; e3eyDyX6TDK System and Met hod of Managi ng Suppl enentary Features in the
Presence of a Proxy Switch in a Mbile Comuni cations Network V Backgroupnd <
of the I nweobp@ged. Field of the Invention This invention i@*/ﬁ&ﬁ?ﬂ%& m)b
conmuni cations and, nore particularly, to the use of a proxy swtcCch in a

nobi | e communi cation network to i nprove capacity and cost effectiveness of
the comruni cations network and to offer a platformfor new nobil e seances.

b erarchi cal | rEﬁéﬁ&M%O%}%ﬁgﬁﬁ%ﬁgﬁ?ﬁ@%g??*‘g&sf%‘;ﬂ%f nave @
partitioned iﬁf%seg H%PYBFY fRan .‘f‘%ﬂ%ﬁ"&l%%ﬂ?ﬁ @9 WE’E“I s."

. Referring to ii gurg«leé@ each cell is preferably served by a Base Transcei ver
Station (BPaskeround ojdhedrvgntigts 102b-n are aggregated via fixed Iinks
104a-n into a Base Station Controller (BSC) 106a. The BTSs and BSC are
sonetimes dol | e c d to as the Base Station Subsystem (BS) 107.
Several BSCs 106b-n may be aggregated into_a Mbile Switching Center (MSC)
110 via fixed | ihiednvenign felatghie nvidlecommynicatigns 2nd, swsg partipulathy. tgythex change

(W th addit] : DRI L:i e r I _

di scussed g%f%préﬁggﬁg%%%g@%?ﬁﬁ 1 u%ahléﬁ)éﬁtgﬁgﬁ g)e‘mzr’&e %W%Stt hr ough
trunk groupffectiveniss ofthS.commhinicationd vepwek, ant e offed Splatforomnine pewafiotdlehome M5C
and a Gateway, MSC. The hone MSC is the MSC corresponding to the exchange
associ at edS#W¥ES-a Mobile Station (MS); this association is based on the
phone nunber, e.g., area code, of the M5. (The hone MSC is responsible for
the HLR di scussegl-Qel@irRelkied &at eway MSC, on the other hand, is the
exchange used t 0 connec e call to the PSTN. Consequently, sone tines
the hone MSC and the Gateway MSC are the sane entity, but other tines they
are not (e.g., wWhegnodememoBile companicaigin syFigpisdave § hicgarchiedl armangemenhtin on
Register (VLR) 116 is,co-located w.i.h th 10 and a.l ogically singular
fR i s usedmioh 4 HReBE oREhE Wtk S ph R L nE b BB Ve R and
VLR are usgéebdraphicl areh\¢hlled myellsy’PREfeBingSts iipard Neach &0k RRiférably3ete@bof i | €s.
Briefly, a nunber of radio channels 112 are associated wth the entire

coverage ap&ase Traasqeiier Statinn (R EPs1ReeSqysral BiliSohd2l-1 are segegaipkviafixedannel s

al l ocated t.01.d 110hi. Vi . j gnal i ng

i nformati oh&fgof@ézﬂagﬁ?é #a%%#fang%ﬁﬁreng@?egKgég)ngﬁ@hgﬁflﬂ’[gé?a%ﬁgﬁ(?ﬁ écar ry voice
or data i nt@neihésamllestdelyarefuated te anthe BasoBtation SsbsybiemsBS) 107. A8everalel ati vel y
hi gh | evel of abstraction, nobile network si g[na,l i g:g i nyol ves at. | east two
mai n aspecBSCsdeL-asPay be pggresaiedkinigaMopis awitayng SenfseMat) WY Yadixehe rest
of the net KiogWih 2G ("2G' is the industry termused for "second
generat i on!@ﬁang | at er technol ogy, this signaling concerns access nethods

used by the M5 (e.g., tinme-division nultiple access, or TDVA, code-division
mul tipl e accessThoMSCOMA) actaasd lgaatsmitching eaeiange trifnadditionalifep@rasiteat i on)

etc. A secgnd,as t involves. the signal.in the various, entities in
The o 1 o SREHERRR b et R A Ehe A A TR B YRR RS Wit D
Thi s secongh@idetw Gk SPFEN) DEGthiigatial gtcupss Unb& WSbinbbildadtvorka] ther iFar t

(MAP) especially when used in the context of Signali gﬁaSystem No. 7 (SS7).
The vari ou8 cprfeRtolgr hameMRG ang o Gateway MSEs Fhechaeg MShnig tReoMee

ot andar do. CrindsoBiding fARE Pkdffe ARCLAEE Bh SUIUMAGERUEASE ait Sbodtlgi
Tel egomgunbmﬂiﬁﬁmlse ?Hgﬁzﬁhm\}z;ﬁsﬁqgkmdogﬁ F?(fmemcsihélgm }ﬂﬁfeiMSCrimlfcypdﬁs%ﬁle -
t andards, such_as |.S-41, ich_is a t anday d. al Qgously, . t he

and bnotier astaRse dteh

and 1 TU hefq theH{Relifayssed baiavgnkhe SatgnanMis. oad e GHRAECi s an
I nternatiog dt%ﬁ#rﬁ%%@%ﬁgca}* {3 RE PRENOToR Hént!j)g oifie ﬁhﬁ@ﬂﬁr]ﬁﬁle'ﬁ,s%ﬁ known

and may be fou romthe rel evant organi zi ies as well as In the
| i t er at ur ethes@seway MSC Bo theasan@le@Nid, biN@thdX tifitels BROMvENDITATEL, GN8n METMORKS

(Wley 1998), .Ta del.iver a.call . from 4 ser dials t er and
presses "s %ﬁ'jmnénﬁtﬁpl%lﬁ’ asﬁgﬁgg 5?068&%2%3%% &{Tg) il/ééj?fﬁ? -1g%2ﬁfa§W{tﬂ gjeg}%gped

nunber i ndij¢@had91deRR11$ Singhae HLRUY asddad theombbife Mdptork] Bs iR bt BLplBRed 07. The
MSC 110 checks with an associated VLR 116 (nore below) to determine if the

M 114 is helowwig HIR and¥LBsare dseddpystedng maey tReedksibisiber pfaramtiomandal | to
t he | ocal e%<ocfl?asnge of the dialed user on the PSTN 120. The | ocal exchange
al erts thePcalted user term nal, and an answer back signal is routed back

to the M5 114 thr ougﬁGW% serving MsSC 110 which then conple meech
path to the M5. Once tm @mmp is conpleted the call may MM%% Ww
S

deliver a call towm assum ng thatythe call origi romthe
PSTN 120) the PST the M5's associ ated phone nunber*'A | east
according to U. S. 2




standards, the PSTN 120 routes the call to the M5 s hone MSC (which may or
may not be the one serving the M5). The MSC then interrogates the HLR 118
to deter mypg oy MSC is currently serving the MS. This %W%EM%O
informthe serving MSC that a call is forthcom ng. The hone en routes
the call to the serving MSC. The serving MSC pages the M5 via the
appropriate BS. The MS responds and the appropriate signaling links are
setup. During apggity,a dieodder iddio @adndIP1 i3 dre MBICLAIPGHIRINR chBre’d?BdSe
channel s or BTSs 102, if needed, for exanple, because of signal conditions.
These changws. Therddiwohanaels atepadtitidned inta grbuph ef/cliannels akdocatedite ingliwideaipes of
known messagges ~and, si gnaling...One aspect of. MAP.involv "mobi ity
nmanagenent ?‘QEBFI%&CPW% R gg’gnt? CH8s s1§“%1nﬁé@r%§pnot8 cﬁ‘@ﬁ@%@@ﬁ&“%ﬁ&% 0
serve an Mmd &8 1ikBCanBo &ddy (688 br dta HifdrnRikiBN bnédr adll OhBectiMARS éstdblished.
managenent ensures that the Gateway MSC has the subscriber profile and
other information the MSC needs to service (and bill) calls correctly. To

this end, MSCs &éa relatjyely highdevebebabstpctivagmebide ngtwpry signaging inyolvesighe
L ti Reqi : 1 i i
oo | 61 dorsnBmdiblatbect Bue iifia hiplyEs B Skl b Ab EeRIMEhE BAE

stat us, anthetrieewdr®. Yeéitlv G “UE disithecindasmyngrno uedrfot 1ieo@nl gehbmtivh’'Rand tateas
simlar info tion.n addition to storin n C identificatiop that

i denti fi es o hRolemy. ia jientiise qoﬁc%{aﬂfﬂ‘tCF%ﬁ{létg%@é}SQgB]bF*t&‘d\_%é?-éw Re-G¥isioBcol s,

| ocation U%ﬁi;ﬁ% %&c%fEs‘?GHTBMAPJodE-%%%ﬁ SHul e H&Ebs{,} bPlébM’&)? hs@&fnddebf or med so

t hat the hone a nobil e subscriber Knows the location of Its users.
These pr ocedio dmnagle, authedticdtion, eic.VB scomdmspect involves thecsigriating amongtheher or

when a M5 is.powered .on and reqgisters Ltself .to..access n r For

oramre o IR ERHEG MRS ICRPE 'S Ristubis ERohe MY LIS IR g
| ocati on updatipidLEsiRart i9 sérstintédtefehRd Vo a theMdbie lAbplRAsLIMA: MAP) The VLR
116 sends a | ocation update nessage to the HLR 118 serving the M5 114, and

t he subscr pdpeeialy vihien asddgn deamontexd ebiSigndmg System . Ro11 6637 the VLR 116. The
M5 114 is sent an acknow edgenment of a successful |ocation update. The HLR

118 requests th (e f . i I i . l ete
the data rel at egh%/gﬁtl(#é f?@%%fé{’%@gﬁ%(ag%"fﬁ%git%eu&rggé %&oﬁ%&ﬁxﬂ%&éfoﬁ% ail the
si gnal i ng amskmiged and @tdived inrdcesriiane svithetanvas standdfids] For axainpls, théSC 110 in a

CDVA nobil e network. The BS 107 communi cates 3 . signaling infarmtion
usi ng t he Bleciranigs indugiriesrpgsogtatipn (I3t 2pd Telepompuinicaonsdadusiny fsppciation .

voi ce sign i . t he BS 107.
The S 1 it ST RSRR AFRE phig 15 biagRRIRERGRS-8h4uln IR sl

ci rcui t - swAnelogdusifgtthe CEITE afdhE b pelp slefing intermitmaalcadndaldspmichee®SMie sour ce
BS and the . JAs, t he .nunber I ite r the nu r o uhscri hers
orows.  heMAR I 18 REeatort MEP slzodist JyPimiiie B Siaatiids Boeell he
service prpydwehnd Mafee foRHrdbRBRGElkVank OrdaliRi Rias WeRias 34 thi litdr@tuggld nmor e
capacity, the service provider adds nore switch nodules to the MSC or

depl oys adéfie p-gnBosHBEISNARMNGR TRAE . NETWoRKS (WIeyilA%D) ves
significant cost. Mreover, subscribers are demandi ng newer services, e.g.,
data cal I's" t o e HLel1%{om EQMSSﬂ'E?éﬁgcrtdlﬂﬁ? ot il s%ﬁd’“&{ cost
effective because they were prinmariTy’designed Tor voice *calls. Tntegration
of new ser wiceléphonetar ottiee MESCrhesMSolid! senditthel diatedinnfrdhas indicatibgthe sewicaf  t he

That 1<, °t hetssid wnahe Mg T1O W ces88 0 e st o Shors S mcstoctabs LR
to add to y@(&(&@bl}&vg-t% ‘g’&%ﬁ.ﬁ‘ine?ftﬁ%&_scﬁz@iglaﬂwéd ihg lr%x)%ﬁc& GerPicOViHde such

servi ces. For exanple, nt er - Wor ki ng Function ( I's an adjunct to
. route a daGatesalyIMBG routes thaicall rethe 1dsiat dxehamgemt daecdialed usdregribes PSHN 120.

functional j into the C oy addi.ng a trunk-side adjunct -- .i.nvolves the
VBC 1 1"t he THEIcpbemphaee b e alep e Srhinlednici g et FREk sigpelit Bt s pur
demand, i nheABLAHIWVISIAY thRLYh BRSeMify MSC HIRSVEIRL BlRARBAPIN:S thd§RE& path

trunk-side adjuncts is Iikely to exacerbate network congestion at the MSC

and requi r to heMS$.yOnsChe setup isceomplaedtheropll iy preseedt i on provi des syst ens
and net hods of nobile comunication. In particular, swtching operations
are perforned b n_at | i i r at

| east one base g%’??ﬁ%%%%ﬁi@é%%ﬁ%@ u#‘ﬁlgﬁé\év&ttg%%%ﬁg%%offél n? l?%ﬂ\gne
aspect of 126 thePSTNIBes dialk eSS pdctAEDpIRonY nhabeu Addedspadeerdapded].8o t he
comuni cations, including but not limted to call waiting features. Under
one aspect of the invention, supplenmentary,features are provided in a
nobi | e conmuni cati ons network having at | east one BS, at |east one M, at
| east one MSC, and at |east one switch in communication with at |east one
of the BSs and at |east 4




one of the MSCs. The switch receives a new call originating nessage from
the MSC, and determnes if a M5 addressed in the new call originating

message i syép/Bed in a call that is being handl ed by thegsw Kt not
by the MSC. .If the M5 addressed in the new call originating neésoggggkli S

involved in a call, the switch converts the new call originating nessage to
a feature notification nessage. The switch issues the feature notification

message tostéx{bﬁnﬁsthﬁ'?‘@ﬂ@fﬁl%ﬁﬁﬁﬁ]eacaﬁ% %Qﬁg’st}ﬁn{e%SEgWh%%f&j PR on

message. The sw tch converts the response to a nessage accepting -a new cal l
and i ssuesbetthe onesswige tiackiSpt ThegMSChihen oadrirogates s HMRQ.18 tndeternainet her

. aspect of the i ntion, .a proxy. sw.tch.includes signaling ne handl i ng
| ogi c that‘y&@km? %Hg}'?fﬁﬁm @‘%&féeglt}’lisr"g?ﬂ ‘f%to_l\}ﬁtﬁ%aﬁge @%Vﬁnﬁigg(gg?aﬂénpe
Wth a nohidigs forthieehiddd PhOhOEOMSSIRh Sodt@ahé calPionth@ldiving Ve, iRk or mation

of call sessions and nobile stations (MSs} used within tRe nobile

communi catdeovisg NeiGapages thedSadrethe approprige iBSn Thegvi8 respomdstandibeet her a

si gnal i ng SS froma C.is a newcall originating nmessage and if an
M5 addr essﬁrqpﬁggﬁwaﬁ]nﬁzﬂygﬁrﬁsc%ﬁ gi nating nmessage is involved in a call.
The nessage interception logic also prevents the new call originating

message from bebingngd DealgKieBS 107 AEMBS 136hai @opératelte chapeehardls\de. Message
conversion |l ogic converts the new call originating nessage to a feature

not i fi cat i BRSHYs Hgwedagy forpxamplgebecapsefisicanlsiondisigns Thesaehangesare eat ur e
notificati S ot . L G f | ef

Descri pti olﬁl%o t h‘gﬁﬁotg% neglaIﬂ%%tlﬁg&\l_é)ér5 gl\fcmﬂg)é‘},nq ?P %S)Sé(ﬁ ?a:ﬁgn%@%?g{l%% di agr am of
prior art gigdalihg networks; figure 2 illustrates a prior art interface
between a BS and a nobile switching center in a prior art nobile network;

figures 3A-B il lustrate roxy switch and certaipn. deplo nts_in a nobile
network accor di @3%88%02#@%? S OSYRS o BROREYY glagqgem?et.i rﬁgé"ﬂy'r éﬁ?fwgéﬁén%

|11 ustrat evigls e HRIREdedtitldtsed RNRrRfanMB! Diie MY 11U ToRRE RS @B 0 @
preferred enbodi nent of the invention; 5 figure 5 illustrates nmobility

managementlotaigng Mobditpmeanggemdint ersuzasdhat diegatewayp Mfiehasrthe subserilzedi ment  of

the inventiop; fi res 6A-B.il]usirate.s | enent ary..feature | ogi.c,of a
o oy et (EREe 2t BHeF Tnepn o o RS R AR PR A S b R BRIV SRS o oo o
7A 111 ust repdeMSICGRUsE a VASIESE IBEHtioh Riteibted  VBRP I DX IEHHbAR [ a0niRepstér0
preferred enbodi nent of the invention; figure 7B illustrate FSN and BSN

counters dHLR)FA8xThe Wlikis used bor doragnd ecteicysribe mobidelidentidentiop aumber t he

I nvention; (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 updaté 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



figure 8 illustrates nessage siphoning logic of a proxy switch according to
a preferred enbodi nent of the invention; figure 9 illustrates software
process akfdipdGhsire of a proxy switch according to a prefginedgiedi nent
of the invention; figure 10 illustrates software process architecture of a
proxy switch according to a preferred enbodi nent of the invention; figure |
1 illustrates software nodul e architecture of certain processes of a proxy
swi tch acc, (Fa[o r ] 1 " i i QN; i gures
17 10 ‘ar o Sy Rufg et Fl iF ATTREMAE Ml ML VAR, B I0end 0

sof t war e ple@cesiceisignalsjbétmvenn thoatdtich edmpearsnt 2(4 oftthe RIST end the BSOdThent s  of

. the invention provide roxy, switch and a_pethod of use thereof in a
nobi | e confiHit cFé%‘éseaégﬁfpﬁy e &rﬂ‘?éhB%‘bW t?{g‘?éﬁ cirguiswitehedisdata cals (asi oned
bet ween an,W8GdaBYofe Bis) HelvRRARRY Siitce BPadd e MSE! 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 swhs thgnumbsr efetll sitheorBBe awaboSE subseribers geawvs, Hgyloatbon the

rany. aovanigaklo RESER Tl lehoskloBh FHER R porle BESdes R BBy 5 o

net wor k. Feorthessaepl. ETypiblyptoaxid okt Caphciiiythd servige frdvader b@dsShordavityp
originated comunication traffic off the network before it gets to an MsC

and (b) tonedules todhgMSCher deplsiys additionad M3Ces inghe priweds | Bither allsnativgt i on vi a
an al ternat] ch as a packet-based network. Simlarly, the

pr oxy sw tai?:lk&ggg;ﬁ%ﬁﬂé@éﬁg#b del i ver communi cations to an M5 from an
alternative network. Consequently, costly MSC and PSTN resources may be
avoi ded, and t hdopowvety subscitiidns ae\deinandiag dewer sendcespsg., fddtavcalls” aaghaci ty cost

effectively. In addition, the prox itch defines .a set of enabling
functi ons iFEReta Pﬁﬁ%&tbﬁ?ﬁﬁ'&?@éﬁﬁ g ol ‘Ef’é’ser}?‘??nﬁ%g?ﬁ%% HSHVES t he

network. R Emﬁ*_}iﬁ?igii ed ot O&f:é E@lsp'i&égraﬁc‘!ﬂ bfdbw §8WcEAhlo HBMIMEG Servi ces may

be integrated | he nmobil e network. Figure 3A shows one preferred

depl oynentcondplizated ox infeasible becaa, ofithe pripri¢tatytrad glasry desigrisaisedBBOmagy

posi tione en the .BS 107 .and. t he C 110.. Only a subset, of trunks 306
Carryi ng. JASF TSP SoHESHUSY o b BF sPPuEdo6R Shindeepy Biarotie fheeifiier
trunks 308 wBieady feeadd v tKeORBECt 10, rtdSEsWitbh adjandBs Jsed to Hrblide@nén ol | i nks
312 from BS 107 termnate at proxy swi tch 300. The proxy switch includes a

control plgnacsoFonerprmapleandnisr-Aerkipgupgtiono(TRidihamadjenct fetniera ditane” ) .

The contro I 1 [gna raffi ta plane
304 handl ¢l AR IR0 BonBch L BRI Hhbine FBE drlBuRE LT

sw tch. Ungeik-difeadiiek er imnadlvde fHeQMBErih she defli®eryrofxssrvicel Sidve nthevoseiios cat es
according to the sane sjgnal i,n%gpr_ot ocol on both sides of the control plane

302. For eX&RPACEd 1P AP ST ALAESrNE NEYIServicss (aNMSClchign IcBRges PR igdnal i ng
i nks 312 : . ko i tion
accordi ng ttplg{k ﬁ?ﬁl&é@%&?ﬁ@gﬁa%?%@F%ﬁ& Si méfsaro ﬁ?/pthtg %ggg?i%dngélhﬁirrr\gal i nks
314 bet weerostihMNEERsddi0esand t he proxy switch 300 convey i nformation
according to the Al interface. This situation contrasts with other nobile
swi t chi ng égnyl exes such as the MSC or the BS in which different signaling
st andar ds #"@%%d for communication on the different sides of the switch.
The MSC for exanple has Al interface on one side of the conplex and

commﬂi) cat es acTi®yidvéiBiohPr&BddslsHiEme and Atk 6f mobilecomibgicBhNIs| de of the
switch).

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



Under ot her enbodi nents, the proxy switch term nates newer ingress
interfaces A8, A9, and egress interfaces Al10, Al | for CDMA2000 for
carrying Regbgisdpased traffic, both signaling and user trafid g f() ent
M5Cs do not support these ingress interfaces. 7 The proxy sw 's data
pl ane 304 uses the sane standards on each side of the swtch. BS—SI de
trunks 306, in CDVA enbodi nents, conmunicate according to the A2 and AS

i nterfaces whet r 8 Ll  thd i ng

Dt 1 aceon SRRONINS. oMl RGeNBL 6 8o call HEpal ERERHLY B d SRS

i nt er f acesand deteronngsafa MS addrddgsedd inghe #éw 481 ongioattngsmelsageuis im@mwriil aat es

" Saer 1 attlh BRoR poiheniaBe by reGPER kot el ool ALURNIS e i

use their ﬁewcﬂpbﬁgmﬁeavgﬁlﬁewa éhlsﬁhddp@drm%lcqmahe Bitdh RfvBits hOHes caBl € used as
. unique identifiers in the ne ., in certain enbodi ments, the proxy

swi t ch 300omgisalingonessage mtasfeeimemotléig@twran@ssam tedwith SSSWﬁethp fiapire codes

o wec, i Ao FRRBIER b ST ERepfh ol Gl BRLN SRR ncy or che

pr oxy svvn tmbssagefméwlt@t@dveﬁdrtﬁefesp@{sb% 8 neRhpd hoRpting a howcall hvd Rsre to
one corresg}gndence between an MSC and a proxy swtch. Several BSs may work

with a si nrangsageyacesnting p.nep glite ttsdM8kows anot her preferred depl oynent.
In the depl oynent of figure 3B, the proxy switch 300 may be in

conmmuni cati on é\{!ﬁ.{,‘e i of
the proxy sw tchhgﬁgﬁlt %t%?l oyr%régt %%)Q? |S\5§Plg n%ﬁﬂ% %gna‘?f gg?sv%’%
control si gmmlﬂlnggZathatiecammgtmﬂmgnﬁmgéﬁﬂamrthe MSGQaidi BS maccbiﬂanchata pl ane
304 may recejve trunks 306a-n o] ver al .BSs UnI| e the d ment of
Frgur e 3n. VHb AU NEETRE obiob o SeBrlopk giaieash Salenirmetoy SRl i e

i nformati Oﬁhd}ﬁoﬁﬂéﬁﬁtﬁdn@ QMSs?Ks%d%ﬁbn thetRontidl ohithfiddabas dekRbrkk - Mddigee

depl oynment of figure 3b may be configured to distribute the |oad on the
syst em bet ingarceptionilogic detects whc@abramgyal{dg)nl@ﬂsagﬁfmmgnMS@i&aemmcall/e path to
an M5), and.t.0 Prowde serv ﬁ/{SLd%&c 5|stentl‘}ll %glser s profile.
Under one SHEBYTRRESSEsAnd AIOERS AT 4 By Ffﬁgﬁ?%‘“ & PHEE §tem may
be confi guineelveq id Haill.CPd ri‘aesfsﬁ ﬁar@pﬁ@ﬂ 1@& Jil@d pr¥ént§ Qiétn@d' da) oRigirBkg t hat
handl es nost of the user's 538 opposed to nerel § bei ng the

geogr aphi cakssas@ﬁrpnbbm%@mmtd%t%e Staqr\ﬁ@ngﬁlemdére@$edrl\4 Mvsaag@) Thi s
det erm nat &&%e%f&éflﬁgg%@&tﬁﬂ% Oan:AlF&ﬂlﬁﬁét r{g%ﬂéstsggé 0% f?%mfé%tlﬁg%tgoglpf I gured

into a user’s urim amoun | ocation
updat e rresmagﬁge amd inbsagd tlm&xsﬂﬁasld@elogleﬁhsoesihe Emt&é noﬂiﬂiwuoﬁm@sh gemnthe, the
proxy switch may configured so that calls are directed to IVBCs that are
rel ativel yB§r§ﬁé’|‘%‘ﬁg fheaddressed M$ii s fashion, system 8 adni ni strators may
better tailor the | oad on the entire comunication syst em under managenent.
In additio to MSCs that provide services consistent
with a gi vgﬁeﬁggér&gﬁ?r‘g Py OHb e The proxy switch 300 includes software that
accepts all signaling nessages and, depending on the nessage and the state
of the syshethe Dsewingsns at | east one of the

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;



follow ng: 1. passes the nmessage unaltered to the MSC or BS addressed in
the nmessage; 2. intercepts nessages between the MSC and BS; 3. for sone

i ntercept Q@ yB{IPIES, converts the intercepted nmessages t%&/[@oﬁ/&ﬁ%ﬁm
nmessage and sends the converted nessage in place of the original,
.intercepted nessage to the MSC or BS addressed in the intercepted nessage;
4. siphons the nmessage fromthe nobile- and PSTN-based network to an

al ternative netﬂg{r% ilfRGratey Bﬁ)%ilﬁgn%ﬁgéﬁ%t Rf‘gﬁé@fr Xy E'wﬁ&?&c&ﬁ%?g @l2ong with
the triggering events are described below. I'n many 1nhstances, particularly
when a nessage from prefengd embodisient piftbegwvenmneoh;t he traffic is directed to an

. alternative network, the proxy switch 300 may act as an MSC 110. In such a

rol e, the proxyfigmes@hH illuitrdi¢ supphemeanesp demurbilddic ofspory switlesccbithig a
traditional MSC woul d peéqreor ﬁ&ire of these functions and roles pertain to
mobi i ty management . C@gheleHed ephedimentofdhe IVeRigR ng MS; as it roans from
one cell to another, it may roamto a cell served by a different MSC, thus
necessitating A1gan ddfHusRish it PARassmeRiesis aPEe¥yevitoB@scordingtha proxy
swi tch 300 has siph . .cal |/ session has been directed
to an alternative ngé}\j\ggfr&&g?ﬁgﬁﬁﬁﬁgoﬂg%%&ﬁgs to be managed by the proxy
swi tch anal ogougl 4 h h ff ul d be managed by .a conventi onal
MSC. The pr oxyutsé‘%/\l%? Zﬁ ! ‘éssra{gglysé\ﬁ%cfgg ﬁg{‘x@ﬁe&&d’ﬁ?’f}’pﬂ%?‘@%%fh&ﬁg%85 are
updated with the nevwprtfeesl e@Bodinehhef tSinveagédier function of the proxy
switch pertains to the assignment of resources. In particular, when an M5
Initiates a nme 8 HIRGHARE lXgsaBe BiphofiaL 1dgiessd Praxy SRREPRICOAIR; /4 CUI TS
(channel s) need to be assigned for this session. D)épendl ng on the
configuration of theprefgoedpmmbodineheofdheinygniéerat e, t he proxy switch nmakes
such assi gnnments anal ogously to the way conventional MSC assigns circuits.
9 Fi gure 4 figuoe\8 ilustretes sgftweary poepssoarcetecturaofidiproky switclpacomsdimgiotach 300
is connected to severa alte%n tive networks, such as an | P backbone 412 or
an alternative circuftlegsd efbp ﬂ%??r}giﬂ’,"e’ét.‘@‘.’, a different carrier. These

alternative networks may be used to carry voice and/or data traffic to
desired dest i ndig§usn 40 dhistrates sfiware pracessetiEcyre of praxy switeh aoemdingAg al ong
with the costly res f : i.vely, these arrangenents may
be used so that ci rgﬁ@&?ﬁegfﬁ&ggﬁ]}?g@%h&%@ﬁlﬁéul ed to a different network;
for exanple, ci i affic f H cou ._hackhaul an MSC
i n WAl t ham MA. f@fﬂegkgl;}ls{r{%t&?%oef{\ﬁag%%%? Q%co%lmgg‘t%%t%tdcgaﬁlgr et g? ﬁgP}"%@{r

exanpl e, the |P backdhara addoidingYo & profetiddocahisodihént of khe ivadmtidnneadwor ks 418 or
the Internet 416. As will be explained bel ow, when siphoning traffic to an
al ternative netfwuks 101NaeQihpIFted EHHBREL AhotBndto shbW AHBste fRvdaal | ng
messages) and voice or data fromthe bearer circuits on |inks 306 may be
sent via an al t er natSoftavarrepreessk intqtactiampport t hese exenpl ary depl oynents and
to mai ntain transparency, preferred enbodi nents of the invention provide
certai n cdvpgafleshBescoipdbity. The core functions facilitate siphoning of
traffic fromthe trunks 306 before they reach the MSC 110; facilitate the
injection of traffic.onto.trunk 06 fromalternative networks: facilitate
{r anspar ent. opdiSierBH SRLRH ARt Si Ryb RO LS P RRh ARY K sproR er

appl i cat i afg thedéti/iR b nfobile @binnfinicAtiofiedverky ThePpe@dwath iFpefeedilye for

mobi | ity managenent in the presence of a proxy switch Wien a M5 114 roans
in a netwdiogitiogedhefseen g desBE ortrapsparentt {p the phgeeamponeisUNeaiRhe VS to

i ssue | ocat.Qn. I I i i1 i from
one.cel 1B RiHRA 85, Bind CHER! LR bt By SRRl iR 1
BSC), and ateetlicirdlehyvioi drefundtishhlitik becavst efthe exisferiad eftheptdxytsivitchew | ocat i on
of the MS._ However, th andard procedures may npot work jn certain

enbodi ment @stgd thg B3 ans M st oF ey dngenvergatalo %gn&@élﬁﬁf Be exigenikinay be
invol ved e mg(%l)s{yiicﬂat does not use the MSC (e.g., one being handl ed by an
alternative k) yet the M5 may need to issue | ocation update or
handof f messages. To this end, preferred enbodi nents of the invention

provi de nobi | i tAmongitseresyadvasisiges, oy prokye switdxipay Welp@levidiesongdstion i a h
reference to .figure and 5 caonjointly. If a.locafi updat,e,or handof f
nessage i@%&e‘%‘@&% %S%Cfﬂléplﬁgﬂ% Brpxw%ftﬁlén}gyggyses%a? Q%SIQW,ﬁ%e pr oxy
switch 30%%@&&&&@%%&1&%%3&% ASWOHK BetbreliygdtswoGin\WESCiafd )16 cal |
505. If the is not involved in a call, then the proxy switch 300 all ows
the | ocation update nessage to pass through 510 to the MSC 110. The MsC 110
then updates 515 the VLR 116 as it does cognventionally. The logic flow then
ends 599. If the proxy switch 300 determnes that the M5 114 is involved in
a call, the proxy switch checks 520 to see if the MSC 110 is involved in
the call. For exanple, this nmay be done by analyzing state information for

R o o o



If the MSis involved in a call and the MSC is not involved with that call,
the proxy switch 300 intercepts the handoff nessage 525 fromthe BS 107
and, usi ngohaszi@formation in the handoff nessage, conver pgrfR/apdof f
nmessage into a | ocation update nessage 530. The | ocation update nessage is
then sent 535 to the MSC 110 and the proxy switch updates its own | ocal

dat abase (not shown) reflecting the change. This | ocal database serves as a
VLR for t i &‘iﬁ% woltsy does
(since thggg?g@éﬁg\%ﬁ%%ﬁ&gt%gfﬂr%f?ggﬁ%ecﬁgu?%l tr}ﬁacﬁ%l :.Vkr:lggto antsl\gt

proxy swi tpabke3dasddetwsin Ssmiarly chnprok g sigitenmayrbs ssegao Bdidvero t he BS 107

The logic flow then ends 599. Procedure, for S I r
" features iQTIBNGHICUSIRAR WP tTpompy, rg%\“‘t‘a@ﬁtwga Eaﬁ 8@&@‘@%@5&&5& s of

the i nventpgiN rRBudS rﬂ'ﬁ?\’/ﬁ@@v&&&ﬂ afd theipiBS MARA midYHe\BREd Rﬂhbx‘%é{&%tew@rk'vs i's
idle;, for exanple, busy with a data or voice call that is
bei ng handlawlwoatrﬂf&btlwlmu ve network when the MSC is atterrptl ng to
deliver a call to the M5 fromthe PSTN 120. To support such a situation,
the proxy swt r i 1 h
situation. Usi ;Ig ? g%OH tﬁé’#,%?& SW%#' ﬁeft"? arsggégg:%@cgsﬂRCt%ﬁﬁmat 38“ onal

cal | wai ticoghmurayatio s@vwsdﬂsbmvfﬂh@tqomwytmtmeanpbouﬁng thaqmo;t;or s of
call waiting and other new services_ nay be built on this core support
function. SRAicByngweplk Waiting seruicesmay he m&e&raﬁﬂ e theymobijeeisiworkal | cones into
the proxy switch 300 fromthe MSC 110, the proxy sw tch determ nes whet her
or not the M i 602.
T the VB IS norShuoy Bzt frofiicd @hial of e R S AE pETHRS

VBC- or i gi radoedswitchs¥§ds posippered bbtwemuglha B lﬂﬁenthﬁeM% 1TheOnlpgisubdet ofv t hen

ends 699. |If t i.S bus he pro swi.tch th eter es. 604 i.f the M5
oaiT s berinks A BEe g et s Qe ERR R BCS PR arp
the call nyg Rg diaedy el hB Méé@'l@ﬁﬁd BS 10¢t mré@nﬁemm@tswfﬁoﬁl BYqopr oxy
switch (see fidgure 4) in which case the proxy switch needs to handle the

cal | acti rigrnzikata at proay swisch 3@0:eTtprmyyam@nndud® agsinirol pana#Psamgesdatass
t hr ough. If t is bein and ed,.b the tch but ot by the
VG, The FEe4TRER KATHE & £ e BYEehane St Pie TRt o
converts ahh%trhﬂtcemf@m Qeta PFRER B0 handles &l the@tswtﬁﬂrwwrthdxatﬂk@n message.
The proxy switch 300 then issues 607 the feature notification nmessage to BS
107 for suigaeptrso the BROXHSYHEFBN to the M5 114, which will be used to notify
the user of the incomng call. The proxy switch intercepts 608 any
[esponses 11 oM b B drorehBE al ABHHE RS 1L LS BbiaTS(TEATAE BN REbing

a

accordingly. How t I oxy Ssw act’s on the Ication u
this | ogicao the‘satrtmemgvﬁhngpmml ve tothrsides oﬁtlie chatmllpéa:hetibjDZt lh“'et gRampje, mmd aI SO

i nvol ved with a call then th switch t an
ot o Sodoithafpsin iRt Tehad stdfoley. wh Stab s V1 pRtest he A TPT
depend on dnlendPabky gwitat 3@péﬂnlveﬁtdf&mndnawabé&&tng 16 adi18-163a05 2Al intepfaics.i N9 s
but one such servite that my ilt upon the above core function. If at

some rn)nerﬁlrmlﬁrly,ltheﬁlgnﬂHIMSSl# hWW@ﬁlCIMSCVmO@QSﬂ the psexshswWitthd00i ng t he
alternative net rk .and_a t.hi l. ar romthe
alternati \Fé’nﬁ%‘t agpn f"ﬁcémi/%%,j tl.hﬁg\lp'f'%r{a sﬁﬁt‘%ﬁ‘%"f’? c%/%ragtg ﬁ‘n?té %hird

cal | as penobiftasviRging dmpldxes sl ds tirt MSC orftiy BS @ which diffétemalgnaiag t i ng
applications, the third call would be routed as per instructions contained

in the subsandaisisiargised forcommunication oathg differeat tlées@nfrt%ectwtqhe Thg NMISE dog he
| b | ved
Vot e R oGl s HORRFARED) o GUED B GARER shdclifiinichel Bk & | Vol ve

fromthe 83%ISUR o thewetick (i.eaghé RSTNhsids ofihe swhelt). profil e dictates how th| S
third call is to be handl ed and this logic is foIIovved by the proxy swtch.
Finally, it shaoul b&not dtha thel\/E i nvol ved. in two falls bot h
i nvol ving the 4 AHen SR 18"38'&1‘] CQF%Y\)Sé‘gtC &m’trﬁéesltfgwef HETRBBIHAE £ i n
this case AwAé a@léhgteég lttt‘erfah@s ARE'AG!I'ﬁ)r t:mwzmotf@r b EpdcRiisodkii rd cal | .
For exanple, figure§ 3 and onjointly illustrate an exerrpl ary call

wai t i ng a[ipﬂfflgélﬁmmgnﬂimg alndgsar L@@é@ CugregeMISCs de mohippert thesougress he act s

| abel ed 608 % 609 12 (notice that figure 6B starts with bl ocks 608 or
609, as op 5’ Sto 600); that is, though figure 6B hel ps describe a
particul ar supplenentary feature like traditional call waiting, the initial
acts for this supplenmentary feature are those described with reference to
figure 6A 7



If the logic starts at 608, it neans that the proxy switch has already
detected that the Msis involved with a call, the proxy switch is handling
the call, w243l MSC is not. At this point, the proxy swdeghdaags:sready
intercepted call requests fromthe MSC, converted theminto a teature
notification and issues the feature notification to the BS. The proxy then
receives and intercepts responses to such nessage fromthe BS. Under the
cal I wai ting apple ;aky QRitdiPGista Blant BOMGERs BB sabde stfhBalds Bh chfiigabAle t hat
they are willing to accept the call, the proxy swtch converts 615 the
response tsvighn@Sssidetromksi 308t inf{ldDMAaembodmkBs; conauemeie agpording trethe & | from
. the MSC. Tr}@ 0X fsvx,itch %OO thelgd']ssues 620, t he can\ﬁer.t gd. message to the
MSC. At tHt AB%W A BRPOARE GRpF Rether YOICRSE AL Fopesil Ve Lkl Peing CRITIcE on
ordinary cgétrunkshalikéwise, MSCNRIe thirkk 807 8d 186 EamOMfREE mAbhir&esREON tO the
. M5 In fact, with the acceptance of the new call, the user is receiving two

cal | s i n MSC heaiA2/Afonedeside et eommuriedi¢sachenditigdd PSTN ¢rkblagmlsernddediot her
by the pro it C r i.tch state reflects the two calls. The

pr oxy sw tﬁéﬁd@ nasgasngh(sgogégg(%{tﬁ% C 110 with setting up a newcall. (This
| ast step is only reached if the user accepted the call; if the user did
not accept it, Inhddipioaxyhdregail dfithestherdntitivgdinemebilasdtwotkausachcib@bn } For
exanpl e, the proxy switch 300 may _need to _park calls froman alternative
net wor k s PEMLedeswithin thait sgnaling ("Rt erdete apaesed ah ugigus Keatibers ivthene vs,
The proxy &kl i el EMbbAhRAGCHE Pré vl By RBEAME L. el Soa
notification reg’aonses fromthe M5 Z’rﬁ re-%lnrects to I\/BeC gﬁ&g{%xgalsle\ﬁ tch as
needed. Fansteadarsps the polrd cadasrcontinedam thetroessigeg ifireteivmst vidensiogathespobdi ng

served by the i a he alferpative networks. The . proxy switch my
eed to | rfedrpitane B MaCBuead FBS b o 0 Dinnd SRR BB T o ¢ he
user as papé pRixysWRchE falilitkdd €r cepti ng subsequent feature notifications.
In other circunstances, the proxy switch nmay need to send this type of

response to the MSC if the MSC has nultiple calls (sone parked) intending
to connect to tUedersertappembedigests) theeerig g one Fronsreoxiespanderde lROVCesdNds 640
appropri at il | ] te t.e his | d so that the
user is bilﬁﬁgc?ngg rgﬁ%@%&ﬁ%&%ﬂa&ﬁgéﬁa&\gé%\glrﬂgagigﬁ%gggx&ps;}?@?cﬁi nvol vi ng t he
MSC. The manner in which the information is kept and send to a billing
syst em depends Kigut38 shopk anetherefered deplegnwitc &n feaiepldgmeof figurei3BnNg t he

%(“

system Mbst service viders specify the nner i n whj bj11ing

i nf or mat i dhcpgoxwvﬁehgé(ﬁ) ¥ (08 1 CHTBRHBICHRAM \aﬁﬁﬂ@éq i pBaMSG i 108 114 1 s

i nvol ved WreheofiiGPt1hnedi2 dfh@broRy sHEN Y6 110k b dpffilen d Aymhpe MC,

and if the MSC indicates a new call 1s Intended for the , then the proxy

swi t ch 300ecmye domtrobsignalsid Eth-n froimrdereraeBds 850-1t. hla addiion the dataiplaned0don
nmessage fromthe Ct i s.destin or..the BS.107. The.featyre

noti fi cati'B% rr?ﬁ@éfg/ﬁ@mf%" fﬁ%‘& 855 %mq)‘ttlﬁkﬁéhep%e? et of {‘%ur%é?, and
consequentioweRer, RSRpRBYEenbof HEHE b ARE réceivel endiead$ nfdanidtion BRsidagk@ise t he
feature notification message was bl ocked from being sent to the BS.  The

| ogi ¢ f 1 owinksShdjdhtesmaltiple NIREsNEG-Eoes not get a response and assunes the
M5 does not want to receive the call. The MSC t hen uses standard procedures
to termnate thy I j.| Cl.l message
stating the sugié%rcftgyry n}egt gfnﬁa%/u‘zglé’ngrragﬂ C‘Fﬁgﬁ%@%%vélbt ?é\tsqgep%%?égtﬂ?eon | ogi c
of figure dyBemsbeltenité anprboe tedinbilityn@ytproviding an ahembtivepdtisto andS,zand tgener al

approach may he extended to, handling nore th t calls for, call waiting,

to handl i rRJOYi{E eGrBices hat ¢ansisieghy it %‘@FhéPIQ?@C-n@g%PR? embofimedt il dat a

calls and L . i t in the

presence. oS8 e e e CoMBart A b Rl gerren
of the si ggiwdn cafjet amhoutbd tommeMSCOrtbatB@ndley mastchfttheuivBC taffy. (abopmosed lese

d bot.h.the BS th C i der ed Peer! and

Poer o " BortenBuruts e epafthohion TokBen Bhemifit B Britef RaBF R MS I R quance

Number (F%e@ﬂﬁﬁbh%ﬁ%w(ﬂoﬁﬁmeﬂ%&lum?& Babdbe cohBafr&iNintsig sk § es the
|

| ast message sent to a peer and the BSN identifies the |ast nmessage
recei ved fprofilea Byeserconfiguringhapysiemdbe ameuntiod lacation ypdaeymessagascandile | i nks

pSN=a -t nertWeebpBa By fder R il he kBBl by pe TRRGRE g

nmessage 5 thg JARSER difeeRed teMSTMBattahateldtivelyamde@eitizade dn ahik faxBRIAGREMIP tO
and including nmessage 3. If SLCO breaks and Peer| detects such a break,

Peer| sends a Change Over Order (COO messgge to Peer2 requesting Peer 2 to
change over to link SLCL. Peer2 responds wth COA (Change Over

Acknow edged). Included in these nessages are the BSN nunbers based upon
whi ch m ssing nessages can be re-transmtted. For exanple, in the above

e o — v B R v ~ A o



transmtted to the BS 107 as a part of normal proxy switch logic, as

di scussed herein. By so bl ocking the nessage, the FSN val ue of 787 shoul d
be one higlganshgn that of 788. In addition, there is no e¢pRGhAIIEN t hat

t he di screpancy between FSN and BSN of 787 and of the FSN and BSN 788
shoul d be equal. For exanple, assune the sinple case of one nmessage from
MSC | 10 that is supposed to be bl ocked at proxy switch 300 as a part of
nor mal pr ox¥ménéttatdts Qg teitentailol the Uind @f thedird comMandhser 8pRacyndat 787 wil |
be one until there is an_acknow edgenent received at MBC 1 ] 0, but there
will be noMmAnagsask by addition callsmgay byruiedda MRCnibaprgeide seraicgpeAnsisiEnBs 107.
As nessages:al.Lq; i the proxy switch 300, the proxy switch
intercepts%{lﬁeﬁlgﬁg&é&ﬁ%{g@el he FSNBSN pairs as outlined above. If the
proxy switch 300 detects 715 a COO nmessage fromthe MSC 110, indicating
that |ink 785 wdht pdowrswitche300timdudes sodywarithat hc@PB alldigrabing trestaget andgssage

720 and d t allowit t the BS 107. Th i ncl the BSN
/i or mat | oRRAnEn B mesies ahL i e 2 e NPT e Ro 1L 3 BRSOt R e

si gnal i ng $&Migg;changeover to. The proxy switch then forces a break 725 on
a link 786 betweén the proxy switch and the BS (link 786 corresponds to the
link 785). The break is sinulated as follows. Every few ml|iseconds
conventi onal BSd- apassastibe meesese Bpaltcrndtto HiesMaGewr Bpdddsessed injthe messgBejnal s,
whi ch are received and the receiver then knows the |inks are operational.

| f the recei ver 2doaterenpts Hessagestietween thasM§heandiBS;t he specified | ength of
time, it assunmes a break and sends a COO nessage. So to simulate a break,
one enbodi nent &f foheomeindercenied moshagésesonvirs thefintgroepted awsshges Wtacol st ate
machi ne to not sendiffeteat toesdage amd sndnthe conamed Inessage sn glae¢ ofthbosginaknd
cause a COO to be genespiddadesdtigd theheMSCorBY sdibessédim thoititdrcemnéd mosshgd; ng
relative to conventional MSC). The proxy switch generates a COO nessage to
the BS 107 wi th4BSfibldnsplad hess8fe fram thppobide dho PSTN-RSM hethailomtdnon i n the
ori gi nal COO nessagigrytivehesdtkal ned information for pair 787. This new COO
infornms the BS of the nunber of nessages it received on (the

emul at ed- brygkeyhes bt ticnk perfornieath @hch/@8d alod P Hitt NS BLEEnLE¥entises a new |ink
(not shown in Tigure 7B) which is used to changeover to.  This new |link

cor r esponddgesavibedbelolwangeover |ink to between the proxy switch 300 and the
M5C 110. The nodi fied BSN nunbers are then sent 735 to the BS 107 with the

new COO nessage. i.S. Sen: i I i £ gh 300
then waits for é‘hgﬂﬁ%%m?sé@g%‘é@ﬂ&%q?‘é%%%ﬁ%@g%@f')ﬂﬁg@é%‘géé& #@0 from
t he BS 107 theataffig édifattedito 44 altarnave KsBRorke s agexy sWirhr3Owntd)acnad 4n NISAL ai n
the BSN i nformati on of pair 790, as_opposed to th_ﬁ,i nfornmption in pair 789.

LIS d ',
The new COAIP<INSBEh 2 rafp, the,propy syiseh fills thy gespprsiBilitics andoles it awai ts for
and receiv i L i idesEom t he
VBC and 1 G O B e e B e ol Bt PRI 20
t he respecmnianagehestti Oatsiden thercabaofi wdmasg MS; asoit Fahnisdrom opd eelbtodinnthey; itcour se

f thi i ncl udi tentially. bei ked etc. . i.bed h in}.
The l'oghe MBPEHdS S#B5 seiie By s b B AR aRtte Rt 1B RS,
relies on %&ﬁc@&&(arge@mmﬁilIFthéisﬁgkwm@%@hdsrymﬁﬁ&ﬁ%inye@.sasglegﬂ@kﬂeng links.

The break in the signalin ink Ts forced as a result of current BS

ar chi t ect urceld/session. has been drestedso an elisraatinedictvworksy hen thethandofébassiodey event s

f . d h nhodi. h i , d
i r ospons & Paeedlon e eRESUT Woioeh BT KSR SRRl T , 25s

or mmc acBvdnfiohfMSCOThe @roxy¥hGich Rao©esiire tHad theAipbaupaibiecdalabaggard ng of
Si phoni ng Based on COO nessages Under certain enbodi nents of the invention,

the proxy swmittedwithyheiperstaceten 9f the M. ndnethepfanctioneof dhesprony muijchhras@inst £ rom
"redirectin r.Si i ] # i: .e.g.,
100, 11 gur & i asTgREHY dT s glRRE 30 ok B1af g o NS e[ bR e (i,

. Proxy swi t ame30filsessidm applopeats ictrovits (oigannelsyivded tid bel agsigtiedl forahisisesdionect | y as
a neasure of system bandw dth (e.g., reduced signaling bandw dth,

transl at i nd’Psnding g e W@BWI%HgWFGY%m anchthg s St@‘i’i‘b%ag‘?’ﬁ%k’r,oxés‘@ﬁ%ge Over
O der (COO : i i i ot he MSC
A A S R
effected link is revived and traffic is changed back to that Link. Thus,
the proxy switch 300 interprets a COO as a triggering event fromto "sl ow
down" traffic to the MSC, and in response, initiates traffic siphoning to
an alternative network connected to the praxy switch. One form of exenplary
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 nessage to or fromthe BS is

i ntercept®e @ngbhe sequence nunbers are updated 810 accoi,gimgb?;“:,w t he
proxy switch 300 detects 815 a COO 17 message fromthe MSC |10, then
the proxy switch 300 intercepts that nessage 820 and does not allowit to
pass to the BS 107. In this instance, the COO only reflects the requested

changeover and #pese Asiowswh sRinpldrnaéploRaaraewhitaqre poxhewitepbyrd. The
proxy switch 300 then generates a CO&)@rgsisage 825 vvi%h 5r?ndi fi ed BSN nunbers

for MBC aneonspigd tasgnerpb aieipeivgawtweks. sachus@uiPdackinae dddiof prateseaiivénce

nunbers are. the a t - S I j ng of
messages.  SronoReEReBEA BE o AReRhAHia et Stbiile WISPLIRETEL 0O be
its COO hassddappamgdoicCandrondatatraffic tb dexived dedtinagoneeiild dvoidinCinawiblé be BS
will be |ower a seguyence, of the changeover, since one | ess signaling
link is avdiPdb E%Smc,’n& wist e coply 155oRGSS fiM%étl eleRetipEly ety t ch

300 and th 1 j il i : e, the
bandai dt h EZTReE 106 bIRR E heb St GG Lol bEPURRIL IO EHAARALE. L e

proxy swit o¢twosk; fordanpliy antetalfic from Nagimat Nktcobld b halakimiutegl tbaaM$C t o an

alternative rk. . Accordi ngl th roxy switch initiates traffi

21 phoni g B AR NLAT FO et hetror stk Telalner meWorts, BT preue.ofs  cn.
There are RN ckbYRES 20hap béRmaichid SvithePWRidehelwidtks ABY oBie BsiBHel AL AY Y
voice as well as data traffic froma M5 114 (see, e.g figure 4). If there

are mul ti phel by pepained belows when siphoningiea(fis te amaltasnasive metwark bpthwoptrelii t ch)

h h W t.ch I .th l. i kK b d
(1 e DSt €, P A8 e B Hali i sheie?

si phoni ng, o liaky3EHiag be kel vidl dnl aliemafivorst®oiie data pl ane as needed to
route certain bearer circuit traffic to appropriate alternative networks

Conf 1 gur ed. i t h DTG RSP P SETOTROI SHa0 SREMA SR GBS oo
Si PO 10 o biAhl RN ol Bl 4RO rEAGKMY. THRSOR B L ch 300

thereafter maintains t ers as descr above.
nmessages f faititB6 siphdéniagef thffic fromh drecapike d0@hefore the}Areash therddBEtldd; and sent

to the BS, il e maintaini he FSN an N cqunters. Any COO ressages
from the MESLias G AR PEGHEE arisioinindOf REEIAHA0E BEOF K FSYRRR o cat o
that the Mgendpareafapdtati iR etvé & hiflfa®gModidsabl lhighé}ﬂexﬁe‘ﬂﬁ%pﬂfcﬁt{bﬁ%yﬁlcb’mdom l'ink,
i.e., to see if the COOIs a changeback nessage. If there is such a

message, t BEpPOriEXIPr segovery proneduigs.et s this to nean that the MSC can again
handl e a higher level of traffic and will take actions to "reconnect" the

si phoned 1 iphg A A Abbicr mbhdochlbfs 5175 bi2edial of My swisghangeback message,

it my be ext that may

benefit fromfu I Sk ' f i i geback
nmessage, a new COX %iasﬂgglﬁg? g{}gﬁd&&;’g&r“\?\{)@(hgﬁ%d&k 4 P@gg@%ﬁsﬁaﬁ@%{s}@lt 860 to the
BS 107. Thenafmgbniene tbqBibltiay MStth éssadosationi updates efirepistrbtien potificytiass ditecussed

above. Theyproxy switch 300 then waits for and receives a COA nessage 865
from the BXStyamsAromaneesl] igegethge Theseupdptesaisarceied bythe MG 1 Hba1F ed BSN

nunber s a_nﬁl%iﬁ Ynd@fenth g, i %ﬂt cofﬂ@ﬁéx E{ lgg?@éteﬁ%ﬁﬂﬂe %Q@q%%i&gﬁ BP{Helr‘ues the

traffic siphoning procedure. contr ne rnstructs t ata pl ane
accor di ngl MS. Howeverght atandadipodiedmad may hbewolidn sertain tmbsdipteats ahdaf f i ¢ may

i nclude the other considerations. For exgmle, the alterpative network may
bt ovi de QoSSR Al GE e UGy PkereRE TS By ToiBv v e oReBH P8y o 1 n
one enbodi gBiNise tifd MR, dnd beTRgShafdle$ 6y & MerRAWRIRIGER) yAVEIA V. if a
call is to be siphoned, 1t is siphoned at call origination. The déscription
" above was peahtosssue bicatibeuitie® drdiandoff awessages. Tndhis and,\pzefofred 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



net wor k congesti on. Under one enbodi ment of the invention, the |ogic

descri bed above for automatic siphoning is supplenented with the fault
manageneniyd eglizgoodescribed in relation to figures 7a-b. |4 aRedi nent,
every tinme that the proxy switch 300 gets a COO fromthe It pertrorns
the replay | ogic discussed above. COO nessages fromthe BS, however, are
al ways treated as a break in the signaling link, and replay logic is

per for med Quts080 18HB MRS bt ifoPeAdH b Ball, Fen e PRIXYIsRECFBDO L SM@E Acr 0ss BSC
and MSC In SS7 networks, all network conponents are addressed by uni que

nunber s cadbtatipn"updatatmeseagedo pasSohrongugi( toythe MSC 1 Kk BeSENdONBBs wi | | have
i i nt f BSC t Cwll, i |,
contai ' GeeRR I i ERAIBAE Y o iehyetimfly. o Beieciey enend TR, anved neC

and an originating point code, e.g., the point code of the BSC that sourced

t he nmessage. 19f the pbs$ awitch 300advtdrivgneBTat tie NMBe 1IMBGnvbIved & £4l, @i gi nati ng
fromthe M5, additionally request a bearer circuit to be assigned for the

cal | . BearRpxeswigeli eheckspa0dth sewif the MSCcld Ods inyglvasl imthe cplle Her exapyples fhic r cui t

| denti ficatj g;?g o @;ﬂgﬂ{- I, f\he proxy
Swi t ch, tﬁéh}gg? n 3@/{%@ 3%11& Sg?%)sﬁﬂ r a\tflté’f’?‘%’gﬂﬁg%@ggﬁ @ﬁgh%g ger?%x C are
preserved thaintahldd byehs poxy . swithh.sIfrtkeMSICRistmol vedl in arpll mdthttRel M3y thehehd act
that while some of the circuits, carrying bearer traffic will transparently

I
traverse fRIBRY thikehgmecqeds phdespiteed abokeeXeqnt Mgt this UmgAdenerst PEEAET e BSC
w il be t?}a@lé&%ﬁﬁoﬁ%i@%@é%& switch, and the MSC will be unaware of such
terminations. As stat eél above, sone trunks 308 are pre-provisioned for

di rect connection betvyeen the_B S and M5 C, \_/vher_eas ot hqr trunks 312
connect to the IfthexMSssintvolved Amacabjandsthg MS(n ibarot pnvetved mdth thatisalli thent s, sone

bearer circuits ar - provi.sion or direct. conn I bet ween the BS
and ¢ e neop Sl BisB bl e B méssfs” BR PR RN M it biRE e <
t er m nat edinfrmbafién BY 0% NaFduift Bibsshge cOVRRA echaBH6fE WickSig) int/Ad&ation Bpdate
enbodi ment, under nornmal operation, the MSC may not assign the siphonable

circuits foessagsSialThe locqtion updae sepsage isrthen seat p3stodhe tW adbe) | the
. el . Ceral ) ) b
Cormmin; catd oy MR SRR BB (R sholfrefecifieind GRS MBisioed )

sendi ng t h@atabakecerass adatVLR fortthaprogy switeh andAsoldd dll oflthe fgrnaition chapel ow, t he
voice or data may then be read fromthis circuit and passed on to an

al t er nat i vELR&ogbesknce theproyy syitsh afitinasaeesds4p functign akiayip an MRC)e JA€i st ency of

i nformation.at &g mhwsénﬁeg@xa@t) dgtheRf HE¥aSVSA0rR theBSY0F THANG

@ one
enbodi ment” o ?he I nvent1 on, net wor rranagerre%t system accesses ?Ee clC
dat abase adfiow HenlebBds 598 nmar ks the si phonable circuits as available. As a
result of such action, the MSC will think that these circuits are avail able
to be all ogat ecgld_ and the. netvwork wll behave |ike a copventional nobile

net wor k (| AECCaul ONUARARUE SUPPLIUCAY JEGUIRY I {6 ST etee A REPX LG recovers,
t he network managenent system again accesses the .Cl C database at the MSC,
but this tinme nBjids prdferred hbomdes of e hveatias, anWVIs iyl blbusy at tiesal so
accesses the proxy switch database and marks the siphonable cjrcuits as

"avai | abl ewhenythe MSGE peligyes theip jis idige forsgample; the P aragpebysy Wb ada@grt ch as
0 deschi . . ) D
e mar ked T R Being B PRiEn AERRAEE BTy When HISCIPafrtichiEy | ©, T

gradual nadetieer scall toahe MEefrpmake/PSTINTI20. To adpird spcly aisinsatioanthe ptoxgver nore

of the siphqonable cirguits. Tao handle t depl oynent. of fiqure 3B, the

t echni quessvﬂggéoﬁli’é‘dvéﬁwgcrf%re‘ap"t"@"lﬁéhg&Eﬁ)?é‘ﬁﬁh?éﬁ‘.’moﬁ' EJL‘H% t[f"ﬁll%ﬁ“f’ to

handl e t hegglgR Pierficed, B & thBitiohBSaR v \Ma;yqia SRdSd Btk BEascept

_ messages fruﬁﬁ]%;%g Seel{n eéhange po% 1nt codes tI(l)gs’re IecI? a re-yr)rtapgedycl\/.sc.
Under one ovitnhdMenaoyert iive farms 06 oal waitiag erd sthenndvesavices mgy beowilirontths

meani ng that the re; ma@Fi ng to a new MSC may be determ ned at session

_ boundar i es“TAPIPEPHAIIGEY "t he re- mappi ng may be done at other |evels of

granularity, for exanple, when a M5 is turned on. Sone enbodi ments perform

the mappi ng by Refefritlgabifiptires Guind B ¢ongedfitly wih alzall Sofnes Bito the pedxydedichn

nmessages when a M5 isfgat t?rgﬁed on) to I\/gﬂCs ygmd their correspongbiﬁd

) . li ng poi nt
codes. Har YWxfrem s MiSCe b, the preeswitchgletesmjngs wmthiether or aqt fag MS lgmaﬁfyed,,
preferred i t i N ir8ed ane 302
Bnd & dat o grcet B fndine s RleSingr i 6621 1ol NSS4 Buly, SR broR
processi ng hardware and associ ated software. The data plane |argely
conprises hardware that is responsive to ggnmands fromthe control plane.

I
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The control plane includes programmable signaling cards (e.g., PMC 8260
avail able from Force S ystens) to receive the signaling information from
the signahgghzigdks 312, 314 and to performthe initial pn L 386d her eof .
This initial processing includes sending and term nating infor matl on on the
signaling links and extracting, under programmatic control, the nessage
informati on contained in the signaling messages Once the nessage

i nformati I I %Hﬁ%

i nf ornl at f%ictﬁg@gé‘hggég‘%thSgeofg%‘%%r‘g?ng% | e "proces g:t@glgr ?@erhel C“f 3305
and 3306 dlaw thebleads 6% Radi sys) which is then responsi bl e for carrying out
~the functionality of the proxy switch in response thereto as descri bed

mechani sne. Thb e AR e SRR et SR 88 B s FALRRENET (1

. control plianeled Ibb&hép@ﬁil kwitgh buthésby ﬂtéMSedfdi))éxﬂﬂple Sthé €alPay BE hemiéd ol
pl ane will bypass to the other side. Thus, if the 21 contr ol pI ane

fails the byanategatvepeaepsaonesied o the Sregviish (snedigmredrinthictames ied MSC

may com‘ru I

excorpl ar'y ISEDS 3R IRl UERR SRR uin (AR M BPLARG AR dtly | e
over 1P adsemedsyget@iss thrdughalft tae oalhdtheing Handled &y 48proRy witcH tuthet by it e AS
data in (DVA networks), a PPP relay assenbly 408, and a PPP term nation
aasenbl'y MMEC o D iecai 60s i 15 BiEMSGa Oomanevesss GHénibe

modul es. THI% #ﬁ&%a%e‘ﬁt%‘ Rl lﬁ%@t‘i(ﬂ'{] 18§s5 "Ph% ﬁBx;I fM?éﬁ%o%Qﬁex?‘”d

term nates the i nfor i on rece|ve on t SO transmts voice
and dat a dssueh6@Ethefeatins. noBﬂezp:rw\mess:tgmed BpSor(ﬂsfof mbseqwntmmmnao ehe

connected | P. 404 .and th ermn t| aon assenbly

Corm nar OMSAN3ewbich wilBe weltoaphf he iR e SO T AL EBBPIRN 70s whi ch
in turn i Smteﬁ:eﬁ%rﬂmléﬂy‘i@sbbﬁ%!és Wohltht B8 (B fe8fufe AGfERoRMBHARE dnd ks

Mor eover, the data plane may al so be used to connect to altéernative

Ci rcui t - baaseerding ywoaw theprgxy swisctbantkdrpends erathe japplicatian using this logieC i n

anot her regional network. Al of the data plane entities receive control

commands from t L. | Vi chann I used
to carry infornlgfh glﬁg VP@cﬁ fha?ggdcbsnktég Xy("ﬁi% Omé}@"? Itﬁg Sﬁocol

{ MGCP) .  Theingrabyahe Mm e, thapmg seitbtefakedangsioni |699 ttmdflé@as difegpanst he DACS
402 how to provision the bearer circuits. For exanp gi ven i nput

circuit frightuche state.1 Bhisiagtiopplbderend %ﬂ'&ﬁaﬁtﬁ‘ﬂaﬁéﬁ’h%oﬂ)ﬁé’ob‘le t he

assenbl | eSred B G Rliid BlEInd Acifict B @'ntag BEAMUEYp QAL EiRfve BT MRL i 0N
to the various assenb . For exanpl e, Ignal i ng RRfor maton cont ai ns
control i nfunctiomt i on such as destination |IP addresses that nay be used to
create destination addresses needed by the Vole assenbly. This information

will then be u t he Vol.e ass to deliver th ce i.nforpmation
ecei vea f rom the: BRSPBPERIE LR TFgEer Bvpipd nted s bR RpR e

sendi ng i taREHAVE LA, bl @ (RRPEDRIAdsSoPHRIMS @lther fordl theRltefaldé | P. _The
data plane is construct ‘ed with passive fault tolerance nechani sns. These

mechani s msneé\MQlleré' UtlehMtSCo thefpapxyFveischowilk diectidsethisd splbas panéhe logisled theecei ved

by one si de %% II r he VBC.
Thus, if taﬁ’g {on i ?a%[]h%eﬁﬁ %%@gﬁé&egsb&eg@ﬁ%ﬁ%g&ggtggg?t&tgdast a pl ane
and the B%@rm&uh@ﬁisrmmaﬁﬂmwme@&bﬁnbsr profile; GIOomﬁmeuptwmtsab ldjtect2Re call
Software Architecture Referring jointly to figures 9- under a preferred

errgod. mentto tiheieemai of the syhweriden Awmgaplogic s egedslé%l‘é% lmﬁ%@% inf#ocesses
P
an Comm”&aﬁ%bmggﬁﬁggtz&&sg a 289 QN ng{]tggg@m %Jg%gétﬁ% a Proxy

Sessi on Manager ( Core Session The
comuni catwork; pgai,ehs subseritelr prodilSaictaddsdoagthistthind cal is(t68Z hbgite and tB32 a- n

"and | P Message dl er PMs HdIr 06.a-n. he nanes s ., the
sessi on nelRg é"f' OW(?ﬁL}i’éIéL‘I HQ%X_’“I”B %ﬂ?‘?a‘éj'héh‘ﬁﬁ%%hﬁ?féﬂege t&éggﬁié’ési ons,
. Wher eas, 1%?1‘&8&?:%% é&ﬁ@%tﬁﬁﬁvdlﬁﬁ% HEEQVI'S@,%Q aftﬁﬁd bangtrivBIfoTBRAGeMe The

message handlers encapsul ate the Togic for handling messages so that other
sof t war e dWSE itself, inahis case, kilbdeteminertivdagie itfaHows rhapdietthisuhisd eall. Si ni | ar | y,
t he session managers encapsulate the logic for handling sessions, so that

h f h h [
Ctate or the &iid HBlesi ST RaRySa MARR i SRRGLT SHIOMAECN T

for acceptd catnﬁlommgogiesaagedesanbbdsmde ﬂgo@litgeaaglawe&aasgeer 60he for nmer
accepts and sends signaling nessages fromand to the MSC 110 and/or the BS
107. The latter SS7MsgHdlr and | PMsgHdl r g gcepts and sends control nessages
to the data plane. The PSM process 904 handl es all calls or sessions that
are "flow through" calls, or non-siphoned calls. The CSM process | 002
handles all the caIIs or se55|ons that are belng S|phoned of f by the pr oxy

NN — — A S - SR A o o A NSNS Y M o




Referring to figure 9, as signaling nessages arrive fromthe BSC and MSC,
they are handl ed by a SS7MsgHdl r 902a-n, which executes on the SS7

processi ng,OC@ng()ZS There is one SS7MsgHdl r associ at eq by £364
signaling link to or fromthe proxy switch. The SS7 processing cards
(rmentioned above) extract sufficient information fromthe signaling nessage
to identify a corresponding SS7MsgHdl dl r to which the signaling nessage is
passed. T ' ' . Ao abl y)
G que 1 ogy e HHTRNE 65 SERELIBTISR (DBBSA%7 26 AT S A5y BIRAERTD V) o
used | at erfiguce 6Rikeips tiyscabbds paptientar soppbeaymsary fiakurp &ike ahditibaal chie wading, ongoi ng
cal | / session, . The a?siﬁg{ged |.ogi cal tJ'eference nunbe{) i s, conununi cgt ed back
to the sofRGRitial acts forfiis sHPRIGRCRtArY: iRaiISLre Fhoggsdescbel with prierepsepo figdiey cof
stack) whiggh then uses that reference nunber in all subsequent nessages
pertaining to this call/session. After the above processing, the SS7MsgHdI r
902 then selects a PSM 904 to handl e the nessage. |In one enbodi nent, the
SS7MsgHdI r  exadfihedogip etaps airfi08c Baecans thahihe peoyasydichiagilreadydetactdd duitect s a

PSM t hat i 0ci at e i.t h that code._ Fqr. exappl a.t abl be used to
store sucﬁﬁergﬁ%;?il Vr?i‘fﬁgﬁ’\g.th a\'ﬁaép %?l\ﬁlg’@ﬁs‘?ﬁc Sg‘@?(gﬁgﬁheé%ﬂli’ Sutttﬁ? m’géﬁ’ eis
for a cal IAtsRiS ok, théploxly Switth s AicRp fidlcepidt QiMEreQIRRRAIONE He MSQ S

determ nation is made by exam ning the service option field contained in

e by g | . el
t he messagenyditgd tapm inte g deatre sonBeationrind isshesdbe faptie nefifiration tosthe BS. s. | n
anot her e I L 1 i i 1 NI e calling and
cal |l ed pa@;g/ nﬁ%&gh{&%@gﬁ%ﬁ@ {aE:rén%ﬁIEser%)S'tn %esgg ggcrl%ob%lesl%é&pr?ﬁ%&ng% n%ér:'ber s. In yet
anot her enbodi nent, this determ nation is made by exam ning the calling
party nunber t dJmiet theralavaitingt dpplicaionilogjc phfipyrel6Bs ifthoswen imlicdadRhater vi ce

provider. Once the determ nati is made to siphon this call/session, the
B 004 paate phlnkas &gl By clh b afproaeh boReRa 6l Skiresomisiors. mmde. not

to siphon pfkseGadibRBIRAIRe MS*‘&@_aE’c%%(liH,@ﬂﬁ&ﬁ%v%%ll%&E%@&@C? @k ptoxyused to
send back to the MSC 6r the BS via the SS7MsgHdlr processes. ’ID'he PSM
pr ocesses s¥ith A9 thehdssuettithe cenverted aiessage tanthe MISC. Atrthisgodit int thit he CSM

processes 1002 e «2.. figure.10. The internal pgratQecol of .a preferred
Eroa nenermeple, 36 e Mins” rBid e vty B s S Biaucts8Rrfeal o it
those sesghPNsdecaalllsessidiat tRe RIS AR fidt PRia | aBceptahie€ of the ABGAUINLBE Bse is
session/call” that is siphonable it passes the context of that session/call

tolia /CSM pm&:\é@stworepéls@smlbvg@iéi@gan » presqadrheing handled b shedMiShgand|apother
i ' , ' 24 i Da
Branc. vi o ttieaRa eBE, TRy Buil Sab S DG BUR G enony 0L oy

Control Pragdigte 629 the MSCilnOevithadettiipalpi 4 gk cdle (Thistiise siePM ailgl raBdof eiresses

is simlar. Referring to figure 11, inconm,ng nessages are recejved by the

net wor k i MeEraceiedyg GrIb 1 hgiseriid nAACRERIAL FhetREPFl08IC RS Ut fMEREVERNdS t he
nessage t r i i 1 4) under
GO anbodeisns sl @9 T: ERBETnG piYLy skRkn T HRY fecd 8 rialls Honl )

accor di ng alternhtiee hBwb8dsothatttbe adceptet eald fraetherMSC can grodicdueh 1d 08 MS.

responsi bl e for handhj ﬁhe nessage .and recordi?% t he @gate according to
the. pr ot oddF PrEgSOIch A0 dhen jRifEREDE t30AK PG aksRb featare Botyisatipe ESaoises

si gni fi es fayk BRWNIS Bhat& diréd @i MO br PRGIS/ swildfitas REQIAC Pbr exBifles HiRBerBChi Ne
nodul e 1106 includes the logic for recording the state and i npl enenting the
state tramsiytwanso “bgglelbetimeen dallsdwing serveddiylthe mobae ansk the aiernatiyiet h t he
external mppil ity managene functi.ons . of ~t he MSC and is, respansi.ble for
obt a1 i ng b e PRGB e nafeel R0 Frtbist (e ¥GRonal s B er et o
In a tradicbhgsehndvis to tHeaish a‘si\?fhnﬂ theogod of Diferbig@ing tsaseqidnRYeatue t ypi cal |y

co-located wiith the MSC, the R contains the subscriber information
" (profi | es)notifigations.c Incefheraritcpipsianeas the PFPOHTWwitchmaayneed tewwnd this tipg of he MVBC.

 Locati on AEypiS g IRAISE RS iGN of pRRED fnichBhg et BT, o

i n the cunheNS. 'Wheth.call pds; elel proxyaswischifiosendsd 0 apppEaenilliegt ers an ar ea
covered by the MSC, the MSC requests the HLR to ,s%ré)l the profjle of the
subscri bernigpgauqniodhe systeny Thists neeged|sp that fhe Usgkls 2ppIREAteeY N hans out
of the ar : -ﬁ?(g,- . Mﬁ,g)- this
subscri be%grg(rﬁ%}llgfeg&fl%x%&e@tle : 1%%211@21&8%2&5;}#?%@% gg‘ymn%lggﬂgté&%%mt e 1;S)r oxy

swi t ch actkeptemdaend tcembillofg sybtem-deRenidst cuidhs enplemguietiorsasi desded frevidpr of i | es
fromthe HLR for subscribers who roaminto the area covered by the proxy
switch, and updates the |ocal database, i'1§" the active directory nodul e
and its associ ated dat abase act/behave as a traditional VLR for roan ng
subscri bers.)



The medi a gateway controller (M3C) nodule 1110 interacts with the data

pl ane 304 of the proxy switch via open control protocols, such as H 248 and
MSCP. Upoky¢ §584 Ng an action request fromthe IS 634 stq,tcle”r’g?’g)]%]jag modul e
1106, the M3C 1110 sends a nessage in H 248 or MSCP protoco "t] the data

pl ane 304 to carry out the needed actions. In one enbodi nent, the so-called
TDM Vol P case, these action 25 nmessages fromthe M3C 1110 to the data

pl ane instrt dat ive ..heomng circui.t..(TDM traffic at
an ingr essﬁ%%rtthggisaﬁﬁ 'oﬁ%og{n\geg‘?l £ ¢ ? "IOK’?%%OSP gfl‘b? %%ﬁ)alngerﬁgéﬁlé?hsblgW§ send it out
from one oxfdriati®gisas be RONdcted, idthatted dhd dulise@@bodi ment, incom ng circuit

_traffic is packetized and sent out as packets. This enbodi ment coul d be
used for taking circuit calls, and_ transporting them as Voice over ~ (

. ] . \%
ol P) calls. In BHstMEL14ivwarlvedithasalland isalseigvaived wistmacal dandledbysc 1110
, instructs t : LVET; j i i ffic at
o’ nor o TOSISE! AR BB RSO Qe Sy G DRI FAEMS, b bk g (17 B
I n this casaichi 3ibmaynbe configurdd toistbfcept 650 the feamre/natifivation message fromh thevi t ched

to an alternative gir.cui et wor, jogures 12-14 are used. to ill rate the
above conce%g?sth%i 1§ ﬁesjé‘i“ﬁ‘i)hrgli“?e]gg&b@'hﬁ‘gg’@B‘I’%\I‘Ottficéﬁ?‘ém?fssag‘ﬁ@ t_ﬁ‘?"&ﬁﬁl ng are used
to show th@oxﬁ%in%‘iﬁsdeﬂ&@ﬂﬁ@is,%ﬁ&p&fse&&h%tl?%}r&@wse% ASEIEHD tb the'1@SPONSE O

signaling nessages. Bearer circuits are excluded from sone of the figures
for the safemdte BS hecausetle femureamnidicatiemingssggeghsblockeddrome beiog serti¢o M and
CSM pr ocesgsgsral e shown for th e inplicity. Figure 12 is used to
Show ¢ he. i FBf el e enth o 4 MY Bediio pe' s iopsk el i i Bs 07
to the MSQu$lddes Attdvin® tSROY¥VE theRARS ThE MBUthef akds stanfaddtScddifetgh call is a
call in which the proxy switch 300 is not responsible for nmanagi ng the call
and in whitenninpte tiaia call,iesg.  itsempihebubserinep ogplaysor massage stafgngihe suhscise 110.
The proxy i§%£&§lag’l 0 is transparent for purposes of this call (though it
may alter point codes, for exanple, to handle re-mapping of MSCs as
explained with reference to figure 3B). The BS 107 sends 1205 a service
request (such &gbBheecalSHjitimghapphication ogied digufedB ishinitdd@o hatdlinghwoser vi ce
request contains a fer ice opti oa field that speci fd;ewet her this is a
request f dfONSURRAt callse ghhe sgme geperal-apprgach mpy be sxiendedd@ibppdimeaaiehan ( hj s
message ( Syt forlcan Whidl¥ethBaRh4 RAIRA &bll!’s’?nto‘fﬁﬁﬁalg?'ﬁatﬁvg?}eﬁﬂﬂk,ttbe MBC); in
particul ar, the SS7MsgHdl " process 902 ‘receives the call, assigns a unique
| ocal ref erapdbng datarballs and volvesaiwesdte lkehis is the initial nessage for a
potentially ongoing call request), and routes 1210 it to the PSM process
904 for fugther processing. The PSM process 904 decod]es the i ncom ng
nmessage and 254y mandeemeit in Je Dresence of @ prowtaic 1 i et <)

det erm nes whetfer is call is to si phoned .., to an. alternative

et wor k) or " ai 1 St BRs R i kg RaBnRER o indsipp el NAPESERE 1 e ¢ he
call is noheBS 109 a5t RROMSTE, 1 IONENIBIEEE Proced@res, Hdartha BS anhe PBCKard2l 5 to

the SS7MsgHdl r process 902. In one enbodi nent, the comm nication protocol
bet ween t h@nsigyve gs-pears. A Peesiapd Beards Both peces maiptal) dsetsoofmupbers,  pased

protocol t i vel i t ion | ogic)
bt "t e undafrs Rl BR o ieE N BRI GERR Pl SUtch e RERRHET, 0
re-transm@SN)22Dhe FBN kdenfifiés the ksagessage sdnetd\dieet a6k thEBSNVidentificsaRsses this

nmessage and responds 1225. This response is al so received hy the proxy

swi t ch 300aymessdgsdecevaddrona 8 Pesrs d'or eXqraple,asshme thars it Hye signaling links

non- si pho ' I L &Lﬁ%; assi gned
to the i n%ﬁf@?égﬁgg tgﬁ ?réeégls gggpée‘{i%@?ﬁ%é hg%g!\;/he]) §faﬁ1€£%%9wlsg I % process
902 does nthén Pearbviinawg thiatit essata] messapes UpSMadd includisg mestagd hto BSYsgHd| r

ds 1230Q0.thj t . tl dtog.t .BS 107. I th
oreneneas et s knfigs RRCH s REGRRY T bredsBBR b st meats S LSl ween
the BS andyth@ NEPe&rtRRktsls@Eh Abfedk) PR 8ad6a (RESRIBVROrICOD)C! Usi on of

.the call. In response to a Call Release, the proxy switch 300 ensures that
the "tear message tofPeciaregedsting Bess@rte changewyemg linke&Ldtls Bess? respandstwitlhe | ocal

reference .- Ihg cal | rel eas age s al n BS 107 by
he proxy Sl gy Brd A ¥lsaBe MERIRE R i TnSHedS Mo O BNl s oo s ov.
Fi gure |3 basediogsh which kaWidg18eRage? cah bé re-@idsniilsd FogLedatipld, ai e abyvd he BS
107 to the MSC 110 and al so_used to show proxy_trunks, i.e., trunks that

are cont r onftaeceamgssages 4andd peediinde gatansmyted thBeq@S. 107 sends 1305 a service
request intended for the MSC 110. The proxy switch receives this nessage
and the SS7MsgHdl r process 902 receives tHB# call, assigns a unique | ocal

ref erence nunber to this nmessage, and routes 1310 it to the PSM process 904
for further processing. The PSM process 904 decodes the incom ng nessage
and detern~ines whether this call is to be siphoned (e.g., to an
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28 scal ability and performance. Additional software processes are
provided for failover and reliability. The purpose of these processes is to
provi de f gjd pygied oOr ot her PSM processes. In one enbodi meg; /685 1:4eM has a
"shadow' process providing "shadow' coverage. In case a P Iﬁprocess fails,
t he correspondi ng shadow process is designed to takeover fromthe failed
process. Variations The above enbodinents all facilitate the realization of

a transparent sy ] f ' | I 18tk provide
advant ages overm%h(ef&sd%eg;é gﬁgﬁétﬁgs}g?ﬁn @%ﬁﬁ%}%«%ﬁé&%ﬁ%ﬁﬁh-ﬁé{di s partly
vi si bl e t oBSNe6Rden®his FSN=Sind BSNES eAlsorassyimeithdt fierashéant apaslinh Isidssed

, above. In addition, the enbodi nents were described in part with relation to

CDVA pr ot o&8sting hstiveankeedanddiesth dengied asspldeD e Shefell .and that SLEBbReaks ah GSM
| S-136 d | ! £
L e

switch to I's optio Vi ng descri ment, it
shoul d be mphdeeitt BEN (pé) imahs COD meshiaga WhekPdel2 feneivésethBrrhessdpet itchanges nay

be made to the enbodi nen crjbed wt parting fromthe spirit and
Scope. of | ¢ SRRRHORE FAveVAS wiEb i ifeel T (3530 hored defeginss ot i i ng
suppl enent aiecds88d (8L6:52) nBedto Mie tAnGANIH P&RE fiRiSs MSHOSK B oal ol east

one base station subsystem (BS), at |least one nobil'e station (MS], at |east
one nobi | ebseHransiniiedeandtsends(quseCOAmessage entainingrits BSIN (<5). Peertmenivas cat i on

with at |eas e of the.BSs and.,at | east e.of. the M t t hod
conpri si ngalfked)‘g egsé(gfe:angﬁ%mgﬁﬁglﬁr?cé V&lﬁ\ﬁ%‘v&gr\t&\ﬁsﬁa_ﬁ?i(ﬁﬂﬁﬂ ng nessage
from the Mierniiié thivthe€ hisOPhRi8aBés@0i5E5nddd 1886 FaaRehiitd. tihesenaw scal |
originating nessage is involved in a call that is being handled by the

swi t ch but Magsagesyare geeupsap biyPeerdo be rertranssnitiedito Feethe new cal | ori gi nati ng
message is involved in a call, the switch converting the new call

originating mesgage f&efed EAbSGifeAR! tht sGREAE PephPAA%Ecovery mechanism

between the BS and MS are not expected to work. In short, the BS 107 may send

messages to the proxy switch that are never received by the MSC, e.g., siphoned
messages. and vice- versa, e.g., MSC messages that are blocked. Consequently, the
basic FSN/BSN state at the BS and the MSC will not accurately reflect the state of the

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 arrangement to illustrate the concept,
the FSN /BSN pair 787 on the MSC for the link 785 and the FSN/BSN pair 789 for the
link 786 are conventional. Pair 787 tracks the number of messages sent and
acknowledged (or “acked”) on link segment 785 out of the MSC; pair 789 tracks the
same but out of the BS. The proxy switch 300 includes FSN /BSN pairs 788 and 790.
Pair 788 tracks the number of messages sent and acked on link segment 786 out of the
proxy switch 300 toward the BS 107; pair 790 tracks the number of messages sent and
acked on link segment 785 out of the proxy switch 300 toward the MSC 110.

As alluded to above, there is no expectation that the values for pair 787 will equal

the values for 788. For example, an MSC message may be blocked from being
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the switch issuing the feature notification nessage to the BS; the switch
I ntercepting a response to the feature notification nessage; the switch
converti ngyd H@sig@sponse to the feature notification messagerhRopdigssage
accepting a new call; and the switch issuing the nmessage accepting a new
call to the MSC. 2. The nethod of claim1 wherein the switch is connected
to an alternative comunication network and wherein the nmethod further

conpri ses #hRmittddso Be BHQO3 W & phit Sﬁﬁ&Ma}\Em(?@wﬁcﬂﬁHc, a9 BREEkd Pibréih OByt he
alternative network to a BS having the addressed by the new cal

0 ][ ig |h nat i ny tedkdngybe ngssapeethadBhodhlugf ofGi8Zisheuld be pﬁﬂ bighethpn thef ofy/88hdnact s
hessage: . guotion. {8 BoreR e R B TRnS HRTRBRRL bt FRBHIENE! 1 e o
n fition” gt S o eR e s B g FREGBRRL bilse® PSR NGl 1,

the MSC angf thBSNahd BENWES o0l Be oLl Tr akdrgple adskite thRisApIK chse dflege M5 and

. the other of the MSC and the call connection fromthe alternati ve networKk.

4. The netmegagsiremMHC 110 that iesuppese te bebloghad al praxygwitch808as & part 8Endi ng
g . urah iy HSC . )
Dot ent na PREPASRDphRGRIoB ) Ao RHE A2, OLORRY P A i} o Ral

suppl ementtaery if apidkhowlddgedmenmabedieedean MBQ 1 0@ bupthereneilMse o disorepa@cpht | east
one base station subsystem (BS), at |east one nobile station (MS), at | east
one nobi | P4 &e Recagsccrmngssagavaeg senh fBad07-east one switch in communi cation
with at | east one of the base station subsystens and at | east one of the

MBCs, the met hogl &Q@Qé%é%ckﬂwgd %Ptthﬁ pfl:fx'y_skﬁ‘lﬁh g%,ttﬁﬂyfoﬁ‘(?%{w‘fthﬁ‘gxté} &y cal |

originating nessage fromthe C, the switc etermning if I\/% addr essed
i n t he newhemland vpdaesthe FOY/BEN pageas eutlimedolbowel in a call that is being
handl ed by the switch and also involved in a call that is being handl ed by

the MSC, if th I S_1nvol,v. in || -t h the sw isnvol ved in a
call with the %&I\‘fl% Hrﬂ{%%gﬂ}ﬁé}g&fﬁg ﬁ‘@v@% Im%sis?%el t?]%fflitﬂﬁeghﬁg‘sj]sl ¢e and not

passi ng i tindieatitpethBFinkB78 5wt A¥Wnsthtit G préy swifchi J00anteRBp s €hat @iEgRagE cat i ons
networ k having at | east one nobile swtchi ng center (MsSC) and at | east one

base st at i B39 FdisegsnaiplloBS to mReiodhRBSHETNBES KR sludss FeddsPhinipraation

2%9?2{1' o n@?@?@g%&?&%ﬂ%@ n&@ 18k TR shéwd)' (91 3hd 8n B sREAk chiddBoRir a3y
The proxy switch then forces a break 725 on a link 786 between the proxy switch and the
BS (link 786 corresponds to the link 785). The break is simulated as follows. Every few
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 COOQ is sent on an unbroken link. The proxy switch 300 then waits for and
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31 signaling nessage handling logic for receiving signaling nessages
fromthe MSC and BS in accordance with said nobile signaling protocol;
statelogl intaining state information of call ses bil e
stations ( ?hdg%d Wi thin the nobile comrunications net Sﬂ(ﬁﬂﬁﬂgg%gg
interception | ogic, cooperating with the signaling nessage handling | ogic
and the state logic, for detecting whether a signaling nmessage froman MSC
is a new cgll ' w cal |
ori gi nat| CRLbN L4 BOCH DTSRRI s 740 A0 SO il e oo
originati ngemméagﬁssfargenﬁ‘benmg GO wiill derdainahd BSNB&osmaNdmdafrmxrtm addr essed

 mossage. | QORPRELI PG THBEHIo04R PB RealRgEN DA ALATGLS BR M LHE DY

servicing the addressed MS; and nessage transm ssion |logic for |ssw ng the

. feature notificahd mx%@a@%ehwah@f&%na%c&ives RérahdiRitRE H6SS£En Wpoe 7- The

proxy switch of claim6 further including call connection logic for
est abl i shi segt an gl nevclimnisemithn MS(oamddiora thedB Hatiny énfosnationkeeiveddethed to the

pr oxy svmtchto i.cing .the ddress | | i nati ng
oange. ritannflo®Tss FlihedtsBeh v ReNRaios REREa R PR BE S e or Bt oy
recei ving é@ﬁmm § gintln@ing potentiglybding bioakddic, AE AsskeiBed naahs mahascuc
servicing the M5 and for toggling call connections to the M5 froma set of

cal | conneflewends 191 uding at | east a call fromthe nobile network and a
call fromthe alternative network. 32 . Al. A{%A% % A

. As9. A% A% AL. A
o 206 AL Ay Aot 60 Sy Al R BUBSAP O Moo,
|1 e i oo S
] caU] cal ca]eé‘alf 85‘]‘5%}%%6%%‘@8‘]“65&] k& @%\P@&%%ﬁ&‘ﬁ%@é E’!?P@é]cl"cé‘] ] ca] cal ca
- %] +Lyehld fof @@1]&0 ﬂrﬂde%t%?érﬁgo'ﬂﬁéﬁ'éftggf/ ?@@rﬁéﬁ' islakidsl vraddscalaal cal ca

]ca] ca] caV] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca cal ca] ca] ca] ca] ca] cal cal ca
] ca] ca] ca] rap@irg 88888 he proxy switch would mimic a MSC in relatlon to aBS or mimic a

P <=0>>7"?| 2 ’>r’> ’>’>7AAC§%§§]EEI [1Tilll]wmhc”YU] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] cﬁﬁd‘éf O@af’@ cal] ca] ca] ca] ca] caV] ca] ca] ca]ca]ca] ca]jca]ca]call,
JJJIKK?LLLLQRRRQRUUMMWNNZZK] J RI\\ D\ A" a~ysni d_Xmhc” YU
V] c"a] ca] cplsrelime\dhicalonllic aligadrinl SSiWdhia Based on COO messages
V] c”*a] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
aXauccqdwdy dz ddufedtteAbiexiodineniOMAe inve Akon, Wiy §witdh P @yntilically
V] ca] cal] cal] ca] ca&ca] ca] ca] ca] ca] ca] cay caU] ca]ca) ca]cal ca ca] cal ca] cal ca]

ca] cal] caUjieteneing whpe Hlecapien gy rgnefit frpmiredisegting gor 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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changeover. since one less signaling link is available.

However, though the bandwidth between the proxy switch 300 and the MSC may
be impaired as a result of COO described above, the bandwidth between the BS 107 and
the proxy switch 300 is not impaired. The proxy switch may take advantage of this
context by siphoning traffic to an alternative network. Accordingly, the proxy switch
initiates traffic siphoning 835 for traffic generated from the BS-side of the proxy switch.
There are many types of alternative networks that may be used to carry voice as well as
data traffic from a MS 114 (see, e.g., figure 4). If there are multiple types of alternative
networks connected to the proxy switch, then the proxy switch may select the type of
alternative network based on the type of communication, e.g., data or voice. In
initiating the siphoning, the proxy switch will configure the data plane as needed to route
certain bearer circuit traffic to appropriate alternative networks (as will be explained
below). For example, the VoIP assembly 404 may be configured with information

extracted from the signaling messages.

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

Any COO messages from the MSC 110 are intercepted 850 and checked to see if
they indicate that the MSC is again ready to receive traffic on the previously down link,
i.e., to see if the COOQ 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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. BSNss and sent 860 to the BS 107. The modified BSN are the ones maintained by the
proxy as discussed above. The proxy switch 300 then waits for and receives a COA
message 865 from the BS 107. A new COA message is then generated 870 with
modified BSN numbers and sent 875 to the MSC 110. The proxy switch then
discontinues the traffic siphoning procedure. The control plane instructs the data plane

accordingly.

Under certain embodiments, the decision to siphon traffic may include the other
considerations. For example, the alternative network may provide QoS guarantees that
may be considered by the proxy switch logic. In one embodiment, siphoning is only at
session boundaries. Accordingly, if a call is to be siphoned, it is siphoned at call

origination.

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

performed but no siphoning.

Procedure for Preserving Point Codes Across BSC and MSC

In SS7 networks, all network components are addressed by unique numbers
called “point codes.” Consequently, all the BSCs and MSCs will have unique point
codes. A message from a BSC to an MSC will, in general, contain a destination point
code, e.g., the point code of the intended MSC, and an originating point code, e.g., the
point code of the BSC that sourced the message.
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) carry voice or data) are identified by Circuit Identification Codes (CIC).

To support transparent operation by the proxy switch, the point codes and CICs
traveling between the BSC and MSC are preserved for all messages. This requirement is
complicated by the fact that while some of the circuits carrying bearer traffic will
transparently traverse from the BSC to the MSC, other circuits emanating from the BSC

will be terminated at the proxy switch, and the MSC will be unaware of such

terminations.

As stated above, some trunks 308 are pre-provisioned for direct connection
between the BS and MSC, whereas other trunks 312 connect to the proxy switch.
Analogously, under preferred embodiments, some bearer circuits are pre-provisioned for
direct connection between the BS and the MSC (“pass through circuits”), and the

remaining circuits are terminated at the proxy switch (“siphonable circuits”).

Under one embodiment, under normal 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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“unavailable” at the MSC and “available” at the proxy switch in a gradual manner so that

the proxy switch gradually gains control over more of the siphonable circuits.

To handle the deployment of figure 3B, the techniques described above need to
be supplemented. In particular, to handle the deployment of figure 3B, the proxy switch
needs to intercept messages from the BS and change point codes to reflect a re-mapped
MSC. Under one embodiment, this is done at a session-level of granularity, meaning
that the re-mapping to a new MSC may be determined at session boundaries.
Alternatively, the re-mapping may be done at other levels of granularity, for example,
when a MS is turned on. Some embodiments perform the mapping by correlating
equipment serial numbers (e.g., included in messages when a MS is turned on) to MSCs

and their corresponding point codes.

Hardware Architecture

Referring conjointly to figures 3 and 4, preferred embodiments of the proxy
switch 300 include a control plane 302 and a data plane 304. The control plane includes
a combination of 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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may communicate as they do conventionally.

The data plane 304 of an exemplary embodiment is shown in figure 4. It includes
a DACS 402, a Voice over IP assembly 404, a Data termination module 406 (e.g., to
terminate A5 data in CDMA networks), a PPP relay assembly 408, and a PPP
termination assembly 410. The various assemblies may be packaged on one or more

modules.

The DACS 402 receives the bearer circuits of trunks 306 and terminates the
information received on the trunks; it also transmits voice and data on those trunks. Pre-
provisioned ports for the DACS 402 are connected to VoIP 404 and the Data termination
assembly 408. The Data termination assembly 408, in turn, is connected to the PPP
Relay 408, which in turn is in communication with the PPP termination assembly 410.
Moreover, the data plane may also be 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 plane entities receive control commands from the control 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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Referring jointly to figures 9-10, under a preferred embodiment, the control plane

software executes session manager processes and communication processes. The session
manager processes include a Proxy Session Manager (PSM) 904 and a Core Session
Manager (CSM) 1002. The communication processes include SS7 Message Handler
(SS7MsgHdlr) 902 a-n and IP Message Handler (IPMsgHdlr) 906 a-n. As the names
suggest, the session managers include logic for managing and handling call sessions,
whereas, the message handlers include logic for handling messages. The message
handlers encapsulate the logic for handling messages so that other software does not
need to know the message handling particulars. Similarly, the session managers
encapsulate the logic for handling sessions, so that other software such as the message

handlers do not need to know session state or the like.

The SS7TMsgHdlr and IPMsgHdIr processes are responsible for accepting
incoming messages and sending outgoing messages. The former accepts and sends
signaling messages from and to the MSC 110 and/or the BS 107. The latter SS7TMsgHdlr
and IPMsgHdIr accepts and sends control messages to the data plane. The PSM process
904 handles all calls or sessions that are “flow through” calls, or non-siphoned calls. The
CSM process 1002 handles all the calls or sessions that are being siphoned off by the
proxy switch 300. As such, the CSM process 1002 provides much of the same
functionality as the circuit-MSC and a BS in the sense that it responds like an MSC to
messages from the BS, and responds to messages from the MS as if it were 2 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” coverage. In case a PSM
or CSM process fails, the corresponding shadow PSM’/CSM’ process is designed to

takeover from the failed process.

Referring to figure 9, as signaling messages arrive from the BSC and MSC, they
are handled by a SS7MsgHdlr 902a-n, which executes on the SS7 processing card.
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switch. The SS7 processing cards (mentioned above) extract sufﬁc1ent 1nformat10n from
the signaling message to identify a corresponding SS7MsgHdldIr to which the signaling

message is passed.

The SS7MsgHdlr receives the messages and assigns a (preferably) unique logical
reference number to this message. This reference number is used later to identify
subsequent messages that pertain to the same ongoing call/session. The assigned logical
reference number is communicated back to the software system running in the BS or
MSC (e.g., the SCCP protocol stack) which then uses that reference number in all

subsequent messages pertaining to this call/session.

After the above processing, the SS7MsgHdlr 902 then selects a PSM 904 to
handle the message. In one embodiment, the SS7MsgHdIr examines the point code of
the message originator and selects a PSM that is associated with that code. For example,

a table may be used to store such relationships.

The PSM 904 then determines if this message is for a call/session that is to be
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 SS7TMsgHdIr processes.

The PSM processes 904 may also communicate via'an internal protocol to the
CSM processes 1002, see, €.8., 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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Gateway Control Protocol).

The internal architecture of the PSM and CSM processes is similar. Referring to
figure 11, incoming messages are received by the network interface module 1102. The
network interface module then sends the message to the protocol engine 1104. For
example, this engine 1104, under CDMA embodiments, is responsible for encoding and
decoding messages according to the IS-634 protocol. The state machine module 1106 is
responsible for handling the message and recording the state according to the protocol.
For example, under a given protocol, a given message signifies a known state transition
under that protocol. The state machine module 1106 includes the logic for recording the

state and implementing the state transitions.

The active directory module 1108 interacts with the external mobility
management functions of the MSC and is responsible for obtaining and updating
subscriber profiles and other user/subscriber data. In a traditional MSC, the Visiting
Location Register (VLR) is typically co-located with the MSC; the VLR contains the
subscriber information (profiles) that are currently roaming within the area covered by
the 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 HILR 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 roamfng subscribers.)

The media gateway controller (MGC) module 1110 interacts with the data plane
304 of the proxy switch via epen 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 embddiment, the so-called TDM-VoIP case, these action
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incoming circuit (TDM) traffic at an ingress port and to convert it into RTP/UDP/IP

packets and send it out from one of the egress ports. Thus, in this embodiment, incoming
circuit traffic is packetized and sent out as packets. This embodiment could be used for

taking circuit calls, and transporting them as Voice over IP (VoIP) calls. In another
embodiment, the so-called TDM-TDM case, the MGC 1110 instructs the data plane 304

to receive incoming circuit (TDM) traffic at an ingress port and switch as circuit (TDM)

traffic out of an egress port. In this case, incoming circuit traffic is preserved as circuit

and switched to an alternative circuit network.

Figures 12-14 are used to illustrate the above concepts with simplified
architectural diagrams. The figures are used to show the various interactions of the
software processes in response to signaling messages. Bearer circuits are excluded from
some of the figures for the sake of simplicity. Moreover, only single instances of the

PSM and CSM processes are shown for the sake of simplicity.

Figure 12 is used to show the control flow when a new call message is initiated
from the BS 107 to the MSC 110, and to show a “Pass through call.” A pass through call
is a call in which the proxy switch 300 is 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 SS7MsgHdIr process
902 receives the call, assigns a unique local reference number to this message (this is the
initial message for a potentially ongoing call request), and routes 1210 it to the PSM
process 904 for further processing. The PSM process 904 decodes the incoming message
and using the IS-634 state machine (for CDMA embodiments) determines whether this
call is to be siphoned (e.g., to an alternative network) or allowed to be handled by the
MSC 110. Since in this example the call is not to be siphoned, the message is encoded
and sent back 1215 to the SS7MsgHdlr process 902. In one embodiment, the

comminication protocol between the SS7TMsgHdlr and PSM processes is a stateless text-
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10< based protocol that provides a level of abstraction (relative to session logic) of the
underlying signaling protocol. The SS7MsgHdIr process 902 then re-transmits 1220 the
IS-634 message to the MSC 110. The MSC processes this message and responds 1225.
This response is also received by the proxy switch 300 but since this response is related
to an on-going but non-siphonable call (as determined from the local reference number
assigned to the initial CSR request message explained above), the SS7TMsgHdIr process
902 does not forward this message to the PSM 904. Instead, the SS7TMsgHdIr sends
1230 this message transparently onward to the BS 107. All further exchanges relating to
this call are allowed to transparently pass between the BS and the MSC except for a Call
Release message at the conclusion of the call. In response to a Call Release, the proxy
switch 300 ensures that the “tear down” of the call happens including the disposition of
the local reference number. The call release message is also sent to the BS 107 by the

proxy switch so that the BS can proceed with its tear down processes.

Figure 13 is used to show the case of a call message initiated by the BS 107 to the
MSC 110 and also used to show proxy trunks, i.e., trunks that are controlled and
assigned by the MSC 110. The BS 107 sends 1305 a service request intended for the
MSC 110. The proxy switch receives this message and the SS7MsgHdlr process 902
receives the call, assigns a unique local reference number to this message, and routes
1310 it to the PSM process 904 for further processing. The PSM process 904 decodes the
incoming message and determines whether this call is to be siphoned (e.g., to an
alternative network) or allowed to be handled by the MSC 110. Since in this example the
call is not to be siphoned, the message is encoded and sent back 1315 to the SS7MsgHdlr
process 902. The SS7TMsgHdIr process 902 then re-transmits 1320 the message to the
MSC 110. The MSC 110 responds 1325 to the call set up request by assigning a channel
to the call (as described above). This channel assignment is received by the proxy switch
300 which passes 1330 the assignment to the PSM 904, which in turn responds 1335 that
is has recorded this assignment 1330. The proxy switch then transmits 1340 the channel
assignment request onwards to the BS 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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Figure 14 is used to show the case of a “siphoned call.” A siphoned call is a call
initiated by the BS 107 that is intercepted and re-directed to an alternative network by the
proxy switch. In such an example, all signaling is to be handled by the proxy switch and
the trunks carrying user traffic are to be controlled by the proxy switch. The BS 107
sends 1405 a service request intended for the MSC 110. The proxy switch receives this
message and assigns a unique local reference number to this message, and routes 1410 it
to the PSM process 904 for further processing. The PSM process 904 decodes the
incoming message and using the 1S-634 state machine (for CDMA embodiments)
determines that the call is to siphoned. Since in this example the call is to be siphoned to
an alternative network, the PSM transmits 1415 the message to the CSM process 1002.
The CSM process 1002 now starts to behave like a conventional MSC and issues 1420 a
channel assignment for this call, assigning a trunk between the BS and the data plane of
the proxy switch. The channel assignment is then sent 1435 to the SS7MsgHdir. The
SS7MsgHdlr process transmits 1430 this channel assignment information to the BS so
that the BS may use it for user traffic. The CSM also sends a message to the data plane
of the proxy switch (as described above using H.248 or MGCP protocols) directing it to
receive incoming user traffic on the assigned channel and directing it to an alternative
network. As explained above, in one embodiment the alternative network may be an IP
network. All further exchanges occur between the BSC and CSM process until the call
release command is issued by the MSC causing a release of resources (the tear down

process).

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

processes running simultaneously on various processor cards to provide the necessary
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scalability and performance. Additional software processes are provided for failover and
reliability. The purpose of these processes is to provide failover for other PSM processes.
In one embodiment, each PSM has a “shadow” process providing “shadow” coverage. In

case a PSM process fails, the corresponding shadow process is designed to takeover from

the failed process.
Variations

The above embodiments all facilitate the realization of a transparent switch.
Subsets of the functionality, however, still provide advantages over the state of the art.
For example, a switch that is partly visible to the network may still offer many of the

advantages discussed above.

In addition, the embodiments were described in part with relation to CDMA
protocols, but the embodiments may also be modified to work with GSM, IS-136 and/or
other2G and 3G protocols.

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

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

departing from the spirit and scope of the invention.

What is claimed is:
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1. A method of providing supplementary features in a mobile communications
network having at least one base station subsystem (BS), at least one mobile station
(MS), at least one mobile switching center (MSC), and at least one switch in
communication with at least one of the BSs 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 but not by the MSC:;

if the MS addressed in the new call originating message is involved in a call, the
switch converting the new call originating message to a feature

notification message;
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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the switch toggling the connection from the MS and one of the MSC and the call
connection from the alternative network to the MS and the other of the

MSC and the call connection from the alternative network.

The method of claim 1 further comprises the acts of

the switch sending billing information to a billing system upon termination of the

call, reflecting the supplementary feature provided.

A method of providing supplementary features in a mobile communications

network having at least one base station subsystem (BS), at least one mobile station

(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:

6.

mobile switching center (MSC) and at least one base station subsystem (BS), wherein the

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.

A proxy switch for use in a mobile communications network having at least one

MSC and BS each communicate signaling messages according to a mobile signaling

protocol, the proxy switch comprising:
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state logic for maintaining Staf€ 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
a new 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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