‘l§1§i&alingqug@[r¢seﬁ@| ster (HLR) 118. The HLR is used to store
and retrieve the m)blleldentlflcatlon nunber (M N), the electronic serial

nunber (ESN), MS status, and the MS service profile, anong other things.
The VLR st or esDuring # 3L ithe B9 49? RBh M1 Hoapy fenperaie @tc@ﬂngﬂf@nn

identificgirkeios k hpﬁeeﬂéjcpoéﬂéx'aﬁl? Fgon i éli\@%dlt Sfor under

appropriate MAP  protoc rocedar es g?rgtratl on
notifi catkmm)asaﬂlanchéfsf”oandﬂuessmvb]hathemdm fype@aoﬂ\lﬁﬁmfméssﬁlgbblah@ subscri ber
knows the.location of its users. These procedures are used when a M roans
from one '8¢ Pon to another or when a MBS is powered on and registers
itself to access the network. For exanple a | ocation update procedure nmay

proceed wi th tbge Mpedtlof MAPG VIV “hRbAlt) ARSRIVE ' BAUES ikQe BB bR 116
via the BS 107 and MSC 110. The VLR 116 sends a | ocati'on update nessage to

the HLR 1¥&Csdeaviherngedadeandysed p seavecantMS, astbe VS bkt rosmsfto Hifferent downl oaded
om0 O ik gl B G B SRR O
pr evi ous| profikd ahdpittas mfenniaioa thoMBE! fdeds tderded @nd bal)ahBecdectipe Toghiocat ed
VB 114. 3 end, MSCs use a Visiting Location Register (VLR) 116 and a Home Location Register

(HLR) 118. The HLR is used to store and retrieve the mobile identification number

(MIN), the electronic serial number (ESN), MS status, and the MS service profile,

among other things. The VLR stores similar information in addition to storing an MSC

identification that identifies the Gateway MSC. In addition, under appropriate MAP

protocols, location update procedures (or registration notifications) are performed so that

the home MSC of a mobile subscriber knows the location of its users. These procedures

are used when a MS roams from one location to another or when a MS is powered on

and registers itself to access the network. For example a location update procedure may

proceed with the MS 114 sending a location update request to the VLR 116 via the BS

107 and MSC 110. The VLR 116 sends a location update message to the HLR 118

serving the MS 114, and the subscriber profile is downloaded from the HLR 118 to the

VLR 116. The MS 114 is sent an acknowledgement of a successful location update. The

HILR 118 requests the VLR (if any) that previously held profile data to delete the data

related to the relocated MS 114.



WO 02/ 43410 PCT/ US01/ 43399 Figure 2 shows in nore detail the signaling and
user traffic interfaces between a BS 107 and an M5C 110 in a CDVA nobil e
net wor k. Wibe2/B81@07 comuni cates signaling information usPOyUSHI&3849
interface. The A2 interface carries the user traffic (e.g., voice signals)
bet ween the switch conponent 204 of the MSC and the BS 107. The A5
interface is used to provide a path for user traffic for circuit-swtched
data calls (as!'@¥pdsheisis mer detad she sipnalisgned wsarfiaffivataticBdeineenhe MSC.
As the nu INre&ith SHb ikhers grows, the |oad on
the MsSC %gfq?gjgg gdgshggé 1+ﬁ?%9¥:nﬁch?§§§%ﬂggﬁ%g’9 r%< b?%ezgé tlﬁecgrgal\}lf“c?gfeﬁr ovider to
add nore sigpaling pformativhesisy tieeXn inferfricealThy A2tisteHale RIS (BAPRE thffic t he

service provi der add re swtch nodules to the MSC or depl oys additional
VECS i n 1 HeBnEois gnals) behErendhs SYiER GoRpon Y pbdnedyigiand damBS 463 The

Mor eover, ASHH@?Fa@:@ﬁVu%e@{roeprQﬁH@Qgﬁtﬁ%ﬂfs‘éﬁraﬁﬁrf& Gfcnit-swithed Elﬂ@#:?lsc(?é Is" 1o
the Internet. For sone of these services MsCs are not cost eftective
because t RPROSA feVoigs ¢alla) bdtyeahetbe gmude BSrand thecddS€al | s. I ntegration of new
services into the MSC is conplicated or infeasible because of the
proprietary an i o n C..software, archi tectures.
That is, the s%fsﬂll\gre e%%?g@ﬁ%iggs%gg}eyﬁﬁpb%ﬁ%ﬁgs ll}eﬁegrggﬁ,&p%kgg OPgﬁ‘ﬁot easy

to add toMS@1Mshcichees. Qhisdficreased Woddabroas tHenetvidesprogask thAd@ v Bsbasiteh
services. For exanple, an Inter-Wrking Function (IW) is an adjunct to
route a dftHe sEER dyPicAy. foadd mate cappqitye the sppyicsauavider addegose $widch

functi onapjokylek mfﬁetl\lfgc Wﬁ%\}ﬂ%ysaaqgitf&gal%ﬁbé WMfie SefitorRENNG alernaliPy O! VES the
MSC in the delivery of service. Since the new service TS expected to spur
demand, i mvelyeasigntgicamtwoster vi ces vi a MSC desi gn changes or through

trunk-side adjuncts is likely to exacerbate network congestion at the MSC
and require cstly MSC resources. Synmmar The, i nvent,j.on QVi g%: systens
and net hods of R/Pr%%%leé S%%ﬁ?ﬁﬁﬂf@%ﬁ X .Hﬂgne §qur{§‘ﬁfsaf3',g"sgsﬁlt?€ﬁlﬁsr1é° rations
are per f ol@deth Foneerfic 8f theastviQ@RMIOY blethod Vbst Bitbdile bEEMESThe) M3 and at
| east one bhase station subsystem (BS). The switching, according to one

aspect of PEmarilyfgsignedfer vaick salds- doiestation #f new sewviges into the M8Css phoned to or

from an [ . y i handl.ing calls (voice,
dat o, ot PR SRR ok o B AR, M o ORI ER by bl o 1 <
provi di ngM&ébsdfiviaye amhagpeurent Thait ishthe softharalegivkkessary to provide the services

is not easy to add to the MSC 110. Often, a switch adjunct is used to provide such

services. For example, an Inter-Working Function (IWF) is an adjunct to route a data
call to the Internet. Either approach — integrating functionality into the MSC or adding a
trunk-side adjunct -- involves the MSC in the delivery of service. Since the new service
is expected to spur demand, integrating new services via MSC design changes or through
trunk-side adjuncts is likely to exacerbate network congestion at the MSC and require

costly MSC resources.
Summary

The invention provides systems and methods of mobile communication. In
particular, switching operations are performed between at least one mobile switching
center (MSC) and at least one base station subsystem (BS). The switching, according to
one aspect of the invention, allows communication traffic to be siphoned to or from an
alternative network. In connection with handling calls (voice, data, etc.) in such an
environment, one aspect of the invention entails providing mobility management within

the network,



4 WD 02/ 43410 PCT/ US01/ 43399 According to one aspect of the invention, a
proxy switch includes signaling nmessage handling |logic for receiving

si gnal i ngvoezsages fromthe MSC and BS in accordance w t ACHURuIbi3B®
signaling protocol. The switch also includes state logic for nmaintaining
state information of call sessions and nobile stations (MSs) used wthin
the nobile co ni.cati ons network, and nessage interception |ogic for

det ecti ng whet REFOTANEo opg Aspert Ry theinyerjion; 8 PeoXpsMidich inclisdes sigaalingom a M.
The nessa i DL LC.: f.r om bei ng

f orwar dedgit%(sz)ga? %\gérﬁw%%tgil?ﬁ% K&e}% 1‘lns“5 %g%lf@e%&g?%@? %gl{ @SP(??(% %%(gﬁlsfl Bt he MSC is
not i nvol e@drdance WithaahobileRignating pmitodolir Theswitohcdlsadigsludesssgapgicfonver si on

| ogic for_converti a handof f sage to .a |l qcation update nmessage for
t ransni sswt?ﬂln?ﬁgagq\/@@r tupp of %%Isqegsq?%ﬂ\;%@qeﬁtthgs @\égw,usgmwﬂmn thee MBC

i's not i meBllYesniiinich€osdetworkNthd TRES ‘%nfef%'ﬁiﬁgﬁ tﬁ%‘é@f&r hadkim Iv%ether

transmtting the handoff messa%estot e M5 M5 I's nGt 1nvolved in
the cal | . thesimalingymeprage sphandofd imasspgeifroneaMDnThamasbgd etercaptiomiagit i ons

east oneleutaiRib ST nelEes Fomeininar i fiodbe Mie ufRh ‘heehin o0

| east oneimothe b4k aVBSSthe MIT Bvtiol @folved i@ th2WallC IThe 8% 8L Rsther fandef f message
froma nobile station via a base station subsystem and the switch forns a

| ocat i on DisEFAERCoRYSEARElopicdR soiventing @ilondoth meptage K hsatlomunsisegaessatre

| ocati on 4 i . r I h..the n f message.
Bri ef Desf:blr??%%lﬁglﬁggﬁ ﬁ?ﬁjg %gmam % 1{}%2& %ﬁg\;ﬁ%éﬁﬂﬁ ‘8‘5&‘26 IXIS??S glggsyst em

di agr am ofnvplvedin thetcatipdndl reessegeveankiaission dogie fod tiankmitingthe hagdogf | or art

i nterface _bet ween g‘?t bile switchipng .center in a prior art nobile
net wor k; W@%&%&é‘%m aMgtDl%%Ot n Vi%%&fméﬁﬁ tah and certain depl oyments in
a mobile network according to preferred enbodi ments of the invention;
figure 4 illusUnhaérandtherspeB Fibe ifAdémion! ARRLAE cGmPIANKN W HetILREGARLI Ng to
a preferred enbodi nent of the invention; 5 WO 02/43410 PCT/ US01/ 43399

at least one BS, at least one MS, at least one MSC, and at least one switch in

communication with at least one of the BSs and at least one of the MSCs is provided.

The switch receives a handoff message from a mobile station via a base station

subsystem, and the switch forms a location update message from information in the

handoff message. The location update message is sent to a MSC addressed in the

handoff message.
Brief Description of the Drawing
In the Drawing,

figure 1 is a system diagram of prior art mobile networks;

figure 2 illustrates a prior art interface between a BS and a mobile switching

center in a prior art mobile network;

figures 3A-B illustrates a proxy switch and certain deployments in a mobile

network according to preferred embodiments of the invention;

figure 4 illustrate an exemplary data plane of a proxy switch according to a

preferred embodiment of the invention;



figure 5 illustrates nobility managenent |ogic of a proxy swi tch according

to a preferred enbodi nent of the invention; figures 6A-B illustrate
suppl emewa@ny4fse@t ure | ogic of a proxy switch according POT/ESQUS8®Erred
enbodi nent of the invention; figure 7Aillustrates fault managenment | ogic

of a proxy switch according to a preferred enbodi nent of the invention;
figure 7B illugtrate FSN and BSN counters of a_proxy switch according to a

p / :
preferred enbotl®HERdIRrates enqhiliymmanggement Jogie offa proxy switsh aecording i

si phoni ng | ogi ¢ of ﬁl‘ef&ﬂ?ﬂ%nﬁ%frﬁéht@?&@r‘@eﬂﬂoﬂo a preferred enbodi nent of
the invention; figure 9 illustrates sofltware ‘orocess architecture of a

proxy switch ag } i f(}’{}e I: tien. figure
10 illustrat esﬁg%%%é%eh%?%%tggﬁ é%%ﬁ%g%ﬁ% lgggg)f% OX Sgd\}mdg%{gﬁcoﬁ%g%rdi ng to
a preferred enbodi nenitpreferreth embodiemint ofthe trivgntien;11 i | ustrates software

nodul e architecture of certain processes of a proxy swtch according to a

preferred enmbofipureny itfistidie fahly @hh@hientld@ic dfi agﬂb;eﬁsx&izchl&kcalrdﬁlg&brﬁpl ified
architectural diagranms tqQ show nmessage flow an sof tware process

i nteraction. Det ai | &gferied embpdingnt pf &edryeaionmbodi nents of the invention
provide a proxy switch and a nethod of wuse thereof in a nmobile
communi cat i onsiigie iBrilustmkeFHN arg BSN easintersofpy prbry switsh aqsosiing torsed bet ween

an MSC and a BS, "tI;{gpe%%gréegtgégﬁq%gjtogﬁ%ﬁ%gﬁ?c_orrponents, meani ng that

neither the BS or t Hre proxy switch nor do they

need to alter_their. behavior or functionali because of the existence of
the proxy swi t@gll%re'iﬁl%gs?r@%a ,mels%gegg)%gﬂ@gﬁ@c 8{)%?’%5’8‘8 switch Aeqerdipe to a
conventional ly, igngeffledenbbiRn@XbbteMRnlbn; the proxy switch. Anong its
many advant ages, the proxy switch may hel p alleviate congestion in a

mobi 1€ net vor kgl iRIHIRk oftivHiR JROQLY aretidcfille BRY pRiy 43t bedbrdifte & £NON VE-

originated communication traffic off net wor re it gets To an MsC
and (b) to 6 WO 02/psi#ted e@bbodidtent 4B3BOInveston) t he si phoned traffic to the
desired destination via an alternative network, such as a

figure 10 illustrates software process architecture of a proxy switch according to

a preferred embodiment of the invention;

figure 11 illustrates software module architecture of certain processes of a proxy

switch according to a preferred embodiment of the invention; and

figures 12-14 are simplified architectural diagrams to show message flow and

software process interaction.

Detailed Description

Preferred embodiments of the invention provide a proxy switch and a method of
use thereof in a mobile communications network. The proxy switch is preferably
positioned between an MSC and a BS, “transparent” to the other components, meaning
that neither the BS or the MSC needs to know of the proxy switch nor do they need to
alter their behavior or functionality because of the existence of the proxy switch.
Instead, the BS and MSC operate as they do conventionally, ignorant of the existence of

the proxy switch.

Among its many advantages, the proxy switch may help alleviate congestion in a
mobile network. For example, the proxy switch may be used (a) to siphon MS-

originated communication traffic off the network before it gets to an MSC and (b) to



packet - based network. Simlarly, the proxy switch may be used to deliver
communi cations to an Ms froman alternative network. Consequently, costly
MSC and WRSIMMesour ces nay be avoi ded, and the proxy sw PChvURay43b® used to
i ncrease network capacity cost effectively. In addition, the proxy swtch
defines a set of enabli ng functions that aI | ow new comuni cation services
to be provi eg t.o the twork. For exanp using the proxy switch, new
cal | wai t?eﬁ'gt ‘“ef’@%:‘@g t9ehg éﬁséﬁti Q?Sé’dlail?ﬁ va@p altprppiiveeanatwekosueh asiagur e 3A

shows one,pii ich the proxy
switch 30% |§{g%§‘?gft§ﬁgé lgtﬁfv%/elzl ﬁe@%ﬁg%#%tﬁggwﬁf% Only a subset
of trunksorB@@nicationsitogn M&fromrmfaﬂtemaﬁeeﬂawbﬂc bEorsequentiat @stlyMSGendor oxy
swi tch; O{’ﬁﬁ@ trunks 308 ng.ly ((iji rﬁctl conne t he I\/Be(gf 110 and BS 107. All
control | TSPYIGES Gy e 2y pided.and theRoEy é‘f’lt%t%‘%/b%tﬂﬁ 4P ingERRse RE{ROBE oxy
svvi tch in@‘iﬁd‘ cdt 6@&k#Hely. pl ane 302 and a data plane 304 (al so known as a

"bearer plane"™). The control pl ane 302 handles all the signaling traffic,
and the data plane 304 handles all the user traffic for the trunks

connected to tHeadditinpy thegirershswitthdlefineseseh b ersbling he oy thatrallow neve pr oxy

switch 30 nal i ocol on both
si des of &@%@gﬁ?ﬁ&fé F‘ﬁ%%gg%g}&’ghdttgggnp@g&e F%r g’fﬁl}g’&?’%@ﬁ’ﬁs SPi% bl e to
CDMA t ec hsvaikahg yiew chie waitiigakivivgs Inayks idtkgrabetinahe hlbbilBRet®@sk. and the proxy

swi tch 300 convey information according to the 1S-634/10S Al interface.
e MSC 110 and the proxy sw tch

Simlarly, the Si i nks 314 ween t

300 convey inF 8?2'?451?9 WG iRGed geé%nﬂt OPﬁf’Wét‘f’étCh?H&smé"ibé%‘thPon

cont r ast Spfék? BwREISH0 isFRSikbRe & 1Y BSOR B4 8% m@m 1@5059/% dpGerr the BS
in which difterent signaling standards are used for conmunication on the

di f f er ent trenksSH6 ghrrying usetitragfic nepde tQJB{Iefmmateémrtm propswitth;iothes tfuake on one

e i e P IO PR B D R B oy

Swi t ch t efeffhivatees pftﬁd&fsﬁmﬂcﬁ 808.SThé pilory kaes 1ncﬁﬁes £entRN PlaRE 1303 nd RHGKS aces
Al0, Al for CDMA2000 for carrying packet-based traffic, both signaling

and user Plpgg 5(?‘40(*1159]‘111@@#1@5 wEbedrerlanst). Sihe sopirolphnse3G2apndles allithg er f aces. 7
WD 02/ 43 égnﬂg/t# %ﬂ@ﬁ%%ahay&eoi@)‘tyanﬁt%Eﬁlﬁlesusgla&gfﬁglf@ﬂﬁe gfises the sane

st andar ds
connected to the proxy switch,

Under the preferred deployments, the proxy switch 300 communicates according
to the same signaling protocol on both sides of the control plane 302. For example, in
embodiments suitable to CDMA technology, the signaling links 312 between the BS 107
and the proxy switch 300 convey information according to the IS-634/I0S Al interface.
Similarly, the signaling links 314 between the MSC 110 and the proxy switch 300
convey information according to the Al interface. This situation contrasts with other
mobile switching complexes such as the MSC or the BS in which different signaling
standards are used for communication on the different sides of the switch. The MSC for
example has Al interface on one side of the complex and communicates according to

SS7/ISUP on the other (i.e., the PSTN side of the switch).

Under other embodiments, the proxy switch terminates newer ingress interfaces
AB, A9, and egress interfaces A10, A11 for CDMA2000 for carrying packet-based
traffic, both signaling and user traffic. Current MSCs do not support these i 1ngress

interfaces.



switch. BS-side trunks 306, in CDVA enbodi nents, communi cate according to
the A2 and A5 interfaces, depending on whether voice or data,

respecti wedy2/43480 bei ng carried on the trunks. Likew se, MMOUSIAS399 unks
307 use the sane interfaces. In contrast, the MSC has A2/ A5 on one side
but communi cates according to PSTN 64kb/s pul se coded nodul ation standards
on the other side. In addition, whereas all of the other entities in a

nobi | e net wor KThesoxewitcigswdata phanm 804 osbe sheiatie startdaris oneheinsilé oigh¢ " poi nt

codes" are e ers t he network in_.cert

enbodi rrenstvgy?lt %f %?%%%qéd g@&h’d@@go B’Fn‘iﬁs‘é’wgmﬁ%% ﬁ?we@}a%toaﬁa I:/le nst ead
uses the HaiAs inkafiRss, Gepéndi Whethdl8/0ffR % A SrekpeckifElS] M%@mg%)ﬁﬂéﬁ'oﬁg the
point codes of the BS or C, instead of the point code for the proxy

switch, tihatupks dakgwise, MBResigy tovks 307 tisshthe sarhe gitérfacas. el coghaiérthe er t aj n
or oy sui 1i3f 1A a8 Ue b BEmGRLLEREDIATIER AN BEE Cilnsd Bogfle 3a

shows anqhbmrlatmﬁn‘tmdraﬁﬂdﬁ&héomﬂﬁﬂﬂe In the depl oynent of figure 3B, the
proxy switch 300 may be in comunication vvith rmre t han one MSC 110-110k.

The control 302 o t he pro wi tch 300, |jke the deploynent of
figure 3a, ma aﬁ@’é’&?v@ i ?Ug‘l’f tgg@&iﬁ‘l ?‘tlﬁlf%%a{l WPW@@Q@?%G oMy 7a-n. 1 n

addi ti on, &Ih%oqégmmaﬂ&r ﬁgﬁah gﬁz Jlﬁ%ﬂé’se abd WAl Ss %g@a? RichfiReRs gfehgr al BSs.

Unl i ke the depl oynment of figur however, the pl oynent igure 3b
al so r eceichwerkarig cewain smbnadioremtst tmmr@ry SsmgphaBDDtdges mdtrmlssitsapdiptdode@ndml tiple
MSCs 110ji-§ The &vplo rre t Oftfl gfe conf red t d| strlbute
the | oad Biegduses YR N o IP rIB‘?Féa él"i rﬁfﬁqust { By Hng an

al t er nat i gogeétthe BS C&IMS@) ins@idof tBe pHIOYIHRFoSBE PrHESwhtdA! uﬁ@ﬁe&b&ﬁft

match a user's profile. Under one enbodiment that “uses the deployment of

figure 3Bbepraysyiehis falitated.confi gured so t hat calls froma given caller
are routed to an MSC that handl es nost of the user's traffic (as opposed to

merel y being tﬁ?&@&%ﬁ@ﬂ%@ﬁn&ﬁc fqu a‘ggg&?oﬁe%rfg ndbitleReiinhiyS or her

M5 114). This term nation nmay on stati |ca nonitoring or nmay
be confi gMS€dndntpyoxy sygitdh. Sevqnad(BSsImay Byrkswitle @ gihplpiproxygswikeh. syst em t he
anount of |ocation update nessages and the |ike nay be reduced. Under

i roct od to NEGEERE ol HnE b b TRbarRER 15 B EPoerl a3 Syt em
8 WO 02/ 484 pidxkehitiS880 ﬁﬁ@%‘é in communication with more than one MSC 110;-110.

The control plane 302 of the proxy switch 300, like the deployment of figure 3a, may

receive control signals 312a-n from several BSs 107a-n. In addition, the data plane 304

may receive trunks 306a-n from several BSs. Unlike the deployment of figure 3a,

however, the deployment of figure 3b also receives and sends information on signaling

links 314j-k to multiple MSCs 110j-k.

The deployment of figure 3b may be configured to distribute the load on the
system better, to improve reliability (by providing an alternative path to an MS), and to
provide services that consistently match a user’s profile. Under one embodiment that
uses the deployment of figure 3B, the system may be éonﬁgured so that calls from a
given caller are routed to an MSC that handles most of the user’s traffic (as opposed to
merely being the geographical location where the user turns on his or her MS 114). This
determination may be based on statistical monitoring or may be configured into a user’s
profile. By so configuring the system, the amount of location update messages and the
like may be reduced. Under other embodiments, the proxy switch may be configured so

that calls are directed to MSCs that are relatively underutilized. In this fashion, system

8



adm nistrators may better tailor the |load on the entire conmuni cation
system under nmanagenent. In addition, calls may be routed to MSCs that
provi de 309/¢R$0 consi stent wth a given user's profile. PVES@r4339 switch
300 includes software that accepts all signaling nessages and, depending
on the nessage and the state of the system perforns at | east one of the
follow ng: 1, passes the nessage unaltered to the MSC or BS addressed in

t he mess a@‘@mmsiratqrﬁtnéy betfr dailpg ad op the\gatre eommwECationdysism updef or  sone
| Nt er Cept A RARAN R adBRBK LIS oldhhl BEH FPRIRY IR FPAAES sk Pl coﬂtlttfeﬁ{ ent
sends t

message an e converte ssage in place e ori
i nt er cept withrmeg wagsert’ optofide. MSC or BS addressed in the i ntercept ed nessage;
4. siphons the nessage fromthe nobile- and PSTN based network to an

alternative ne r k Th act erforrre in each case al.ong with
the triggeri nglrﬁogrr?f‘s S‘gtglg(gje’slﬁﬁdﬁ%ﬁ) {%ﬁ‘ tt%e%ﬂ@ S’igﬁglﬂ%@ﬁ?ag‘?ﬁ&nfit cularly
when a m&@ﬁﬁ@lnkroﬁﬂh@lﬁed\@%‘ thé sﬁteﬂif@ﬁ‘@@sﬁzﬂﬁ pelféi@ns 4t #aki 6nd of gl rected to
an alternative network e proxy switch 300 may act as an MsSC 110. In

such a rofddlowisgs proxy switch fulfills the responsibilities and roles that
a traditional MSC would perform Some of these functions and roles pertain

to mobility mpnagene me@?ék%'nﬂx%fteﬁeﬁ?o &1@?&8@ aﬁ&f&&g %@e lﬁ%s%lé éroam;

fromone cell to anot may roamt serve rent MSC,

t hus nec_essita%oq e&egéli][% ég?ﬁﬁ%&?thte%Sciﬂ&’ fo:;e and target MSCs. If the

proxy switch 3 e nessage and cal | / sessi on has been

g'hreegt ggyt gwapcﬁ'ftleto tlhté? t%hta{ eth:%ﬂvé hmp%?%éga{tgé sfagesttsa ;gnggeg by
at

| t§'a tﬁtsga%% Plt“r? o ’Pm?
conventi onal NS ua'afstcsdgéﬁtxe Hd vtz ‘%ﬁ@t il A

t he proxy svmt ta|ns tothe rces articular,
when an M ini ag‘ n%lhﬁé%ﬁ‘é f‘i"é‘?} ‘%‘%W 459 /rseé@%'ikdﬂagappropri ate
circuits (channel mﬁ"é\éf‘dnetﬁd assi gned for this session. Depending on the
configuratjon of the system and t he system state, the proxy switch nakes
such assi giEReSOLATHPRRAOITCd 31 ¢a5B oy @tgrw@htheéﬂ%gerwsevaetgargns circuits.
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In many instances, particularly when a message from an MS 114 is siphoned and
the traffic is directed to an alternative network, the proxy switch 300 may act as an MSC
110. In such a role, the proxy switch fulfills the responsibilities and roles that a
traditional MSC would perform. Some of these functions and roles pertain to mobility
management. Consider the case of a roaming MS; as it roams from one cell to another, it
may roam to a cell served by a different MSC, thus necessitating a handoff between the
source and target MSCs. If the proxy switch 300 has siphoned the message and the
call/session has been directed to an alternative network, then the handoff has to be
managed by the proxy switch analogously to the way a handoff would be managed by a
conventional MSC. The proxy switch has to ensure that the appropriate databases are
updated with the new location of the MS. Another function of the proxy switch pertains
to the assignment of resources. In particular, when an MS initiates a message requesting
anew call/session, appropriate circuits (channels) need to be assigned for this session.
Depending on the configuration of the system and the system state, the proxy switch

makes such assignments analogously to the way conventional MSC assigns circuits.



Figure 4 shows an exenpl ary deploynent in which the proxy switch 300 is
connected to several alternative networks, such as an | P backbone 412 or an
al t er nat iwe@ 02/¢34ncui t - based network 414, e.g., a differentPCRURSIRIB399These
alternative networks may be wused to carry voice and/or data traffic to
desired destinations while avoiding in whole or in part the PSTN 120 al ong
with the costly_res Zgrces of MSC 110. Alternatlveléwthese arrangenent s

may be used so FISHFC 4shomsian exemplaredepbRimeensan whickibapreny switch G iser ent
net wor K;  f ynn848ie] &vel 51?6%{12&1% @tfv;drﬁs fsvg gﬁ%ackﬂghle 9 dajp 8 e?r@af(&zgam ed
PR e e g GRS

to an IVBC in Wal t ham MA to conne
net wor ks. ¢nuitebesedbhaiwotkhvl4, £B., laalu:ﬁfd&reme:aﬂriei‘ Thysecadiemmative aéteoristayl 2 voi ce
net wor ks 418 gr the l.nterpet, 416. .As be, expl ai ned bel ow, when

si phoni ng P5Pd e Py Yol and/orafarriftlie t‘h@?%ﬁl Kestipationssriilevoiding i@ whale oh
(e.g., frompahans Psmpﬂ ﬂzoglld%%ﬁ%gﬁﬁ )coﬁmey&ir&% P MSEY fo. fARé‘Pn :E&‘alfﬁﬁ‘és%r

circuits on links e sent via an alternative networ 0 support
t hese exenfTaRgymaR Inwrb@msgd sniiat direnitratias could hmbq;ﬂthmﬂe@/to pdiffent ed

enbodi nent s t| .on t| on [it core
functi ons acﬂﬁL ?%a%( %lﬁcﬁltﬁba?%? P"gﬁﬁ ’;}\J% e]ﬂ egé%g%é/&ée t hey
reach the MS@a]lﬂdimMAa@It tHehRiyta@isédorinh & t@f)thbfﬁéct\fvbﬂisoffbpeiah}ﬁ?é@h@OtS
from al temﬁ?ﬁﬁve netvvor ks; faC| litate transparent operation; sérve as

bui | di ng kbang 41 Huweqomr@mat%wh@ Fpice metwaakert kror thepysnet 43116r s
recovery %Wﬁ%neﬂ ?&)@ S siitlo ! nfﬁgmalf{ﬁ % %Bzﬂéﬁ%?gg%%tw%rk Q(')‘atg nce of a

proxy sw tch We 14 roa proce

mobi lity inforegtor (e g.r Eomithesigiminydssages)snd volreat idaa ﬂ:tmdﬁieﬁﬁa@f 01rcu1ts

registratio fications a roans fromone cell to another. These

updat es ar é‘nlﬂrg?éjo\‘?éﬂa bR?SFﬂ%Vlﬁ/%Qli%at(‘ﬂﬁn&t‘Y‘Pfg' BSC), and eventual ly, the

VLR/ HLR conplex is updated with the new |l ocation of the MS. However, the

standard procedps pﬁﬁ)fhd%@%xéﬁ@ﬁlkry'd% Rﬁh{eatsrhnawbﬁﬁhﬁﬁﬁh%n%%ncfﬁéﬁ%ét at es
BB be involved In"a ca

of the invention. g'E)or exanp at does
not use t Habhgdanens gf theém\@nb@n n@vw@rmrt@a coye fanctignabitynZhé vere fitotionk) yet t he

M5 may n 9_4:@& 6?531 of f rress s end,

pr ef erred%ggi ik énéﬁ(#ﬁné ngﬁf’ﬁf&g‘%ﬁgﬁ& ?cfg d}ﬁybrle 5 %#ggbiﬁe | ogi c
for the prfamldtasse/\lhbaﬂiyﬁctdmsﬁltnaﬁﬁdomw tlnky ﬁﬁ&@ﬁ@ﬁeﬁl@tﬁd 1B 81k s Fadilithtd
conjointly. If a |ocation update handof f nmessage is received fromthe BS

107 by t hérﬂB‘FPﬁFWt PGFALILR S§HE a3 PH’égi%g Slapks {griighes tyelppplicationsandiest her t he
M5 i's curr@phdry edrb@bAREY bﬂacéﬁuréso

Procedure for mobility management in the presence of a proxy switch

When a MS 114 roams in a network, standard procedures for mobility
management require the MS to issue location updates or registration notifications as the
MS roams from one cell to another. These updates are received by the MSC 110 (via the
BSC), and eventually, the VLR/HLR complex is updated with the new location of the
MS. However, the standard procedures may not work in certain embodiments and
system states of the invention. For example, the MS may be involved in a call that does
not use the MSC (e.g., one being handled by an alternative network) yet the MS may
need to issue location update or handoff messages. To this end, preferred embodiments
of the invention provide mobility management logic for the proxy switch, described with

reference to figures 3 and 5 conjointly.

If a location update or handoff message is received from the BS 107 by the proxy

switch 300, the proxy switch 300 determines whether the MS is currently involved in a

10



WO 02/ 43410 PCT/ US01/ 43399 call 505. If the M5is not involved in a call,

then the proxy swtch 300 allows the |ocation update nessage to pass

t hrough 3Oo0t/e4the MSC 110. The MSC 110 then wupdates 515P€h@SM3WI6 as it
does conventionally. The logic flow then ends 599. If the proxy switch 300
determnes that the M5 114 is involved in a call, the proxy switch checks
520 to see if the MSC 110 is involved in the call. For exanple, this may

be done bwaliﬁﬁﬁyifthgl\’!ﬁ tnot invbbredun & oall, tlen théyprozaisvittlBe® alkowsnhe as a

"session") nec [,OXY .S olved in a
call with 1?%a%%ﬁlgijg%tﬁ iy Sﬁ%gtto B?’ é%‘)fl\f&{ B@%@fééfdtﬁ)asl\ﬁﬁé\gspl (Hheé‘bove

except t haipdhtas 513 iheeVIR haedof: Hosmeadationally. PRsSREict Hwigh ch@ 399e MSC 110.
If the MSis involved in a call and the MSC is not involved with that call,

the proxy sw tﬁ;qﬁBOO i nt ercepts t he handoff nessage 525 fromthe BS 107
and, using t he I PRMEPHETTIER Oﬁ‘qu?émH’&ﬁH@HherM§§éﬂ)é9m&@ﬁ@‘émascaﬂlhﬂlehandoff

message | %&ﬁ%@%&% g&?@@%@e 1fﬁ§51v°1§86115§somvm8d k}rpﬁégjh{l’gg&f@%§ o Hi$ 9% s

t hen sent 53 and proxy switc ocal
dat abase (mat besdomarby ame]fylzmgtstamgmlfdrmaubmﬁgehe Jat (slsbdmabvn adlat‘edssisg”)ser ves as

VLR f th tch d f t hat VLR
Goes (51 naBA BRI e Ry sntich irouBhis furobgaanAetl DRLAR M BeARAS)
The  proxyr&W sr,vﬁ&h?;ﬁ&etea% GRAKRdABoRS KRQ gt ORI MBI 38R RdQatLoist he BS

107. The logic | ow t hen ends 599. Procedure for nmnagi ng suppfementary
features |meieﬁéhrpugls@rtb@Nb3Cél(br oxy switch Under preferred enbodi ments of
the invention, an M5 may be busy at tines when the MSC believes the M5 is

idle; for exa | . that is
bei ng handl edngi/ﬁlgrll\kgﬁlﬁ?la i %/nte)a(ﬁalf?ltjaﬁ1¥1 ﬂﬁ\é mélsgﬁé%g@edg@ﬁﬁ%tﬁﬁ# tﬁfy to
deliver a ptadyl switcht300 iftBrcbpionhd H@d6iPidsdag 523 Grosuhe BS 1G4, asisd thdat i on,

t he proxy witch 300 provides logic for informng the M5 of such a

si tuation mt%é?‘ﬁ&mtlﬁlt Ilf? BYPE messaggprameitt e ardad @F’@é@geg\ﬁ%ﬁl%ﬁ‘?fk wplats onal
call vl i iBs0b ThPiQUlid odite HB&a ngéyfawenbs%)q $to o £f0 anld§i f Or M Of

call waiting and ot her new servi ces t on this core support
function. pR@f}EﬂWﬂtChglpﬂat% itgowadocdl éa’tdaa@d\(rmommvn)ubﬂcctmgdm @haogd. Thisdoed i nt o

t he proxy tc VEC 110 deter nes whet her
or ot + ha e deroat & SFR fof B ey sy g tBi e dhe & 602
I f the MSVIR 66ds (Binsy thelp?&ty $witchRit Bx¥s Adeds to function akin to an MSC). The

proxy switch 300 then sends an acknowledgment message 540 to the BS 107. The logic

flow then ends 599.

Procedure for managing supplementary features in the presence of a proxy switch

Under preferred embodiments of the invention, an MS may be busy at times
when the MSC believes the MS is idle; for example, the MS may be busy with a data or
voice call that is being handled by an alternative network when the MSC is attempting to
deliver a call to the MS from the PSTN 120. To support such a situation, the proxy
switch 300 provides logic for informing the MS of such a situation. Using this logic,
supplementary services, such as traditional call waiting, may be provided by the proxy
switch. Moreover, new forms of call waiting and other new services may be built on this

core support function.

Referring to figures 3 and 6A conjointly, when a call comes into the proxy switch
300 from the MSC 110, the proxy switch determines whether or not the MS is involved
in a call at the time the message comes in 602. If the MS is not busy, then the proxy

11



WO 02/ 43410 PCT/ US01/ 43399 swtch 300 allows the MSC-origi nated nessage to
pass through to the BS 603. The logic flow then ends 699. If the M5is
busy, theveoogsiewi tch then determ nes 604 if the M5 cal | PCHUBE/43¢99 handl ed
by the proxy switch but not by the MSC, for exanple, the call nmay be

handl ed by an alternative network connected to the proxy switch (see
figure 4) in, W(goi)h case the proxy switch needs to handle the call acting
akin to anSWis® SQ0mdlons theMaGerigipited mepiage tq pass theeughde sheBS 603.hTbulggic | f
the call ig,hehddEriaped ed by the proxy swtch but not by the MC, the
proxy switch intercepts 605 the call fromthe MSC 110, and converts 606 the
intercepted nmessage into a feature notification nessage. The proxy swi tch
300 then i ssuel tBOVIStihbusye theprexynowitdhi thert daerminssigdf the MS cAlDB Hetirg

subsequent, tr m.ssion to.th 114, ich will. be used t otify the
user gf thléarﬁdﬁe@g’r% tﬁ%prgéiy |SW1t?‘h§utpr}hé§W]ﬂ%%m%fieﬁﬁ@%e@% gy, &W@g%onses

from the BSy ialtdifutiveabiwok Qokickicaad HproBFSARS (Skiaet ) irARIGO gisBghy . How
the proxy switch acts depends on the application using this logic. If the

M5 i s i nvoPfe8H syictnaeds fo hpadle thel cidy aqting afinoryn Md; the proxiyrdoes nefdimplyh a
Il handj h i.f ch tak £ 9
e £ oeEeRiol 18k LSl B Bt by GRS B bB6ER s ¢ e

parti cul ar Mg} klieqadxyoswitahviatevegts 605rtaelédll fotrakhecISIC WL b dorivertdedc ee such
service that na¥q be built upon the above core function. |f at some nonent

in time, tREIBEIMESIESIIHOF feAEROtHcRIn BEsAEs Nk RIPRY SYieh 300 thek nat i ve
network, & i I 19 i -alk ive
net wor k orlrgfglﬁg 6?751%{6@? ﬁ?eﬁlrog%étgﬁmﬁ%%ﬁg%é'{al%éﬁﬁg E\%F@Ie@ mrr ﬁg%}l# e%gg%er t he
| ogi ¢ of tMé lldpphichatillda usébio neifnflearser of theainbomimigtdallg Tap ptdxgawitohs, t he

third call. ul routed as er, instructions contained in the subscriber
profile; alnﬁég?ﬁ?gsnéﬁgﬁt“?'(g‘?fpf’gsef Srogrf {h&l#s ttoﬁEe %&T“Fe nqtﬁ{'cpﬁgn 5P8C ARS F°tDF t he
subscri beraccérdsigy.| HowltRghoxy switseacts fegehs @ﬁh%%pff)l’iﬁéﬁb% ﬁﬁ!ill\q/'%ﬂﬁé Weic.calls

both involving the MSC, and a third call arrives for the fromthe
alternative work; again, the subscriber profile dictates howthis third

call is to be haHMg isinyolved én a cghhandlegd Bydghe proxy. and alseinyelssd withiatcsH.
Finally, i ' ' IS i i calls both
vl vi ng gt sTobichite biaRy sidich URelh Actiop o0 RIHfied B LiRpGR; £ °7,
t hi s case,fonksidh addter Thisactidrewllbdgpend dn fhel gactiildr applivadbe idvalvedt hi rd cal | .
For exanpl figures 3.and 6B conjojntly illustrate_an exenplary call

wai t i ngnpa”;e)fﬁflit@g%iicﬁﬁ WaHNE 15 QY ‘?:neagt‘ffié S%{g%aéf%maﬁéa Hﬂbwmﬁ?élﬁb’ﬁopﬁe acts

| abel ed 60@n&onb09 ‘ '

If at some moment in time, the MS is involved in two calls both involving the
alternative network, and a third call arrives for the MS either from the alternative
network or the MSC, the proxy switch will direct this third call as per the logic of the
application. For example, in call waiting applications, the third call would be routed as
per instructions contained in the subscriber profile; a common option is to direct the call
to the voice mail of the subscriber. A similar logic is used if the MS is involved in two
calls both involving the MSC, and a third call arrives for the MS from the alternative
work; again, the subscriber profile dictates how this third call is to be handled and this
logic is followed by the proxy switch. Finally, it should be noticed that if the MS is
involved in two calls both involving the MSC and a third call arrives for the MS, the
MSC itself, in this case, will determine the logic it follows to handle this third call.

For example, figures 3 and 6B conjointly illustrate an exemplary call waiting

application. The logic acts as described above through the acts labeled 608 or 609
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12 WO 02/ 43410 PCT/ US01/43399 (notice that figure 6B starts with bl ocks
608 or 609, as opposed to 600); that is, though figure 6B hel ps describe a
parti cul avosupihenentary feature like traditional call waP€CT/Mgy1/4389ve
initial acts for this supplenentary feature are those described with
reference to figure 6A |If the logic starts at 608, it nmeans that the

proxy switch has already detected that the MSis involved wwth a call, the
proxy sw {eHcs Qahiige PRgtartsevitphlpcksio8 or KA Ms©PPesedde 600)athat 15i Howgh nt |, t he
pr oxy Sw g r [ d aévei‘é 119 f a?ﬁ%i' nverted
t hem i nt oﬁ%t}fe Iggfh S?ﬂéq C%g%ﬁeiagﬁﬁ %‘gﬁtgﬁ%ﬂ?@%&e t] g&f%aettéa;agﬂ Otrl?gi?cl [ cattnlg nto the
BS. The the ntialtdetsrfor thissuppenentiry fentre apttboseleguibed svithaefetenbe refgage from
t he BS. d))JA&der the call waiting application logic of figure 6B, if the user
i ndi catedthat they are willing to accept the call, the proxy switch
converts 615 the response to a nessage indicating that the MSis

accepti ngt he nEheiakic star@m bO& itVicans T (Y SrsXy swikh 43 2804y dbedidasases 620
the converted nmessage to the MSC. At this point in this exar‘rgl e, the MsC
"t hi nks" haME i ipvelyedyyyith egrlhdhe proay switel sthandling the catbbus thetMSE éf hesct s

only one i ] c t he new
call, t hegﬁdshkesrﬁuﬁlzé{h%gpégg%v%&r}gh%\?\%a%%dﬁg&%%e g{l Pa&%@%ﬁ%ﬁ%@% ﬁ(% cal |l being
handl ed byontvéxeedBEimanid aafeatiteatotifioytidnnenddssmsy the\iedtee. nofificatiphax yhes®®.t ch state
reflects fhe two calls, The Prox switch 300 assists 625 the MSC 110 with
setting upRePrREYheRreceivesand qt%%%t%’feéiﬁpqsgs foriugh mesegefopythe Re.  user
accepted the call; if the user did not accept it, the proxy logic tinmes out
and never getgnde thcdallbi@ting Eﬁﬂicmléﬁ,oft rePBIPY the WedrGhai3H0a Ry need to
park calls froman alternative network so that the accepted call fromthe
MSC can gbey teotiingto ac¢ept M8 call,Tthe pyexyxsgwitahi conierB0il Sttheresponsetacept s 630 any

subsequent feature potifjcation responses fr th re-directs to
MSC or prn(%%?a%?/\ﬁnfl %ﬁgﬁ%ehﬁ%@ai‘}&?“r-‘%?e 2% v fﬁg}rﬂ@@f’%_ %% "t oggl e"
bet ween cabitch 300ithéh Sey 690 e coliertdalthdseagand thdSa. hethiapdidEn tiigt wor ks.  The
proxy switch may need to interpret this response to park one call and

connect TGIIRe: thegMiSke ‘thigky” the calbis an epdinay cally thegfis,ithe MSCesiate iflesisbsequent

f eat hid i My i need
o sond tTirgop G2 spHian 1 e RIdCh il EHIRAREE e IR IRk SR, 1S
(some parikeegying wekdilnig chlh waitingendde one tdibbdifyy haMkidad Byhthe MBC aeha®iherhe

proxy swi tch 300 send 40 approprjate billi inforpation to. t ystem
T o ey i (THe pagg s wHich Bufh ehiectp I opp el e pim switch 300
assists 625 the MSC 110 with setting up a new call. (This last step is only reached if the

user accepted the call; if the user did not accept it, the proxy logic times out and never
gets to act 625.) For example, the proxy switch 300 may need to park calls from an
alternative network so that the accepted call from the MSC can go through to the MS.
The proxy switch 300 then intercepts 630 any subsequent feature notification responses
from the MS and re-directs to MSC or proxy switch as needed. For example, the user
may want to “toggle” between calls being served by the mobile and the alternative
networks. The proxy switch may need to interpret this response to park one call and
connect another to the user as part of the act of intercepting subsequent feature
notifications. In other circumstances, the proxy switch may need to send this type of
response to the MSC if the MSC has multiple calls (some parked) intending to connect to
the MS. When the call ends, the proxy switch 300 sends 640 appropriate billing
information to the system. This is needed so that the user is billed appropriately when
services are rendered not involving the MSC. The manner in which the information is

kept and send to a billing system depends on the implementation and service provider
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services are rendered not involving the MSC. The manner in which the

information is kept and send to a billing system depends on the
i mpl ementva® pwB4and service provider 13 WO 02/ 43410 PCT/ USBATAS@2B399usi ng
the system Most service providers specify the manner in which billing

information is to be collected, formatted and delivered. If the M5 114 is
involved with a call and is also involved with a call handled by the MSC,
and if t hesivStei sysiematMest aemviw prantitlers specify dhredmahifenin whighMBling hen t he proxy
switch 30Q .may be.confi dt0|nt t.. 650 the feature notification
nmessage ff'rg?ﬁr’%/qlilé’ i ijjg e (ﬁg?% ﬁﬁéﬂgﬁﬂ}"efqﬁle BS 107. The feature

notification nmessage i s blocked 655 from being passed to the BS, and

consequent |y ni¥f the MBONISELs ifyol weUpith £6411 4 ik Ao MRelvelirwinn 4 BRI BRdidaagause the
feature notification nessage was bl ocked from being sent to the BS. The

| ogi ¢ f 1 othetMefr. &ds theddSCrndicaie aeye salhistintgededfor the pdhsthemibd passsunes t he

VS does n h es sianda ocedures
to term g\g E F%Sﬁ%&r&&]ﬁ) 1ﬁ?e|r<l:ept g:ﬂfthy?%t&r glgtrlf jon Iness %ay‘go IWE ssage
stating tMS(stHasmrdekmred fmsthel mrmﬂ dbieéeatﬂi’eaoﬁﬁéduowahésls@ 1ambkaaassson | ogi c
of figure.6Bis limted to Ean i n concurrent calls. The same general

approach fay trdreRasssddedhe u?fﬁlryé’(’tlﬁﬁ??nsﬁ ifdssuad PO toghe MG wai ti ng,
to handl i pgrMt BiSPh&at th§ féaflﬁgh%(%ltlt)ﬁ §¥ %va? ‘Bid@?éci(f oﬁlooelrgas@fﬂ folifk dat a

calls and voice calls, and the Iike. Proce t man nment in the
presence BS. dhplegiyflgwithenner8s #ARaF e MBCaledim@ getaiesporiseand asshmesrﬁmag enment

of the si Lin in bet we he . B 7, and t 110, Under these
pr ocedur egi?%oete % { %%reagﬁ](y & ec%%heiﬂég ﬂ&e@r}’sgf’%gi”é‘gﬁggroﬁ‘é@? osay Peer|
and Peer 2teriBafate thRQAE, TR 1¢idé Mall\w® ssbsbéor pm&b@hﬁassage@{ahﬁ tHe@b&eibyar d
Sequence Nunber (FSN) and the Backward Sequence Nunmber (BSN). The FSN

i denti fi el w@Bailahles nessage sent to a peer and the BSN identifies the |ast
nmessage received froma peer. For exanple, assunme there exist two signaling

LS P aNenLfily BERMGEKIRASE logh\ iR 6B id FmtEPH naiffin Lg;t%m:fS and Peer 2

has BSN=3 then Peerl sent nessages
i ncl udi ngcmssrang}@aﬁs tﬁd%me&eneﬂﬁbmpr@achnm@etdxﬁndcd tdmmhﬂgmomeuﬁaml I

nmessages ncI udi ng, e 3. If CO eaks and Peerl| detects
such a br ’3@%391153%% ég@fﬁﬁlﬂ Q‘E‘i}t&’le el Fo‘f’@ﬁgtemﬁ%%es%@"r Opeer 2
requesti ngadaﬁggdgtarcguscm%ec%gg, dn@ thd ke, SLC1. Peer 2 responds with

Procedure for fauli management in the presence of a proxy switch

Standard procedures exist for fault management of the signaling links between
the BS 107 and the MSC 110. Under these procedures, both the BS and the MSC are
considered as peers, say Peerl and Peer2. Both peers maintain two sets of numbers,
called the Forward Sequence Number (FSN) and the Backward Sequence Number
(BSN). The FSN identifies the last message sént to a peer and the BSN identifies the
last message received from a peer. For example, assume there exist two signaling links
SLCO and SLC1 between Peerl and Peer2. If Peerl has FSN=5 and Peer2 has BSN=3
then Peerl knows that it has sent all messages up to and including message 5 to Peer2;
Peer 2 knows that it has received all messages up to and including message 3. If SLCO
breaks and Peer] detects such a break, Peerl sends a Change Over Order (COO)
message to Peer2 requesting Peer 2 to change over to link SLC1. Peer2 responds with
COA (Change Over Acknowledged). Included in these messages are the BSN numbers
based upon which missing messages can be re~transmitted. For example, in the above

instance, messages 4 and 5 need to be retransmitted to Peer 2.
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COA (Change Over Acknow edged). Included in these nessages are the BSN
nunbers based upon which m ssing nessages can be re-transmtted. For
exanpl e, waordsi@bove instance, nessages 4 and 5 need toPORUSE4339¥smi tt ed
to Peer 2. 14 WD 02/ 43410 PCT/US01/43399 As a further exanple, consider an
i nstance wherein Peerl has FSN=10 and BSN=6; Peer2 has FSN=8 and BSN=5.

Al so assune that t eé% are two signaling links existi ngz bet ween Peerl|l and

Peer 2, denot ed?3& SXAPPIS, copsidghen ingkncesy ey RegrishagdSNedOaaded by
Peerl. Th e SOES s§a

i ncl udes F?gJIgSEéérzﬁ Na%e Vu%ﬁrrgslggog§ ethétgéer g&#&&gﬁﬁﬁ%}h S nmessage,
it corrpaclastmg@twe@eli’acebaméev@ tdenoted as HLED amd SESN dpd8hat SIS as

det i t t t d.to be re-transnitted.
Pgere;mqﬂga%tgaa‘%bi’ Eger abien éﬁﬁé@g é%égdnesﬁgegeplg&grl@%%qltt@d) egitPiends out a
COA nessagRludes itaBINNE6) insh8ENJ m‘é&sa Peghin P@e‘f@ie\é@ﬁle%ﬁxghﬁrg drpssage and

conpares the received BSN with its | nterna FSN term nes t hat
the | ast Somparewigie seqehed BN withatd internabFSMN (£3)aand mien¢eatdterites ¢hdt dlst 1agt

nessages e re-transmtted t.o Peer2. Under

pr ef e?r edgé%g&glg%@d? % n[l%%%f’eq arﬁéﬁﬁnamﬁéeﬁll Bepr gﬂ‘ﬂf’urﬁ%% rlgSt PRR SR [het ween
the BS anbe MSrafsenifial artiends & alCDARtidssage RofaRidg itd BSN @%ﬂ@&rﬁé’ceﬁ%@d
nmessages to t he proxy switch that are never recelived b he MSC, e.g.

si phoned hﬁ&%@éﬁ‘ésagﬁﬁadﬁpl@éares/@ﬁgacel‘@d&SNm@mg@a@b SNr{aiO)aamé bl ocked.
Consequengl t wild not
accurately t%(m?lfl%?%l at?[ﬁglaggt gﬁgé%?é\é (Eb%t—?\%ﬁ%ed tg%e? eStrgﬁ'im éﬂ@ éunder

pr ef er r edmesdagek areqtlwedfuptblyd’eeﬂvterbt:mmrr,aniﬂmae@ta)mmvm tch prOV| des a new
formof fault managenent. Referring to figures 3 and 7A-B conjointly, the

roxy swwtch c tes 05 on et of . FSN N counters for, each link to
Ito he K/BC 110 aﬁﬁ GrPEClS ’&?d rgents th%éﬁ“@%ﬂ ﬁ?Pj?Séa”fdofFC‘éV&maF?Wl% the BS

107. Wt hbpweti G8/BY and Mb ket exp&tdd BUFK.” By shé 2 B 00Bmay sddgl € |1 nk
arrangenment to illustrate the concept, the FSN /BSN pair 787 on the MSC

for the |MASAZEHOARIPIONES Wiy Beharp apyer 769ived bytheMSC, alg., Fidoned

conventi o C a S&nL .an cknow edged
(or "ac ke@;@%sag%s? ¢ ﬁl@% e‘{;e?r%h%( §7§£§C08%ég§%%£s[ tﬁ];t @SOCE ‘f Gfg@qlfepg&kt “the same
but out olbasidﬂsmswktetem theB Savid @b MSO wiilh ﬁbWEtBraEﬁNeﬂB&Nh@ﬁhﬂéSofﬂ%B and

790. Pair_ 788 tracks the nunber of nessages sent and acked on |Iink segnent
786 out oVhelfaystem.

Accordingly, under preferred embodiments of the invention, the proxy switch
provides a new form of fault management. Referring to figures 3 and 7A-B conjointly,
the proxy switch creates 705 one set of FSN and BSN counters for each link to the MSC
110 and one set of FSN and BSN counters for each link to the BS 107. With particular
reference to figure 7B, which shows a single link arrangement to illustrate the concept,
the FSN /BSN pair 787 on the MSC for the link 785 and the FSN/BSN pair 789 for the
link 786 are conventional. Pair 787 tracks the number of messages sent and
acknowledged (or “acked”) on link segment 785 out of the MSC; pair 789 tracks the
same but out of the BS. The proxy switch 300 includes FSN /BSN pairs 788 and 790.
Pair 788 tracks the number of messages sent and acked on link segment 786 out of the
proxy switch 300 toward the BS 107; pair 790 tracks the number of messages sent and
acked on link segment 785 out of the proxy switch 300 toward the MSC 110.

As alluded to above, there is no expectation that the values for pair 787 will equal
the values for 788. For example, an MSC message may be blocked from being
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proxy switch 300 toward the BS 107; pair 790 tracks the nunber of nessages
sent and acked on |ink segnent 785 out of the proxy switch 300 toward the
M5C 110. wa oak4mdled to above, there is no expectation thapCTsonvgBaves for

pair 787 will equal the values for 788. For exanple, an MSC nessage may be
bl ocked from bei ng 15 WD 02/ 43410 PCT/US01/43399 transmtted to the BS 107

as a part of normal proxy switch |ogic, as discussed hejein. . S

bl ocki ng treesrpitied tfle B@nﬁ”ﬁéﬁﬁ?ﬁﬂﬁ@%@ﬁ%&%@d%& 3 CHﬁsﬁﬂg%/fe{%g‘?‘r‘/t hat
of 788. | L ' ' : ' ' het ween
PN and eRPRFEE bR melsIEL Buq Rl dnE BRATRR Selie ity S napeney,

exanpl e, additor, thére isnogpecatsethaf the discrepesgydepew tandriN/BEl BSN of A8Y apd
supposed tqg be bl oc pr o switch_300 as.a part of . normal proxy
switch | o§f the Fas%\} ﬁﬁcﬁgg]%@téé Sh%‘ﬁéibﬁ cqe O SRRBfs ﬁg?‘ngttﬁe@?lp%l Fpe Bgo%ene unti |
there is %ﬂ:sga%é 2 RELE TRIhat BSEHPREH Ribe¥RSekbd Qi plowy swhiett $00Ms!d paeono

di screpancy pair 788, because no nessages are sent to BS 107. As
nmessages aoenal geeyardtchtloginesplissussed Wereih liscrepaneyy aixAB7 widltbeone #aBk cept s

t hem and dat es the ESN BSN. pairs inn 5]935,ytswitch
300 det ectRergFEnAC lﬁ%%%‘éed‘é%c?‘gﬁ%l?ﬁ\égkzlsjéolﬁ‘g‘,tﬁ&?\@lé’g{“f’tr‘?gk%’faﬁat 19k 785
went  downpafrl88, BelgusemoXilessidet afe 3o BY HO7TCept s that nmessage 720 and does
not allow'it to pass to the BS 107. The COO i ncl udes the BSN i nfornmation

of pair 787 and identifies a new |ljnk (not,sh t hat the,signaling should
changeover to. ASTReSSpICSRE ’?ﬁﬁlf’%attth@ﬁo%}f)?wgé‘ g&g%@%‘)’?}ég‘”‘gﬂ” gf‘ieﬁié 786

bet ween th e&gﬁé?{%&gsﬁg‘?g%ﬁg%ﬁs?gﬁ Juti 3K ab8&:. corresponds to the |ink

785). The Dbrea ows. Every few mlliseconds
conventional BSs and the MSCs send out nessages called "fill in signals,"
whi ch are receilfthd paoxy switchr3@0dieteets 71 h e QA ovessagedran feMakd 18per at i onal .

I f the recei.ver S et ;a fill in si . .1 l.engt h of
e, it detiee SRR e alhabdy e aRichdob BiepBR el AheaBT0 1 0
one enbodienhd @bes Hi il Sitbipass tGBEL BS 8671 he COW inchxles thaBSN pfetmtioh st ate
machine to not send the "fill in signal," and hence_signal break and
cause a Cobpeis 78é apdidentfiese rew Hinke (oF SHoV ) hat e S(‘E‘F?é‘nﬁg]a‘?q‘lﬁl glgﬁnggq]veb 8'ng
relative tQ C ] ) QY. i r (ang ge to
t he BS 107ﬁ"v?/iIﬁﬁ’y}%hbg’f%%%f@%ggyg&a@sg}épao%gédﬂi%e?ﬁéeﬁégé I ?1( Sr mat iaigirslﬁli@n t he
ori gi nal @¥inksisagerredpontis wohe Hhk@sh). Tt drauitis simulased efoHows Evemhifes new

o0 infor nrﬁﬂl%s@?on%% cggvénﬁgnﬂlﬁ?éea%d (t)I];e ﬁ%&% R ouittmessages called “fill in signals,”
which are received and the receiver then knows the links are operational. If the receiver
does not get a fill in signal in the specified length of time, it assumes a break and sends a
COO message. So to simulate a break, one embodiment of the invention modifies the
software-based protocol state machine to not send the “fill in signal,” and hence signal a
break and cause a COO to be generated at the proxy switch (the modification being

relative to conventional MSC).

The proxy switch generates a COO message to the BS 107 with BSN of pair 788,
as opposed to the BSN information in the original COO message which contained
information for pair 787. This new COO informs the BS of the number of messages it
received on (the emulated-broken) link (i.e., BSN of 788). The generated COO uses a
new link (not shown in figure 7B) which is used to changeover to. This new link

corresponds to the changeover link to between the proxy switch 300 and the MSC 110.

The modified BSN numbers are then sent 735 to the BS 107 with the new COO

message. The COO is sent on an unbroken link. The proxy switch 300 then waits for and
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recei ved on (the enul ated-broken) link (i.e., BSN of 788). The generated
COO uses a new link (not shown in figure 7B) which is used to changeover
to. Thi s wew/dismk corresponds to the changeover |ink to PeTAS&EM3BIYe proxy
switch 300 and the MSC 110. The nodified BSN nunbers are then sent 735 to
the BS 107 with the new COO nessage. The COO is sent on an unbroken I|ink.
The proxy switch 300 then waits for and 16 WO 02/43410 PCT/ US01/ 43399
recei ves Ecauss { eOdn@rknendedgentent) messsaggd/4040ni therBS ha7, BRd gkratesititSpener at es

745 a new sage. .Jhe n Awll. co i.n the BSN jnf tion of

pai r 790, ne%%fggl%%%ge'tgh? Y ﬁmf?%ﬂn%%%“ﬁn%@?t%@%%% is sent
750 to theppdsed thlbe inT&lﬁmaﬂbﬁ)Xﬂ%aﬁi/W?éQ? IThe R8W ORI senf 950 RNt MBS UES
retransmtted information to be sent on the newlink fromthe MSC and from

the BS. Any, information received is then retransmtted 755 to the
respective des{MhREOKHAVIEh thamawaiis tos and regeiypurepansmittedinformaitionty be cour se of

PR o i R S S e S AT

on the BSetmngrhited/BES toche ehspentive ldestalation or handRe et itweodd paal ihegrdihays. The

break in the signali lji.nk 1s f ed result of current BS . .

ar chi t ect ¥ Ofi%.“Bgs, 8‘?%\5‘!]5% B%tﬁ”smagi;ygaeﬁgeﬂg@amfl@mc P%é?sérﬂf’?f’eh‘?i%‘éé sEigpgicevent s
for COGCs.fdkdeas Toher enbodi ments, the proxy switch may detect breaks, and
in response to such, the proxy switch would mmc a MSCin relation to a
BS or mmc a_BSinrelation to a MSC. Procedure for Automatic Triggering

of Si phoni ng BHBY tymbovrembedimsat thynprexy switelnirelics op sl BS or thed¥SClie

i nvention iEch. - dynam eal er.m n_the st em may
benefi t fdf%%?f%reeglkér)fe%? I ‘%ﬁ\%egsr@@{ lﬁlgglﬁlﬁ%ngf&n%égska%%e Elgn"{a]ﬁlgvn;%%%oﬁ%ﬂs%ea net wor k
(see, e. gesul#OlcurfehgBS archjtectin®s; igxahpb@aksre @écded €o eemedhaidtssafy t he

i nvention, the pé8)é)y switch 300 nonitors the signaling bandwidth directly
or i ndi r &R foOPs nlnder QthesrenaRpdimaenty, Ahgogy sviteh gay deteeh rerks<3ngral i ng
bandwi dt hyeb g ARSIARERGNE Broxy SHHER U AKELAH: BaSMigl N rionlt m lyrent, a
Change OlgrﬁOrder lECOO)ﬁrfO?(gmthe OMS may be usngdéj%tusonaes?%]%g o'?ggongesti on
at the M38S irelgtonlteaddSEhat the bandwidth to/fromthe MSC will be
inpaired until the effected link is revived and traffic is changed back to
that |inks Ioys, ofhe proxyrsmich 390, oterpiel s aofiDas 2 Lriggering

esponse, initiates
traffic si phonbrrll

r%gﬂﬁg embodiments of the invention, the proxy switch may dynamically
determine when the system may benefit from redirecting (or siphoning) messages to an
alternative network (see, e.g., 400, figure 4). For example, under one embodiment of the
invention, the proxy switch 300 monitors the signaling bandwidth directly or indirectly
as a measure of system bandwidth (e.g., reduced signaling bandwidth translating to
reduced system bandwidth). In one embodiment, a Change Over Order (COO) from the
MSC may be used as a signal of congestion at the MSC, or at least that the bandwidth
to/from the MSC will be impaired until the effected link is revived and traffic is changed
back to that link. Thus, the proxy switch 300 interprets a COO as a triggering event from
to “slow down” traffic to the MSC, and in response, initiates traffic siphoning to an

alternative network connected to the proxy switch.

One form of exemplary logic in this regard is shown with reference to figure 8.
The proxy switch creates 805 one set of FSN and BSN counters for each link to the MSC
110 and to the BS 107. Each message to or from the BS is intercepted and the sequence
numbers are updated 810 accordingly. If the proxy switch 300 detects 815 a COO
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alternative network connected to the proxy switch. One form of exenplary
logic in this regard is shown with reference to figure 8. The proxy switch
creates 30@opmaiset of FSN and BSN counters for each |inkP€CDUSHIRBBC 110
and to the BS 107. Each nessage to or fromthe BSis intercepted and the
sequence nunbers are updated 810 accordingly. If the proxy switch 300
detects 815 a COO 17 WO 02/ 43410 PCT/ USO01/ 43399 nessage fromthe MSC 110,

t hen the piessage Sipin b MO lﬂ(h,ttbmnthppmmma/utchéﬁeagerc&ﬁﬁ)tlﬁnﬂmssdge@ma)dd al | ow

it to pas 107 t t he flects the
requesteda% sa{lr?%%@v‘gll 85’358&822 ﬁ%ﬁoj( nﬁ‘itgﬁtlgét?q?ﬁtthm%%’ Frfg 8 be

repl ayed. refihestedeomyeit infhdod Hot 8RB eNA MiHsEefn&ddo BE $§AGRASER W t h

nmodi fi ed BSN numbers for MSC and sends COA nessage 830 to t he I\/BC 110. The

nodi fi ed BE§Y&Weh AlPHengengrates ¢ RO omessage 823 withiyodifiesl PSNapmbeistfoh duri ng

the proce ar, escribed a us, the MSC

now bel i e@gﬂd‘ﬁ}fp{mﬁgé%éﬁagé %?gptﬁet%eelgflsté]g)onﬁﬁ Fb"é@?ﬁ%‘é%&ﬂ‘&? B@f%een

t he MSC athd mhecﬁaewmyIthdqﬁokpwentcha@rﬁngm@p@m@mcg%f nw‘ssatgeﬁ sEhidRdemaer . Since
k is avail abl e. However, though the bandw dth between

|
? Rg pfiiﬁgs%”?% r]’g’de— EHEF fheeMRB@oMEReliekes thatdi GQE has happesedi| t of coo
descri bedc@ﬂ%ﬁﬁmcahbﬁ bRARAML Ry ﬁttﬁ@md%g t§§335%11%%¥vé{‘% PIRL Wt ch 300

is not inmpaired. The proxy swtc advant age ext by
si phoni ngOEthafshaIrgeDVﬁramn@Jdmrlarsamgnellnm‘tundmslavalmbmor d| ngly, the pr oXy sw tch
initiates traffic siphoning 835 for traffic generated fromthe BS-side of

th t f.alt t t hat b
used 1o carry ParesnBofef it s BT ePt o iRy Ak o] fid Pedistaty ™

figure 4)be inipdileene a aésalt v COPH&cEYRESHIE, tﬁébﬁ{d@@am\b%twé’éﬁttm;g%o%ﬂ@ect ed
to the proxy swltch t hen t he proxy swi t ch may select the type of

al t er nat i 8 PREBWOYIIChP00 dsines imppiged: yige mxscmmhlrm@satak@ndvagtage of thas a or
voi ce. | Mokl rbke/"%‘g}ggﬂltngl?ﬁfﬁd tBQB%t atid etm)ﬁ@(yAcscWr&l Qy,\t’&lamo&:{ggw Qyre the

data plane as n route al n ‘bearer “Circui
appr opr i ainétiatdstteaffiatipening 83w fdk $raffa5geneialtedtiborﬁxmﬂ BS-RRE of lned redy swidh.
exanp ,I,he Vol P assenbl y 404 may be confl gured with information

extr act ed 459 ﬁﬁetrﬁ@ys‘iya?ﬁa‘? alfgropfusaggwerks that n@yhedisedhip @ryrvosgeras vellast i nues
BSN number o B R e b e D B et B ARl R PRt 2
i nt er cepteiwerkd can@oted;te ﬂg?emexmwhamnshmproxp switeh B8y selbdtltiee type of

alternative network based on the type of communication, e.g., data or voice. In

initiating the siphoning, the proxy switch will configure the data plane as needed to route

certain bearer circuit traffic to appropriate alternative networks (as will be explained

below). For example, the VoIP assembly 404 may be configured with information

extracted from the signaling messages.

The siphoning of traffic continues for the given session. The proxy switch 300
thereafter maintains the FSN, BSN numbers as described above. Any COO messages
from BS 107 are then intercepted and a COA is generated and sent to the BS, while

maintaining the FSN and BSN counters.

Any COO messages from the MSC 110 are intercepted 850 and checked to see if
they indicate that the MSC is again ready to receive traffic on the previously down link,
i.e., to see if the COO is a changeback message. If there is such a message, the proxy
switch interprets this to mean that the MSC can again handle a higher level of traffic and
will take actions to “reconnect” the siphoned links and traffic. (If the COO is not a
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mai nt ai ni ng the FSN and BSN counters. Any COO nessages fromthe MSC 110 are
i ntercepted 850 and checked to see if they indicate that the MSC is again
ready toweozidseotraffic on the previously down link, i.BCT/UB@/s8® if the
COO i s a changeback nessage. If there is such a nmessage, the proxy swtch
interprets this to nean that the MSC can again handl e a higher |evel of
traffic and w1l take actions to "reconnect" the siphoned |inks and
traffic. Chdngthask @BSsdgs, hmaybelyBt WOLID2 LUBYEOVIPOTSHER Indic88¢ a cohtentibbhck
nessage, it not.her .cha ver nessage indicating a context that
may benef ﬂayga%?ﬁl%ﬁg&‘egleﬁ%erl%ﬁp%?efﬁfﬁaffi c.) If there is a changeback
nmessage, a new COO is generated 855 with nodified BSNs and sent 860 to the

BS 107. The m)ﬂithdne(ﬂs B&M@é&ckhﬂes@dgesaﬁ@vwﬂ%n&ﬁteﬁf%S waﬂﬂwdlﬁSd di scussed
above. The le switch 300 then waits for_and receives a nessage 865

fromthe BS sont §80 tohs B L&A gkhe; @04@%35@@@ &{eéwesmlww Bo#ef i ed BSN
nunber s a?fbxﬁ;‘%@ isBdRed Sodvae MR gar%%ﬁsm?éh%dbr t Sl ot ang ReBived @)9\”“ NUES

the traf ffc siphoning procedur e cont ro pl ane 1 nstructs t e data pl ane
accor di ngimessaga 865 frosrthaiB$ KYbAdiewe@O4, medsagede dieni genetedS7plvath traffic may

i nclude the o conlder tio For t he al ternative network may
provi de @@dgtﬁgm%@ &P S%§§Bé°®8ﬁ§§§g?Q?WIP%S Wge%w tch | ogic.

I n one enpREbHIROESs the 'tﬂﬁfﬁmdlﬂgadu% fotadud. TIRGDRIEIDIRALRSRIEHe IRl Nal Y,
if acall is to be siphoned, i s siphoned at call origination. The

descri pt i eerordioglg. was prem sed on the COO being sent as indicative of
net wor k congesti on. Under one enbodi nent of the |nvent| on, the logic

descri bed abov t ul t
managenent | og ?]3 d%fe S (Iit ?jﬁb %dﬁrﬁe@%’ﬁﬂflﬁ% %g?dot%fsf gur e S It“%g Iﬁ@l&dta tﬁ{l&h&a
enbodi mentonsédeedtiont.iFoe ekénaple the aheraxiveawtvaRk i 0prgeids QoS gu@anfeeothat he MSC

it perforns the re‘ge (¥ | ogi ¢ di scussed: above. nmessages. from_ the BS,
Ted BY ho

however, &1 bSIcaRsy thepray swifshdagici 1 anp embpgimant. EProning is el 2 epl ay
logic is e aut f Poi nt Codes
Acr oss BS&&glng%K)/BC Ilgyéé&ﬁ%bﬁ\g’?zg?gl Sl%(ri?gt‘g Hé&dcgrr?)g g‘%{%g\ég'?%l addr essed by
uni que nuphgmstiorcal | ed "poi nt codes." Consequently, all the BSCs and MsSCs
wi | | have uni que poi nt

The description above was premised on the COO being sent as indicative of
network congestion. Under one embodiment of the invention, the logic described above
for automatic siphoning is supplemented with the fault management logic described in
relation to figures 7a-b. In this embodiment, every time that the proxy switch 300 gets a
COO from the MSC it performs the replay logic discussed above. COO messages from
the BS, however, are always treated as a break in the signaling link, and replay logic is

performed but no siphoning.

Procedure for Preserving Point Codes Across BSC and MSC

In SS7 networks, all network components are addressed by unique numbers
called “point codes.” Consequently, all the BSCs and MSCs will have unique point
codes. A message from a BSC to an MSC will, in general, contain a destination point
code, e.g., the point code of the intended MSC, and an originating point code, e.g., the
point code of the BSC that sourced the message.
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codes. A nessage froma BSCto an MSC will, in general, contain a
destination point code, e.g., the point code of the intended MSC, and an
ori gi nat iwgopei4mé code, e.g., the point code of the BSC popuUSsiouBswed t he
message. 19 WO 02/43410 PCT/ US01/ 43399 Messages fromthe BSC to the MSC,
for calls originating fromthe M5, additionally request a bearer circuit to

be assigned for the call. Bearer circuits (which, (_:aréy vgi or data) are
identified by dl¢sseges iogutihe BSCelorthe N ¥Sodescallerepinatng Xomdas % r anspar ent

operat | on agai&}ggﬁl e Qabt éﬁézﬁ%{}‘i&cﬁﬂ% P?hﬂﬁ nE@H5heH. Bebdr chbaN fivhizg et ween

t he BSC an re-preserv or a Ssages. This requirenment is
conpl i cat egrrpwoicher flata) are ientifibd by Conig Idshtifibaioni Casles (GI(Dar r yi ng bear er
traffic will transparently traverse fromthe BSC to the MSC, other

circuits emanating fromthe BSC wll be term nat at .t he X i tch,
and the MSC wi | Osg‘BP HiRparegto ﬁ%ﬂ btyetﬁ?‘rf”f?ﬁ i° ﬂ%ﬁqg?sp%lflg?oé%g %b&c/)gl?,g sone
trunks 30%@5&@%95@% BiSENEE NISC 4% pesdrvaPRALL hieBhged dhivequitdigenBs and
M5C, whereas other trunks 312 connect to the proxy swtch. _Anal ogously,

under pr efcomplidatedrby therfagittkat vdvlgsomei ghe qiicpitsicareying teapirdrabliowilki oned for

di rect conpectio P QHxﬂ ? LneUhks" ), and
t he rena??ﬁnﬁ%ar%}rhryg?ﬁtv\é\%ggrp Igpt?‘g }%n%.qg’ﬁ g%@%eg 5?@% egﬂv%nﬁit C %itgﬁgﬁgbl e

ci rcui t s" )willWrdetminmned grbepion Bivitchird theliSCailiiparmtvacenof suble MSC nay not
assign the siphonable circuits for any calls. Wen siphoning traffic (as
descri bed Y0NSt he proxy switch may assign a siphonable circuit for a
call fromthe BS (by communicating the appropriate CICto the BS), and the

BS wi || r eSponds by s Rsvgsoianiits 608 fe flalpRo@lohdaltor dieéct eiectidie Wil 1 be
expl ai ned bel ow, t%e vol ce or data nmay then be read fromthis circuit and

passed on heovemm th¢ B8rndMSG wiereasother skt i 2gpnped) it thoaesxueydichTo ensur e

t he consi st enc f informatiaon at the NMSC i . d i tch
failure, M?goblglé{’ ‘érﬁ{%mréﬁeé?ﬁ < %Otdﬁrgerlltﬁ\fgﬁlfi%ggﬁj,&e%&\r@? \%\rg&{(re%gﬁgsgéﬁdcél nf?wsyst em
accesses tdiecddandaioaasrecatthd BS ahbheaVISCEpdss tHrbwphsdipphitsigbdnd thé r cui t s as
avai l able. As a result of such_action, wi Il think fhat these

. the M5C
circuits demaineg ¢iebitbaedenpunated pigha Prary suifah { KPLRBIIBFRCWISTY behave ike a
conventional nobile network (i.e., one lacking a proxy switch). \Wen the

proxy sw tch regGoyenge ohbiiReh!Bhber ORAARIFRRtioRMAL BIBEERAY RoPHEBATRS
siphonable circuits for any calls. When siphoning traffic (as described above), the proxy
switch may assign a siphonable circuit for a call from the BS (by communicating the
appropriate CIC to the BS), and the BS will respond by sending the voice or data on that
circuit. As will be explained below, the voice or data may then be read from this circuit

and passed on to an alternative network, accordingly via DACS 402.

To ensure the consistency of information at the MSC in the event of a proxy
switch failure, under one embodiment of the invention, a network management system
accesses the CIC database at the MSC and marks the siphonable circuits as available. As
a result of such action, the MSC will think that these circuits are available to be
allocated, and the network will behave like a conventional mobile network (i.e., one

lacking a proxy switch).

When the proxy switch recovers, the network management system again accesses
the CIC database at the MSC, but this time marks the siphonable circuits as
“ynavailable”. It also accesses the proxy switch database and marks the siphonable

circuits as “available”. These circuits will then be assignable by the proxy switch as
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the Cl C database at the MSC, but this tinme marks the siphonable circuits as
"unavail able". It also accesses the proxy switch database and marks the

si phonabliveo ozixeui ts as "avail able”. These circuits will|l POBUSEHIRI33WSI gnabl e
by the proxy switch as 20 WO 02/ 43410 PCT/ US01/ 43399 descri bed above.

Under some enbodi ments, the siphonable circuits may be marked

“unavai |l abl e" at the MSC and "avail able" at the proxy switch in a gradual
manner sodaspebed ahipre.pHader semeteatpodimanis thesiphonable coptitsgnaphemaksie of t he
si phonabl LECuh S T e 1k e . fi.gur , e i ques
descri bed%é%‘g{i/lga%#éeaa ﬂ}egvlgggg gu%‘%ﬁrﬂglr)rfegnfq le@ﬁé g?&néypsg{“icl é%#gﬁdgﬁom%@%%oe&?ﬂe

depl oynmenthegfrodyt guitch giRiuatiingaips cotred Wvérahorend elttssiplonbbit elrc@pt nessages from
the BS and change point codes to reflect a re-mapped MSC. Under one

enbodi nent, this is _done at a sessjon-]evel of granularity, neaning that
the re-mappi nglp&aadla s %EYW&W Heiees %ﬁtﬁ%ﬁ&ff u%%‘geé?rg??dlﬁém‘?d%‘?eﬂég.

Al ter nat i Nebybnidiiidde THRRRICHR:, T8 Y aRBe SR pRY RS fiduRY 5 SO brody AWMLAT 1 LY,
for exanple, ~"when a M5'is turned on. Son‘g enbodi ments performthe mappi ng
by corr el steds¢p intzycdp mensageeiromlthaBiitand shinge goint codsls heleedlertn ieenapmgds when a

M5 is tur to M5 .and their. correspondin int .codes. Hardware

A chi t ot DR Abds PR G mBad R RS ds iR L FRSR 6y B uERE P Bk bod: ent s
of the pr@4ythe WiniapPin3QO ainB%IMISE neay ¥ Hetémintldah Sesslda batistagieslat a pl ane 304.
The control plane includes a conbination of processing hardware and

associ at edlis@ptively.dhe Taappipgmsy ha dopapigehsy levelnefrgramdariy, fonereanlaat i s

responsi v | fro / it i ncl udes
pr ogr ama P%&%%}%gd 8%1? gé&l?gmg}&% 1%5%88 ﬂé?/g%) éﬁ? {égl ? Jr’%%li ce Systens)
t o recei vegdipenstisgridl dunetsi k@, imduded ih hosssdghewhegadMs Bgurnkd okstoMICs 314 and
to performthe initial processi thereof. This initial processing

i ncl udes bl GodrPopdingPARt Fﬁ’fggi nformati on on the signaling |inks and
extracting, under progranmatic control, the nessage infornation contained
in the sigpahbdle Avemaages. Once the nessage information is collected, the
signaling cards cause the nessage information to be passed to a

programmabl e PREFEEFIOLonFRhly (oeﬁ%l-res Tfd BIPFAEHRBEEmeRN BF HRYrExY oM

Radi sys) which is then responsible for carrying out the functionality of
t he proxyswitélt 300 inplude s poried plane 862 endis daie plane38d. Tbogentrofplane trelwdss pl ane

I's constr a (c:(t)r%gin\al{ict)rt] of” I?r%cszés\s/i%g fhgr"(lilwtaret e?r{de as gc?&ef?o(:fpvgaqle.sﬁé da;gl] Sﬁge largely

comprises hardware that is responsive to commands from the control plane.

The control plane includes programmable signaling cards (e.g., PMC 8260
available from Force Systems) to receive the signaling information from the signaling
links 312, 314 and to perform the initial processing thereof. This initial processing
includes sending and terminating information on the signaling links and extracting, under
programmatic control, the message information contained in the signaling messages.
Once the message information is collected, the signaling cards cause the message
information to be passed to a programmable processor card (e.g., RPC 3305 and 3306
available from Radisys) which is then responsible for carrying out the functionality of

the proxy switch in response thereto as described above.

The control plane is constructed with passive fault tolerance mechanisms. These
mechanisms ensure that on catastrophic failures of the control plane, the signaling links

received by one side of the control plane will bypass to the other side. Thus, if the
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mechani snms ensure that on catastrophic failures of the control plane, the
signaling links received by one side of the control plane will bypass to
t he ot herw@oze410fhus, if the 21 WD 02/ 43410 PCT/ USO1/ 4339BCT/U8MI43649 pl ane
fails the Iinks are bypassed across the control plane and the BSC and MsSC
may communi cate as they do conventionally. The data plane 304 of an

exenpl ary enbodj nent,_ i hown in figure 4. It includes a DACS 402, a Voice
over |P a%@%ﬁ‘?gpi?nﬁg@il,s tge STe E}’Hﬁsﬁ?gtaic@ﬁs ths¢apiolqdane(andghe BEG and MS$E nat e A5

data in cHRhMBIHSR) as tRey AT cd gF&yongﬁ enbly 408, and a PPP term nation
assenbly 410. The vari ous asser?b i es nay be packaged on one or nore
nodul es. The DACS 402 receives the bearer circuits of trunks 306 and
t erm nat es t heThe @ddteplaae B0 of sceicwplarp embhéintentiskshpwi tin fipse 4t Teinshides Vvoi ce

and data trunks. Pre- provisjoned ports for the DACS 402 are
connect edgﬁé&gg%@’ 30\591%1%%‘765 a‘ﬁg‘i"g%’t And ﬁ&fai t&‘ﬁmnﬁg‘é‘b%i? eﬁ@%@-g’h@ Dat a
term nat i eimasseabliyta 4OEDMA rethidiks)] SPPPRISELREMbS 408eafdPPppiRel ay 408,

which in turn is in conmunication wth the 'PPP tefrm nation assenbly 410.

Mor eover , CERBaGRR asspmblyet 19ay he|vatouseasspsrhlies maydermackaged oalone pimbiey e
circuit-basggdes networks, e.g., to backhaul traffic to a circuit-MC in

anot her regional network. Al of the data plane entities receive control
commands fromthe control plane 302 via control' channels 401 which is used
to carry i nf orhet DACSHRoeckiing thobddr@4fcoits ofvatika 3@ tedv@ymibart (el Pr ot ocol
(MXP). The control channel, anong other things, is used to informthe
DACS 402 lﬂg?ﬁ“f‘ %’r’%ﬁ"&& BH%%%%“‘%gd? also pransmifs wicermd datagrdhase ks B i nput
circuit fpoisioned Bstsfdf theSDARBRRY atdcdie@bl W0t dnd W Ba@terftiBition
assenblies. The <control channel is also used to convey contro i'nfor mation
to the vaaspakly498eibe Dot terrmnptienassnlely 40B.ansumnislcongeciadftoties?PROon cont ai ns

control i i as.destination IP.a sses 1 hat used to
create delg‘%llgl%%’ gﬁﬂ %}glgl%grsnslgérgﬁ%e agfeg{on, with %ﬁ%{l}e tggglg%qrg,gsseﬁl}’lg%ﬁ% ormati on
wi | |t herMbeeousie cheliatd pland/obi a6 Be ukddyto conitel iovferdafive ¥REGEEDasbdf Or mat i on
recei ved fromthe DACS by packetizing the information accordingly and

sendi ng i 1etEeESOE NG baskﬁlwzﬁa‘ffﬁrtgsrcira%%%tw@r regiepal RAMOUDP/ | P. The
data plane is constructed with passive fault tol erance mechani sns. These
mechani sms ens ' t ecei ved
by one side ofjsﬂfl t% #eﬂa%%%gﬂe\nﬁ %ﬂtflt)i%%g‘g(’% %&gﬂoﬁghﬁrﬂ%gﬁﬁgmégﬁ%%ﬁ#gﬁ % t he MVBC.
Thus, if 3Revideemropchammels 401 which is used to carry information according to H.248 or

Media Gateway Control Protocol (MGCP). The control channel, among other things, is

used to inform the DACS 402 how to provision the bearer circuits. For example, a given
input circuit from the BS 107 is mapped to an output port to one of the assemblies. The
control channel is also used to convey control information to the various assemblies.
For example, the signaling information contains control information such as destination
IP addresses that may be used to create destination addresses needed by the VoIP
assembly. This information will then be used by the VoIP assembly to deliver the voice
information received from the DACS by packetizing the information accordingly and

sending it according to the appropriate protocols, e.g. RTP/UDP/IP.

The data plane is constructed with passive fault tolerance mechanisms. These
mechanisms ensure that on failures of the data plane, the trunks received by one side of
the DACS will bypass to output trunks connected to the MSC. Thus, if the data plane
fails the trunks are bypassed across the data plane and the BSC and MSC may

communicate as they do conventionally.
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fails the trunks are bypassed across the data plane and the BSC and MSC may
comuni cate as they do conventionally. 22 WO 02/ 43410 PCT/ US01/ 43399

Sof t war e wo ohidect ure Referring jointly to figures 9-10, paD®soiz3preferred
enbodi ment, the control plane software executes session manager processes
and communi cati on processes. The session manager processes include a Proxy
Sessi on nager (PSM 904 and a Core Session Manager (CSM 1002. The
communi ca@’ﬁgﬂ&ﬁg@é%i ncl ude SS7 Message Handl er (SS7MsgHdlr) 902 a-n
and | P Message Handl er (IPMsgHdIr) 906 a-n. As the names suggest, the
sessi on manageRgfe ; l Q@i r i | I Lons,
wher eas, the messggggl Jﬁgﬁl_gltg?fégﬁ fefrslgl hdégﬂ(?%a{bget?lggd %gﬁ%#l.h{r%gt’ﬁn@eséé%%@z@hﬁ]e
nessage $riivdireexecaits apsivhanaagtreprbagses ahd cothandication pRssagesTiRGeidiat ot her

of t war e es not need know the nessage dlin articulars.

S | ar by s Bloee ol Ry SRudh Bide tPRLD 008 eBe b loresereionng

sessi ons, Mafageh aCSMI) 1002.SDAd ¥@h@usidatbndtodddes TRISRISS 7 m&%sﬁg?&i& not need
g r

to know session_state or the like The SS7MsgHdlIr and 1P processes

are respotS/iseBdl) 9e2 aapsni g MesaegsrHanglemd®daghkiln A06 sen dAnie oamgoi ng

nmessages. f : d signalin ssages..fromand to the
VBe 110 anmbror PhRbeR R MURIBH ch e e B AR PR cept s and
sends conwhatasytesagespetinntless idalude Rgt¥er haditinPM¥sfiges ee mdQ4ghandl es al |

calls or e@g}ﬁ i ons thgqtt%%re "flow through” calls, or non-siphoned calls. The

CSM pr oc © edpgic forchapdiingsmegsages $8 s othen seftwiare does n§ si phoned
of f by t hgedRé RN 84 %Op(m : he; C ovi des nuch
of the samg functi onaﬁg?tl asdﬁ%ﬁéc#\i?‘gﬁl{st Swwﬁg%g%gio%%%?%&sense that it
responds ¢rickesutate WB® gio forrasdlinpessfiomysd thet @Ber safttharesiehns thetriessBes ages
fromthe NS Lf it a BS. .In eneral. there are multiple PSM and CSM
processeshainﬁlﬁe%%ognos}inﬁ%ﬁ{oglﬂ’é’%?ﬁ}o%ﬁtagé’?ﬁﬁaél@ processor cards to provide the
necessary scalability and performance. Additional software processes are
provi ded for f’HidSS’EiInglﬂrMMnglr)@rOEEB@%@rél@sﬂﬂﬁibﬂgﬁghé’d@tiﬁge referred
to as PSM 904" and CSM _1002'. The purpose of these "prine” processes is
to proviBeTRREMSEIes and spnding PR EeSasasp g feswesaccepis enésadbodi ment
each PSM ﬁfﬂ‘%lig%k%@%s S%Iomsa'ﬁﬁqg We N18¥ 116M/oPIAGES foP 1R 1D %Sﬁs%gl%w

cover age.

and IPMsgHdIr accepts and sends control messages to the data plane. The PSM process
904 handles all calls or sessions that are “flow through” calls, or non-siphoned calls. The
CSM process 1002 handles all the calls or sessions that are being siphoned off by the
proxy switch 300. As such, the CSM process 1002 provides much of the same
functionality as the circuit-MSC and a BS in the sense that it responds like an MSC to
messages from the BS, and responds to messages from the MS as if it were a BS. In
general there are multiple PSM and CSM processes running simultaneously on various
processor cards to provide the necessary scalability and performance. Additional
software processes are provided for failover and reliability. These in our diagrams are
referred to as PSM’ 904’ and CSM” 1002’. The purpose of these “prime” processes is to
provide failover for other PSM and CSM processes. In one embodiment, each PSM and
CSM bhas a “shadow” PSM’/CSM’ process providing “shadow” coverage. In case a PSM
or CSM process fails, the corresponding shadow PSM’/CSM’ process is designed to

takeover from the failed process.

Referring to figure 9, as signaling messages arrive from the BSC and MSC, they
are handled by a SS7MsgHdlr 902a-n, which executes on the SS7 processing card.
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or CSM process fails, the correspondi ng shadow PSM/CSM process is
designed to takeover fromthe failed process. Referring to figure 9, as
si gnal i ngvoezsages arrive fromthe BSC and MSC, they ar ePORUddIeG39y a
SS7MsgHdl r 902a-n, which executes on the SS7 processing card. 23 WO

02/ 43410 PCT/ US01/ 43399 There is one SS7MsgHdl r associated with each
signaling link to or fromthe proxy swtch. The SS7 processing cards
(ment i onedheody ene XM sgHdlsaskdciatce mithi eatlosipmdlinginkrtoor froheths porxgl i ng

message to_ideng,f correspondi ng SS7 Hdl dlr to whjch, the signaling
nmessage i §WB§§ rslbbe ysﬁah%tog‘?lﬂﬁ QFHIICSj ng%%%xea/ggo‘t% XSS SHfeenbindoralio Homy
(pr ef er abine)sigHalifis thebRge s@ﬂdenﬁ@faedo;%&?ona&ig%%M@Hfdmlstom@ﬁiéﬁt% si&ﬂﬁ
reference nunber 1s used later "'to identify subSequent nessages t a%

pertain t&esinge sapassehgoi ng cal | / session. The assigned | ogical reference
nunber is conmuni cated back to the software systemrunning in the BS or

MSC (e.g., the I . al..ref erence. nunber
in all subsqu\gn ?rn%g%g&e:g&gg%eg gﬁ?ér{l%é%% (Q) a{l(ﬂlgéélg;ﬂlg???%gegé?lg SIS 8 Ehe
above pr ocdfasncepnunttee iSRS, Thddefehaize aambetis usedigt Aliedttty handl e t he

message. | n one enbodi nept, the SS7MsgHdl r exani nes, the point code of the
nessage ofY FWBme%tsﬁéesstE‘Fté’@f@néo Praviaeangpiag sal/sessione dTh aspignerhlogicable. For
exampl e, 1 A8 nissd I ' LS. 904 then
determ nesé?l%ﬁétgh@s{l@e?gg)ge [ scgtftgc} E%&ctglﬂﬁl%g g\sx{saféoﬁgﬂteﬂgﬁm@it%ﬁﬁgs§§wphoned.
In one en®tE (remi the SRICP mhetoeplstarid whichi themmusde thay reforamienivmgpet irealker vi ce
option field conéai ned in the rreiﬁlﬁg%u/t hat di stingui shes between data

sessi ons SHACYERERessAggs|PSTtainpey &5'88i ment, this determination is

made by examining the calling and called party nunbers to ascertain if

both are mobi | afeh@eebswiecssingthy SS7RREHAR V02 &i¥hQelebBARSNID0S to _
determnation is made by exam ning the calli n&dgarty. nunber to determ ne

if the caPindigythsamassagaadn errorabodimeny eSS7MseHdpesominss theppiet cofe of

det er m nagy LS,-Rde i ' i . s the
message t{cyet esggg(%s gilﬁltggaﬁpg angltg[y gynﬁ%g{s{agﬁo%?‘{ée%rr}val ehﬁ%gﬂ@o%ﬁﬁﬁ%ﬁn& ?’hi S

cal | / sessa tabje inhp béEdddge neraiueh relatiomapage that is used to send back to the

MSC or the BS via the SS7MsgHdl r processes. The PSM processes 904 nay al so
conmuni cate vi a, afqd rnal .prot.ocol. .to the CSM progesses 1002, see, e.g.,
Frgure 10 The oM B e egriGrie g meras ggor SCTREER mars o o2

siphoned. In one embodiment, this determination is made by examining the service

option field contained in the message that distinguishes between data sessions and voice
calls. In another efnbodiment, this determination is made by examining the calling and
called party numbers to ascertain if both are mobile phone numbers. In yet another
embodiment, this determination is made by examining the calling party number to
determine if the calling party has chosen a VoIP service provider. Once the
determination is made to siphon this call/session, the PSM 904 passes the message to the
CSM 1002. If a determination is made not to siphon this call/session, the PSM generates
a message that is used to send back to the MSC or the BS via the SS7TMsgHdlr processes.

The PSM processes 904 may also communicate via an internal protocol to the
CSM processes 1002, see, e.g., figure 10. The internal protocol of a preferred
embodiment is stateless and text based. As stated above, the PSM deals with those
sessions/calls that are non-siphonable. Once it encounters a session/call that is
siphonable it passes the cohtext of that session/call to a CSM process. The CSM process

is responsible for handling all calls/sessions that are siphoned. The CSM communicates
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enbodi nent is statel ess and text based. As stated above, the PSM deals with
those sessions/calls that are non-siphonable. Once it encounters a

session/ oedb2/sdaas is siphonable it passes the context ofPChasoss3®i on/ cal l
to a CSM process. The CSM process 1is responsible for handling all

cal | s/ sessions that are siphoned. The CSM communi cates 24 WD 02/ 43410

PCT/ US01/ 4339 vmé) the Data Plane via standard_control protocols such as
H. 248 andwﬂfgﬁgﬁ Prigdilape vegstangayd coniral grotegols ebpy H.2A8and MECRAMedizchi t ect ur e

of the PSH,and @M’tr@fﬂ‘g?o%ﬁ s is simlar. Referring to figure 11, incom ng
nessages are rgcei ved by the network interface nodule 1102. The network

interface nodul e then sends the nessage to the protocol engine 1104. For
exanpl e, this &hgintend bechitectnobeof BORBMEarddCS Membcesseks $s simslpn kdfbirmgftor
encodi ngnﬁgﬁrFeﬂeCOdi n msssages according to the | S-634 protocol. The state

machi ne 1PERE MGSSAETS AL HPivecy e Aaivory interéackaredle Ry Thecor di ng

the stat en&Goaf Mitdiict Mol R eABPihe mgﬁﬁg@%f%ﬂ@bl%toc%ﬁ‘&%ﬁnéil 4V §ig Pr ot ocol ,
a given message signifies a known state transition under that protocol.

The state®€ ¢.ribis gpgine 6104 ogder{dPMeeembdviments; is rdspensitde fordinnedingend st at e

d i npl ' . i tions. Th i ve di 1108
"t or act S Teoprtnd Bt b fibg B 15907 prolBe ST Mg e MU iec and
i's responsspomsiti©for bbidingithgmasdgt pithiecfidingSHd siate 0esrdRIcAb iheaso@pel. ot her

user/subsgri ber Pat a, In,atraditional MSC, the Visiting Location Register
(VLR) is P empley Updsr Redsnduoiarelna given pisssage Bignifleraksawaistate transition

SUDSCT i bepnddAfing BRARN IR Qhik ek | Pl et he
area covernede by ﬁﬁtle VBC. Adtdilnﬁ%)élr?gll?ﬁ({u?e[ ﬁé)% ll#/é%&ligss t%eo%%gcgog%cygti@n@?her
dat abase, statglahé gmplamehitngethe kataransitioRegi ster (HLR) that contains all the
subscri bers who are "honed"” in the current network. Typically, as a
subscriber ro nd enters an.ar overed by the NMSC th MSC requests
the HLR to se?{gﬁet %:é1v%§g?cﬁ?rg %?d’ﬁ%i?gﬁilﬂgﬂé?ﬁ%o&tg gﬁ&@%ﬁé’%"qlﬁwi n the (local)
VLR WhenmbhepesishsmihbtRk of GRIMSCUnda reshshsSfdr 6pMefiSsaddufdagndSC (to an
area covered _by another MSC), this subscriber profile is deleted. The

active di Ybserdiey pipbidesl aad jother peer/spbssxipersdata. clin adeaditionel MSEL, itkaVissingt he HLR
dat abase, : ' . i : e f subscribers who
roam i nt OL(f[; ggg?tggls%g\%]rg@dgggplpﬂgf %Jr @E?Eéé\j% E:t%’ Mé?’% ﬁhepg% e nt%flﬁé&f ocal
dat abase, subs@iher irfiernzatibh erofiles pihiabary comehtlyeroathgi wishia sieogt at@dredidiyabase

act/be havt%e ﬁc.aAéJit?grilaﬁliy? t g E\/ISVAT Eg (];O(lj’llilecrtg(? trg' arrllgcg)thseéJ ctl)zi%afsg,ec;lslé the Home
Location Register (HLR) that contains all the subscribers who are “homed” in the current
network. Typically, as a subscriber roams and enters an area covered by the MSC, the
MSC requests the HLR to send the profile of the subscriber and stores it in the (local)
VLR. When the subscriber roams out of the area covered by the MSC (to an area covered
by another MSC), this subscriber profile is deleted. The active directory module in the
proxy switch acts as a client of the HLR database, requests subscriber profiles from the
HLR for subscribers who roam into the area covered by the proxy switch, and updates
the local database, i.e., the active directory module and its associated database act/behave

as a traditional VLR for roaming subscribers.)

The media gateway controller (MGC) module 1110 interacts with the data plane
304 of the proxy switch via open control protocols, such as H.248 and MGCP. Upon
receiving an action request from the IS-634 state machine module 1106, the MGC 1110
sends a message in H.248 or MGCP protocol to the data plane 304 to carry out the

needed actions. In one embodiment, the so-called TDM-VolIP case, these action
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The medi a gateway controller (M3C) nodule 1110 interacts with the data

pl ane 304 of the proxy switch via open control protocols, such as H 248
and MGCP.wWQ@pp#3416 ecei vi ng an action request fromthe |S-6BdT/As@r8399achi ne
nodul e 1106, the M3C 1110 sends a nessage in H 248 or MGCP protocol to the
data plane 304 to carry out the needed actions. In one enbodi nent, the
so-call ed TDM Vol P case, these action 25 WO 02/43410 PCT/ US01/ 43399
messages festageiBomtes MO0 1110 tortbe datn alape anseructiibe date planh¢o thseiaepl ane to

receive | m n W praxiyl traffic at _an ingress.po convert
it into F\’!Ing;3 %@%%ﬁ%ﬁég@b@ttg&éﬁ t WLREeY pcg&?n%]tpgﬁﬁ%eﬁgﬁgﬁoﬁfﬁggp Pe@s ports.
Thus, in phdkstseiitiaehdieoit, fror ©a8oNthe egferss:pk'brts. Thad, id thid Embuett #edmapd sent
out as packets. This enbodi nent could be used for taking circuit calls,

and t r ans PR HRffie FepAckelizgd pae sl opt aspagkess: Hibisceanbodiment canlskieetsed for
enbodi Menty e AR caf, hﬁcﬁtrﬁ-%ﬁc thé1A Gs y%;%%ao%](fifi%éﬁ)' 86 "HGhSmbne data

pl ane 304 tC0 receive I ncom rcult raf at an ingress port and
swi t ch asembodiment, (leB)called ADM-T DMtcasd, tterMEGT HIIE iparucts ther dithipkane 864,

incomng circuit.traffic is erved as circuit nd .swi tched

't ornati duecnve e CRRBMES sbhireiroanud vl sttt e above
concepts ‘ﬁ’aﬁfi& ot BP!ui égrés‘é poft! G thiseGhe! Gﬂonﬂhg’&h%‘iﬁrafff@% ﬂrb&We%%s%fr@ui%‘sed to
show the various interactions of the software processes in response to

si gnal i ngandkswisahed fo Beatespatiye cirognit setwogk.excl uded from some of the figures
for the sake of sinplicity. Mreover, only single instances of the PSM and

CSM processes ar.c.aNaw, £ 0018 alisicthe BN wFil gHifinlg | used Lo

show the contro oW When a new nessage I s romthe BS 107

to the Mstichitéhturahdiagramsh®he figiifeaasre usbd aughowaht bariovd ipegstibiysfugh call  is
a call in which the proxy switch 300 is not responsible for managing the
cal | and POftWakR PEQFetsRindEsnoOnse o hensling Meswges P UGBS Hasasindes B9t he MSC

110. The p&AX¥r @WleRs f3Q0e L&Ct&@{r@p@gﬁ@n%& SveP WnBPSE e%s_tédagss?mwlé |CS( ; Qough

it may alter point codes, for exa andl e r'e-Tappi ng o

expl ai nedP8M dndr@$Mrpeoaesses aref shgwmeoBBE sakkhef sBEplidy. sends 1205 a service
request (such as a CSR) which is intended for the MSC 110. The service
request contaifns. a service opti field.that specifies whether t.his is a
equest for a T EFthREGREw Gl GOt N B YRR Bl 1 o
message ( foficie BS 109 tb thetMSC 10ga# toBlowat Pakahimen cilhe BpéssahtbuihealvsC) ;
in particular, the SS7/MsgHdlIr process 902 receives the call, assigns a
uni que | ot calldp ghishibe pipRySitch 309 issnatiespersble forimanagingibe call and in

which the call is to be passed through for handling by the MSC 110. The proxy switch
300 is transparent for purposes of this call (though it may alter point codes, for example,
to handle re-mapping of MSCs as explained with reference to figure 3B). The BS 107
sends 1205 a service request (such as a CSR) which is intended for the MSC 110. The
service request contains a service option field that specifies whether this is a request for a
voice call or a data call. The proxy switch receives this message (since it is in the
signaling path between the BSC and the MSC); in particular, the SS7MsgHdIr process
902 receives the call, assigns a unique local reference number to this message (this is the
initial message for a potentially ongoing call request), and routes 1210 it to the PSM
process 904 for further processing. The PSM process 904 decodes the incoming message
and using the IS-634 state machine (for CDMA embodiments) determines whether this
call is to be siphoned (e.g., to an alternative network) or allowed to be handled by the
MSC 110. Since in this example the call is not to be siphoned, the message is encoded
and sent back 1215 to the SS7TMsgHdlr process 902. In one embodiment, the

comminication protocol between the SS7TMsgHdlr and PSM processes is a stateless text-
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initial nmessage for a potentially ongoing call request), and routes 1210 it
to the PSM process 904 for further processing. The PSM process 904 decodes
t he i ncowagxmassage and using the |1S-634 state machi ne PEDUSGDISEY9

enbodi nents) determ nes whether this call is to be siphoned (e.g., to an
alternative network) or allowed to be handled by the MSC 110. Since in

this exan‘%l e the Callgai S not to be sjphoned, the nessage is encoded and
sent back P¥EHPreigoeliate ldeYel of sbsirastigpielative tgsessiqriogicrehte t he

S ; . P p .
ot el o B BN B 255y oz REGHERIE 200 e

provi des &S1684 ohessrige dbteM8Ci1d0. The M8C pecenesthishessagengidapsphdd hE5.

under |l yi ng.. signalin rot ocol.. The SS7NMs I rocess 902 then re-transnits
1220 t%e %Pg-rg%pfnﬁ%’g gdesesvedipy tgf%@%i’é?"’%ﬁé{i shics dleis sesponssiigrslied age and
responds i@@bon-gdiHuf RSPAPEShabk ALK dRGRIi YR tﬁe'l%czﬁrr%ﬁen\%%‘%llﬁlﬁﬁer‘?‘ 00 but

since this response is related to an on-going but non-siphon e call (as
det er m ned@ssignsehie He ingiebCSR e¢quesimessagerisplainedsbym eidie 56 7MegHidhiproaeks CSR

request J . ve),. the MsgHdlLr pro does not

f or war d ?ﬁ?g ﬁgés@gg%ﬁagf@ﬁg}ﬁ%ﬁe%ﬁe P %??t%%d Inyspd: @%%%?@f—%&?‘%s%ﬁ‘ﬁs 1230
this nessage thisunsgageminsyarontwstvir té he B3S1070 All Mkthef dkchiitles S1slianees
relating taq i all are allowed to trans&grent Idébpass bet ween the BS and

this
the MSC e?&%ﬁ}lpﬁs aWeshiol trangparentlyepase bawgen e BShandibe MG pesepblor aéallcal | .
I n respongeich& ; y | 3 S he "tear
down" of ?ﬁg ca@?gﬁ%ép%eaﬁés&?lﬁgsﬁgﬁéﬁ%gm%#oogllg{%ooage%lf ﬁ%#hge, F%B%%X ref erence
nunber. Theitedab00 ¢enshiradet thesargdows” af the calb hbppens inomdBfg the disbysitibreof pr oxy
switch sot hat -t with its tear down proc Figure 13

BS ca rocee sses.
is used t SCJREH" r}ﬁrgnﬁea%lgnq%#' iﬁ‘éﬁ | relgase mgssagniSalsersent 19yhe §§ léébmbe to the
MSC 110 apgbxlsttch $&Ehat the B84 d WiNikStear doSvn prbéddilss that are ,
controlled and assigned by the MSC 110. The BS 1p07 sends 1305 a service

request intended for the MSC 110. The proxy switch receives this nessage
and the SS7MsgFifuFe bt isaisaktoghow theeast pés calhmessak¢ initiated gnthedBUHIHoeghe ocal

r ef erencel,{gtgip i Ut e it t he PSM process
904 for furt e?é ?)&r(g%lge(ghssﬁﬁg@ ﬁ%geﬁ %é?/lﬂgfl%sggééa%%%é%c%%%o ?{Oﬁllgga? com ng
message anddighed by thelSCvitiOt The BENIOS seradsl 1305 atservive reduebioneadédtod the t 0 an

alternati k) or allowed .to be handled by the MSC 110. Since in this
exanpl e t@é]igwl?%prﬂ@f SWiiehyecady deessagsenttiesiRyMssHdnpiogess 993d sent

back 1315:degivedihe 2T MAEM 4 uniBiORE SR ce AtEbe DS M0 Hbdachl 27655902 then

re-transmts 1320 the nessage to the
1310 it to the PSM process 904 for further processing. The PSM process 904 decodes the
incoming message and determines whether this call is to be siphoned (e.g., to an
alternative network) or allowed to be handled by the MSC 110. Since in this example the
call is not to be siphoned, the message is encoded and sent back 1315 to the SS7MsgHdlr
process 902. The SS7MsgHdlr process 902 then re-transmits 1320 the message to the
MSC 110. The MSC 110 responds 1325 to the call set up request by assigning a channel
to the call (as described above). This channel assignment is received by the proxy switch
300 which passes 1330 the assignment to the PSM 904, which in turn responds 1335 that
is has recorded this assignment 1330. The proxy switch then transmits 1340 the channel
assignment request onwards to the BS v107. All further exchanges relating to this call
between the BSC and the MSC are allowed to transparently pass through the proxy
switch until the call release message. The call release triggers the tear down processes in

the proxy switch.
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M5C 110. The MSC 110 responds 1325 to the call set up request by assigning
a channel to the call (as described above). This channel assignnent is
recei ved wg 02/k331pr oxy switch 300 which passes 1330 the aBGT/ROM&3B9% 0 t he
PSM 904, which in turn responds 1335 that is has recorded this assignnent
1330. The proxy switch then transmts 1340 the channel assignnent request
onwards to the S 1? further exchanges relating to this call between

the BSC and th %Séls‘éfﬂ foothew the cased apsipberadycalds suphoog@halm@.o@lloxy

switch un t ear
down pr octélgg%%@?%ﬁ?c{ﬁseﬁg*rglgigéﬁv%@ﬁg Q%J%d%%}%ﬂ%%g%?f {J %!‘X@%E)t@'t%ﬁ gure
14 is use@rQX(y ssticiv_ tTheudeseexaimpie, ‘allisignatiggiseabé hindfedshypihe peskyGalilchiagda cal |
initiated t he BS .107 tha is mgerce pted and re-directed to an

al ternat i tﬁ‘ﬁ‘tlﬂ%?li{ylﬁ%uf%éra £ g0 BaFentlled hyéwo%ﬁhSWBsallm si gnal i ng
is to be bandliads h¥edhe resq]uemn@wmr aﬁ%sthqoggﬁgggmgw DR il | affic

are to be controlled by the proxy swtch. The sen a service
request i messagednd agsignke unigCe 1dm@] referengermomybes Wi thistmess g, umsr(mtnslem‘atssage

Thl0 e CRpR PSR AR08 bl R Sestin e Tl AR T Eaesa pr acecs 904
decodes th&orrmfggimﬂ%sﬁ e SRSRAREhansl6as kit thidider G SroBaRARS (for CDVA

enbodi nment s) termnes that the call is to siphoned. Since in this

exanpl e t Aeiermings that the cybisdp sipbarad. tYncedn tlais eeample theecall ds toopdsiphaned tPSM

transmts,l ﬂgg,? h9 M pr s 1002
now st artg t%%éggét ave (?Egtﬁgbg%@%}]gﬁ %Inlg'll ggl gékﬁeegglyggrﬁ % q@ﬁ%{nnel

assi gnmeniThé GSM hiosessdl0D2 naw stagtaito gelave ik k cbmenﬁeﬂnal MSC Bid &segbst1ago dat a

pl ane of the pr oxgl?sw tch, %ﬂe channel assjgnment i s then sent 1435 to the

SS7MsgHdl Fhami*ﬁle@‘“% R Riihfs Goflopssiening awank helwaepdhe BRjand dhadaieplang of gnment
i nformati g droxy KBS THE chidil agsig%nﬁﬁt Rert 361 1435f19 Ehe@ﬁhﬁég;}ﬂ dfhs CThe CSM

al so sends a nmessage to the data pl ane € proxy sw ri bed
above usi ﬁ§7MSQH@1r@¥0¢mnpmnsd)ﬁﬂ@)s abiangad assignnidnt indorniationity ¢heiBE gori Ng user

t ff d d t t |t t

hetnor . Olhat (€ s R RS EH ATl COR Ao ds A R Redtonft 084 RlRor K may

be an | P oft wasds.swilch (dsulek&ifedr6téd ﬁ@%ﬁH@,qgléﬁ‘ M@C%%ﬁo&h@ dBettiANg t(°SM
nman

process until the call release co is issued by the MSC causing a
rel ease ofSCPI¥S HFPRUAS sehBaffican tHodrsiznsd shenne) and diregiteg it 60 amaltotativent , t he

software ARl OGtpRIITINLYRE i MleYebotiShGnP IRFER e network may be an IP

network. All further exchanges occur between the BSC and CSM process until the call

release command is issued by the MSC causing a release of resources (the tear down

process).

In another embodiment, the software architecture may use only a single process
for carrying out the proxy functions rather than using two different processes (PSM and
CSM). In such an embodiment, the PSM process alone determines, as before, if a call is
to be siphoned or not. If it is not a siphonable call, it is allowed to proceed to the MSC. If
it is a siphonable call, the PSM itself handles the call and sends and accepts messages
from the BS 107 and the MSC 110. In other words, the PSM in such an embodiment acts
like an MSC and BS 107 and handles all the signaling messages in this regard. As such,
the PSM process provides much of the same functionality as the circuit-MSC and a BS
107 in the sense that it responds like an MSC to messages from the BS 107, and responds
to messages from the MS as if it were a BS 107. In general there are multiple PSM

processes running simultaneously on various processor cards to provide the necessary

28



for carrying out the proxy functions rather than using two different
processes (PSMand CSM. In such an enbodi nent, the PSM process al one

det erm newQ 0ag34before, if a call is to be siphoned or noPCT/UROI/43399s not a
si phonable call, it is allowed to proceed to the MSC. If it is a
si phonabl e call, the PSMitself handles the call and sends and accepts

nessages fromthe BS 107 and the MSC 110. In other words, the PSMin such
an enbodi fEHPHEad DepfREmance Mutlitioral Sftware provessesainsevided for faloyenaral i ng

o functy ol Py TR Riose OF 1R oot e ML TRR P f e PR EoRitet | ¢
responds [l kae anbdxtﬁﬁiemoeammaas 4 Fsindbwe pidSesk Providing “siedpendsverhge. Iessages
fromthe I\/qu??ﬁ vve{aglaBS 107. 4} gtBlGeraI there are nultiple PSM
processes P %@?%ﬁ? FrdBRISPTEsBANdjng Shadew prersessis designndde tlksoperdode t he
necessary tiBfal€d Précd3410 PCT/ US01/ 43399 scalability and performance.

Addi ti onal software processes are provided for failover and reliability.
The purpose of these processes is to provide fal | over for other PSM

processesﬂﬁﬁ_@he enbodi nent, each PSM has a "shadow' process providing
"shadow' coverage. In case a PSM process fails, the correspondi ng shadow

Bbove ambodi monee ot YrARAREE al FRild o S efite BF CRETBamdPlv i S e

Subset s ofSubdets dfithe funotiadalityy hoh'e\myﬁﬂ], provide hdwineigksleverdivadihta e theQier t he
state of the art For, ﬁ)ﬁl&r{pl aswltchthat is partly visible to the
networ k miy* SraRle. Grspdic Rowtly Wisible o he pelyemk mpg stih Qg@F mpey/ef the n

addi tion, aam&%gpgfg&ma%owre described in part with relation to CDVA
protocols, but the enbodi nents nay al so be nodified to work with GSM

| S-136 and/or _other 2G and 3G protocols. The connection of trunks from
proxy switch t& adsiions thepmihodimhentweiendgsctimedrin pat with relmemptca@pMahbodl ment ,

L hot SaRFR AL SRR R o SAARRY TN Ml OSRE 8 e oo

and scopeotitr2thend 3¢ erdtbcns. What is clained is: 29 V\D 02/ 43410
PCT/ USO1/ 43399

The connection of trunks from proxy switch to MSC is optional.

Having described an exemplary embodiment, it should be apparent to persons of
ordinary skill in the art that changes may be made to the embodiment described without

departing from the spirit and scope of the invention.

‘What is claimed is:
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1. A nethod of handling nobility nmanagenent nessages in a nobile

communi cati ons network having at | east one base station subsystem (BS), at

| east onavOnwi4ie station (MS), at | east one nobile sw tchCngsSaenser (VSO ,
and at |l east one switch in comunication with at | east one of the base
station subsystens and at |east one of the MSCs, the nethod conprising the
acts of: the switch receiving a handoff nessage froma nobile station via a
base statilon \hod ghhandlag sybiliy Masp gt Mepwees ingrmoilat e message from

i nfor mat i egmidn : i i u te nessage to
a MsC addreesSe#@ﬁo%@ﬁ%ﬁg&g?@%%@%%gg@? %g%wﬁtf?g%ﬁé%%%h{ @b) t@giga%%nef urt her
conpr i si ngwobie statibn G¥1S), tahkeastwint aiobile nditoiging verekMSE)e dghaiitashessagiecht o t he
mobil e station that.issued the h ﬂo&; message. 3. The nmethod of claiml
further _cBMTTEPRGAIqE L derst on Wohe brse FriigB SR AR dnd ot ok onpf the

station th@gcg,mﬁgthg@gom%itfheg@@%@ge is involved in a call; the switch
determning if the MSCis involved in the call that the nobile station is

invol ved in; and wherein the act of sending the |ocation update nmessage to
a MSC i s per f ofieesivitch reqefyangdbandeffsmesspgarfrony aimebilewstation via hbaseatationand i f
the MSC i s not invok%%gsteﬁln the call, and wherein the handoff nessage is

bl ocked fromtransmssion "to the MSC. 30 WD 02/43410 PCT/ USO1/ 43399 4.
The nethod of claim3 further conprising the acts of: the switch receiving
| ocati on updat thersmdéshdemifg otochtien apduitd meshgd from;infohRatson inGhe harRlosM tti ng
the received | ocation update nmessage to the MSC if the nobile station is
not involved in a cH®%%%nd the switch updating a | ocal database reflecting
the change in location information in the |ocation update nessage. 5. A

proxy switch fesndusahé locaidiidag & oGS ENRFRSINGA e RYHAE nilssdggaSt One
nobi l e sw tching gggﬁt er (MSC) and at Teast one base station subsysstggm (BS),

wherein the

2. The method of claim 1 further comprising the act of:

the switch sending an acknowledgment message to the mobile station that issued

the handoff message.

3. The method of claim 1 further comprising the acts of:

the switch determining if the mobile station that issued the handoff message is

involved in a call;

the switch determining if the MSC is involved in the call that the mobile station is

involved in; and

wherein the act of sending the location update message to a MSC is performed if
the mobile station is involved in the call, and if the MSC is not involved
in the call, and wherein the handoff message is blocked from transmission
to the MSC.
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MSC and BS each commruni cate signaling nessages according to a nobile
signaling protocol, the proxy switch conprising: signaling nessage

handl i ng Wog2/e3s4i@r recei ving signaling nmessages fromthe RSCUSGNGE3BS in
accordance with said nobile signaling protocol; state logic for maintaining
state information of call sessions and nobile stations (MsSs) used within

t he nobi | n| cations network; message interception |ogic, cooperating
with the 21 gnall %@é&@@lﬁ%ﬁhwomwm theacts pé state |ogic, for
detecting whether the signaling nessage is a handoff nessage from a M5 and

for preventi ngtﬁeﬁ‘%vﬁ&ﬁ@%ﬁﬁné@%%lﬁﬂx?&pdaﬁe&ﬁ%&%@s'?ﬂ)rrf @fel nvglg tcr]l pihe M5C it the

M5 is involved in the cal 'S no I'h the call;
nmessage conversion |ogic for converting a handoff message to a | ocation
update nessag éhefSO\ritChrtlatnsrﬁttis@ trhﬁ r¢oeivied dodeBGh ipdatidmedege ©, tha MBQ ddhé n t he
call, and if the MC,i 1 ? ﬁg n thgqcall and message transm ssion
logic for transmittiHg %’ﬁd‘é’ jvobedinagalligndne vsc if the MS is not
involved in the call. 31

the switch updating a local database reflecting the change in location information

in the location update message.

5. A proxy switch for use in a mobile communications network having at least one
mobile switching center (MSC) and at least one base station subsystem (BS), wherein the
MSC and BS each communicate signaling messages according to a mobile signaling

protocol, the proxy switch comprising:

signaling message handling logic for receiving signaling messages from the MSC

and BS in accordance with said mobile signaling protocol;

state logic for maintaining state information of call sessions and mobile stations

(MSs) used within the mobile communications network;

message interception logic, cooperating with the signaling message handling
logic and the state logic, for detecting whether the signaling message is a
handoff message from a MS and for preventing the handoff messages
from being forwarded to the MSC if the MS is involved in the call, and if
the MSC is not involved in the call;

message conversion logic for converting a handoff message to a location update
message for transmission to the MSC if the MS is involved in the call, and

if the MISC is not involved in the call; and

message transmission logic for transmitting the handoff messages to the MSC if

the MS is not involved in the call.
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