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Net wor k vBaokgwound of the Invention 1. Field of the |nverCT/OR0T43B&
invention relates to nobile comunications and, nore particularly, to the
use of a proxy switch in a nobile conmmunication network to i nprove capacity
and cost- effectiveness of the communications network and to offer a

pl at f or m f or Syspernaind Meteod of dManaging Supplementar RHeatuttesin the | nodem
mobi | e commupcabjahSy PreRy $\witehdni MabHei Communiaasors Networkwhi ch a

geogr aphi cal” "Ccoverage area" 1s partitioned into a nunber of smaller

geogr aphi gal , ar | | "cells." Referring to figure 1, each cell is
pr ef er abl aﬁ’@rgg%fg@&ealg%ézs@%ﬂanscei ver Station (BTS) 102a. Several BTS

102b-n ar«j aggreg t%e i n{i. ed links 104a-n into a Base Station
Controller: (Bsg—@‘éﬁa—% Ss and BSC are sonetinmes collectively
referred to as. the Base Station S em. . 06b-n
may be aggregat RO’ r?\%‘t%? f)oemg%l?et c‘ﬁ‘%ﬁl@é %Qlil\l)éoé)g\b%%hlvaflg%ﬁ I)%eéd | i nks
108a-n. Thge MEprbk) sefitisinasmabilOeahmsnititivhi regy ek ab impevé vapabitpeat ¢astnal
features to handle nobility nmanagenent reckuif)rﬁérrenmdi %cussed B | ow) and
comuni catkelfectivienesstohéhe qoruREIcANIOND RIWOPSIN o PHST B REBHSHR 104 Ik MGPUps. Under
U.S. nobil ee\gvvorks, there is a concept of a home MSC and a Gateway MSC.
The hone ﬁ/%&nl S the MSC corresponding to the exchange associated with a
Mobile Station (MS); this association is based on the phone nunber, e.g.,

area code?2. of tDiscudon OfiRelatedat MSC i s responsible for the HLR di scussed
bel ow). The Gateway MSC, on the other hand, is the exchange wused to

connect the M5 gall to the PSIN. Conse [ - MSC and
t he Gat eway Nséﬁgpgd?rﬂén@:éﬁecogmqrg%m gg@% %%%Ve?& ﬁ{r%g} eyallégr}%c%g%@ e.g.,
when the MgikiSa gbpMPHG “coMéRise atday is partificietl g alnoatet ofsnidlgi st er (VLR) 116
is co-located wth the MSC 1Jg.0”and a logically singylar %R is used in the
mobi | e netgsogiphisal apgas calied trlls. AiRrderring & Hgpre dheachycRll i Rre a1y sV for

storing rr%rﬁlasté Wgrissceqizer%{géo%réﬂ%r) lb@'({ QL0841 BFs 205b-n Qfé)ziéglréag%tedlfia 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
below, the HLR and VLR are used for storing many types of subscriber information and

profiles.



WO 02/ 43409 PCT/ US01/ 43366 Briefly, a nunber of radio channels 112 are
associated with the entire coverage area. The radi o channels are

partiti omead o4 groups of channels allocated to indivi durCT/Us@l/43366 The
channel s are used to carry signaling information to establish call
connections and the like, and to carry voice or data information once a
call connection is established. At a relatively high | evel of abstraction,
mobi | e net wor k Bsieflpad numgbérod oddieshannels [1¢2 gte assaviated with hpcantise caugergas pect
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a MAP st anudtiple acdnsloo GO Ay codehtiviSion Tultipld abcriss.tosIGPMAD] assighmerirdat i onal

st andards, such as, GS MAP, which is an internatiaqpal. S .

| nf or mat i S‘ﬁﬁ%ﬁ_ : e?h@%?%?%ﬁ%?ﬁs%%eCWéCP?Spe%ﬁ% veef'nge %ﬁ%@@lg #@&%ﬁﬁ% omt he
rel evant Qhgany ¢htifis PIAHE BHbAS n¥Rlokk,36cH & thE Sighaligy alegeMSCs ¥R HL.Rs, Bosse,
SI GNALI NG I N TELECOMMUNI CATI ONS NETWORKS (W | é 1998). To deliver_ a call

from an Mstcl {Phis secardpartiissometifes Friprsul toas gh Vi ke Applheatign Fart M{Rel | phone
th MS, T 114 i P ngi i th i
equest d sl Wia s REREBohES LB d WIRBR NG F(SIHLID TS B

associated VLR 116 (nore below) to determine if the M5 114 is allowed the
request ed ser viThe.vafibss foat ef\eyndisg (aowtlbss thhdamalntl voize chmnipgatiosderhange

of the dialed user on the PSTN 120. The |.ocal exchange alerts the call ed
user t er mitiasmitigd dnd Fecgyshat a‘f?&@%ﬂ%‘? \jﬁgl"a’il%usrsf}’d‘ﬁ@%l& Eg’b?‘afrﬁ’ﬁe‘t’ ?1%6 VB 114
through th&. S&hydsifad¥Rles :Ns?oé'i‘gﬁcﬁl FIRPih LRI oRbBEniERRNS Iﬁﬁﬁl@ﬂi‘?f paédeiation the

MS. Once the setup Is conpleted the call may proceed. To deliver a call to
a M5 114, (Tessheip definenasnyt UeS. sahdards, isgitnastIS <1t whiahtipe MoSKstandard) t he PSTN

user dial s, bR oy S AT A O R o R inafibnd SARGAE SOLFA s 2 U S
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.

To deliver a call to a MS 114, (assuming that the call originates from the PSTN
120) the PSTN user dials the MS’s associated phone number. At least according to U.S.
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2 WO 02/ 43409 PCT/USO1/ 43366 standards, the PSTN 120 routes the call to
the M5 s hone MSC (which may or nay not be the one serving the M5). The
MSC t hen Wabzsxogat es the HLR 118 to determ ne which MSCPCHUSUr43a6st | y
serving the M5. This also acts to informthe serving MSC that a «call is
forthcom ng. The honme MSC then routes the call to the serving MSC. The
serving MSC pages the M5 via the appropriate BS. The Ms responds and the
appr opr i astendardpntiei RETN il 2k sousasahes edliup . thd MS’ s1jorae MEJ (whitlenB$ot ayawtd MS 114

may cooperate to chan nnel BTSs 102, |f eded, for exanpl e,
bevause of B gHaRBARE Moe 1P wade tenamsaazdhe kG0l et 15+ and
they i nvolURhINISE s QMEntYRES MY thk MYWTIE 8REAES tHflorns i Rak SERataspect

of MAP involves "nmobility managenent."” Briefly, different BSs and MsSCs may

be neededcahid forttednting. s dihe domas MBY then rohtes N8 call 40 theamyinMSC: fBreent

| ocati ons. Mbobi|d na nt .ensur es. e t eway NMSC has the

subscri beT‘erVIBg M$¢éa%%gﬁ%ﬁ$§wa f%????ffﬂa{?%'hiﬂ?\@ﬁ@eo&gs %‘F@Sr vice (and
bill) cal hﬁrg@m@gghﬂing'ﬁmkgIa}esset@nd, MSCs use a Visiting Location Register
(VLR) 116 and a Hone Location Register (HLR) 118. The HLR is used to store

and retrieve the nobile jdentification nunber (MN), the electronic serial
nunber (ESN), WNrisgacald theR§ 10FandAlS b4/ mag coenstate 1O chaggg,ehpnBelh8F t hi ngs.

The VLR s i f1) [ ' j it . t

dent 111 Bt oaFrifhecgs (0 Slhe BBl B ibld Bndifrs, ShLLOLBRLRE

appr opr i akeovWwid? “handdfifi;’ Ohigl thep aavblvenhaipoksh €ypes of kethwremegsagesrandi strat i on
notifi cati,o}gaigggare performed so that the hone MSC of a nobile subscriber

knows t heSlg ion of its users. These procedures are used when a M roans
fromone |location to another or when a M5 is powered on and registers

itself to accepsebliRcNOtMAKinvEIEs ‘@XSHIRlyanshabafait”OBribfifladiferBhiOBSalde may
proceed with the 114 sending a |l ocation update request to the VLR 116

vi a the BN¥ISGsomawbginggdeal andusettie sepyran Vs, segMa 1ldeepmsda diffdeite nmessage to
the HLR 118 .. I .1 h , i il i S: | ded
LECHRITI o T P R )

a successpiifild ariedth@rinfopaiation thEMESC bdls1d Servied (arltdll} dutls Chiredilyl Tangjs t hat
previously held profile data to delete the data related to the rel ocated

VB 114. FRaskiMESCs ursaviisitingdencatioreRegister (-Ri hand adiomealacation Regrstar o
interfac eﬁ{]@ﬁ} YMRENIHL 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
HLR 118 requests the VLR (if any) that previously held profile data to delete the data
related to the relocated MS 114.

Figure 2 shows in more detail the signaling and user traffic interfaces between a

BS 107 and an MSC 110 in a CDMA mobile network. The BS 107 communicates



BS 107 and an M5C 110 in a CDVA nobil e network. The BS 107 conmuni cates 3
WO 02/ 43409 PCT/ US01/ 43366 signaling information using the Al interface.
The A2 i mwent/sae9 carries the user traffic (e.g., voice sPOgnabel43be@t 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-switched data calls (as
opposed to voice calls) between the source BS and the MSC. As the nunber of
cel | sit edgmalinglifonmarbearushig theAddnichfaces TheoAB intédfimcelcamits oire wshetrafidSC 110

i ncreases, This incr ed load farces the servyi rqQvider t re
capacity (et Yolis Sé%f?fsgi’FtWB i?}t%ﬁ"flﬁfs?l cogpepnt ?9‘:‘{ 8% ﬁﬁé\é‘g&twg t]?e’nl_gs i@?ﬁtﬁg’e _
provi der R4¢geRIGs a6 Iﬂ)roﬁ@éjé'bﬁﬁ & QustN@a P irc AR B EiRNAd MBCs i n
the network. Either alternative 1involves significant cost. Moreover,
subscr i beoppoagtiodmimermilsibetwenarthe sour¢acBS andihg MSCdat a cal | s" to the
Internet. For sone of these services MSCs are not cost effective because
they were pri il esigned..f or i I f ervices
nto the NEC | 8¢ BrfELpERALED by 2 oEfoEPH SibverBo BBk e Rad BRI G

cl osed demighslOise@adey. Thiyyincrddsed deidtforee tharsetvidegabuideasio allatoré sapating
software | ogi c necessary to provide the services 1is not easy to add to the
MSC 110. forthepystem.shwpicHlvady sdomorecapacily. the sprvései nIevidercalds gors st For
exanpl e, r i (SETeT o 1 i MRCE: dat a

cal 1t o + BaR} et RESE BIEHRR daaoh I L n B0 VIR B ABHERYS Tht o the
M5C or adihivalyesisighificadt-cestde adj unct -- involves the MSC in the delivery of
service. Since the new service is expected to spur demand, integrating new

services via desi changes or through trunk-side adjuncts is |ikely
to exacer bate%%?ﬁ%ﬁlbj‘fﬂgg‘g%&gf : l%gér SHUPR G Er gataé%@% 110 e _

I €SOUr CeSnteHEITHGY somhd 6f hBYERI 8 MSOY hidait Sy bEFBEIvatdcaRt fegsveaé nobil e
communi cation. In particular, switching operations are perforned between

at | east ptimarkytsiesignedfar yhicagalls dntegrationmEnew serviaes insaghe MAE ipase station

subsystem (BS) . . The.sw t.chin r di.no. pec: i ntion,

al | ows su% é@ﬁetdé)ﬁll t%‘%s& Srb g(gduts%&gtg‘e ggog)glg{a?%a€¥§0&?§ %ﬁ?@%”?fﬂ’?r@% i ncl udi ng

but not | MSC efftvide ahlteitaret.i Tigat fis Bieiofisvard JodRy neoes3ayp pedvide the bavices

i nvention, suppl enment art)(1 features are prqvided in a bile co ni cati ons
®

net wor k hisviohgasytto pddyta the MSEEL0. 0 e AswitgRadjpget %pschtgé)[ro‘g%suc

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 supplementary features to be added to the

communications, including but not limited to call waiting features.

Under one aspect of the invention, supplementary features are provided in a
mobile communications network having 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



MSC, and at |east one switch in communication with at | east one of the BSs
and at |east 4 WO 02/ 43409 PCT/ US01/ 43366 one of the MSCs. The switch
recei ves veonzs4oal | origi nati ng nmessage fromthe MSC, anBCTO®s@r4sBeees if a
M5 addressed in the new call originating nmessage is involved in a “caltl
that is being handled by the switch but not by the MSC. If the M5 addressed
in the newcall originating nessage is involved in a call, the switch
converts oieofitbeMS(TY. Thersvgichatdeings pmswanl ariginting atessage diwm the MSCon
nmessage. The, swi t.ch . sws he ieaﬁthure nﬁti.fi catiaon nessage todthe BS and
i nt er cept AGAHHTRRGIE2MS pdrlressed g nRwcAl ogigiiane Mrstegs Fdnvatied Ba 't oy

converts tNRhbEsPeREhahed b?m&h%@ ROl By e MICWITGR MSPailirdss&liashe t he
nmessage accepting a new call to the MSC. Under another aspect of the

i nvent i onpew cplt oxgingting whssage isited ved igriedallnde switsh genvers fif neMecallogi ¢ t hat
recei ves si.gnali ng messages fro . i C. it h
nobi : \é Si Bhglf’f%ﬁrlbg %S?g%%% ﬁa%ttuzra @t{‘f%ép%@%g?s%g%ﬁ'ﬁgé §¥1a elg‘?rugg ([)Hréﬁf%%twg n o? cal |

sessi ons p@icalibh imedsapt b therBS fldSajercepach mipdiisatd the feamint hetificationni cat i ons
network. Message interception_|ogic detects whether, a si %Iréce}dgifg‘a,rressage
from an MEEs§age.aThesvieh ¢onverts HiedeiPPRYy tHeJResgRecATacRUPS e ¢8UEY in

such a ne%eqﬁ%ggﬁdcg%@&%imm%q = M&c.involved in a call. The nessage

i nterception o°prevents the new call originating nessage from
being forwarded to the BS servicing the addressed Ms. Message conversion
| ogi ¢ conver t s Under ar@ther asfecbofi the mventmaen, apseauevitch incladestsignalingmiessagat i on
nmessage, and_nessa ransm ssign | ogi c issues t fe r.e noti.fication
message tga’fcﬂ’é‘g %g?@& Wcﬂv_ﬁ@mgﬂ%l : é@%eégr%. eéﬂﬁ%@%@?&?iaﬁ‘i‘?%‘{"gf t he
Drawi ng  kyahthobleWeiineprétbéd. Stdtdlozicmaineinstiag ifsingdtionrof o4ll sdstion®bi | e
networks; figure 2 illustrates a prior art interface between a BS and a
nobi | e swandmohge sietipnsdMIs) usedywitin thg mohdbreramppicaiinng netyegk, Messpgep
illustrates_a pro ' rtal =t ' aohi jhet wor k
accordi nglﬁgcﬁé}é%ngﬁg%\é&e%%dﬁk (ijrrl.rlse’?lt(?1 sSE%’fjﬂ ?gglglgs%ent %Il(s)ahdﬂsg 18393‘1” a} | lustrate
an exenpl afiyindfih@mpekage and ifanM®xydewed dhswbaatedi cudl drigimating efessageds
enbodi nrent of the invention; 5, ) . e

involved in a call. The message interception logic also prevents the new call originating

message from being forwarded to the BS servicing the addressed MS. Message

conversion logic converts the new call originating message to a feature notification

message, and message transmission logic issues the feature notification message to the

BS servicing the addressed MS.
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;



WO 02/ 43409 PCT/ US01/43366 figure 5 illustrates nobility nmanagenent | ogic
of a proxy switch according to a preferred enbodi nent of the invention;
figures 6¥oR/iddbustrate supplenentary feature |ogic of a PECDYROIHABEGC h
according to a preferred enbodi nent of the invention; figure 7A
illustrates fault nmanagenent |ogic of a proxy switch according to a
preferred enbodi nent of the invention; figure 7B illustrate FSN and BSN
counters of a figoxy iHusttaits moibydhmpgement logicof @ Drexy BvsbAC¢BRNZEP at he

invention; figure 8 illustrates S e _siphoning logic of a proxy switch
according to a prePETE eé‘ﬁ{?%‘&f‘%y?? me?{gloflhventi on; figure 9 illustrates
software process architecture of a proxy.sw tch. according . a referred
enbodi nent of ?Wéreﬁ Eé@éﬂﬁlﬁﬁﬁteﬁl@]&@e&@ | iepUL ogie aé’(S?’f)(/\g’YléC%ﬁ% S

archi tecture of a PiPXycRitdIdhRRGAGH LR hctifverfiof of ef red embodi nent of the
invention; figure 11 iTlustrates software nodul e architecture of certain

processes of ag T8 Gl Bf & e ite iRl £ the

i nvention; andflgﬁélégéle@wfétgg;%ﬂgre g?ﬂ%ﬁt?‘?gg% ar%ﬁ’?‘?ec%ural di agroams to show
nmessage flow and sefdfevasdenqbbaiimers of thecinvattioon. Det ai | ed Description
Preferred enbodi nents of the invention provide a proxy switch and a nethod

of use ther eofigiR 7B 1MWbirkte FSDINIAIBSNLLoWIE's L pruxly. swllolk aprondiyg smat ch i s
preferably positioned between an M5C and a, BS, "transparent” to the other
conponents, meani ngPrafeized ¢rabadimentof ghedaveHionhe VSC needs to know of the
proxy switch nor do they need to alter their behavior or functionality
because of t he figniest dlnsfeates messaggpipbopinghogicrnl a progy wych acrading tagd MsC

operate as they do conveniional e Tgle! . of the existence of the proxy
switch. Arong its n&ﬁ“?e%%‘i%ﬁ?‘édé%‘é‘?t Qtfg%: 1%‘?%%@% tch may help alleviate

congestion in i ] t k. F I t it d
() To si phon deurect Tfrest et o ea e oneabi ghaptary i debotalont or e
it gets to an MSC apgféhdd &fiboRmVi SeheiadRidnCT/ US01/ 43366

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~



send the siphoned traffic to the desired destination via an alternative
network, such as a packet-based network. Simlarly, the proxy switch may
be used twoOdmkisver conmuni cations to an M5 from an al t er NnRCTVSOIMBB&OT K.
Consequently, costly MSC and PSTN resources may be avoi ded, and the proxy
switch may be used to increase network capacity cost effectively. In
addition, the proxy switch defines a set of enabling functions that allow
new conmeenddh¢ siphoredrirdffiet the désredrdestimition via anhadtemativondtworko sudxampl e,

usi ng the prox witch pewcall waitin ervices e integrated into
'he. mobi | BRKEL YR Retaler STEGh b o B Sel B SRERL of a pr oxy

swi tch 308ominfinitBiis3 tb A MP HiYarSielllive Qetwiotk PCSHeh RS, &%ﬂ%ﬂmbﬂ@ BS 107
and the MSC 110. Only a subset of trunks 306 carrying user traffic needs

to be ter RShtresbuares iy herayridedyindche proxiiewitch mal de us@Btornagreae metrark

connect the Y C 1%0gqu B,S 107. Al control links 312 from BS 107

t er mi nat e 4t 89(%/6 WHEN300. The proxy switch includes a control plane
302 and a data plane 304° (al so known as a "bearer plane"). The control

pl ane 302 handiesdditidn, theeprox gmadicindefinesh bét@f epatding Hendtiehathat dlvev 364 handl es
all the user traffic for the trunks connected to the proxy swi tch. Under
the pref eFPBBUBIEAIY $RETESS tor@rodsd todh Retorsp d o SHempe Cuidstha PEBWdi ng  to

the same M&g%@gﬁﬁ QEOderf] s%aﬁéfgg%tgcie i rtcbﬂﬁe?ﬁbﬁl%?htv%rﬁne 302. For

exanple, In ments Suitableto ol ogy, e signaling links
312 between the BS 107 and the proxy switch 300 convey infornation
according to t FgurS3A3usudShenprefented deplogmentSifiaiprexy switahiE0singmich fyg | i nks

314 between the. 10 and t r OX 1 0 informat] o

accor di ngp{oéytsﬁ’étléggoﬁ}m%qsg’é@g&gﬁt ioEn e?#ai(ﬂ;w%ctgﬁﬁég E@Jé r{f%a(%{ft?%gi Otnrmbi l e
SW t chi ng MR @EyEiGRePGaftid feddBGo BF tdriendRR oithehidXy sdiifchesBatmgikgnal i ng
standards are used for comruni cati on on the different sides of the switch.

The MSC f 808 maydirgetty ernpeqtithe MSEr 1 HtanddpS &0k Allgentsyl linke 3£ FrpmexS ad
commnt ¢ ahe?ﬁur%ﬁec ﬁrpgé)@ﬁs&i?ch 7/T|rlr1§ #F%)gps[\xh{}ﬁ D& av(éo{@%l’ ;{1&{?:95065@' i Of

! s
the switc der er enpodi € Proxy s erm nates newer

i ngress i plagé Bod efiso AbwrAB, a ‘deokeeflaasy. T @htraLslanAB02 hatdles ar th€DVA2000 f or
carrying packet-based traffic, both si &nal i ng an(tj %ste traffic. Current
rarn .

MBCs do ndienalingientficianddhe daigplaag 304 handlgsalldle user fraific for the trunks

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 A1 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
A8, A9, and egress interfaces A10, A11 for CDMA2000 for carrying packet-based
traffic, both signaling and user traffic. Current MSCs do not support these ingress

interfaces.



WO 02/ 43409 PCT/ US01/ 43366 The proxy switch's data plane 304 uses the sane
standards on each side of the switch. BS-side trunks 306, in CDVA

enbodi newa@ p2/¢aangruni cate according to the A2 and A5 i nt er€RUSE/438@pendi ng
on whet her voice or data, respectively, is being carried on the trunks.

Li kew se, MSC-side trunks 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 at Thpkasditckls deta flare 304 ees the dane $tandaddi o1 each sideefd®s al | of

the other entities. .in ile r se their own  poaint.cqdes ywthin
hei r o GG o5 e gt s CRRX Bibad Rendmn b airrsng P T A

net wor k) , adA S $tbr@hdds QIEROEHIAREE ShethBevAEQSY A8 dspBct3RE), AaRSnd\Qlritts6n 1 TS

poi nt code and instead uses the point codes contained in the nessages it

r ecei ves. theyronks. nigikewese piSht-side tiueles 367 ushthepgmeinkga:es iseeu@siothet he poi nt

Faci 11 at MAC By AR G s AP ARG eP ekl LS HYBHGO uls® codea

cor r esponfigaslatibettwe®indoeh thVotheagidea proxy switch. Several BSs may work
with a single proxy switch. Figure 3B shows another preferred depl oynent.
In the deploynment of figure 3B, the proxy switch 300 ma [

C p ) be in
cormmuni cat i on ¥ dditiRss @hereanalh Abthemsther epfitigs ip GIEI?Obﬂ?I’i‘étvt‘,‘E%PF%‘iheEIOé{We 302 of
t he proxy,sw 0 dhbX € » L oM BiAR i erd iBGRL VE
control st %ﬁ{a%@g%@glnn&% 1? glr%rn ?@\ﬁgﬁgkﬁ%@%%o%}l E\é&#n a ilﬁ%%%{ergtlﬁlg data pl ane
304 may neweik)eintcertakseniPdanents, thnpoay ewith BEsdocsnbi ke itshwirdeplognment of
figure 3a, hﬁweve , t.he %%)I%men .o& fi (squre 3b al so recei V%§ and, sends
i nf or mat i BHitBH UG PYIRGEOdeT fpalBg ]_n-t ° TESHEPT T BIE Y MBCS Y1 ¢ PYRL
depl oymengodf of 8BS oBRISTRnsRAd ©f Mel Mt @edd fbr@mez[srbkpmﬁcﬁ, hRndpasshcpr t he
system better, to inprove reliability (by providing an alternative path to

an M), atie proxy gyvitohiisiéacdldateilces t hat consistently match a user's profile.
Under one enbodi ment that uses the deploynent of figure 3B, the system may

be configured ?J?l{i%lhc%haﬁaénlﬂ%dgﬂlgﬁ,gh?rg iisvf&lectalohg {cgﬁésﬁgﬁ%ﬁ%g get%eﬂ Q]h ('\E/SC t hat

handl es nost o euser s tra as oppose eing t

geogr aphi MBC htapioan switeh.eSelviral BSefaly wank with d¥isgloprdxgrswih.114) . Thi s
determ nati on nay be based on statistical nonitoring or nay be configured

into a user's _profjle. By so configuring the system .the nt o
| ocation updat EI&LFFS%%@]&W_ Apthen é’ref?r%{{e& _ mpeat., ﬁ’o‘i}ﬁ g%f?lo Blztr%? g‘tgﬁéergB’_
embodi ”enh@,préﬂesvm&mosw SdlinBRYnrhi Sk vl B6reSRan stAVISER 05 1 p0,e di rect ed
to M5Cs that are relativel’y underutilized. In this fashion, system
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 configured 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



8 WD 02/43409 PCT/ US01/ 43366 adm nistrators nmay better tailor the | oad on
the entire comuni cation system under rmanagenent. In addition, calls may
be routedw0o02/M3@s t hat provide services consistent wth BCTUS@M3B®Er' S
profile. The proxy switch 300 includes software that accepts all signaling
messages and, depending on the rressage and the state of the system
perforns at Ieast one of the _follow ng . passes the nessage unaltered to
the MSC or2dgdinisfatosssmay betier tajlor %@a@entheznﬁrerﬁmwﬂelmgta@é@ Bt ween t he
VBC and BSnaheohht. 30MRalidh LGRS DTBRSARPRSCSAMU Bl Bevib Il BhcsRAE
messages to a ferent nmessage d sen e con ted nessage 1 n place
of the orl‘glthalgwemumerespmﬁﬂ@d nessage to the MSC or BS addressed in the

i nt er cept ed nessage; . Si phons the nessage fromthe nobile- and

PSTN- based netwark to an. i,ve etvvo k, The types of actions

per f or rred in ea Q?%%S‘éﬁtglh%g%nﬁ?d%%’ “HI%B’@W tgg-ﬁﬁ{ggalgqgemeggggsrqnged

bel ow. dl’%@t(dm@&ﬁ AnCBsssa@Rdirtd thelbidfel of tNSRteh, ?Bﬁ&%ﬂseatflé@ﬂb@bf"lﬁa 114 is

Si phoned an the traffic Is directed to an alternative network, the proxy
swi tch 300foHaYinget as an MSC 110. In such a role, the proxy swtch
fulfills the responsibilities and roles that a traditional MSC woul d

perform Sore of. peseuiaki ANl tOLEMBCTH BShdiRoh Lid essBDAGETON

Consi der the case o roans Trom one cel 0 andther, it

my roamto a cel Us necessitating a handof f
bet ween t he sgﬁr(h:ret&g%&?mwag? ﬁ}é&g%@?ﬁ\&%@%d%?y swi tch 300 has si phoned
the nmessage and,t ( § 1y Q&se e)g{; gftt g 9 %n %Itetr r?iatlve

SO efcepted mes Scomyer 'th reptd €ssages
el ogous! - to ¢ ndli g&f# ? o &? r & ; n[%g D ec
The proxy switch HYE®C Heéﬁea%ef% o %ﬂﬂé &aqlawa%e@ge dPesagehdat ed
with the new | ocatjon of theI\/B An herlfunc Qf t proxy switch
pertains to th g‘P’@fn themressrge %’é’b 1le ‘{)%‘?T net °3R M
initiates a rressa eméfwe%qt?vﬁ& a new cal I /seSS| on, appr opriate circuits
(channel s) need to be assigned for this session. Depend| ng on the

confi gur at Thafypgs er?étlg%}? aAd i opsh sgserabongsvish Bie tiggeripeEYPRIS Wit ch  makes
such assi %Meﬁb%w.ogousl y to the way conventional MSC assigns circuits.

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
a new 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.



9 WO 02/ 43409 PCT/US01/ 43366 Figure 4 shows an exenpl ary deploynent in

whi ch the proxy switch 300 is connected to several alternative networks,
such as awmobP4dzeckbone 412 or an alternative circuit-baspdT/veewssée 414,
e.g., adifferent carrier. These alternative networks may be used to carry
voi ce and/or data traffic to desired destinations while avoiding in whole
or in part the PSTN 120 along with the costly resources of MSC 110.

Al ternatively, Kigaeg showsspgserpley daplovsentedhish theproxy swikeh 30%is af f i ¢

coul d be i e rk; f i it traffic
from Nas h@?’h%&cﬁgﬁeg&g@ %&ﬁgﬁ%é) ' 6%%@1 m@?ﬁaﬁﬁg%?mom ﬁ%rh?autk’ ey may
be used t cicoittbasdd dedpwotkivErd, agt, waiffaentfearricex Thgsealtetdatve hddwbdskhayie 412 may
comuni cat e i

cxpl a1 ned DN BUEATTECRTEHB el A B d e T Ao TRl VG s BOPI 8%
control ipfarnRe PQ'PN_(IQOQdongf\ﬁiﬁm&lE Qgs(,)t@' @gzﬁkee@%fmqmsm%gﬁ%@wﬂ@ser dat a

fromthe bearer circuits on |1nks may be sent via an alterhative

net wor k. Tesraggempents malydsaisek snihhtzgiseui dpafioyereid be bavkhawedrin ndifferent

t ransparenc referred.  enbodi nents _of the . inventi.o r,ovi ce Ln core
funct | ona 1Ry Setifaie O EIEC rpEN i R u T P B aR A e a i MR ot he
trunks 306nlwhiedaen MY areaeh rﬁa?fbehﬁ&l blddnnedt 5 bihkt Rit@oikd € FoPk:@eéipld) fhef
traffic onto trunks 306 fromalternative networks; facilitate transparent

oper at i on;IPdwekhong<1Bmayotomynpienit withdpP vaicg metwarks,418 erghe internetdHé: Asnd/ or
support erfor r I e f Ll i t in the
ot csence ot RERIRLAE A G Fhoplde60RY o Ao TBNE WL FBORREHEDY |

pr ocedur esinfoematiob(d.g.; fromrtbnsigeaimgtmeseapes Y andtvioiceMd duta fras de Beamatirayits
updates or registration notifications as the M roans fromone cell to
anot her . m&@séﬁééwsb%ﬁeétvlé@@' @HalKP RRKOKBC 110 (via the BSC), and
eventual ly, the VLR/HLR conplex is updated with the new | ocation of the

MB. However, thg, sippaandcRkas 1 RO idbidtHin SR EHirdhc§ TROREENT S
and system states p?f theei nveﬁltqii%{)dr:@ or nexarrpl e, thél I\/S% Cge i nvolved in
a cal | thambigémentsof thedrvemtien pBCidescetfain coreefubetionplitya ddie eorefynciions

handor 1 e Sbhdnipbe il HopT B RS Soq SerbThc Rl RS er: o
provi de nmofkilitdie/ theBRieaestEsttrafBObeio tRihks 565 R6DaYemative hetwdae facitegde W t h

reference to figures 3 and 5 conjointly. If a |ocation update or handoff
nessage i sTAEPEPRIOQPeration: sehve aduildingijoakn fordighey level applications; and/or

support error recovery procedures.

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



switch 300, the proxy switch 300 determ nes whether the MSis currently
involved in a 10 WO 02/43409 PCT/US01/ 43366 call 505. If the M5 is not

i nvol vedwaoz4med |, then the proxy switch 300 all ows the PCDTatI43B66updat e
nmessage to pass through 510 to the MSC 110. The MSC 110 then updates 515
the VLR 116 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 sw tah5@5hdf ke M30s hat igedvéd intapallMBen theproxsy $witiehl 308chliopys e cal | . For

Carso knoledie FibiedBeigin DondiRrakf ol et B TR M AR 180G Ve 6

i nvol ved {ipdatesGALIthaWIR 1 15easdoek B6ivehfignallyt Thy 164k ﬂ@b« tREDEREE99.aS

descri bed above, except that this tine a handoff nessage is passed through
to the I\/SCllO If the MSis involved in a call and the MSC is not involved
with that cal | If theproxyswiigh 309 detarmiges lih?afttb?é@pi%“ saevelwdisricaleieage 525

fromthe ﬁ? (g;llt Ogl?ec‘ﬁ 559 1€ if ﬂi@éﬁ@?i(b RNnddly d;f‘l‘?x tﬂ@@eﬁpfﬁor@ﬁﬁﬁ Qethls

converts han message 1 nto ocation upda message 530.
| ocati on upgdeedoneby agdyiisg sthrerinfoembtiGior the daﬁéalk@laldmmsamﬂsesdm”)pr oxy

Thi s | ocae bRk eguPRcev . 4 QTR Emave By STk IS oep B8Pt of
the infor E@ckg%ﬂcﬁ' ﬁ}oc@ec;s\gs Hedlo®sd Q@d\%c@xc%ﬁethﬁ’tr (A% Yinfh hafoftmdssaRSs needs to

function to a he proxy switch 300 then sends an
acknow edgmsed thrashagehssXMBCG bl he BS 107. The logic flow then ends 599.
Procedure for managi ng supplenentary features in the presence of a proxy

switch Under ed e d busy at
fimes when thll RERSE PRy Rer e Aol dod UG KB 0e A YL TRY RE_ TUEY
busy wit \?\Iﬁfbx@%mcﬂ BOY @iteRematie Hahadtf hvsdage 575 hannuleBSbwandahsmgmat ive

net wor k en the MSC is attenpting to dellver acall tot M5 fromthe

PSTN 120. infermaiiggdn theshpmdotd mgssaggs Gopwerts the hapdptl messaes i 3 aﬁb%\‘l?d&@s | ogi ¢
for infor EﬂeQQaﬁE B0 MPnQiocatiG] ;?da?é rﬁé&%&%e% the'd%lsﬂﬂssts% $hd M@tcno SHRR! ement ary

servi ces, a2 traditional ting, may be provided by the proxy
swi t ch. I\/pfm\saﬁtph mpdaté@nmmiocabddtabam tniohghoam) refideting tt@whsmwifblséomy be

built on this core su t _function. F Ref er.ri o.figures
conj oi nt | Qatab\ﬁé ACYCE &t ‘F P/%ﬁgg the frexy $yat r%‘%?og%aﬁlaﬁ th‘%@%’ {}‘r%a MSC 110,
the proxy g §6R (SatemuipRSs WNRhAEHimRE ndt td fiRchBh AiEn kd¥OMSEY. 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



inacall at the tinme the nmessage cones in 602. If the M5 is not busy, then
the proxy 11 WO 02/43409 PCT/ US01/ 43366 switch 300 allows the

MSC- or i giwanBe4nessage to pass through to the BS 603. ThePCDgsel/438é60w t hen
ends 699. If the M5 is busy, the proxy switch then determ nes 604 if the M
call is being handled by the proxy switch but not by the MSC, for exanple,
the call may be handled by an alternative network connected to the proxy
switch ( sewitdh YHralos)s thchﬂﬁ -otiginaisé ntehgnge o pasy thywiigicte the BH0Bo Thadeldie t he
cal | actlﬁg in t063§ the proxy does not sinply |et nessages pass

t hr ough. Wi I S be| ng handl ed by the proxy switch but not by the
MSC, the proxy svmtch intercepts 605 the call fromthe MSC 110, and
converts 606 tfahe MB RIueRtRpioR$ s@eh itheh de@rihiet 60Lifnkd MS qiltis beingessage.
The proxy switch 300 then issues 607 the feature notification nessage to

BS 107 f ohansiasslseibie Rroxyrsyvitehbabnesbyithe MnC; fpexpanple. (g el aY be pandifded t o

notify th I MBI GeRESHE08 any
responses8 #‘Zﬁ]ﬁe{rﬁ&&g&%&w&tﬁbéhn% |cat}¥88§¥vfn%{sils%£é gvﬁ{ d acts

accor di ngpmxylslwmh heeqsrtohyncﬂwhe(clall acting aimp&misMS@ tthaq)rappﬂmasa)m simplisi ng
this logic.

t |.ved nd|. ed d al
i nvol ved it Fﬁs%gﬁgl’arss t}hgﬁéﬂnv ﬂ}\‘/f&aplﬁgba eh %‘ﬂbxwgpﬁ?’é &%%gﬁgttba’@% :nso
action 60&45}}@%& tlfokg‘é?vﬁéh ﬁltéreaﬂé)mhefcgm fr%HPﬂBeMﬁ!‘ qq@ andRbfverE1608 v | |

depend on the part ar application involved Traditional call waiting is
but one simércemed inessaghinto adigatiye nbuﬁ1¢atloup@ﬁssag¢e Télbwycﬁwl@h 39@@@@ on. If at
sonme nonent i nvol ve the

al ternati @équ%%ﬂefeagjﬁ%ng{%%ﬁplan@ﬁage g‘?#?\}g?@ ! Su ?el%le gllogft Y 6 t he

al ternati ¥es 1 e WREKwAT bd BiRd Wﬁ‘otﬂ’?rfﬂ@e We@wtha\a\mddﬁhngvcm "ﬂlhdlﬁﬁiy thitsh third
call as per the logic of the application. For exanple, in call waiting

appl i cat i gviercenth €03 my xgspanses iipyntee B to thetferusgotifeationeessags 30¢r§tscont ai ned
h h
D the SUBSSLARSY. BERY ieGrof SIS ARPLAR o:.ngh{: Boiflch@sit ydfieuidlbic, tO the

voi ce nai CI‘I simla I's invol ved
intw calls bothlnvolvmgthe VBC, andathlrd call arrives for the M5
from the alter iiiahe MS isvinvdlyedigai call Hahdled blyslor prory, spd alsolievalvest witkes calbw t hi s

third call dled and this_ logic is.fo t he

S t cn. - Ehadied By the NRBLiHGR HE ok ot RS anraing SnBRRILN Ak B ¢ wo
calls bot or! RURL VR TS adVRsy vandieﬁeﬁdmme ?alldcum EppIRALbPIvEREIMS, the MSC
itself, in this case, wll determine the logic it follows to handle this
third cal Mraditional call waiting is but one such service that may be built upon the above core

function.

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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For exanple, figures 3 and 6B conjointly illustrate an exenplary call
waiting application. The logic acts as descri bed above through the acts

| abel ed G080p#34609 12 WO 02/ 43409 PCT/ US01/ 43366 (noti cRCT/oael/438gure 6B
starts with bl ocks 608 or 609, as opposed to 600); that is, though figure
6B hel ps describe a particular supplenentary feature |ike traditional call
waiting, the initial acts for this supplenentary feature are those

descr i bed(netitéthatfigure 6Bestirts Witlybloeks @08 orl 609t sscogposgdcto$0QY; tsat a, tie0gh i t

nmeans thaj, th roxy. swi.tch has .already detected that ..the i s..involved
with a paflg‘,‘ret%ﬁghe&’%q?ﬁc l?ﬁ qwl?‘garﬁéﬂﬁglle%ﬁﬁt_a% Az fl,ﬁe tﬁ%f}r‘tl?rf‘?éy%{i@a’it@gnot. At
this poi nfhe iAiliG] RACKY HEWsIFPIentRSard iER@E Yird MbKY &BHHIRG Wit tefdrBitid@s Figufey OM t he
MSC, converted theminto a feature notification and issues the feature

notificatéén to the BS. The proxy then receives and intercepts responses
to such nessage fromthe BS. Under the call waiting application |ogic of

figure 6B, if i ndi t RN cal |,
R e e L L
the Ms i Sth%(l‘f]ISﬁlftiinﬁglvédilWéﬂhei\Maﬁaihb pfms;qmrx]ﬁihﬁ iwﬁﬁdli]igﬁhqwanxbut thenMSchis300 t hen
i ssues 620 the converted nessage to e MSC. At _this int i IS

exanpl e, PHEUJRYNG {he RIREY sWich l}la(§|aﬁr.e§. léﬁr@@m@é}lﬁe‘ﬁ’&F‘g%%%%ﬂéa the MSC
state ref L&ﬁr}:ﬁe%ﬁféh}’inﬁﬁﬁfe%ﬁﬁé nOERHiOR 2hPist 8 Nfeatule AdRicaridh fotnt BS.
acceptance of the new call, the user is receiving two calls in call

wai t i ng nibte proay ¢hayadeteiixesi ang ittarvepts despynseks ¢o BT nagssagariomhgre Bhy t he proxy
swtch. The proxy switch state reflects the two calls. The proxy swtch 300

assists 625 th 110. with settin .a new cabl.. (This. | pis only
reached if the%nggsrecfpe 8%(]:3’61%15 aPRlécaggP Fl(?gl? f’pﬁ%uée %is?’elrf ﬂé‘? %eﬁloqd%;aéeg Z[% it, the
proxy | Og'théyta'tmﬁliggio A0ebtIRYEdll, tigehoxy @wateh céirerty 6FDtheau@dnseto at he proxy

swtch 300 may need to park calls froman alternative network so that the

accept ed Dwpiage inshieating thasthecMy igjaccentiegign new cal dropsthe M. dheRioxywi t ch 300
then inter I L Bt A4:Q0; I fromthe
M5 and r e§‘gﬁ$}e§q®%€ %%%gp%%ér]%@%%%@%#agg{bﬁg%%% @g@sgg gﬂrrp%f]g]?sst he user
may want egampleghé ®ISOehnkentieahll s heordihasecatk chabis, tHedifiGsidteereflacts t he

alternative networks, The prox witch may need to_interpret thi s.respdnse
to park ofBly©Recalhsessionds H@Msaﬁ%f%érwﬂbthf’ Recepianre 9kths aey C@ﬁ’ thegseds  of

e o2 ARSI AL g0 ST . L1

has nul ti py ¢heqabkyg swsdnelheguriedywitelt statd ireflpctsche tymerdls. Tlee proxy 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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the M5. Wien the call ends, the proxy switch 300 sends 640 appropriate

billing information to the system This is needed so that the user is
billed appoopsised el y when services are rendered not i nvoP@imgot43as6MsSC. The
manner in which the information is kept and send to a billing system

depends on the inplenmentation and service provider 13 WO 02/ 43409

PCT/ US01/ 43366 using the system Mbst service providers specify the manner
in which biihg theGystbf MoREé®ITeipsoider speeiiy kigohather frowhieh biltingnd del i ver ed.
If the M5 114 is involved with a call and. is also involved with a call
handl ed bipformpsioniscio berr@llpgied. fermatied ppdidelitessd- 3 new cal | is intended for
the M5, then the proxy swtch 300 nay be configured to intercept 650 the
feature notifi gahd Rt ISR ARITUAR Res MRGe Lk lnofvelant Resl fiiddnsy BS 107.
The feature notification nmessage 1s blocked 655 from being passed’to the
BS, and cﬁe@éﬂﬁezmdl iy thedMB €9 pdinates aaew sallisdn@aded: for thedVIhslen theproxshe BS,

BS. The | BB AP RAIBTORNEL S B0t R Haed R o0 Cher o paSBatBe, © '

assumes t esc i QQI%&HE:@%MB B 7 %'f&ﬁuﬂeh@tlﬁaétion iéeadd3EblodRe 665LS
standard procedures to termnate this call, e.g., voice mail of subscriber

or plays &Ommsﬁﬁplth@BSh@dmmﬂﬁmm Tespanseisapsuas b0 torthe MSE | wai t i ng
| t |
o s “rh 0L S skl Bt roviosich Hioehle 1 e it nSTEHE e

calls for BSa|'I'he 1& ﬂB@,théIDeIhEﬂﬁQDJ T\lg: MBKquels aoiCgrlt hsespommaad asdutres kst | ve
network, to ing data calls and voice calls, and . .the |ike. Procedure

for faul tMﬁaﬁ%ﬁjé‘ﬁéWﬁm‘l th reqseyephesah cBhegYSE (hembysps stapdare PERCSAYES @ procedur es
exi st for fay n eitingldiesuBS 7 and

the MsC 1t1 atrtl%tg?sr@%egg ?)Krn(ca)%:ed’]h fbg?hﬁ% %{?#A@éﬁ%ﬁ&%@% M C are ;

consi derethlaﬁw;nmtes say Peerl and Peer2. Both peers maintain two sets of

nunbers, called the Forward Sequence Nunber (FSN) and the Backward

Sequence Nunbe =SN | e l.ast ) nt to a peer
and the BSN idgﬁ?g‘lﬁfg})@{nﬁé’pp éfég“%%glﬂgﬁnw an%ﬂgéﬁg For exanpl e,
assune t hgpeeuhdalls Wehs saRakénReal la gﬁl’ééch 2h{6d axtendei@d haﬁnmgmbreeml and

Peer2. If Peerl has FSN=5 and Peer2 has BSN=3 then Peerl knows that it has

sent al | tweesallpdor egll wﬂagdmhﬁedlum mgltipiecelly fom anplippafiye netpigrk, 19 knows
that it has (8SHMEednRhha VEESAAES atfint f@nd 1 ncluding message 3. 1f SLCO

Procedure for fault 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 sent 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 Peerl 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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breaks and Peerl detects such a break, Peerl sends a Change Over Order
(COO nessage to Peer2 requesting Peer 2 to change over to |link SLCI.
Peer2 regponzss4oe t h COA (Change Over Acknow edged). | ncl pdpdSeémm3sdeese
nmessages are the BSN nunbers based upon which m ssing nessages can be
re-transmtted. For exanple, in the above instance, nessages 4 and 5 need
to be retransmtted to Peer 2. 14 WD 02/ 43409 PCT/US01/43366 As a further

exanpl e, consi dgmr mﬂhérmimpwcmﬁfeeaﬂﬂnﬁa@bé whéesinIsril Rasei8N-B8MRd; Peer 2 has
FSN=8 and_BSN=5. assune that there are two signaling links.  existing

bet ween P§§N-6aﬁ%Pf?>§é$ BSNg@ aed BENgS- Alseassimg thatdhere grritworsignadp $ eaks as
detected By @é&wg%kf%:%méﬁrﬁ,gﬂ%@ O3 ReliLhhE:. élu'c?ﬂdrlﬁatl S1to kil 40 Peer 2

and incl udes nmessage. Peer2 receives this
nmessage, detecte@bpaeﬁﬂ Than, Peard iseredd alzsmom'm:sbag'etlsingdhﬂchia(]Zl fode(2=8)d and hence

det erm nes e e re-transmtted.
Peer 2 que b“ﬁ %31\1 g‘é& “’téﬁﬁ@%‘%ﬁ g'[ e‘bﬁeﬁfzf‘?‘iﬁaﬁé ?F’é’ﬁsag?rd?sends out a
COA messagempael letbivddiissiPAn(imthterBeBEN (£ F)Cﬁid\mce bdtenGRA thRsEanst and
conpares the received BSN with its internal =10) and determ nes that

the | ast 3 messageyB6€2nBds) boeseidansoitics. Péerﬂrqaﬁsemur)tt lasttHeSBeSS 2206 10
TeSSages A G RIS N B Py B Sl O AN B ANSTLE HEBSNOBE U2 e

preferred rep y an covery: mechani sm Yet ween

the BS an@lé\@ozxrxﬁes@@ge exppaipackstige wosiked BENSHC! its intdiral BSNLG:10yrayd send
nmessages to the proxy switch that are never recei ved b t he ng
bIocked

si phoned dptesmingwthat tgdasy P sressages §H-5ed)gieed fode RO sYH tF]é?S
Co t he MSC [ t
cocur ot o ok bite RRLTHR R B ‘%ﬁ*r{é‘ﬂgeﬁg‘?é’%%\ccgr dngly.  under

preferred enbodi nents of the invention, the proxy switch provides a new
formof fault fdagpmfnted eRéfodimémsy thestfridgud replag and decrer mashjmbmt |y, t he

proxy switch creat 7 ne set of ESN and B niers~for each link to
Phe MEC DYOTeRR dheohis Lo e PR cIoREN B urtb PEUAE PSADR T 0 ¢ he BS
107. Wt hnﬁ@ﬁég’eﬂﬂ @®E rcfx%ffs%rlfcﬁ‘i’lﬁattafé devBitiieBeivéd byhe MISC S siphsiiedgl e | i nk

arrangenent t Ius rate the concept, the FSN /BSN alr 87 on the MSC

for the | ingdssages aaqueheersewBSvGSﬁamssm th%raretbl@ckerh ﬁlpnmeera%the

(or * ackeday ERYB et By ot 08P vRlnofERAAES 40 o, BFERC™ °00°C

whole system.

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 errangement 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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sanme but out of the BS. The proxy switch 300 includes FSN /BSN pairs 788
and 790. Pair 788 tracks the nunber of nessages sent and acked on |ink
segnent W86 opw40Df the proxy switch 300 toward the BS 10PCT/Pp&dw43360 tracks
t he nunber of nessages sent and acked on link segnent 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 exanple,
an MsC ne&amg;mttn@;o the B Wkasd fartorfinoehalgrdfy switdlpge 4oalisuusyeddonin 3B86

transmtted BS 107 r rox svmt

di scussed ‘PIB ?W“eisageb?%cﬁlﬁ alﬁ'lﬁé’%%@) Ld ﬁﬁha&?ﬁ?g? Shoul d
be one hi g&tﬁﬁoﬁ Adte VRS oxocikBSn tHaNthedididy bdt\h@érﬁFSN aR@ BSKRsICAsdtanan t hat
t he di screpancy between FSN and BSN of 787 and of the FSN and BSN 788

shoul d beokthgdiSN msiBIN$BIsbould bs aawalt Fer example agsaiate the sigiple case 9588 from
M5C 110 t ﬁl%gsagwf%%ﬁlg&gld @1312 § 89@;)%%5(?&) tblgcfk%é %t %Er ggltélg Q0fss a@pzﬁ‘f"&

nor mal pr oxy cussed herel I'SCrepancy at %87 w | |

be one unhblimalrphﬁsryeswmhaagm,cdsnmw@ég(ﬁmm Tl&nﬁsorqﬂmay alVEBJ willlhe dmetuntiher e
will be ng discrepancy at pair ﬁgt]&% use no. Mess e sent to BS

107. As ni¥Eaes aamwléé&qwaregw 110 Bt there 3¢ gbetnﬁ 5T P%Hi t ch
i ntercept ?alﬁbg%roﬂeg%e%%ﬁ%e Q% mo%@\ll(p;al rs as outlined above. If the
C

proxy sw tects nmessage fromthe MSC 110, indicating
that |ink 785 went down, then the proxy switch 300 intercepts that nessage
720 and does ndts radsbages iate teceipeaba theopioky sBidch 800, thrrprorysyviteltintpdespts he BSN

|nformat| entifie new | i nk (not shown) that the
si gnal i ng ddgﬁqg?ﬁég%]\:@?&gﬁpmﬁaeg ?183?9 EV\Xet'Ch then forces a break 725
on a link 786 between the proxy switch and the BS (link 786 corresponds to

the 1ink 785). Ifline phyxgakviich 300 Metedts§d5aTOOIha3vpe flomethe MBW 1101 | | i seconds
conventi onal BSs and the MSCs send out nessages called "fill in signals,

whi ch ar e ipdieating dapt link 784 éVetnéé‘éWK‘/’éPeDc the BIWM"CP RE0 intpaeepts that BISes28€ i onal .
It the regshygs doeg%E)r ak gtpa?s t 'tlllé BS gﬂébdd‘mtcﬁ%e:é@l%q}S‘N gffolneiighh of

tinme, it assunes a sen rressage So to sinulate a break,
one enbodiofipaik 787 aﬁdmlenﬂnﬁv@sm namhmk)mot sl&svxt) lgat ﬂmﬁgmg shagde dhq:ngc@mm state

machine tg not send the " i.n signal, ence a
Cause o CBe pIPOgehdben toseese te 0w i fioberes hoBrw Bmith RS uRhg
relative Hy GARYEHLLREHondE6)the FHET7E5)Ohe %yuakqbsﬁmm@ﬁse@uawmemewge to
the BS 107 with BSN of "pair 788,

milliseconds conventional BSs and the MSCs send out messages 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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as opposed to the BSN information in the original COO nessage which
contained information for pair 787. This new COO inforns the BS of the
nunber ofwoeysages it received on (the emul at ed- br oken) PCTKS¢1/43866, 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
bet ween the proxy switch 300 and the MSC 110. The nodified BSN nunbers are
t hen sent reg8Fes @ OOve (88ndWIEdgérndnt} inessaga/400DmtesBS 67, Aidege@ddes §48ent on

an unbroken |jnk. The proxy switch .300 the s for .and. 16 02/ 43409
ner) oy 60K metesa P he B Ol Sar B ERN BaudlauiB Sead 1dEae Che Bs
107, and gppRredtehe {dfordatichay palFSOERRAGH: COREisREW 76000 e Mscanbai n t he BSN
information of pair 790, as opposed to the information in pair 789. The
new COA is sent 750 to the MSC 110. The proxy switch then awaits for and
recei ves ret r adbepraxadwiichdhareaai forpng gecesves retpmsmpteddaigrmption tosm t he MBC
and from, | i I he t . 1: to the
respecti vé&gggt%? haty %)llﬁlgér?%%m%&gés:ﬁﬁﬁe{g\%i&?d %?P%Jr@%{el&g%g%lk%ﬁ} tﬁ%gur se of
t hi ngs (i rttadsih@dyosentlieatipectiad degtibdtionloe tlamiled asis wibekidyd inalte drdinaiyn) . The

logic flow ends 799. Under the aboye enbodi pent, fhe. proxy.switch relies
on the BSCY#s§ ﬂ%th%@({nﬁludggt@éqntlﬁﬁgéglgg i%PPCE%‘g%ﬁ&Si c{?écr eag:gf/qnﬁ\ém’[ﬁap E‘I’(gé‘? The
break in e siggpgding link is forced as a result of current BS

architectures; 1.e., the breaks are needed to create the necessary events
for COCs. Under other enbodi nents, the proxy switch nmay detect breaks, and
in response t&ndecthe abores gmlndjmenti the pramyisvdichi telies en WBBS or the MGt to a

BS or mmc BS i.n relation to a.NBC..Procedur.e for  .Aut.opatd ri.ggering
of Si phon ﬁtﬁgéﬁgaiﬁ 1 Fespesy vratena s i déqhet%efa?éfl Hjeesﬁ%n&fflgrﬁelﬁggs fgfcegﬁ%g

i nvent i ongesh®f PRt BRMtERifeciBys; d¥ N aE teedks vire HRU&d 18 dd€atsiiRmetdisargy st em may
benefit fromredirecting (or siphoning) nessages to an _alternative, network

(see, e.geyendfpr GQQur Endgy otlyes embgdiments, themaeky BYEchappodntent hreaks, apfin

i nvention i i .S i js i.gt:h:directly
or indir e(r:?sﬁ)gr?segé ?ﬁg%mﬁ%{ﬁl}?;gy g‘gﬁ%}g(g%?n%%gﬁ%%mﬂ%%ﬁg t(lrpg u\(,:Mé ghll ghal i ng
bandw dt hBSrianskhéasn tvga MSC.r educed system bandwi dth). In one enbodi nent, a
Change Over Order (COO) fromthe WMSC nay be used as a signhal of congestion
at the M5 | east that . ) W will be

i mpai red GARGAELEGIE SSRKL 24 Va4 % hanged

Under certain 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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back to that Iink. Thus, the proxy switch 300 interprets a COO as a
triggering event from to "slow down" traffic to the MSC, and in response,
initiatewopaife siphoning to an alternative network corOPUSEH3B& t he
proxy switch. One formof exenplary logic in this regard is shown with
reference to figure S. 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 nessage to
or from tesdBe from tht MSE Pi @dhante plxy3aaidR B0@ intéruehe tift AkesappBiz0 adl 810
accordingly. If the proxy switch 300 detects 815 a COO 17 WD 02/ 43409

PCT/ USO1/ d@g@@t allgye itdg @anSrt@ fhe B 1B dthis ingtaics, tthﬁ @Q&P enly reflgctcthe 300

interceptys EHEP t the BS 107.
In this i n ance g&g'%b ngtelgaggttegﬁéttﬁZésé ?Jieléqtdet E%ﬁg}eegver and does
not i ndi cpdogyivitth Bﬁ@&&g%ﬁnﬂ&iﬁdamkmesﬂgé ay@With'ﬂmhﬁm BXN mwmibesho800 t hen

t con 825 SN nunber s f d send
Con mos s oM ¥t e VBessaabE rtans bC # 1 L Fee saHF SEPES e ones

created b g 110D (RE PRSI indh ok §a083ar t5kHH;| ar to
t hat desbchreltd%esdagg%xw\ehr%%gxykkﬁet I\/SIH%OW gﬁ)%l evﬂegg)theaslsgng% t's Cdaé has

happened. desCdheduatioyat iThns, IoaerMASICaitw badiewesciat iteeCRBChas heippemed.BS wi | | be | ower

as a cons uence of th eov nalln | ] IS

avai | abl e P%ﬁ%ﬁ&%@wﬁeﬁé%@@ &\%@g Wﬁﬁ%ﬁg 8%1/8 W S%:cﬂ}é%% and
the M5C rraﬁ/thelaﬁaﬂ it @cednededs@ianhlin®finlQvaikstd.i bed above, the bandwi dth
between the BS 107 and the proxy switch 300 is not inpaired. The proxy

switch may take advantage of this context by siphoning traffic to an

al ternative nebgwierer, hosgh H}%PQWMME“}YP‘%&WGM’%YCW itGh30Pagd g VSGrpay
si phoni ng;,8 n};/;Iu?:'a ak rz&é%lﬂtgﬁf%@ liBlceBed MRVeL (A6 b@ﬁi\ﬂdﬂ{abé?%eém‘e RISOpOY a4 t ch.

There are ternative networ at may be used to carry
voi ce as telgrossswitkdi 300tis abf inpafrednTle pﬁxstsmtcﬂsmey tm@dyarfta@mfehl&) | f

there are mJItlpIety S alternative networ nnected to t. pr oxy
switch, tREHeRtRY S&Wg‘ {IEFP HeRfteEnative petwprk. t?ﬁ‘éf’rg'ngg’aﬁFé’FWQ't SIV\'}EC%n et wor k
based on Mi't‘?at&é’ﬂ?@fﬁ@fmﬁl%mﬁgr%@ %1‘ t®fHic e&ratec@ﬁbﬁ‘l tﬁé BS%&%f th&proxPisiitahi ng the
si phoni ng, the proxy swtch configure the data plane as needed to

route cefheierardmangtypes pf:altemnatwamuwrk&athatgpasom Pegddo QMBEVWQQ as/eelhas wor ks

as wll ned For .exa t he Vol be
f:onf i gur eaat\?m%iaﬁé‘i arMSe]c}?[V&e@x? ga@?ﬁlﬁqﬁr E%‘P?fﬁeaf E]f’ﬂ? 1 Srr%f?s/a%tgpnég (}@y
si phoni ngnaf;vomsad‘ohh@ct@d)f&thapﬁfscyfswﬁtcﬁ,hﬁexgtm@fby@mncﬁmnayﬁlagcpmexypem tch 300

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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t hereafter maintains the FSN, BSN nunbers as described above. Any COO
nmessages from BS 107 are then intercepted and a COA is generated and sent
to the BSyowhi#d4ed nmmaintaining the FSN and BSN counters. ApPgT/CSO/43B&Sages
fromthe 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 |ink,
i.e., tosee if the COOis a changeback nessage. If there is such a
message, themgpbaskynessaget it mayrbeaepanmstiertchangepvermaessagetindicating avwatexhthabigai n

handl e a hi gher vel .of traffi.c apd ..will take actions to "reconnect” the
si phoned H"‘gll’sn%flﬁgmcf?&?‘%}e&slp PHOg RETHES)i 5 not a 18 WD 02/ 43409
PCT/ US01/ 43366 changeback nessage, it nay be yet another changeover

nmessage i ndi catfitRéreds § GRdn@¥back ddssagepy nde GO is denermddgSheith siofifiedi ng of
traffic.) If there is a changeback nmessage, a new COO is _generated 855 with

modi fi ed BSSendsent$SAto dePBY &0t hEhegmodifipd BERbargshs enes aaissaingd BY fise ones
. . ' _ . h

wa ts ot or Dby o dfenBER R iRy SR Fned RGO RNq peheha €A 1en

message i snek$ugn 868 fiorathe BB . Wi ddw GO fbesdgdiStheuganeratedeBid) wgignt 875 to t he

MSC 110. Th itch t i i t traffi i, phoni

procedur e™ e,. rdc%%ﬂox ;\émmb%séﬁggg_ &qlﬁz‘gﬁgw{[ﬁéeﬁgtﬁieepﬁ’rrag%s‘;v’g@i%gﬁf%Ing Under

certai n eqhadifiRel fe dadfc glgﬁ rh P Qivé. PRRNCIniR] plaie (MMudtdHleurdts 1R Ot her

consi derations. For exanp the alternative network may provide QS
guar ant eescddndihglymay be consi dered by the proxy switch logic. In one
enbodi nent, siphoning is only at session boundaries. Accordingly, if a

call is to be sjphone it . is Si ned. al. rl G ' T
description ab e’f/\%gpabr} “éﬂ‘i’%“i‘&e tﬁ’qﬁﬁge% ﬁoegllﬁ%(’%s%a%%lpg{sa&?ﬁc 1|1c(1:eat?:é\c/)tehe{)f
net wor kK CQeeeddritiohs. KitdghmpRetheritegativietwbril Meay prowiiet Qas gudrireedsalyatc
descri bed above for automatic siphoning_is supplenented w.th, thiay faul t

managemenaydyi considersr bydle Praxy peiteh jogis- Ioone RRAdEmen. fiphquing igjogly at
embodi men tsessfq\fﬁ)ro}./m&%:ﬁ. %%dlhgl? #a M é?tw ﬁe%ibh% D496 %is;ﬁ\on&iqp chiom the MsC
ay S messa

it perforns e rep ogi C cussed above. ges from the BS,
however, ariginativmys treated as a break in the signaling |ink, and replay
logic is performed but no siphoning. Procedure for Preserving Point Codes
Across BSC and Tl}/lg%escription 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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In SS7 networks, all network conponents are addressed by uni que nunbers
call ed "point codes." Consequently, all the BSCs and MSCs wi I | have uni que
poi nt codes4Bonessage froma BSC to an MSC will, in genP€BUSOICHBRG6AI N 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. 19 WO 02/ 43409 PCT/ US01/ 43366 Messages fromthe BSC to the MSC;
for calls origivékhges ffoiDiiie B MdShe MBI, tfooewdls loyigiradng somathb®8,er circuit to
be assigned for the call, Bearer circuits 8whi h carry voice or. data) are
i dent i fi e@d@ifiorglbyigayest 4 Bpares GikcHitite he agsigned ey t@? calf Beairs GFES{MRHdpar ent
operation i . i : travel i ng between
t he BSC aﬁ%&%‘ég%ﬁ%ﬁ%@ﬁ‘%@g\ﬁ? %Pﬁgﬂﬁ hirilr%%ésﬁgggiu&[}ﬁ?cgg g‘%acu)i' renent is
conplicated by the fact that while sonme of the' circuits carrying bearer
traffic will floesuppent tabdpgrent opezatim Wy therprdsy sBECh; the ppiat MBIES apd (s

and the ST et IRESE g i pdfert LR SRR i RN O

trunks 308o@pRcdIELbPIHRVG tRAGiRbmAiof @k cifanyeatyinnbedattvEeowille BS and
M5C, whereas other trunks 312 connect to the proxy switch. _Anal ogously,

under pr eftanspseerehyiseRrPToe fiom the R tocthe 84S Coiqtlaiciralifreamqprbng Frawp; e Bntd f or
di rect con nﬁ%telté)rﬁlrﬁgﬁ&&tecﬂe élt%?(g %&/jt@ﬁ',dangqg? &ﬁh%e&rlillf)ﬁeséna%é)&é’%ﬁ{:ﬁ' rcuits”), and

the remaimni ng circurts ar rmnate proxy sw t si phonabl e
ci rcuit s" ernlinglmsone enbodi nent, under normal operation, the MSC may not
assign the siphonable circuits for any calls. Wen siphoning traffic (as

descri bed above), th r ox SW t.C assign .a sj phqnahle circuit f
call fromthe ﬁés(t{‘f é&ﬁ?u%n&fawlﬂﬁ@pgg}/e @B@F@‘ﬂ?lpﬁ‘?degéﬁﬁeﬁ 80?9’?'8{1%%;, a(rjlél ? he
BS will respond (hypSend ML WARMRIfRr Aunked B @hnb&ad theGirbRpiwitchAs Wi Il be

expl ai ned bel ow, the voice or data may then be read fromthis circuit and
passed on Amilegouslyt erdeapicfarademimdipenis somdibagrey civguats BrRaSe40VisiTeeddos ur e

t he consistency of information.at e LN e _eyven ma, Proxy swtch
failure, Lﬁlﬁrﬁgr%{)‘ﬁ%cué’ﬁﬂ’&h’i'%ﬁﬁe ]35 ap?ig’el h%ggn(t P%%\I,augu%e?%\%l?[ )h%ﬁatgéérrent syst em
accesses tf@aialds dRUAYA%QerMinktBE aMBEPARG siiick ¢ sigtonablpbeadlle circuits as
avai lable. As a result of such action, the MSC will think that these

circuits are available to be allocated, and the netvgrk wi |l behave |ike a
convent i onal mdbrdes opeemppdiment, gnder grgnal operation, the MSC may not assign the

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
“unavailable”. 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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| acking a proxy switch). Wien the proxy switch recovers, the network
managenent system agai n accesses the .Cl C database at the MSC, but this

ti me mar WO 021€3489 phonabl e circuits as "unavailable". |t BCPOS@S8®Ses t he
proxy switch database and marks the siphonable circuits as "avail able".
These circuits will then be assignable by the proxy switch as 20 WO

02/ 43409 PCT/ US01/ 43366 described above. Under sone enbodi nents, the

si phonabl elesdribediabevendindse sorag kmboditngniay/ i isipbbrabletirquife ngbeamatkedavai | abl e”

at the proxy swtch i adyal ner. .so that .the pro switch dual |y
gai ns cont Pﬁ‘fva\%}élfe ?F&B%R/{ﬁ% ?If'ft ?ﬁﬁ%@%a%ﬁ LRSI rﬁé'%a& P)ém{l?{em%g

depl oynmentth@proky Switeh SRdudlliSgdiRcdontrgleR:r dR3€ of the diphbaabee ciedilst 0 be

suppl emented. In particular, to handl e the depl oynent of figure 3B, the

proxy switch needs to intercept nessa BS and_ change (goi nt

es fromthe
codes to refl edio handle-thegepleymapsof fl%%BsMe@H%W deseribed ppayeingeditthe at a
sessi on-| u j f: | res: J C may
be- det o mesSPArm S Lokl RARRER o o R o oy Do
done at otneeds tbémetcsptahesyages dtomt theyBS fmr changapdiet codeherefledyd re-snappedied on.

Sonme enbodi nen erformthe mappi.ng by correl ati equi nt seri al
nunber s (3.43.5; t(‘ﬁ#‘ilg‘i ‘ERfeecljnT?OrﬁhIH%‘gs §8WI%‘H APEREPY V%&%ugaﬁﬁt%e%é and
thei r cor RaRADRLAG0L Mo SAHRESC HRY BeRERAENbf RSlibK BofiRhAsd | ng conj oi nt| y

to figures 3 and 4, preferred enbodi nents o proxy sw tch 300 include
a control Adtcamasively2 therrd-nsappiteampy bedorgod otheh tevels of gesinularign ot axemplies  a
conbi nati on_ of acessi r dwar nd associ at,ed sof t . JThe data pl ane
| ar gel y c‘@?ﬁ?ﬁ @gs}s ﬁ%ﬁﬂ&g’rgﬁ %‘fmﬁ%‘ﬁ%%%é’ﬁ@?%h%n WS dcgor I%lr%gt he control
pl ane. Thegapcnpberil aﬂﬁbér@gé.gl.dﬁﬁma&@mmem@ésamﬁn@rmlsiimgmamﬁ ¢ MISLCs PMC
8260 avail'able from Force Systens) to receive the signaling information
from t he gingilaif ¢pgrespendias it codest and to performthe initial processing
thereof. This initial processing includes sending and term nating

i nformati o, on the. si908lJ ng links and extracting, under programmatic
control, %E—mrﬁa'ge* mation contained in the signaling nessages. Once
t he nmessage inf 'l ] I , e..Si | d he nessage
nformat on t o Bceedy/ofufib A art A pR R R o B By e 3305

and 3306 saieehl38Dliglidecnediadl piysg 30thacha daa plaee 304 sSPleneinibdobplane inchudey i ng

out the functignality of )
, a combination o% processing hardware and associated software. The data plane 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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the proxy switch in response thereto as described above. The control plane
is constructed with passive fault tol erance nechani sns. These mnechani sns
ensur e t vad opsB4eat ast rophic failures of the control planePCTigogi3gewal i ng
links received by one side of the control plane will bypass to the other
side. Thus, if the 21 WD 02/ 43409 PCT/US01/ 43366 control plane fails the

| i nks are bypassed across the control plane and the BSC and MSC nmay
conmmuni catcentad pldneyfaidothe dimve are ibypass¢d/acrdisahaledmniroppane aiDhe ¥S Gandedefpl ar y
enbodi nent_i s shown in fiqure 4. IH% i ncludes a DACS 402, a Voice over |IP
assenbl y W,COEIB&P%@%W%&&PF%W 406 (e.g., to terminate A5 data in
CDVA networks), a PPP relay assenbly 408, and a PPP term nation assenbly

410. The vari oUhedseglild 38 JTaK cREmPREKEHTSSHiIBBNtAH ShoWn iiigRire MDHUhE@SdesThe
DACS 402 receives the bearer circuits of trunks 306 and term nates the

i nf or mat i PAEE&0%ciVeise Orer Prassaasbly #04.4 13ya termination nadylet0o{ag--dat a on

those tru . OV Shione f nected to Vol P
404 and tﬁéérﬁﬂlﬁé ed?iFﬁ ﬁréa(?[;) 1812“ Iqee{g’g{ekts Iayﬁfo%i&fg%@?gg%%%ﬁla%?i on assenbly
408, in tuerindt®neesuntly ¢ti0.t Thé ReaiddPRsseidlioymdPBe padkiagdd omorelorimers | n
communi cation with the PPP term nati on assenbly 410. Mreover, the data

pl ane naynéﬂdéléﬁsbe used to connect to alternative circuit-based networks,
e.g., to backhaul traffic to a circuit-MSC in another regional network. All
of the data pl aig reREs e Ted-REE iNDea AR i Qlits & RIRIRIS0M drdMtbinlfaOMEr 0l pl ane
302 via control channels 401 which is used to carry information according
to H 248 dnformvigitinareGevesivarytheomnkslit @sawtransolits (vviseRid dath on daese twhks hamenel |

anong ot her t.hin i S phformth A how..t rovi sion the
oo or o hotahsagrsor HRTSACS abd bR i QT o SR U0 AR o Rt |
nmapped t 0 agdnti MO8, PR DataGer@fifativh abtentap 3631Hh Les, is Ehteceand thelPRPhannel s
al so used to conv%control information to the various assenblies. For

exanmpl e, tBrdaysdiPnmibiohgnitemds ieronyRureationiwith e FPPdermingtionpssendny ¢idh as
destinati r t I . i-B1at. | addr esses
needed bycl\tq%rgbf%ﬁgg d§‘§§’2§’§| ‘5@ allﬁ?ks{e ?‘%}d g(? rgr%%nltegtntgvaxlllf‘t ?ﬁtlﬁttlﬂegﬁ}égga&&g% by the
Vol P assembtworks) ede] tobacktHahbtrafic ¢@a cirefioMSi incimothec sigiomd] fistworkt he DACS hy
packetizing the information accordingly and sending it according to the

appropriate protocols, e.g. RTP/UDP/I.P. The data e is constructed with
passi ve fault tAOlr%t?tgﬁ @étarpg@}qgﬁngﬁ%r_eceltﬁ%g@trol commaggls Tom tﬁe controf plane

302 via control channels 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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mechani snms 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 woexdaba plane fails the trunks are bypassed acrop®StiM33@at a

pl ane and the BSC and MSC may communi cate as they do conventionally. 22 WO
02/ 43409 PCT/ US01/ 43366 Software Architecture Referring jointly to figures
9-10, under a preferred enbodi nent, the control plane software executes
sessi on niwfagee Apclicesses and commruni cati on processes. The session manager
processes include a Proxy Session Manager (PSM 904 and a Core Session

Manager (CSM 1002. The co nicatjon processes,incl ude 7 Mess Handl er
(SS7NMsgHdI 1) 9BSeHing JSHH& 1B i QL(E H_Bﬁ‘?ﬂ aeRre’(seFﬁﬂ/_Eﬁi”B# enb e GRRRT o oo
nanes  suggBedre ekttt 88K MARIZIHROSeskdtEnddBmnicatiba hrdvargi Tige edsion

handl ing call sessions, whereas, the nessage handl ers include |ogic for

handl i ng FAaBagesproCcese InghKle aduoxhagfgioandanagea@SM204 ande CyggSessidr handl i ng
nmessages IS0 -0 E?E? handl i ng
parti cul aﬁ@&%??ncsfébﬁy ,Oi't Eé@gé@ﬂgﬁﬁtﬁ%né@g%g%qg%@g%ggméég e g%l?c for
handl i ng 6SS7IRRIr) 902 bhedndaPhvessagd Havallar (SRMbeladin)t906 arsAage nahandl ers do
not need to know session state or _the |jke. The SS?Msgg&dl r ﬁsfr%d.l PMsgHdI r

pr ocess es Sugeesty B8 seysigngnanagess ipcludeogicdor mapagingpdheadiingalbiesiaindi ng

out goi ng gels 1 Soi@ Ay ignal g messages from
and to thg}%ﬁ}é%g’?%omgﬁg%or t éS%%ﬁl%??ngEtglﬂ%gtt rmséﬁgml r SZ{%% | PMsgHdI r
accept s ahshdendscapsulatedhe lvgesfagbadiiog nivesagas so (hhiaother sPhiwaRSMepnocess 904
handles all calls or sessions that are "fl h"

r calls. or .
non- si phoR&d @ @Pg.tﬁefﬁ’gssagﬁ i3 padicylgss Sﬁg’ﬁlﬁag’gﬂgf?ss Cﬁénacs?ﬁﬁgé or sessions
that are BeiapehskROBER 0F lflar?}in% B&sioR, Q% Yhat WiHet Bof8Pite stéh &UBHmetdage CSM

process 1002 provides nmuch of the sanme functionality as the circuit-MC
and a BS hidi¢re de onsrsetiakndw sessippotnisol thkéken MSC to nessages fromthe
BS, and responds to nessages fromthe Ms as if it were a BS. In general

e e T B SSTALAR TIASARIE AL IR S R on v o
Addi t i onaincosiid wessage adassding atigoipgandseams.fir fhandravesptamd serdd abi | i ty.
e N Ut 315, LS SR Ty e B 7Y 5988 TS
and CSM pLoeRag&EHdl Sbclhts aBT RS BBitol nfR6dEeERMha05ta 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 has a “shadow” PSM’/CSM’ process providing “shadow” coverége. 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 atrive from the BSC and MSC, they
are handled by a SS7MsgHdlr 902a-n, which executes on the SS7 processing card.
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CSM has a "shadow' PSM /CSM process providing "shadow' coverage. In case a
PSM or CSM process fails, the correspondi ng shadow PSM/CSM process is
desi gned wo 02/4keover fromthe failed process. Referring POTAUSQUH3B66O, as
signaling nessages arrive fromtheBSC and MSC, they are handled by a
SS7MsgHdl r 902a-n, which executes on the SS7 processing card. 23 WO

02/ 43409 PCT/ US01/ 43366 There is one SS7/MsgHdlIr associated with each

si gnal i ng Therekis bue §87¥sgituly Iagopiawlwiﬂswichtsignan'ﬁgli@% giemedsipngkyar ds

t d t suffi t i nf t i t he si | i
Creonge’s Sv it e §81baRkssttnd Y g‘gx?«@%&&‘é@zﬁ%?rae%% %?qfﬁ@?a&%aﬁ"cﬁpng
nessage i shaPAsilidle nldiSageed Meatil) icdr%é ﬂtﬁ% éE@@wﬁMtﬁé;ﬁ%h

nu | S

(preferably) unique |ogical reference er to this nmessage
r ef er ence meagsAgers ipesseded later to identify subsequent nessages that
pertain to the same ongoing call/session. The assigned | ogical ref er ence

VEC (e. o, i ho Les 7R ar et oSl AR RGBSR

in all SlﬂéfStEﬂtE?ﬁlimM’S;S #dge mepapt.aitis mrbmetﬂmnﬂaec &l dstd esaito I[tienﬁ\fyt er the
above proce55| ng, the SS?MngdI r 902 then sele a PS 304 to _handl e the
message. FRPSATS Fssiheab At Derén @émagmwg% Pressiothe THOATETEAREIA. ¢ ho

Message O%f@feﬂgé[ Rﬁmﬁé}q Rafdd BN foNAL sét‘éwzﬁ'é 3 éxﬁ}&‘&lﬂg fohind Bglorcode. For

exanple, a table may e useg to store such relationships. The PSM 904 t hen
det er m ne.M$(f (¢.Bi, therfCR gmtom®] ftack)awluch thes asssitbat refesncé sumbertia allsi phoned.

I n one enbodi nen this de er.m nation. is made by exam ning the service
option fi &Y eﬂ'ﬂ) Iesages e %n%%é’égg‘@l Hs3¥OMi st i ngui shes bet ween dat a

sessions and voice calls. In another enbodinent, this determ nation is

nmade by exanm niAferiheatork rda;@ssafrgdthecsﬂmggmﬂwqamm@s 4 PSRBIGRItbai n i f
both are nobil e phone nunbers. In yet another enbodi nment, this

det er ni natipede the Iﬁ&%}ég%yhlé)@éWﬁ@nqnhéh%?iWMﬁ@{@é?’Wmﬁﬁﬁ@éPO%COQFéifer ni ne
f th |
:Jlet erren (rzlgtﬂ%léo%gslsg 6%%H?t§ S| p% t ?@ME%%% g%ﬁ??%ﬁ%{hﬁﬁgtﬁg%ggf pas TL% the

message t a thtle magHubod stdike saclielaionslipd.i on i s made not to siphon this
call/session, the PSM generates a nessage that is used to send back to the

(I\:/E crr:m(jlr’\i E:gte e B\? i Eh% é}ﬁtl]\& ﬁﬁg Zl}l\ég?cfgdﬁr%{rgé gqctﬁissgg%ﬁ%gy}se fo?%“élaﬁ/rsgs%?osn tﬁat isto b ray al so
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 embodiment, 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 SS7MsgHdlr 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 context 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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CSM processes 1002, see, e.g., figure 10. The internal protocol of a
preferred enbodinent is stateless and text based. As stated above, the PSM
deal s wi Wophemed sessions/calls that are non-si phonabl e. PONVT801/43366
encounters a session/call that is siphonable it passes the context of that
session/call to a CSM process. The CSM process is responsible for handling
all calls/sessions that are siphoned. The CSM communi cates 24 WD 02/ 43409

PCT/ USO1/ 43@&66e Datd Plahdieia BahaarBlcangol\pretosslansbhrad .48 sl MOGHR (Mdedis such as
H. 248 and MCP (Media Gateway Control Protocol). The internal architecture
of the PSI@WY(%?W@SE‘@%%(&)S is simlar. Referring to figure 11, inconing
nmessages are received by the network interface nodul e 1102. The network

interface modukgetfiemhap ﬂl%echgsoﬁﬁém@aﬁ@csm pIRbALQCekinsingl Refekddo For

exanpl e, this engine 11 nbodi nents, Is responsible Tor
encodi ng digdre bleamnbrmgg messgepese aceived by thet metw ok m@:f@@mpduip 4¢02.. The state

machi ne nodul e ons for handl jng the.nessa recordi ng
the state 8%%06’%}'1 actedn?c{yi E’F ‘H‘Eb%%’e HES?aggg%p?ﬁ%éomfﬂ]lgggmgqSﬁ)‘@nﬁorprot ocol ,
a given magsacR, thidhelee 03, dISNODM A lefibbARishts, isrBspoaBiBRY fot B@lodiHgainacol .

The state machi ne nodul e 1106 i ncl udes t he Iog]ic for recording the state

and i npl eldémdllirggm@mg@ﬁt@?@fdmgami]ilet 1Sofid. protesola chliestateimeelipe ppdwsdilPe ist 108

t t t h C and
o' T eopondt P Rornalig lns Hitds hd FURAHE Hihart UUBHIBTRH B phdtfehT OF
user/ subs @ok beimpsiatindet & gﬂieﬁ pﬁﬁ@doll w'@berﬁiﬁ&sagdﬂﬁgﬁ[ﬁss 4 kllirgwn kt@teatananoﬂegl ster

(VLR) is typically co-located wth the the. VLR contains t
subscr i betnfefthitaetosel. (hhestate ’é‘§‘§h1{1%@9d%3feé19@’rqc€}ﬁi?§ {he l%ﬁlf‘?fde%r&ﬁ‘gﬁh? he

area cover&%&d%&%ﬁn}%t thglugﬂalu Yo, the M5C is connected to another
e e

dat abase ocation Register (HLR) that contains all the
subscribers who are "honed" in the current network. Typically, as a
subscri ber roamheantiveditetey andateebl 08dnerasts with thhexteBE] mobdity MSC r equest s

the HLR to sendth rofll ubscri b nd st or es |nthe(local)
VLR Wen n?aﬁ]é‘g%‘ﬁ‘ﬂkt Cﬁ’é’PS nglﬁi\/[%%lan fs rfff?é’niﬁff E%@Pgﬁwupﬁ HSC (to an
ar ea covergkcriByr 8RR Ahd MBe) usel/Bitkcabiivara. I8k tRbRfonhMSE, del\ebieids The
active directory nmodule in the proxy switch acts as a cl i ent of the HLR

dat abase, LosgtiesRegisiahedrR s typigadtyicodacatedivith Hie MBCRbeoYLE goiains Hisr s who
at abase, oG BOCRISRERRE Bripel\FaO BTy iy E 2 RN 2
act / behavehe MSC. Additionally, the MSC is connected to another database, called 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 roalning 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-VoIP case, these action
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as a traditional VLR for roam ng subscribers.) The nedi a gateway controller
(MC) nodul e 1110 interacts with the data plane 304 of the proxy switch

vi a openwont/#ab9 protocol s, such as H 248 and MGCP. Upon PCERUSIN3BEG an
action request fromthe 1S-634 state machi ne nodule 1106, the M3C 1110
sends a nessage in H 248 or M3CP protocol to the data plane 304 to carry
out the needed actions. In one enbodi nent, the so-called TDM Vol P case,

t hese act i @essafes\Ward eI ROT6 t0dat API36b5instiws slagdisa planerid leeeiddsC 1110 to
the data plane instruct the data pl.ane to receive incom n% ir }jiﬁt (TDM
traffic atingdminggireuis (hgM) teaffic atandpgretsrrort and;tq ConVRIE! itk B%Ula ets and

send it Ou[gcacﬂétg the %dQ; ottt Hor® ggegilsthp Q%rﬁ§£# Whys! [h thiYletn éjdtﬁﬁ&;minsg

i ncom ng Ircurt traffrc i1s p etiz sent "out as packets. Thi
enbodi nent cicoitltchffieisymekktized and seni ogf as ipackeist Toldnbodaneht cowlddpased fog t hem
as Voice over IP (MolP) calls. 1n anotheyr, . enbodi the .so-called

Tow Tow o debimsetrelikg atreiene AER oV aist AV Eng OB Aalt gt FRgBr e

i ncom ng cifgdlitnedt] BMsoldaBéd TOMUTDM chdROthe IEGLON 1t 0 dihrusbiths flat@Plagié BOAI t
(TDM traffic out of an_eg_ressl\fort . In this case, incomng circuit
traffic istopeeeiesrineeming ciicei¢ (THPM)draéficsatiandrgrasstioriandsmiteh gacirgst @MY t
networ k. Fj gures -1 r 10._1J £ M-t h

ot mpl 1 1 eck e SRt P e Babto et Skl A TR B RERERE Srti

vari ous i nirssdtched s Of alicheitivs efrtviti@wprkocesses in response to signaling
messages. Bearer circuits are excluded from sonme of the figures for the
sake of sinplicity. Mreover, onl i nstances of the.  PSM and CSM

singl e )
processes are sHigWss flarldFeusedita 1%%“@‘?9%? ?QHVEWHCFPH‘OW@‘ sipplifiedised to show
the contro clﬁigér% e r%n@.ewh@ﬁgﬁregﬁlr%iﬁg tdcszllo})vqhé UG inbr0MddsR tl%ﬁ 107 to

the MsC 110, to show a "PaSs " A pass through ca is a
cal | in whioftwardipropesszyinswesponbe ®Gignabngoiessageyp drsirdsicechity arrarclydedgree cal |

and in which t all i.s 1o be passed.thrpugh for. handling by t M5C 110.
The proxy e cite Satye ShthsndE ol Shiey NT0skSnbr R 4Berts dlfough i1
may alter pOVNndeEMHrodeSdes BXeAMBYWA. for the skt lsenpligityappi ng of MSCs as
explained with referénce 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 cont ai nEigareskivivged lophpwrihe ceatig!l fputwhepadien el mpssegrds initpiedi s g

eduest | oo BSATARte ISR PR by P L ARSIV L

i n parti cujsarcalltih @h&FHitle ghdlyrswitch 668 & not responsible for managing the 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 SS7MsgHdlr 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 SS7TMsgHdIr process 902. In one embodiment, the

comminication protocol between the SS7MsgHdlr and PSM processes is a stateless text-

26



902 receives the call, assigns a unique |ocal reference nunber to this
nessage (this is the initial nessage for a potentially ongoing cal

request) wanzl4xout es 1210 it to the PSM process 904 for POTAR&r43366
processi ng. The PSM process 904 decodes the incom ng nessage and using the
| S-634 state machine (for CDVA enbodi nents) determ nes whether this cal

is to be siphoned (e.g., to an alternative network) or allowed to be
handl ed byasefirotddCtitat ProvBiasadeveh of dhstraetican(péletiveHo sessidn lpgichefitheo be

si phoned, the nessa i s encod t back to the | r
process 9 .erhngoﬁﬁ@%@ﬁﬁé’meiﬂ%oﬁy ’fﬂ? ﬁgj?ﬁééﬁﬁ‘{ RIS %@%E?%{eé%ﬁsnﬁgﬁ\i\yggﬁgt he
SS7MsgHd| 1S-88 RSP FPBE DESS 116. BnSMBEHRESséLils Mésshife HA/rdpdh8s 1225.
PCT/ US01/ 43366 based protocol that provides a | evel of abstraction

(rel at i veThis reponsedn alsogeasjvedfyttheprogh gwitrly POQybu sinesithis gespeerede ilatedrne
SS7MsgHdI r ocess th [ r ] - t he
MSC 110. gqn%l Sy IB% (% gé%()sné%&t‘%n%éferge%g zggg%s%%n (r&e%(%g ﬁlﬁslgi%%éefgﬁ% ?‘g{ﬁlr)éerg ponse
is also reaginedto by ihifiel OSRXYqBYE theRa@ phiiiedsaboee), theiSS7MsgHidirgeodess r el at ed

t - goi but -si ph bl [ ] det i | |

ot o ont e I kot G Pe Lt e staRdorg PN DU g Be S Sendy ol ned
e , .

above), t ﬁl%ssq'i@g%%gﬁ%é tgg{;g}@»gﬁg}{ or%Qz%dg(gﬁl% B4 07 A Get Hichai®Rs s d @ t he

PSM 904. ‘ r sen 1230 this nmessage transparently
onwar d t otlifealBfe 2dwed\id trénsparbty gass hetmges thedd handidre MSC ehiept tulal Cadk e

Rel cace mBelEAGORRRETE (o REFISIONOLahe o CLERPOIeT 1o 7 CelloReeraprey ©

Rel ease, (HRIPEEIShsuViih te396hrADSMP 85 tHeltall hbpifens iiRAdifOWMR dispbsitibe of al |
happens including the disposition of the |ocal reference _nunber. The call

rel ease ntedags réfereatesnumbernt The calhecl@se 1@ysagy is dleo sept tndhe B YtbydBe t hat t he
BS can proceed with i.ts .t down pr.Qcesse i j s used to show the
case of aPEO§|Y|SW#§§§%8@%fk}??§$ g%o%e%dt‘ﬁgn %@%@Vﬂgﬁﬁﬁ%ée C 110 and al so
used to show proxy trunks, i.e., trunks that are controlled and assigned

by the MSC 110Fighie1B§ iked tesoesthd 30k of avall vieseagednjtiet] bytheBRd67 tothet he
MSC 110. The proxy switch receives this mesglg]%ﬁ &gd the S Hdl r process
$ ERbREse

902 receM¥s 1ihandalpe usesldaishon PEPXYHTHE 1% R f to thi s
message, a&@%@g%ggfje %/lésg?ld.tTh%;BSt 1% enid ﬁ@%ﬁi@@éﬁgé’% idiede €6r tRE OCESSi ng.

The PSM proc des t I ncom ng nessage a et er mi nes whet her
this cal | MSCtl00.bThes prxyseiich ecgives this massagd ansk the SSVMsgHawpraces0?02al | owed

e e A G S MO BT B e g
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 SS7TMsgHdlr
process 902. The SS7MsgHdlr ﬁrocess 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 107. 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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process 902. The SS7MsgHdl r process 902 then re-transmts 1320 the nessage
to the MSC 110. The MSC 110 responds 1325 to the call set up request by
assi gni ngv@ovkmnmnel to the call (as descri bed above). ThPeT/wk@3Iads
assignment is received by the proxy switch 300 which passes 1330 the
assignnent to the PSM 904, which in turn responds 1335 that is has
recorded this assignnment 1330. The proxy switch then transmts 1340 the
channel assi gRigerd 14 Bauekbto showdhelsast of & HigpBmed@7ll.” AN Isighon¢dell ierchlhinges

relating to.thj al ween t he BSC and..t he NSC e all d
[ anspa? il e ERES WRACS Buerepet it ateatip fn Al iy nepgorls hydhe
rsrsm,stsgﬁe- Zgﬂa%é@h&h.r ¢h SRFCintdxhBORY 811 BRABAL (BB RIARSHE Prdx§ swhtdE akd OXY

i
02/ 43409 PCT/ USQ1/ 4336 Figure 14 is used to Show the case
of a "si pthetedkeedrtyitg wses inpffomasel tacls ¢onirolled baite proxy $vaitabd Thgy BSHE7BS 107

that is inter ed and re-di.rec £ l.ter iLve network he proxy
s tohe 1 o0 RO R e plelie R ol oo 167 TBE bk R i iF o)
swi tch anghessaf€ald aRichs @ ahiqyt Mabalietireddeaiubiiter &Y tBistBesogue; il foatcsed1®st t he
proxy switch. The BS 107 sends 1405 a service request intended for the MSC

110. The fortbs PSMaprogess 98¢ dorfurhenrecessipg skigd B dprocsss Yhsdegodssithfue | ocal
r ef er ence. i . 5 i process
004 1 or 1 LRI mrBae i BRANAIR G Salc A Rng o foMa Wl ReliSl o n
nmessage addemsihesxhhtthe c8l B34 siphanezl. riindei inehif ExoamlDilie @itbeo i beesiploned to
determnes that the call is si phqoned. _Since in thjs | e cal |
to be si pHbiianatye ngivorks tbe ﬁé& V@‘P%{s\/ﬁﬂﬁﬁ‘etﬁéss%ﬁottt‘%ﬁgﬁf p Cfﬁtllg&f'he
message tgpd h@lvf:@ﬂcesrs%% f0w Qs to BORETM RIBFRIBoAIAESOAM Bb@stiaob@ behave
| i ke a conventiohal MSC and issues 1420 a channel assignnment for this

cal |, asschymnelpssighmanikfobthisvesdlnassigniaS wwek bétweetntha BS anddhodata plage pf oxy
switch. The channel ,assignnent is then. sent 14 o.th Y4 r. The
SS7 M gHI e BT OREBES e HRoghel s BErprenLis Rt Eisup ST Sar vblS on 't o
the BS sosSTREHAIRNrd3Sss WnsmHS 1430 they chafd] abdi@irhért infoiigatichVb @lesBS sends a
nmessage to the data plane of the proxy switc as descri bed above using

H. 248 or taheRomer obsit fefiuseciratfig The €M alsocssndea meeswas ingthedata plangf fi ¢ on
t he assign channel. i recti i L. t, Wl et work. .
bl o nedoE e PRRHie SsEaRd v hoih SRt NGEB e Beod it e

is

rnatrve an I P
net wor k. Ackivb iidoeihg a3t haffgesn he assiged ichearel] hidkdiBSGng itdo @bMt@naiess untii |
the call release commnd is issued by the MSC causing a el ea§eeanofP

r esour cesPYIMQER. ASHXDHRGH abgye die g embodiment the alternative network may
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
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I n anot her enbodi nent, the software architecture may use only a single
process for carrying out the proxy functions rather than using two
di fferentw@ooersses (PSMand CSM. In such an enbodi nent PCTAS01IRSBAGPr ocess

al one determ nes, 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
si phonabl e call, the PSMitself handles the call and sends and accepts

messages s¢alabilitylaed perfammangadiddidongbeituae prasegsenate providesd for félopanandn such
an enbodi nent...act | i ke an . MSC and BS 107 ndl es all [ i ng
meseages MLPHRE Thegaiie AL eeRoR B0t BifroRtl AAR0EH Ry Riot ESNERRHEREY 1o
same funcim emadmbodi@ent, BLh@IM b a MhadewndpRc&S prddding Mshiddews eosadendt it
responds |i ke an MSC to nessages fromthe BS 107, and _rescﬁggnds t 0. messages
from the KseaPIN preceffads.dhpeprigsponding shadey progeptis desigred g takegye frany
processes I iJiul t aneously on various processor cards to provide the
necessaryﬂ%gg@%]%ﬁ%%zw PCT/ US01/ 43366 scal ability and performance.

Addi ti onal software processes are provided for failover and reliability.
The pur poderigfionshese processes is to provide failover for other PSM
processes. |In one enbodi nent, each PSM has a "shadow' process providing
"shadow' coverage., ln ase a P .Qce falls, the corresponding shadow
process is desi ﬁéﬁo‘feoelﬁl%f%é%@?ﬁ %%mqat?ﬁfze ?%%%@rlﬁ%g&g?are%}gwlg‘f ‘ons  The
above enbgdbsandishefncliogdlity, atvevdrhQill sravide Aty Aitageh oferlth@neRJE GtfartW t Ch.
Subsets of the functionality, however, still provide advantages over the
state of Fheexmple, aryyitchyihaips partly visitile torthe paivorls maxy still pifor wpmy of the ¢ he

net wor k i BN of the advantages di scussed above. In

addi ti on?%%{%azﬁag%glg%rsg%s wé're described in part with relation to CDVA
protocols, but the enbodi nents nmay al so be nodified to work with GSM

| S-136 and/ or IwhddtidG thaenBddiments oeod descilbasl iogartevith whatioh to CIMKA from

proxy switch to MSC.is optjonal. Vi descr.i bed an, | ar di nrent,
it shoul dPHEO%Pg%QPEWF q@og@@ma@so Egmo g tgﬂqkwﬂtﬁﬁﬁ’gfﬁf %Ichanges
may be madgloG the3ehadiaent described without departing fromthe spirit
and scope of the invention. What is clained is: 29

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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WO 02/ 43409 PCT/ US01/ 43366 1. A nethod of providing supplenentary features
in a nobile comruni cations network having at | east one base station
subsyst ew@ B8)340at | east one nobile station (M), at | eaBCT/ORE/43840i | e
switching center (MSC), and at |east one switch in comunication wth at

| east one of the BSs and at |east one of the MSCs, the nethod conprising
the acts of: the switch receiving a new call originating nessage fromthe
MSC, the sw t cA m&hed of providirgf supplvbeatiey feases ina rhétileowinaalidations gi nat i ng
message is involved in a call that is being_handl ed by the swi.tch but not
by the MStetworkhaving atdeashoncdasesfaiion subsysian (Ba) pt lsast 9np soDHE sWHeR age i s

i nvol ved , 1S\ A Qri-gi nati ng nessage
to a feat %\?gfﬁg%?%tiogg?lﬁ) g#é‘énigﬁstglgaégé}%f%(ﬁ\gﬁ EIE@?Q%I ﬁlgé %‘ﬁg'rhflgat ure

noti f i cat conmmeEsstagevito at laast B&; of the BSsiand lat leadt ene epthe MiSGEs, tespothed t o t he
feature notificatjion nessage; the switch converting the response to the
feature n%‘FPEri‘SéIéﬁt:l"SﬁCtrsré’isage to a nessage accepting a new call; and the
switch issuing the nessage accepting a new call to the MSC. 2. The net hod
of claiml V\he&ﬁisﬁzitblﬂ@ec%wiiﬁ%ii"névﬁcﬂpﬂﬂgﬁﬁtﬂﬂg fgssage BbheiIISC/e  communi cation
network and wherein the nethod further conprises the acts of the switch
establishing a _call connection fromthe alternative network to a BS having
the M5 addr ess® spiich Heteraipingdf p M addressed Hytheuew £81 originatipgmggsage ds of
claim2 further co L&/ . t ' j ¢ [ Mvgeond
response to the feg?ﬁbgkﬁg%% ?g@%ﬁ%5@%%§§§§§¥%9@%ﬂ%@#ﬁﬁﬁﬁ@@&@Qﬂ@ ’

PCT/ US01/ 43366 the switch toggling the connection fromthe M5 and one of

t he MSC and t hi tleaMIS aidrassacttin dlre davocall dregindtingrmessageds msolvedkn & oali,tbe M5 and
the other of the MSC and th c%gl con ctLqﬁ.fron1th aIt?rnative net wor k.
4. The method of cl STHPCOPPERE hcsih KL PHIBE AP 83850 ARAWR o sendi ng
billing informati onnétqi@tigﬁh{éggage;syst em upon termnation of the call,
reflecting the supplenentary feature provided. 5. A nmethod of providing

suppl ementary features in a nobile conmuni cations
the switch issuing the feature notification message to the BS;

the switch intercepting a response to the feature notification message;

the switch converting the response to the feature notification message to a

message accepting a new call; and

the switch issuing the message accepting a new call to the MSC.

2. The method of claim 1 wherein the switch is connected to an alternative

communication network and wherein the method further comprises the acts of

the switch establishing a call connection from the alternative network to a BS

having the MS addressed by the new call originating message.

3. The method of claim 2 further comprising the acts of

the switch intercepting a second response to the feature notification message;
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networ k having at | east one base station subsystem (BS), at |east one
nobile station (MS), at |east one nobile switching center (MSC), and at

| east onav@we/4abo in comruni cation with at | east one of tPReT/asB3sd6at i on
subsystens and at | east one of the MSCs, the nmethod conprising the acts
of. the switch receiving a new call originating nessage fromthe MSC, the
swtch determning if a M5 addressed in the new call originating nessage is
involved in a emd $witdhtogkltndxaé bgnrdeanch Bomilie MBarkVéredT i Sal 8:d thewall ved in
a call that is being handled by the MSC, if the M5is involved in a call

Wi th the switch and cPARestigadronhthg aligmptivg peiwerkdo thasdS angithe edpt ofile t he new
cal | ori gl natl ng nMeg3age g tcoﬂﬂéc?"oﬂgrokﬁ hte(zllteltnla v&etwBrk. A Proxy sw tch
for use in a robile COMUNI CatloNs NELWor aving at least one nobile
switching center (MSC) and at | east one base station subsystem (BS),
wherein the MSC and BS each comruni cate signaling nessages according to a
nobi |l e signaling protocol, the proxy switch conprising: 31 WO 02/43409

PCT/ US01/ 43366 ., Si | | ng ,nes handl i.ng .l ogic for receiving signaling
messages ffom t rﬁ%@"%ﬂ%@?fﬁgﬁ?ﬁ?" iR 0 S%tjai'd nobi | e signaling
protocol; state logic for maintaining state information of call sessions
and nobi | e st atthogsitch ddb8hgbsltitg wfbiihationhe amillihg eystamipon eaminatisn oftheor K;
nmessage i nterception | ogic, cooperating with the signaling nessage handling
logic and the state angieﬂ?Ctﬂlgrth@é‘ﬂl@éﬁm%arwf‘*e%t%rpr%wg‘?dgnal ing message from
an MSC is a new call originating nessage and if an M5 addressed in such a
new call originating nessage is involved in a call, and for preventing the
new call originating message frombeing forwarded to the BS servicing the
addressed Ms; nessage conversion |logic for converting the new call

ori gi nati g nessagthadofprovfidiagsnpplementiiycigatioes ime saoltle COBMUNICAHSME ssion to

the BS icing the ad d ME: i S ic f
| scuing + ey e AL RN ERRR NisaClh AT R0, MO Roblle MR ac essec

VS. (MS), at least one mobile switching center (MSC), and at least one switch in

communication with at least one of the base station subsystems and at least one of the

MSCs, the method comprising the acts of:
the switch receiving a new call originating message from the MSC;

the switch determining if a MS addressed in the new call originating message is
involved in a call that is being handled by the switch and also involved in

a call that is being handled by the MSC,;

if the MS is involved in a call with the switch and involved in a call with the
MSC, intercepting the new call originating message and not passing it to

the BS.

6. 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:
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7. The proxy switch of claim®6 further including call connection |ogic for
establishing a call connection froman alternative network connected to the
proxy sww@h2/43409 a BS servicing the M5 addressed by the np@r/@wadl/43366
originating nessage. 8. The proxy switch of claim®6 further conprising
toggle logic for receiving responses to the feature notification nessage
fromthe BS servicing the M5 and for toggling call connections to the M5
froma set of chhblisomesagé bagrllingtddiciorgeceivihEsgialing meakaget from thhdI$ObI | €
network and a call fromthe alternative network. 32

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 a signaling message from
an MSC is a new call originating message and if an MS addressed in such
anew call originating message is involved in a call, and for preventing the
new call originating message from being forwarded to the BS servicing

the addressed MS;

message conversion logic for converting the new call originating message to a
feature notification message for transmission to the BS servicing the

addressed MS; and

message transmission logic for issuing the feature notification message to the BS

servicing the addressed MS.

7. The proxy switch of claim 6 further including call connection logic for
establishing a call connection from an alternative network connected to the proxy switch

to a BS servicing the MS addressed by the new call originating message.

8. The proxy switch of claim 6 further comprising toggle logic for receiving
responses to the feature notification message from the BS servicing the MS and for
toggling call connections to the MS from a set of call connections including at least a

call from the mobile network and a call from the alternative network.
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