METHOD AND SYSTEM FOR PROVI DI NG ROAM NG SERVI CES TO PREPAI D ROAMERS OF A
HOVE NETWORK 5Rel at ed Applications This application clainms the
benefit of United States Provisional Patent Application No. 60/881, 136

ERRE LAt e A

10af orenenti oned provi sional patent application is incorporated herein by
this reference inits entirety.. Field of the Invention The present
i nventi ol gdféited ppplicetiales to nobile communication of roanmers. 15 More

specifically, thepisnyentdieR AShAL 82 bR OFitdiRg S@RM MEvisiBhall PASNtt O
prepai d out bound roaners of a home network and handling their billing, when

they are rodwipfigation Nen§0/38 k1 d6eentifled {RdorkcStepdsrd Propaid Karbause Repaeendo provi de
the roam ng Iéefrz{r}\s/g§§ QR ES & EBzﬁgé‘l\/ﬁf EQRBhhe BORBGINETUARROIndl Be _

I nvention '1e services are becom ng I'ncreasi ngly popular, |eading
to conpeti t iGargoeMAe8M SdFfdie r@riboundt Roankerdpéitedt on slaneary nk; e29@. tThei r

roam ng revenues. .Mbil e .subscriher o. f : i i rent
countri els0 (3?“%{3?”3 Ui %aito atﬁ%taﬁ%l}ﬁgé\@rb\hstukﬁ%ﬁ)%ﬁg% %%%’gag]éﬂdgfe?%‘{,cgar e maj or
cont ri but or $n 0f edtiidtg. r oam ng revenue. Network 25 operators across the world
tend to earn maxi numrevenues fromthese roam ng subscribers. Thus nany of

t hese network operators offer intemational or national roamng to their

out bound andgridlalepthednvenGieners. Primarily, outbound roaners are major
contributors of roam ng revenue for 30 nopst of the network operators. -
Mor eover, since tARPEHE HEENHOBEERFabCeatRs o WBlI%F%%?‘CﬁPE&W W& vices are

avai | ablg t  de GpeAtE ANy NIENRenBbn SHRSCE BRIV AANROS berPRbd ts prephige. Wth
the grow ng preval ence of pre-paid service, an increasing nunper of

pre-paid sulfsBeBeramsieop JomserBIR RNt B B Wllingi HEer Koy aobi | e
service whi |r§an§iﬁ§‘f@'ah¥'@is@c@& HeQRr fihdk N otheRRLVEAET 1 BRIVRREMET BEMAR
increasingly 1nportant revenue 35opportunity for their home operators. In
order to pr@¥ivites 1da% PGP FAANEES to its

20  Background of the Invention
Mobile services are becoming increasingly popular, leading to competition
between different network operators to increase their roaming revenues. Mobile
subscribers, who frequently roam in different countries (or across different networks
within the same country), are major contributors of this roaming revenue. Network
25  operators across the world tend to earn maximum revenues from these roaming
subscribers. Thus many of these network operators offer international or national

roaming to their outbound and inbound roamers.

Primarily, outbound roamers are major contributors of roaming revenue for

30  most of the network operators. Moreover, since they do not require credit worthiness,
prepaid services are available to a greater number of subscribers than post-paid
service. With the growing prevalence of pre-paid service, an increasing number of
pre-paid subscribers are also becoming interested in using their mobile service while
traveling outside of their networks, representing an increasingly important revenue

35  opportunity for their home operators. In order to provide roaming services to its



prepai d out bound roaners, a hone network operator requires a roam ng
agreenent, or special anendnents to their existing roam ng agreenents, with
its roaners' visited network(s). Prepaid roam ng services allow the prepaid
roaners to make and receive calls, send and recei ve Shart Message Service
(SMB) and otPﬁ"é’la‘d\?é!Fhﬁ’é“qﬂ&ﬂ’%ﬁrsggﬂ??ed&W‘g?9&@5”, TEAYEESE 2r PN AF B AR post pai d
roaner. specid? abfdRdidn® ® Wir bXiStd foamMiergteRmbits AWigh @ rgumoard’ diigigdpr epai d
out bound roam ng, the hone network operator uses an Unstructuyred,
Supp! ement amptvSak(e) Reppe reanflussmyicesAllowthe Rreprd yqagisrs W{%*ﬂ‘ee?ng FEsYed

subscri ber I Uil al@otheSVAI8IA B@IRKcdiRkes a
call to a cg: ngég&gg??%cﬂgérgg%%%g@v%?{}g%twork relays an USSD comrand
to an USSD d¥WASshacklilsany ethefdosipaidaernian t he hone network), which triggers a
call back towards the calling nunber (i.e., prepaid subscriber's nunber)
and the called party nunber as defined in the USSD command. In this way,
the visited netwir theaper attbe appams éschailqhe Mprowing popridotutisfung respsingl r oamer s
comng fromthe 15 ho networ k back to t h YRYR t he USSD
cal | back séb‘{}i‘%‘é@ rfeé‘ﬁ(?rg%eﬁ?tgr %e%%ngﬁnsﬁ?gwreg%blgﬁ ?%%@%?gg{%geﬁ?t heelds a two
way call to dap vest addlicehwrkn 4 prepkidsupeeberad]the forat inttwork essnifg exitsi | ity,

and does not support SMS roanjing. In the face of tho and ot her

li mi tati Bhs,Vitisdnetyphemales @%%t%as“é@“’s%af%“&g‘%f‘fs B1‘?oV &%ﬁ&s{%mga%%ﬁseaa. 20

I n anot her tEEM Rt Rh SIIL AN RRRIseaUldaddeh the aBineGietvankie whashwor k
operators use Custom zed i

, Appl i cation for Nbbile hanced ,Logi c ( CAMEL)
service, whefsgarhecallberk @&/aﬁjélﬂiﬁftaumgBB?‘Q?I&G'{%%IEQS“;W%W8 l?erltagﬁt rol of
prepai d r 0anRL S, AP nlih6dP & REARANE REUNSDkohAd! B thikewhiome: Visitesor k.
However, the CAMEL 25 service requires the visited network operators to

first supporteteaivRpepioppese all M rall sepisel eoftRsersidommersptiades Jiom e to t hat
of the h i NESMPLES R Wi il efee0bsBAMHLbRRasRGUPPOrt ),
and esta is}ﬁwoggqagg?éﬁ?e Wt 'ghg_homa net wor k, in order to provide
roani ng ser vepesntsAl bdvowgdr exoperienRurstise aihneset aovR svayesalrial beyestahbthstt  CAVEL
protocol, nost of th : abkish, L jpeHecenment s
with each ot' ‘tiz-ork%?aﬁ(g r\%é?ﬂ%ﬁlg\g{s gﬁﬁﬁg{%\ll\g{r‘ié&fﬁgﬁﬁer ent go_un ri es.e Usual |y,
in many ot hefcer efjihosesandsuicd lmsitafigiisa thabityhd | of USEEY-based] SEFick d& notnwidghr k
operators do nott even support CAMEL protocol for prepaid roam ng. Those

i nfrastruct Lﬁd8p8‘91anges, new roam ng agreenments, and rigorous testing and
billing 2processes present form dable barriers to any diffusion of

CAMEL- based prepaid rpoam ng. In accardance w t.h the foreggi eis a
need in the art g‘? aﬁ“ﬁ?}s?@%‘[‘q“ﬁ '8 %Y‘ﬂ%afepglﬂaougbo%‘gﬁ% rrélglg’pér%g%? ré%&gqu{)duct ,
whi ch al | owsopRfaeR@LR CiilEEicd degipscatibn fortMsBileahmped Lbgic (CAMEL) suivees ed

net wor ks even when either the honge netmrﬁwg({) vgsi teqexetv\m(gso do Jot
support CAVEYhere the| Wyited 5 (OPEFRLF Rasieyd RarenE CANEEPH O PPN

agr eement W dohhi§R&Bmohe 8me hOwIEKTBEK o Qlie hdige hatweikl Homvever, the TARIBLr esent
invention is directed towards a nmethod for providi nwp&g Sﬁé\/i ces to a
HPMN' s pPepaiceieuBauifes Bervitiianemer eRfraerd (e shitPRO, - POt fiod

i ncl udes f acjloitat) A AMERHHEG siRgH06] Blied i hdind hawbRMY bithecpicepai d
subscriber's ﬁegl‘ stration at the VPWN even if. thatwg‘)r epai d subscrijber's
roani ng pr ofliave differeSAMERtpha% snpMbRaRd eablish SANEL RerosBemipv 8¢ r oam i n
the VPMN. T PM(LJ!W% i PN, 808e RBLhingfseR@s OR IR Rid BAFopB&t Wor ks.
The SGis dglgqnloéye a{kc’jel{lt (?%ey th I%I-iPle\/l\l, olpngr? WSNO assoggi ated w tph t he HPIWN,
or a hub opereawaks ghteraiyvepporei GAMEL tifetopgbMYogr oft tresevmyNotks o YRt fay be
unabl e t 9% S &%ﬁﬁéh(%afgpe%mgm \A}?tg'x%ta%icgher aR8 vARIE o dedNs And rbfGe VPMN may

not have agr eemen . .
countries. Usually, in many other regions, such as Asia, Middle East and Africa,

network operators do not even support CAMEL protocol for prepaid roaming. Those

infrastructure changes, new roaming agreements, and rigorous testing and billing



20 net hod further includes enabling nobile comrunication of the prepaid
subscriber in the VPWN by the SGto provide the roam ng services to the
prepai d subscriber in the VPMN. The SG converts the protocol of all

signal i ng nessages, corresponding to the prepaid subscriber jn the VPW,
into a for neOEHEpALSH LMl RRTERMR, a%@? S‘Pﬁé’%@@fbl@?% p’ﬁ%’%pr ot ocol
conver si onwhgfnihhe HPMN and the VPWN support 25 different protocols. The

met hod further includes billing the prepaid subscriber based on pre-defined
criteria by using the SGthat interfaces with a PPS associated with the

HPMN vi a ei ther: O 1P 1RCF Vg ReNOUR: is f ndf iSVRCart la dybieRe abei ng
associated with 'g'ﬂgccgme égﬁn}get 0erg ag’pect _I(S)f ?he 1pr esent i r]vyg{]ti on
presents % syshemahor qrpuiedipnegramopnidugt, sdvahi aléovst preprid-ENIICEbYSY €pai d
subscriber that is registered with a Vi THE. S [ ugdes an,SG

depl oyed at h@ﬂehné:rw%rﬁgo HBN El}é\ft%lnnmgb%l?g o‘gﬁ%{lt ée(lgltevamteh}Q)t Ye HPMN, or a hub
operator. Thesit8Gnkailsi danessuphert fA8yBL dors I¥s protdsel bis they aigi satrlavé @n at t he

VPMWN even if r id subscriber's roamng profile is absent at an HLR
associ at ed v&’%ﬂﬁm%ﬁﬁgfi@fmﬂ?’l Wr‘thg?ﬁhioihef'he VPWN. The HPMN and the VPWN are
part of one or nore partner networks. Mreover, either the HPMN or the VPWN

or both nmay be unable to suPport CAMEL (or IN) protocol; or both the 5 HPW
and the \PmSurarypf thepXenfloBANVEL (or IN) agreenent. Further, the SG

enabl es nobile ¢ ni cat.ion .of .the prepai d subscriber in the to

provi de the roam’fﬂﬁ PLEPRY; BN 1§ H‘é"CBePetggngs sau‘SgtglP 4 5P rlogld[r%em%g . The SG
conver Ej s t B%eﬁﬁdgg MHPW’@\%@& gm@ctribegth?am@tgmed Wit & gi?m_dimgr:dtlmd}_l 2 e

repai d subscriber in the into a forma i ble. .he, ,
Rhere t ho. Sorueh GriRetTebn 8 DrioPDROHeL Y dit FERTLh PEREYERTEA ¢ he' VPN
support di f fggiepioR hOhOTOMN eveti it tgIprepatiesubitiberty dohsing peo e Bpdbaht subscr i ber
based onbﬁre-defl ned criteria by using the S thg@%er}fégm vxéth a PPS
associ at B viint HLR rssqapiad Wit tes FRMN tg oagept the V. rvic and & an svec
all three be@’ﬂ;ﬂNaa?é ?Qﬂt %F 6k ¥ £nBret ﬁﬁnﬁpﬂ%oriémfe aned ﬁ'@[oy@@ Reeitheptthd he

present invention provides a conputer program product including a conputer
usabl e pr ogrifyNoereanf VNG as¢oceatergvitlole b/%&é?f\?i}@éémﬁrétoé M?IPRNr’se‘tgFrepai d

subscri ber ‘tfatplay gﬁgwwgr %M'rtﬂ Bra@bYEMYIERY shifok! ¢ AREBLNG: BOiAgosd), SG

associated w epal d subscribéer's registration at the VPMN
even if thatorpotphe HPYNsud theerPMNmasyion daysr o CAMEL for N3 egreeragnt ghiieH| R

associ at W t he HPMN tao.r ' ~ Ie;VPWN are
part of gcﬂe B %%E]éth%‘d?%l%&éé%\lE%Zg%ll%%@!lpﬁ@ﬁgég%ngggﬁ OI{/;@}M atﬁmg?rtﬂkalelrn t he
HPMN, or an tM/MBVREBYtie $Ceid prviide thi evahiitigNerdres 4o thelpreppidrsabssriberNp tover |

br ot ocol | or VN TEHRC GPURTa s eV Hay AR b . AR g o 1
agreement . Fyegatedubsdriber i G VRMN, progfoamt2bmpatide with éredbP MY, wbirk e

comuni cation. of the prepaid subscriber int WN by t to
provi de the $%6Pr?ftﬁ’§nss§’r"v 0 OltSBOQW%@‘oﬁWgﬁh%be gﬁj cr"i‘rﬁle?ﬁei E}%Pﬁ\gw The SG
co BV ert Ezpr _Qiiﬂ@r@ﬂlh t @gﬁ/ﬁu. Thk mcidrmmmsmgm bi_ll;i)xry me;pmpmidih slagsljgbertlheequ epaih d
o ot ocol - corfleirerERe Sriser Pared Wi hErECHERN AR PR ORAOBBON
di fferent 304pPINOSLEMeS anfIU BLE serlide n6RPUALSMBCOEN diltebchihatodditéd s t he
prepai d subscri ber based on pre-defined criteria by using the SG that

i nterfaces withtha HBM&N.associ ated with the HPMN via either: an SCP, or a
service node, or an SMSC, all three being associated with the HPM\.

30 Another aspect of the present invention presents a system for providing
roaming services to a HPMN’s prepaid subscriber that is registered with a VPMN.
The system includes an SG deployed at either the HPMN, or an MVNO associated
with the HPMN, or a hub operator. The SG facilitates the prepaid subscriber’s



Brief Description of the Draw ngs In the draw ngs, the sanme or
simlar reference nunbers identify simlar elenments or acts. FIG 1
illustrates a systemfor providing roam ng services to prepaid 5
subscribers of a Home Public Mbile Network (HPM\), .in accord nce with an
enbod! nent G?glitﬁ‘éorp?téb‘éﬁ?m%ﬂtlf @tprepaid SUbSFrPlGr S JOATHRE %rgg 1§ 3SR B har t

for providing N1 la%wmp% fPMN B Edi th SebeEviNDgThe GipNTNEarid BN that is
roamng in a. Visited Public Mbile Network (VPMN), in accordance with a

embodi nent dfPMNerqopaets@fmneuonmmpmer negFeres M@ poveh ¢ithes the BPMEE AT thy flow
di agram for A dt i P,géaﬂeem%r%p@§& PP EAMBC oS I etbiBlei2 ok GRuAliierpt at

t he VPMN usi ng a gnha I n accor ance w th an enbodi nent of
the present HRMEnhi or; VPMN mayh@aveld CAMEN gorridip persement s irthew te 8@r am f or

bl b I
enabling M I es mobﬁ%gg}nﬁlgmfcgl()fS&%e O;frgéax(} &%sc@%ﬁpﬁ'tﬂ%ﬁ%ﬂp{?@{ Sﬁdé et he VPWN

in case of s& |ce ion an t1on sed
charging, i noamﬁ@rsd@ib@e twﬂﬁd]pa:pﬁldr@bscahtrobhi tiIenVPMN tThe PUeamerts fiwent i on;
FI GS. 5A and 5B i ?r sent .a flow d ram fdor e caJb of the
prepai d subPEFPiLer Al sgnal ‘%Wﬁa?\escé S §ggtﬁ§$| éep%g Fo8G thi (sopy
based sol ut ivgnvENchtyvial Rkt b@ﬁ@mbanwbﬁsw Hrhavgivhge the sm:q)erfdmmmew th a
second 20enbodi ment of the

representd a PEITBRH! GPAYFFIGH f"B eseﬁ?%\/ﬂ\%}‘eo\?ﬁ’w SYPRR rﬁicgeﬁ%ﬂqcprgi?ﬁ%l%rl ber in

the VPWN in agg, GF HPMN bAR tprbsai 850k BasédSHrt-3eihddasi@diatyl udingon, in
accordance with a third enbodinent of the present invention; FIGS. 7A and

7B repr esentthfaS@ thnvindsriagesaiit & PPR Aspsipted) WD thea P MYk vig ﬁ’éh5253“p$%é}f &
subscri ber k@ﬁoi@%ﬁ\r&%ﬁ@sﬁl tﬁ?ee%ﬁﬂ%’hs@@mﬁ@(ﬂ@lt@ﬁﬁqﬁ’ml ution with

In_telligent I nterface between the SG and a Visited Mbile
Sw tching Center (VMSC) associated with the VPMN, in accordance wth a

fourth efbodi rren%f'eﬁaﬁt!ﬂeﬁga?k%? @tt]ilé g#é? rt'x%ntnﬁ gt%vxdgﬁam;ﬁ?brr&%r%em a

fl ow di agram for ena al d subscriber Tn the VPMWN
in case of WubGséddls@hmbmmnewsaMe pNgram ecrdfeé@reprh‘eﬂmmnllh&s%%ﬁm t he

WMEG, In accqy g\ﬂagcp su%scfr %It trﬂatfqu %‘EL mlﬂg)g VtPR«ﬁ\I B ﬁﬂ£t1rfﬁg%lﬁ'{ét§'non

FI GS. 9A, 9§ represen I agram for |ng

Term nated (9dr )1ssc(ahtbd Mmht the HPM¥athel psqpbsicmbmwen mrdgkseaWVN, the Vi0d¥e of

service nOdeeven if that prepaid subscriber’s roaming profile is absent at an HLR associated with

20  the HPMN to roam in the VPMN. The HPMN and the VPMN are part of one or more
partner networks. The SG is deployed at either the HPMN, or an MVNO associated
with the HPMN, or a hub operator. Moreover, either the HPMN or the VPMN or both
may be unable to support CAMEL (or IN) protocol; or both the HPMN and the
VPMN may not have a CAMEL (or IN) agreement. Further, the computer program

25  product enables mobile communication of the prepaid subscriber in the VPMN by the
SG so as to provide the roaming services to the prepaid subscriber in the VPMN. The
SG converts protocol of all signaling messages, corresponding to the prepaid
subscriber in the VPMN, into a format compatible with the HPMN, where the
protocol conversion is performed when the HPMN and the VPMN support different

30  protocols. Further, the computer program product bills the prepaid subscriber based
on pre-defined criteria by using the SG that interfaces with a PPS associated with the
HPMN via either; an SCP, or a service node, or an SMSC; all three being associated

with the HPMN.



based sol ution and when there is an INISUP interface between a Gat eway
Mobile Switching Center (GUSC) associated with the HPMN and the SG in
accordance with a first enbodi nent of the present invention.; FIGS. 10A and
10B represent ~a _fl ow diagram for handling MI call to the 5 prepaid

subscri ber Byief Resopiptin O?H‘ed%@@f"lﬂs SCP based sol ution and when there is an

IN'1SUP interfaceg, et wagigtheeHRMY VB iRNdefeRBccStumbdls a6&@REaRGIRrW th a
second enbodi nent of the present invention,; FIGS. 11A, | IB, and 1 IC

represent aeldmenisdr agF-am for enabling late call forwarding and optimally

routing the M cald § outledr £0glS WA PR, Lnkifle YFARE d0pipitgcase of

servi ce node based sol ution, In-accor ce Wt Trst enbodi ment of the
present iSnventscobers of a Horié @G8blid Mobéla dNRBkr ¢gINNBin awcdidawe dvislyyaam f or

enabling late,call farwardi and optimally routing the MI call to the
prepai d subs?g’rbf)%énremogﬂfeﬁemffgq ,enlg%n’case of SCP based solution, in
accordance w t h 8IG.skeopndeashofbwabait fof plokidingr esanty Ebiicesenta prepaidnd

FIG 13 represents flo i agram f or .enabl i . rt S Servi ce
(SMS) and haHCTIRG & ihr”i’%g‘g‘i’}‘f1 Yap s BPEYLE d“s%gg%{gﬁ)b%mﬂfnhdt%/ﬁze \?)%f)?(f,’rﬁi n
accordance \WPhngnineededinbenith of ehbiifknesEME pieinemveion; 20Det ai | ed
Descri ption

In the follow ng description, for, purposes of .
expl anathfon, spefl¢§ c3himBetR Rt fal'dV gpﬁ\?ﬁr%n{"f gfﬁfglét?{?%gwapgp?gp_ forth
in order to spkRMbA§ RgitRloAUARMINdenst pRiNGsiaf of BRnfr eseRhy i(B@RMRI On. |t
w Il be apparent, however, to one having ordinary skill in the art that the
present i nvaatdréarcaih preembosanend aftha PRt invEME®8e specific details. In 25

Some instances, wehd -ANNN4R e rteRiSa 'ﬁ@\ﬁ cﬁ’fgrﬁmf&’: &dbRg MoBIM OrighfdiedSO as not
e

to obscure the present invention. Furthernore, reference in th

speci fi cat i dMQ)ocallosfethe phapdidnasscriber in' G BN NNt of seraics noHabased
particular feat. ot el Shifancd686 4 Beehbodk@Rfect i on
witht hel%enﬁgﬁ}lﬁﬁe%%q &%&é&d?k@%@ﬂ S@E&ggﬁfgég{s%%%naemeﬁgod% man% of the present

i nvention. Tfi¢he pagspeamanc®; of the phrase "in an 30 enbodinment”, in various

places | n the sperudl GaLLPT OSSO AIGCASSANIAY BEGE MO Lheoemte

enbodi nent . e present tnvention em a net
conput er pr gy¢pait pibedibert int that VEVINOinscaae o6 SiznaiitgnCokird Ruimp@iCH) datederi ber to

[t or changedBIoF e P olosRRn BRn HBHIRAP Er- iRk k) T Weblone or
more of Zohe ehbli@whief tieirelicht iBStion;

FIGS. 6A and 6B represent a flow diagram for enabling MO call of the
prepaid subscriber in the VPMN in case of Service Switching Point (SSP)/SCP based
solution, in accordance with a third embodiment of the present invention;

FIGS. 7A and 7B represent a flow diagram for enabling MO call of the

25 prepaid subscriber in the VPMN in case of service node based solution with
Intelligent Network (IN) interface between the SG and a Visited Mobile Switching
Center (VMSC) associated with the VPMN, in accordance with a fourth embodiment
of the present invention;

FIGS. 8A and 8B represent a flow diagram for enabling MO call of the

30  prepaid subscriber in the VPMN in case of SCP based solution with IN interface
between the SG and the VMSC, in accordance with a fifth embodiment of the present
invention,;

FIGS. 9A, 9B, and 9C represent a flow diagram for handling Mobile

Terminated (MT) call to the prepaid subscriber in the VPMN, in case of service node

5



1. The hone network does not support Custom zed Application for Mbile
Enhanced Logic (CAMEL) or Intelligent Network (IN) 5protocol; 2. The
partner visited networks do not support CAMEL (or IN) protocol; 3. Both the
home network and partner visited networks do not support CAMEL

protocol ; orbased solution and whan thgee ﬁ@ﬁéN%U%ﬂl@ffh@sb%‘bemﬁﬂte%Y Mc&r}‘eagr eenent
with these HPMN hndthd §GDR 8RR&NEEWithO 2
person skil #QEQBXBEFI%"M @tl\k%% F?tshtthecondl tlnon i ncl uéles tr?e czlslse wher e
both the homé'xrstembodlkieamtltdweqsamtlmhom sited networks support CAMEL (or

I t | I i
nowever .t hey do ot DaeRs Loy B 10 Mo Lo ol MORR! RPBR ber

The present plrewﬂrkhbsanbahs mepVWNdelscaseorafrﬁGigbzsai svilg®s and \A@ANELerq)xselpm d

out bound ro r ol..sypport in
their hone ﬁgﬁ\g\ﬁ})l&?te pee bt %@@ﬁ%ﬁ?\/\%ﬂ %%A c():Q%g%ncgl‘% he% support
CAMEL pr ot 0%@dond@1&bm&1t®f%|}fésexﬂ@{\&mm vmth the home network. For
conveni ent reference, all the 20 (gbove nent | glg con itiﬁ)gs q Q{E (or
IN) support, or ANr>eréntl!Boand IiGprresht dioPhdPaar BF S"HUPgi g
interc hangewrdﬁg S BEmbRy ﬁ)%tl%MEMT edll tbhe ;&B{)&kﬁf&éc&@éeﬁamwwﬁhe hone

S

net wor k oper at or fers its prepaid outbound subscribers vari oug roam ng
servi ceslO n impgse of serwiee pade hased splwiond aperdaark ¥ith pdHsteenhpd!

i nvention c 2N ecosystem formed by a group of network operators
25 (i ncl udi ﬁ;?es&&gwﬁgﬁ% network and the partner visited networks), that are
ot herw se unabl e FIGS. d2ppod 2B rapeen adlevbdegiam forasrgpadste cHbforwadngect i ve
subscribers. lLn_ ord 0 PSPANQ iH tdg, §fupport
prepai d out bouﬁﬁum ?rbst@ngat:b!e m%%}ﬁf)géep%}g a?%/%%%g@crltger S W t1 ¢

ecosyst em tS@*sebasaétsmbnion,omeraactcmd@cer o thi aesesqzmi:lembmhglﬁ@feﬁ‘éﬁh@s N@SFW each

ot her. lgsese eci al 4 agreenent s include routing (i.e., roam ng 30 agreenent
etc.) and bi Ty Pl% %reemants whi ch are descri bed Iat er in the context of
the present invemlG.or. repicsenitd 4 flow digypan éort eriablingg MEY Short Ylesdage Geivicet he art

t hat roam n ndar d. £8 n- ctivities
such as, but ﬁf@é ‘?ﬁ‘i’r{dbe‘ tbﬁﬂ {) é’re@ai :%Ctn% ﬁ%ﬁ@# {"I\é)‘%gﬁ%g erm nat ed
(Mr) call, Shﬂfatnems)a@g:at(Sena/pre@n(ls{xﬁ)lonpacket Data Network (PDN), and

ot her Val ue Added Services (VASs) such as, SMs forwarding and SMS
filtering. In accordance with various enbodi mrents of the present invention,
a prepaifh subssilddaRsc@ptidhhe home network can roamin the partner visited
network (e.g., in a visiting country) even ng t hawngcégroaglng profile

at a Hone Locati &htRef§ilavisp d(eFﬁL’IR 1o, Ort PEPYSFR BAFHP SRS rPERIEC SUREHE

network. Thi g, efueeSohR@tsohsark @a%rﬂﬁmmeﬁma@@lws@@mmugh ﬁmmamg e

prepai d subscribers are outbound roam n The nmenber. net ks of the
ecosyst em aldfdw Rresntrinyesipedt W\lﬂéb%ﬁi@ﬁf&lﬂd havigyss P BT Baving (fré’é?ﬁ’iy hin the
ecosystem b%héj%l?'ﬂ%}“t@%r end ﬂO&Jthﬁh‘?%%dﬁ@d wﬁh&tﬁ%es@-@pe@iﬁcade@ﬁlﬁtﬁla| i zed

| ocation or 1 n any o e partner nétworks of the ecosystem FIG

i |l ustralses sarrsylastmwsi@@elk krewnpfeatuied B2y baueimideds e simpliged, sopepeli ¥

subscri bers t r t 3] f the
present i nvent ?uéérlﬁle;&%gﬁgpsvéﬁrﬁ%%ngk% gg&g’n%g&s\éﬂlltﬁe %ﬁbﬁgg%luﬁl g():neﬁ/bbl |l e
Net wor k ( HPNAbodiden("i o ”an tehdbotiowet” netanortkit. a \farticolas featwise sBuqtireeor, net wor k
operators) o o] whi ch o t: rt
prepaid r oarﬁfhﬂréa S%tché‘%g(rmbreeslﬁecg rlle\(}téc;Ln ‘fvgﬁ a(;{i}l’ed‘]é ({gi\gnc%?blg? gaﬁ%ﬁéﬁﬁlé%gqoz to
provi de roarineGniedinienesf tthe pheae incatier. sThm@pamenqeoafmmgphraseoflhean nmenber s

of the ecosyst stem 100 fiirt des a f| I ted
Publ i ¢ Mhi |€§1hqg]¥%¥kln(‘ﬁﬂgﬁ>‘i\ﬂf§esfbg‘ Specéfccay né?esg\jalgs‘} {L%(’:f tylt wo k),
and a secondiapakiBelimMiEMN ( P- VPM\2) 108 HPM\I 104 P- VPWMN1 106 20 and

P- VPMN2 108 together formthe ecosystem in accordance with an enbodi nent
of the present invention. In another enbodi nent of the present invention,

HPMN 104 and P- VRN k&M idvehfiod ﬂ@vﬁé‘soeﬁé/ﬁteﬁma rhdthot, kid beoapiar gogratno a
person skilled in the art that syst em 100 ng% i ncl ude various other menbers

(i.e., otherPrpdict Hat alrssud mREY e 8mecpaidoBPECrBFT IR BBt @n{"%lhd ser ve

their respective prepaid subscribers \M%i |l e



25 roaming within the ecosystem However, for the sake of convenience, this

enbodi nent considers only three networks in the ecosystem Different

menbers of the ecosystem may reside in the sane country or in different

countries. As described earlier, fver menpber, of {3 gystem needs to
érr§

have a speciSBICiBPaHpRSETEAMENTE PRErEEFe R 'R BsNstem to

al I ow their prepabdr AN ORURA ISR IE MoREITShel B116v0iA mntdﬂ@ menber networks. In
one enbodi nent of the present invention, HPMN 104 operator allows its

prepai d out bound r danbies heme msirark riops WPIPPPYG Casiemped/phpicaltd 8 ng SG
102, In another embodyipiy 1halde B I\%@Q@EAMH‘!}%P'lﬁfbmééﬁ’d\/l)hé\%kakm\q% its
prepald subscri bers to roamin P-VP 106; "but nmay restrict roamng in

P- VPMN2 B08. This mayprbwccnlhe case when a | arge nunber of prepaid

subscri bers of HPMN 1 - ; nunber of
HPMN 104's pr epai gl/l\is ugﬁle L ﬁéé’sré“%ggérﬁ”?&s B%Eﬁ@%%@% (taﬂuﬁlgs)q’é(ggiﬁ HYMN 104
est abl i shes speci al3. aBsteehehtmavinéthvofk- MEAMNLng0Gisitddovetwerks dnaiot suripos
agreenent is establi sggg@(}h VPtM\l 108. In an enbodi nent of the present
i nvention, a prepaid ObBY PN PN 104 makes a registration
attenpt at PVPWNI U6Thhasmbéastwock CAVab CAMELNor INp pardemagr edhetheésewi t h HPWN
104. In other words, HPMN 104 and P-VPMN1 106 are unable to support either
IN prot ool or an | N BPEeHEiE "EOBSt h. According to the special agreenent
bet ween HPMN 104 10 and P- VPM\L 106 P- VPM\II 106 directs all originating

Signal i ng Connection Control Part and c ntrol .ness S,
cor respondi ng t o lpYidP&icapase &3 P‘B@%’“ @d 13 g‘e %%gxequaq%%qq ‘H@g%éCP

messages ar g he.MPRIAYEH O HoRRPRAMR Gankioth peRd: drisiledsRiléres sdghart hat
originate fromP-VPMNI 106 such as, but not [imted to, a Location Update

(LUP), an | SDNVBEder PAmrotpqob(sthen sameios Hiffkernt S M s IS versiapyPhesesyr an
Initial t WtHC@S e oter. MBecal 1),
and an 3@&’5%& !ﬁ% BB nE) RP legé%ﬁﬁmwgﬁ%%‘l@gm&mm : cont rooler masesages

i ncl ude si gr}msnmtglm@ag@@ puideagoarhing &mtlcelsltm @éMEIOPTQPS@PO‘CtPO‘@ for
serV| ce node has t ) nd CAP
(i.e., for 62\?\9&?% esné’ }éé)dl&)%me}%wélbjt@g %@?E?g?%g%?gg%p%g eglh%l?guhggﬁ depl oyed
by P— VPMNL  Ife6varkleat gtaoner tvisite netwatke thétde eohreidsagepport & /SEELRotaed. descri bed
| ater in the cont f the i nv n n t he
present i nvgﬁf’? 6&:%%]2 agrﬁgg?nglm Eee}é?rné% 8 %OF%Jn{&a%s&gp é}rrgrlteﬂ&l’ b e

under st agdi %oﬁememeHPM\dd&Ms amdcm/mwnr m)s soertatar agreeryint,| opraepai d

out bound roaners of HPMN.104 whil.e the are

I'n an enmbodiERinagen tsEohpE ﬁetmaiﬂﬁ’{/gﬁetr haREcaBY s %I“S%t ?uéAT\M éerg\ﬁandl ng
bet Ween nmenhapsor@igréchRne COSY sHoat® n&@roﬂOZopeSatd}epffexyeds epxtebad autbaurhiub 112
(i.e., acentralized | ocation) operator, q{? ﬁl\?% Vi, rt twork
Qper at or  ( MANPYCTIRETS SRroNs ERIMARE SYAsRAG Ayt T rpaftﬂerlyi ofl'tss ?r\‘c “h the

enbodi nent rﬁ@d’eﬁtslﬁfgn'tﬁg cz;’rﬁ)rﬁyxﬂé einecbifkienSErHed by & gaepl dyrtvak opetbrodsl 2
operator_(e.g at e\é%i/ hub) , and, t hus 8%)102 i s herei.nafter

inter cha%?gea(mci}-'drr@f "(13? rhé@et”@ ithe Ii"éit?er Yeited nefyorksh J9t B BUCPIS\VWN 104
operator to papdhe SLngBxlt' al‘afoutbto§n@f0%9ﬂgdoﬁh@§&Eﬁe@ﬁ% subddibefi Ircord@am ng in
P- VPWNL 106. Hub further includes a Gateway Mobile Switching Center
(GVBC-H ) 114 allow thei groupef najyyesk epsraters tasypapt aspaif ohibaendg amiig o4theit hat i n
case SGH Grelorld dferhSrsl @ @c%gwtha
GMBC associ a%%%cw% Sﬂgﬁbﬁ%@%ﬁﬁ tﬁlg%uss'#o?é\‘r?l ﬁ\]@FeGor f]erSt rsst e%ll 10 ?lurt her

i ncl udes in agﬁdvmm@malmammhme”hesndp@l@brasmam@ltsy@wmw@llnsw 91®2am8lgnce HLR
116 and S 118 resi t r 0 as
HLR-H 11 relsﬁgg t‘g)eanflé’ Hﬁé\@% %Egnéﬁnfsvg’ﬁ%h ﬁfeedepé?{bgd &gérgrgglgrcgﬁt?{ttog%aé person
skilled in t;hesemr tnverhm'n BRI be appecknf ¢v acprasogi shledriy tbh@oi et wamingsuch t hat

the call is discon n punt t
i nsuffici entsef"éceéd d%nfga ﬁ\%g c%‘i Callngé1 ogyi8 ‘ggh&hsgls%gﬁﬁléhgt lgﬁl\t/%dnc d
functional i tioesdbile roxagimatmj(M@@tcam Mobiel 'Iteﬁnm\ihéd gMEY scallc Sbsg Westgec ol

WAP), f Pr.ePaj | F |
(VB o ot Gl vk DRy Gl g R O B BEene, o

Service (MVB) as well as roam ng based on CAMEL or USSD cal | back. In one
enbodi nent of the present invention, when HPWN 104 supports I N protocol,
HPWN 104 i ncludes a Signaling Control Poi nt (SCP-H) 120 and a Service
Switch Point (SSP-H) 122. The case of HPMN 104 supporting IN protocol is
herei nafter interchangeably referred to as SCP



15 based prepaid solution. In another enbodi nent of the present invention,
when HPMN 104 does not support |IN protocol, HPMN 104 includes a service
node-H 124, instead of SCP-H 120 and SSP-H 122. The case of HPMN 104 not
supporting r.ot ocol her ei naft er chan eably.referred to as

servi ce nodé 6§§)e%‘°]braép§}4§ é&f%ﬁ‘?‘%ﬁ“d %g“{“&?ﬁ& B alcﬁq\}flaw«g? WHVHEES i n

P- VPMNI 106 enBodfnshth 86 the @eadbit QvelRedH, 8 tedpaid WubeMBer oE21 Hidhad ndnsorkriaggr at ed
with a Visited Mbile Switching Center (VMSC). Si n)ée VLR--V1 126

comuni cat e$0am inHhe patienyigigad e/t 1E]§|Vr‘r°(j“’¥rf’°i‘ﬁtf el WEBMYAY'R&E i on
interface ( Q@Jrﬁlﬁgpgﬁlenﬂ? Qﬁoﬂ%@ocm gt (YR} BMhANMEPAE sbseider’s abflet hey

collectively res they are hereinafter interchangeably 25
referred5sto natsvowwlvmezdws ﬂQﬁStIQ-IGWV@ﬁCT’@otahd VEoRtral§d frandvsdilgaprenzid e

different | larly, P-VPMN2 108 includes a VMSCNLR- V2
128. ?%%@%’ d?ﬂg%@g&.ﬁg éﬂ% s signaling in P-VPW | 106 is routed to

hub 112 via a roam ng Signaling Transfer Point (STP-V1) 130. Hub 112

further routes t?g Si ae%;r?e OrQS otf hmeJ%[Qé X atgellg'l;ggpléicm/en&teﬁﬁgom in

FIG 1) in hub 1 prep ar & scrl SIS g in HPW
104 is rout edbsbﬁdes-MI?M\ﬂwhﬁﬁl thié acoaymte&Tt’Eycﬁd:pwmg d:Sngdhéiatmnag (S(Gherﬂme prepai d
subscri ber 110 noves to P-VPM\N2 108

I
Tout o 18 hibs $43 R Rrsvevsr Uposa oF DR FORERa AP LS e don

skilled in tinauded a kain 200 tRALHOIdEs Ru@MRNHervides lrdeupa;Mubs&m/bﬂmmoe and
P- VPMN2 108 may conmmunj cate with each vi a Signaling S tem #7 Fiﬁm) | i nks.
It will al sdoBE ngppakeit accprdancseyidlyan sribpfigEny A fhgepn tf’fYﬁ’[‘t‘qu 104,

P- VPMNL 106,y a04 iRiMEMYPsd Q2 WH@Jn@ PubIRQVYSIR NawbRUSIPOINIET04nEeE Nk

conponent s not shown in FIG depending on the architecture der
consi der at i dameJetwork). Veigys rzem B§e el OB pRERiRELPE the GFOSYRIER; HPH’B r oani ng

services;sto Fer eRRhe S URSEE | gersuﬁb;,g &fe wwar;ggozf Nhaf G @an@ep&bﬁxh an

enbodi ment of the present invention. At step SG 10 receives a
regi st rat i osubreskeageshire ¥ P2 faiipdovédebremingeserviaey . to| thesg fearBem diondhit of t he

present | v epLLah in ?%}%n{b%%eéfvﬁ§ hiFsitl. si88hSlhatia HERaAce fflen

prepai d subscri ts to register at P-V . I'n one
enbodi nent thrtmdnevmmaelséuulm vauhet NetworlP{RAVIININ 0BG éeprtb%@ﬁ’ttan rvigitedount ry

di fferent fro MN .104. not Mgt ioon,

P- VPMNL 106 T°8" Fi? andnatsecond é‘%negcounhy as E% %{HLA\W‘]eﬁ prepai g subscri ber
110 att exvpt sind @- VIH‘@INSUGS tapiethPr MRkNAe @@ﬁystemvsucdnﬂam wig6ars emblslimpr

regi st ratl on nessa h a LUP tioned
earlier, %;ﬁlprTﬁ%t g‘ﬁ&? g?a zléé'lSmP ’3?’?‘ %ggheﬁr?ser(%lf%ﬁnéalgl ng E@g and cal |
control FYES Saa@eSVRMNSG)OHfor&DtBe e&d@y@crﬁ it s/ill Bamppdrenemta fsontskilled érs et

i nvention, SGH 102 r cel ves ese ne d| c%t ed ﬁongs ction

(e.g., a | edsdhatsysiand %H@éft“i‘ VB%?‘%R/é’ e% “:‘m?tt 4t V1 126.
The use of lpasRtk pdrher tﬁ@@&ﬁ?@térﬂ’%nﬁ@&v@ﬂieﬁ rEsp¥E M bréfafl subscribers while

25 roaming within the ecosystem. However, for the sake of convenience, this
embodiment considers only three networks in the ecosystem. Different members of

the ecosystem may reside in the same country or in different countries.

As described earlier, every member of the ecosystem needs to have a special

30 agreement with the selected members of the ecosystem to allow their prepaid
outbound subscribers to roam in the member ne.tworks. In one embodiment of the
present invention, HPMN 104 operator allows its prepaid outbound roamers to roam

in P-VPMNI1 106 and P-VPMN2 108 using SG 102. In another embodiment of the
present invention, HPMN 104 allows its prepaid subscribers to roam in P-VPMNI

8



20 operator reduce ISUP International Direct Dial (IDD) cost (due to
sinplified ' SUP routing) and sinplify SCCP routing by directly routing the
SCCP nessages to a Destination Point Code (DPC) of SGH 102 vvithout
changi ng an SCCP Cal | ed Par / Add in the CCP es. 25In a
second enbodOfehit msy rFSrﬁré"t;S? %WM%&A%PH rB?yrd]léert%? 8a‘°’§v‘?5 e& RE%use of

| eased |i ne eaBBedtkdid sts\éﬁBéiﬂofi@ﬁMmpw@tra‘ér rehrhin@ it P-OANEN1 (106; anblh suppor t
configures its STP-V1 130 to add a prefix correslt))%,é)(?\@]r%ﬁI @g S%H 102, to
ei t her pr epdﬁ’sﬁn@ﬂb@@fﬁ?MNi%s Ereﬁﬂ%‘&scr(herséoamé!h &4 iS85 epai d
Subscr' ber Wfdzxeesfa«aﬁmepgpecm ReBiME VLA P-wrMR Cidk! Bwak,tdo Busber
(i.e., an MoISDN to which acall is made or SMB | s sent by prepaid

subscri bér Ilk&}zmerltnlsoqst#éhShP@ veitly BAYPNING W8i dit matanhgdiseant of Jhe msiseifessages
to SGH 102 re e REARY t VPIWNL
1065 s ¢ o g Bt YO AT AR 18, HR0S, £RRRRA B mpPk I BC
114 or SG HVPMN 1 i 106 s ena o STHMBEL (or W) supppygereapendiviiht HEBN dOhandl e MO
and M calls 4 104).
In an enbodi t I@%é& (Z“saen\rqﬂtg ?El\\/ﬁe\ir%t l|EE)8r§1 re%gegég}%%rresgger\é@t &E’H\gwﬂ\ﬂ 106
operator r ouiraﬁ Iy bgreahbrgloﬂabﬁlngccﬁfﬁﬁfg webs ggeis! ztgoeewﬂ-bet\&&z HBMBoHKI guri ng

oot her Broagi EseMifi Bhe' %)@3@@5‘. { 66wt o " Sigpatia allncg(g%r‘g‘gg‘@“VPlv1N1

106 oper at orcdntroCReM { g]ﬂP@%nd/bzRf Mntrb?ﬁxeis@gd@eﬁcfrﬁﬁpmﬂmg% peephidrnabschibdyi | e
Subscri ber Identlt L} anal ysbi) and thus directs the SCCP nessages to

SG H 102, 1Hi0nfq PG %@éﬁl‘@ﬁf‘g 6D PErasR Akithe BEsseRes FTCIRdiga P I VB

anal ysis is ﬁr‘gﬁldpsﬁg&%§§r Qb t@éﬁ@ﬂkﬂﬂht@%o@h Wl ID(&T suEh bdyBlit Byt lanikdttgor k ' X
in order to’iden a network bel ongs, aA%QMet her

subscri ber s #kesat D@ﬁﬁldIJUP) ang§D§I| WS@WEH“ {I§UP bg’h‘ﬁl ﬁ‘dfiﬁés Metspas

In a thiyq mﬁ(ﬂﬂﬂﬁrﬁet&tmﬁ P&np(tﬁﬁﬁﬁ/cw\fﬁaéag@(s,e Whesse IPMO 344, a1d AVPMNL 106
do not support CAMEL (or I N) protocol 106 operatar does not

wi sh to est ABOIEHDaM| Gel in casd af M@ SESH A‘EQ)ZC?’(UOPOTGQB@%S*‘SE&ZP)‘C e to cost

associ at ed v QEUS M. IBR! i @M ddSWRsdaN
converter 1?1%‘%[{#\@8%?%@\;% g%ﬂ%ﬁ'g?gp lﬁgﬁ{Pﬁ’ NS’((:IoEr%tverterS czlan exchange al |

cal | cont rolsohissadiss(i.ei tfor w Iﬂaseﬂwluﬁloa) land §iAR Gicol for AMEkCIPamEEs t he
call control ages.,w col so as
to avoi d usifhy afdﬁ% Isgwlsrsﬁ ?rilorlllé tfxglélr%%%éi%—lw%t%Qﬁgm?llgiugngﬁ%{%PM\ll 106.
20Si nce epautel thdsbSuasidpes tal §G tiese nivscribed dateroanthe gopexdf off tegiresetR- H 116,
he may not he al.l owed to roam P- VPMNL . 106. ..He ) 204,
nodi fi es oném()ei““?r’bvﬁ %la?rﬁl?f’g’f’g% of b RESTEGTSITY P}(?)enSpﬁgéiLgé e?lﬁ%}ti%sr%pt 0

sendi ng t he gneds stmx&halmdmmbmemmmmm anldrP-afﬁl\/B’iﬂbd)Qﬁ pparstoofo t he

present inv I on SGH 102 U ssage from R-V1 126,
SG-H 102 wﬁﬁ'ﬁ Pfe@@\ﬁh@!ﬂrhoflﬂ% r%&‘refsy"frégﬁ%dfﬁs‘lgh nge PAJ PRV
SGH -VLR S@GsH 102 further changes VMSC/ VLR-V1 address of pr epal d

subscriber 110 to an SGH HPMN .G obal Title (GI) (hereinafter
i nterchahyeably referred to as SGH GT) in the LUP nessage, prior to

sending the LUP nggsagdolithehl et !ﬂejplc@entaﬁvdiﬁbﬁlgaaw, orSErul:ﬂal ﬁﬁ&rétﬂiﬂ@% at HLR-H
116 that prepaid subscriber 110 is present in HPMN ?)p/n ﬁ%lt ually 30

prepai d subsieryasemembors of the SIASYRETT- rSCPlQADWl@P'PM@ e“h?ﬁ%t Cubfscri ber
110 is able &QuNioe ?&c@ﬁor@toperawwlatwmﬁﬁgWlhmq@?wm @9&§tof\QMViN§0')e roam ng

profile at , HLR-H detail ed expl anati on of prepaid subscriber
110' s regi stassciated VplﬂbHBk@T K34, pr wERYINLE itgelE ) In e @ambaidmend denreseating n

SON UnotAP R MUER 10b. S 1574sARATE qt b 1 12 ofRAG: REERTh AU AEMBPRULA1O has

successfu yS regi stere 1 106, since 6 oper at or has no
CAVEL (or | Nind Shus &t ﬂOZaxgrheemftcr infetcharndpay. tefredpe pabort]l’ HRVRGHA41@per at or

needs to han 6151 r e@l[g]\gg! bscr gﬁ"‘s’ﬂb&%&oﬂd Wi VPMNL
106. Therefo Seehegq p %&pegé?iﬁagnédgeai}lmg% ltg pfg He
roaming in P-VPMNI1 106. Hub 112 further includes a Gateway Mobile Switching
Center (GMSC-H’) 114. It will be apparent to a person skilled in the art that in case

9



5 communi cation of prepaid subscriber 110 in P-VPWNL 106. To do so, in
accordance with an enbodi nent of the present invention, SG 102 converts
protocol of all signaling nmessages, corresponding to prepaid subscriber 110
in P-VPWNL 106, into a fornmat t|b| h VN 104, forms the
pr ot ocol cor%ﬁe?sﬂ%l%ﬁqpfy\ﬁﬂiné‘h 1964ng \}'S%Nﬂr 836% % t%hgﬁ&ferent
protocol s or ss%HQda@rvhthdmﬁmmt(llwsﬁbwnslhqn@ of. styEtemSmmefuahatmaodies itlence
prepaid subscrl ber 110 is allowed to gerform MO and MT lgl'é‘li%%ﬁ/l\luch as,

initiatelredEIM 184N SLENH 6xad dy Rralted vesteonE R i ILé: $16%#ﬂ’§ 106.
In one e”boq'w?%a}de% HpRAN @6@%@3 ard RUERLAL RefeiRER AFRIIE - mmasaa@rmtxs CAMEL

(or IN protoco and P-V may or may not support CAMEL (or IN)

pr ot ocol 5 t Hé& rSe¢dvelyOR wilb he eprasenpioct ressoh skifledin th? é‘éél&&BEIS siyehforng 15
messages. Vel hetRd WAL B SsA0BnfiGisan | N | DP
message. SG rg'fg%%k gc?%k%gségﬁaq(?ﬁ% 2 é 8rm conver si ons bglt wgen

vari ous pr otderahiaed mdiwhsxﬁﬁdmttvﬂeemndmxfef éﬁemtl {Fee SIPSnsystsn hive varaws pr ot ocol

such as, but not iffere l. ent
versions in SY‘T“F%H@ t’°8%ﬁlr‘?f F‘fcggs’ buL‘éoqémltﬁa 1ée§%s?'}\%gc(sgl’grt%cro g VW\% an
| SUP ver si Orﬁrﬁrg‘énéiﬂlanf\PiHPlaﬁlmGPR$ répl tinghi dofienedhiarg2{, Fenéy (&nErﬁMMmdt s by

different service provide catel,, Eri |, etc.),
a CAMEL Wer §F36ﬁm(ee°}§rgmgpﬂég‘¥ﬂsl alndI lﬁJUF’ﬂe oMA%S%‘“%%W&e W@%L g}ear(gm on
(e.g., | SUP)roan%HE veieh far eAMBINoY B8 EBNdafiback NIt 85 epb@iiment] ofohe tphwersti gnal i ng
nmessages received at SGH 102 is co ati bli Wit {-% g ﬁﬁBH 102 does
not per f or migyeptig: &%&@PWHQQBP%RPGHS TR %%Mg IpFfudss e WEBdi"ent of
the present (?oﬁkrﬂivﬁflfd @p-H) 120 ad%yﬁ tS@ﬁ[dgtHv@tchtIhﬁntf(QSP Hhen. Ve eadel o
(including late ca orwarding) in sone countries do not i nvol\é PPS-H 118

for prepai d BRMYCIOAIsepporting INRNRIog@4s herainalics ippicageAbon B GO of calls to
prepai d aut hound, LR fon TRAS ABCAHSR iR pralniidfeniBlanimhandant hat
prepai d subscri P le actually he is roamng in

P- VPMNL 106.10Fkibss rmayup'pexs O tpratecod, ﬁH’d\riNé@ﬂ lr(cmde%at pasviednede-1hilR4ilgeadf prepai d
| DT o SsP a8 Al s oY P O R b sup Pl VRl 8 10 SO
countries do i nvo oca I'on based charging f prepai d subscribers at
HPWN 104, HmeNirbfdr mpmhatggablyrmjerrqdc@ammwm@c based prepatbselalions by prepai d
out bound roaners in P-VPVMN1 106. In addition, MO SM5 in many countries do
not support |ocation based SM5 charging even though SCCP CgPA contains the
VMSC | ocat i on i niSgsteratlioo rurttik rinaburddein PevENINI lpﬁepéﬁisiteéll@s@t'rdnmgiﬂqro in

P- VPMN1 106 properl t ste SG 102
fo b1l predSia Shols s am sl A iFONEPIR Sy el e el PRUES,
interfaces wihde WPR=-Vi 11b8 wn&nﬁh&alﬂﬁrmenﬂe%&,tedom\m vistg modeerbhl124, or a
Short Message Service Center re al S pLgsent in
HPMN 104. | rFORMUSHBHA w&qﬁﬁaceo@g‘f %fgggh aridrﬂ/g‘fﬁ ?-‘63 %%F“% g)sﬁ)’n%%and 10
handl i ng MO gad Miccaadly rR, 1rﬁlIPdVP1€{NQ o6, Ithépmwndemgﬁemhmncﬂaﬁwbm4
supports I'N protocol (i.e., the SCP based sol ggﬂ) S% 102 can

i nt erfac® i raferredtt s WMRCHAR Y1112 ilowvesespbpihy hdPDeABSdi ment  of
the present jpy @ﬁtlbé?&’l acfa%ss&n@prhlaﬂ% BuaMiandRindudytds anMSd/MLRal 2 A3VE, and

| ate call forwardi ng, when HPWMN 104 does not support IN protocol (i.e., the
service node based solution), SGH 102 15 can interface indirectly with
PPS-H 118 via sery AMinieioebadéaRMubafi2 biae present
invention, for en %ﬂgﬁsggsgﬁ%y#gﬁéfligﬁﬂm%}) M5, SGH 102 can interface
indirectly vnoarhmEIS&nbhmnganaf@rd’O’MéSENEG E39s Heb At 2 Hrripr 1quieiis SEDALNE 0| | owi ng
are the pre- rit [ r 1 d

et nal - cRargTagoF o Eh ST p i BISFRG iR SRS SinBll bR

20t he SMSC Ismbidﬂb’é# 10%; mgradng in HPMN 104 is ro@ed YWHRAMPAMN HR R viagan §ijﬁor t S

| ocati on bas h WY

i npl enent at i E’g E‘f‘%} %E?{g’bllnec ¥ Pre%'?“ s?r%eg)rilgé g@g&g %%Q/fganagg?ryéﬁjrepa billing
of prepaid dexb%xbbxbleo shigfaligy in gousd-tbhubil D2, vibas¥tP-02 lﬁhﬁwllbb@meﬂenhed
criteriais t%lavp%psoL skil éd 1Inrghet ar}tethgtoarx]]g/%)égwoqz elgnqgnt in o E%vaN lbép WIBM% 106,
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25 As mentioned earlier, prepaid subscriber 110 needs first to
successfully register wwth P-VPMNI 106 in order to enjoy prepaid roam ng
services. FIGS. 3A and 3B represent a flow diagramfor facilitating prepaid

e gy SO S TEL S RS, R S gl 02 1

subscri ber M@um&p&? 5181t 6 t lpaisbiO ki Ridtie Mt arbtha VMBENMVIOR: MY/PM2G1 a06) t hus at
step 302, VMSCNLR- V1 56 sends. LUP nessage with a real VMSCNLR- VI K address

and an | MBI aafi PpVPéweI?dO%@BxelW Wé}ud%woeh@h%mna’f%twmmmﬁ Wt EpwLing (g - A)
to SG1-1° amb,fgmﬁde%mecnfreﬁda@r&ma&aﬁod nvention, SGH 102
conpar es ||\/B|-AWItP acklist IMsSls, white list IMSls, and a set of [MST
ranges, upon detecting prepaid subscriber 110's registration attenpt at

PVPWMN1 106, In a h i e n Q S 4102
performs this chgg& onfég;\%/ﬁgn g sﬁ%tltf%o%[gglggl a%ogtnnl | Egr{ll &ug)l gfela%/lNBG\ILR- V1
126) i s unalbhisctiberdiderfni PN, heracctomdlmumd/immranbmﬁm@mdﬂF!NNplf@ﬁntare

prepaid or .5 postpajd, 1t W a rent e oS the art
Phar & net wdPnGrbraneepi 22" sty RRBESTR ehioR i el Brzhd | o

whet her sub%ﬁbdcbtm 10010 6nepérﬁbmindemrofphxspmaand inentdma IS¢z il 0y reseilysc theber 110" s
identity, e.g., a Mbile Station .|nter iopal. Subscrib yNunber
(VB SON) [f "Siibiaips 667262 5Eh BRBFHAMOEI df LAFERPE o HETTSFEBN AN thnd CANEL
Subscri pti onobnfObkREMSIYiIhER] Of tBé plebalt -idventith, A VEAMNEITDOSl isprieéenofin tahe
present invention, SGH 102 can obtain the l{I\’{S ] SDN- A and CSI. of .| MSI-A by
sendi ng ei t FeRNtEY EEeslRPAIPARR 18 s paeiher “%enﬁggfhﬁrpé‘fﬁﬁ?tdnws‘g%fge on the

I MBI -A to HiRyiimlilfoe ib ribre%Ehteifmé}ﬁé @zﬁmrytaé lemnmswn&n pfa,- gatsuBRnib&@G H 102
stores prepai d subscriber 110 rofile informtio as, . M5| SDN- A,

| MBI - A, real | 1Q1afemyts fgrggisigsat Pr¥5 NE6- \MIS&6Er s, 12@@9‘}45 tl‘ﬂ_ng‘iSYS%‘é&nl on,

SGH - IS5 WG dstEk?§§LUf“ﬁQ:s§%@e $GsH-pHaR. Addcaasned g BLypom 8 H 102
stores call sta tatus, late call forwarding status, a Iate cal |

f or war di ng mmmiamr peﬁntcsivsct‘ D eweginiting SEGRBed callpeatraionessrzepiosyitd 182%bscr i ber
110. In suc |zackl i st ed
o bot h, - 56 1t i 5Abafiflénol e R INERELENORR, 1 RRABERERTN B R

modi fi cati ore degicastl e:pmﬁﬁtdon Erer @ htedrline abnisetgn) 366yec AR BL AT l.l.lﬁﬁarldet urns a
LUP- ACK nes I t VIVSCN R- VI t Lslng case the
IMSI-Ais dZ\ﬂg‘Sﬁﬂ’&éﬁ o%t? C}h?eu ai dleﬁne e fonnfcnofleégk kféﬁ)gb at stiedzs 308

SG H 102 nuogpeifatoe sedigd IS 3B IMtrFPat‘kb]:alt Dlr%l]tﬁl (DR c@ﬂnddddl\tSGlrMLlRieVlISéEdr ess, Of

prepai d subscr.i ber nthe LUP. 2 e

Penting the rousenead 3w SO 1o e bY Ay wing B SPEE Hess B B D 146
that prepai d&thsion Pbiar caddmps:)sfsd}m i102 HRMNuﬂ&Anglhglammh@allmmm ment of
the present | nventl Qn, SEE.%’NN 104 supports IN protocol, while P-VPWI
106 has no INspEdt f‘*/é‘b?hé MEHFASHS HPMN 104: or when P-VPMNL 106 supports
I N protocol version that is different fromIN protocol version supported by
HPWN 104, 30 SGH 102 also fakes P-VPMNL 106's I N su ort ag 104 (in
addi tion2X o faki MyPFHPRAEMPRAimENOAthY REFEEARYHERD, 1‘18‘d§ o"’é’&tdl fi U8t OHPWVN
104), prior 1@&6&%99'0&%&% lPUPP MBS S A ofetardilLitibut XAMEDT (o XRIRLShortvthen  HPWN
104 supports CAMEL phase I, whereas P-VPMNL 106 either _does not_ support
CAMEL pr ot ocehfigiessiippbPd 30 wwadd acpvfik cpreweeding wersrdn 1% itRSHAVEL phase
1), then SG o= 88 subscBivapport at '
R H 116, sk Gikdhbed 8P Ry ?eﬁ\e(P%s%%?s N =hr P}dg%vvhen SGH 102
imtates P- vﬂm\dloarﬂﬁgmmmsumem cadled ppvNungYr (ife), Ro MSISBNrtetbighs CSI f or
prepaid bsc 0 ' S 102 CST of
prepaid ngubscr I g m%(%ot.nl %ﬁsﬁem%@zgeggg esgbs'%?g&aﬁoz?goor{&r tgscl](l?efclpggesl n the
art that CSI orlgndtm@b@lscomhel rseﬂsa/ges&) $G@-HiH02| hTiterme@ubsaddftd)@pemhlsg upAsscri bed
such as, but n I|mt servi I i vat

(VPN), and a% B 1Y) ha(t}e%fvﬁ%l Egﬁ th i’or ggfrs\s:}qéféﬁgglntl% %?qubl\ﬁtz\%%H 102
may use thi Sswibh (iteq GMSOFHN I\IWEBGSKZI-_ER-I\M 1d2z&en1fm;ppqatsespannkﬂngumbmubeto 110,

registering k\xle\lnnélre] 1\}IDO an PWJF HS or h?’lvﬁ\l Pdtlegjswuch 1Oear@l€ISC associated with HPMN
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Thereafter, at step 310, HLR-H 116 returns an | SD message with prepaid
subscri ber 110's profile information to SGH 102. At step 312, SGH 102
relays the 1SD nmessage to VMSC/ VLR-V1 126 with SCCP CgPA changed to

SG 1-1:-HLR and SCCP CdPA changed to. rea
present i nvéPi Bran efé?OdWWfibﬁgPrﬁifé?’ﬁfﬁw%afﬁ&(g# Fﬁﬁslg %ess&WBgs E) (r)rfodit P 5
prepai d SUb%Eérth?{out%Q-%e%r@anﬁ SCEMn@EsaRds it® BGHHY IOB&;yIcSﬁﬁgmmgﬁ@ Vprior to
relaying the nessage to CNLR- V1 126, in o&? (t: alg epai d
subscri ber 11@ tg %ﬁébthpepre@mwtanﬁh%a'i%% megsages v §% %C‘SH ﬂb“’én modi fy
the profile S}n% fhgx?ttdeHe blebi&it méhtfdne%rmcﬁp fn@sshes! Bp.ﬂm‘lentled operapeof il e’ in
FIGS. 3A an in | owm ng 201. Renovi n%@a cal | ba”'(ﬂ/SSI?ar anet er
t

from thesl S@Hf@mg}&li ¥1d26 tp ewﬁmnnlgtméprﬁ Mobrle twpsFriREIIRRHY | ODB) or

Call Barrin U / b
Chat they cIn TR b RO ) B e whi o

arg Zt hfz\(rj \(/jvl persorotkilpss ithel ) thatAVS] aRdpovisre @tess f leﬁ@aéu@é@\ﬁf ge key,
an [ | ate call for rdln
f or war di ng ?lglﬁ?By 86%“'88}% to lﬁ%bl%%%g@%wﬁ; g@p,’g% ﬂc@?ﬁﬁ%&% earlier,

HLR-H 116 rahdwvﬂah@Shbsb@beSﬁ%dm néIQJBrWérare&l}pod mo@arsdmhcmt:ranoels P-VPMNL 106' s
CAMEL support at HPMN 104. However, since the present invention provides
roam ng 'Services to prepaid outbound roaners. w thout requiring any roan ng

profile for thesg aqamprembo@ﬁem ofl@2, pnemomemdnodvmnﬂpmw i éve oprlesent
i nvention, renoves CSI (i

., roam.n file
to rel ayi ng VYNNI &pp ﬁ%§§faij’ép‘irbcﬁ‘hﬁ@ %L&I"g/fmﬂ)@l %?W&iﬁ?ﬁgg (ra]g ![OLI(-:-Or
service key ghg fd&ish to establish an ISUP routing to SG-H* 102 (or GMSC-H’ 114) due to

cost associated with it, then P-VPMN1 106 operator can deploy an ISUP-IN converter

15 at VMSC/VLR-V1 126. This ISUP-IN converter can exchange all call control
messages with SG-H’ 102 via IN protocol, and exchanges the call control messages
with HPMN 104 and P-VPMNI 106 via ISUP protocol so as to avoid using the ISUP
routing from SG-H’ 102 to HPMN 104 and P-VPMNI1 106.

20 Since prepaid subscriber 110 does not have roaming profile at HLR-H 116, he
may not be allowed to roam in P-VPMNI1 106. Hence SG 102, at step 204, modifies
one or more parameters in the registration message, prior to sending the registration
message to HPMN 104. In an embodiment of the present invention when SG-H’ 102
receives LUP message from VMSC/VLR-V1 126, SG-H’ 102 modifies Calling Party

25  Address (CgPA) from VLR-V1 to SG-H’-VLR. SG-H’ 102 further changes
VMSC/VLR-V1 address of prepaid subscriber 110 to an SG-H’ HPMN Global Title
(GT) (hereinafter interchangeably referred to as SG-H’ GT) in the LUP message,
prior to sending the LUP message to HLR-H 116. By doing so, SG-H’ 102 fakes at
HLR-H 116 that prepaid subscriber 110 is present in HPMN 104, when actually

30  prepaid subscriber 110 is roaming in P-VPMNI 106. Thus prepaid subscriber 110 is
able to register at P-VPMN1 106 even though he does not have roaming profile at

_HLR-H 116. The detailed explanation of prepaid subscriber 110’s registration process
at P-VPMN1 106 will be explained later in conjunction with FIGS. 3A and 3B.
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| SD nessage for HPMN 104's outbound prepaid roanmers indicates P-VPVNI 106
operator that it needs to route the originating SCCP and call control
nmessages of only those selected prepaid roamers (i.e. those subscribers

with the service key mar H 102. .Furt. 3 14
VMBC/ VLR- V1 126 PB‘E%Rfﬁ%"“{l b%%éefA §%°°558ﬁ%'ytreg’%geﬂr“ﬁ%‘oﬁzw%@‘r ter, at
step 316, SGnkt pABRMNELGYSpetdidt HaShd emgre@sa@esuppoﬁmmmwamchangl ng
the SCCP CgPA to SG H -V1,R and the SCCP ?_%E (5 I%][EP sltep 318,
HLR-H 116 t H&f opespias HEYEY AGK operaiqr EEAEA 1 Band|oprEpalq SUTSEIINSE Finally,
at step 320,q,3f% Hcatilo(}l%nqﬂVPW1ayod %eﬂefé‘?e As@lstdgmage Yo JShaECgE’énoﬂillanged to
SG H -HLR and CHPA changed to real VLR to real 10 VMSC/ VLR-V1 126.
Hence t hiSs whohenigationes SreppigrinBIcapy 1304n Py P3SN 486 Lo dociRe B‘r%ﬁ%ff’ﬁ“@ubscrl ber
110 to regi sf.ar Weh@og)m\éﬁwﬁpth]eogresent inventith, RNt NQAVART ploBicol BPMN 104
operator needs to ensure that ptrepaid subscriber 110 is billed correctly
whi | e roani rsgnalmgl?ﬂédmbn cad@poridingsio weepeid ynserikes 116 5 - VEMNIra98,4510 2t here' i s
o distinction of 181 gmé geans that
|rrespect|vr5f ? g ervelrha%g@l%g%ﬁcg ?LJ{% Mﬁecﬁl)o 7 C 04 S(lassu?rl ng HPMN
104 is in TaihsamPhvN lt)nhmsad B-AVIN 1 ﬂ@fesuppm gléfeftmt prtotr@olvrgr é@nnortﬁlﬁfrrelrterrau n

sanme everywhere w n_HPMN 104.. However. ami ng
subscri. s,Veﬁlﬁﬁ}Nogg‘f BPEPLRBT° n%gﬁg pfegalghsgirascgg%bﬁ;é gggﬁ{;‘?&ﬁ oIr)err%D call's by
out bound roapermd2ATdRpeiAEd BEHOM, ﬁrhxﬂter/reamtmaillscaidl $erng/rdcexyatSM$l while ot her
countries, |like China there a disti.ncti in _chargin »all s based
on | ocat i on TefuipkE K YBLEYS bqgi“ ’19(?\@\9@?‘“'[ q(%qgepff_ﬂs g %’E){Ié}reg{%)r

under st ands 1foti%&pﬁ%§mm§ \brSIBY) ipagtbeol 264 PszBMNHFrwnna@zbr(m Hoe saygtodal | y
prepai d subscriber 110 is roam ng in P-VPW an i_ndi c?tr on.to charge

prepai d subserMBEr(orN) peotagol dthgny -5t 1%%"“&’6‘??%‘8{%?’ Aerep st sePaings sent i al .

25 rf%ptek g KA 118D coBRAE aRGSUPITKS (RebBe &s addRVNBPand
VPIVNs) sugslpg{r?ess%g W pr ot ococl sonme _only | SUP protocol, sand sone

both. As a rmeessdge, Sﬁdﬂ h%épsr thy sADARIAW] tOpP%B’éﬁ“d“E‘Pf%rrs’QP GEVERBAETE%N be many
variations o BN iRl AN v GERRNGH (RO s bldecEladRiab,iYuk a6t Of

- VPWN1 106 éOtM%M ifé{m%o Shﬁlﬁ} 162 acts assa n%stér prot ocol _converter
to deal wit Himitdse, dfféearISHP versiass fag ediffoispeyassionssin dHigreH SPHFES 1k epai d
subscri bers 1 N USE, S deg bRy ShtUlel ONdiffelentSCP based
sol ution, &B%"ué %Ncé '%%%&g’ ety agegﬁch&Sﬁéc}ge based sol u?qeogﬁs 1ar gnused to
charge MD ca\}ekgsorﬂwamn@ay ddlﬁfclbstcsarbefr ptotiepadibel Bememeilcatdadiisgorocat i on.
These sol utigns are to trans thekEerl S
nei t her any J9TFLcHCd it ??‘:‘\JA%% V\%fsfoﬁl rhq %1% ‘rﬁ??ﬁ g%ég)cﬁg%gensona(?e required in
PPS-H 118 othgyior (v, ISUH)] gnth diffecumt dNasragrems i m taeifrétoccd bifetbe gfgnPiPs H 118.

Now, we w || consi der sible a paid 5
subscri ber 19FS38ss FSCVFWﬁﬁ S%gé ?Qf’é@‘)mgﬁi ev&%hg‘arﬁdeﬁp?g%el\é%ﬁaw @%sgﬁggram f or
enabl i ng MO gafolm @hy progdeal eonselema) inbetordahde iwithPan\a2AIdird®6 of thecpresnof

servi ce node based solution and without |ocation based charging, in

accor dand® wYetianfirst enbodi ment of the present invention. Pr epai d
subscri ber 110 (hereinafter int erchangeabl y ref erred to as prepal d

subscriber "A') nmakes a call to a call er nafter

i nt er changeabl y rfaftbermege thy fst thpt Mlcgils ﬂy&a}}}é& e 8%“7%)9@@% f‘ "M96. Thus

at step 402, gl‘/{ﬁ%\"dﬁi ot l%l&eepﬁ'mlaw@kdr §6nkd Qlbssiigain HPON e, am | SUP JAM

(A B) to . GVSC-H 114 then routesthelSPJAM&AeSIﬂ@to SG H
J

102, at st epcos@licate phaaging abMJi srblpto BiePaichentprusd &prmSTHVIEHY I Brca AM (A,
B) can b |, R ed e ol oent, whild Reudlk esent

i nventi ogo Igage?gg%,&ﬁd?%kg%g?gﬁﬂ%e an ISbP trunk, in clase SG?H 02 has
swi t chi ng capaipirg inyP- VSWﬁﬁle 106 Titie nfay rregulteiny inprserchiait erropeys) BBlRe 264 and

P- VPMNL 106 Supp t,360 2 ldim18dy. REIcE O ANy ipr ot ocol
conver si on. é)\éé)éumm 1%{3 I&?h‘%ag lggtl%sgml\-l/[liéﬁ/l\ll(yH lmoesy’ not support 1

| ocat i on- baSﬁdndtbtﬁlmgleElgLo xtdnusvcme brapnagssd S@rgng foopispaid fs1essTibee 2 or nat  of

the recei Vede’% 18&,9199&'1\?%1& Oopfa:‘rgtor %n%@ rl;AIMe(cﬁ‘y HRl Jor R calls by prepaid
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20 sends this nodified | SUP signaling to service node-H 124 correspondi ng
to calling prepaid subscriber A's nunber. B' corresponds to a first speci al
nunber, in accordance with an enbodi nent of the present invention. HPMN 104

operator confjgures its.seryi -H, 124 i [ f: prepaid
SObscr i ber - PrsPUaRmbeR PN LI GotAt . b S5 Ry Bt do%gr PP
enbodi nent  afippohidoqaries baxed 3MS dhagiig een tiwhegn SOCBZEPA. submicy thbdMPCcal | s B,
service node-H 124 can, check the tariff defined for B and accordingly
charges prepdRiOsERi%Ber A This all ows HPMN 104 operator to charge
prepai d subscriber Afor MOcalls at the actual roamng tariff SGH 102
uses different special numbers-for different roam netr\{vor ks o ones with

m.n
correspoddi ng t afi ¢rferita Billoyenset suhegiden HO4R Fe il ﬁ@%PrOBF Y- RESHR e¥ent

i nvention, %ﬁfoﬁératépof Hi3NG8H cHERE sEhe2 Rpslifpk§didlsSb¥ribdranabhded oh preser vi ce

node-H 124 wth DPC as service node-H 124, using | SUP Ioogback via GQWsC-H
114. Refinedesritesia. $6 dp2 Fugfaceseyih RBS-Hobid e sither SERtE420:108 SBHICE JAM (A,

B') back to SG- 5. 4 - ' r tdR {knst ead of
B), HPWN ik fo;plgﬁ’a‘t]’f)ar SIZAorg1 Nﬁﬁsggﬁéz@’é’ggeg{a%$@%@§Hh§‘f3r@?héf/sc It 114 to

nodi fy the meseitvedPYAN 1104 AMat ambpdimnenioof] thgypyesent Biventjon, &y cappgiarent of t he

present Jjnventjon < H i I ' . Hence
Bt ot op W10 e REMY T e AP AR B3 B PRARL Wh AT R SRS T
(A, B) to aINwrbtetbl4ild, s SOPi taksetsdution, t9G-Hhd 02 ahil ederfrae indireotishw@ith
(hereinafter_r rred i, itch-B 411).. Thereafter at. 2 and
414, swi tch-Pﬁs“%ﬁl gﬁ?déégﬁﬁ&@\rﬂfas@%%ﬁ”éﬁ‘ﬁﬁ&%@@% éesf&d{})% %n%&ﬁ’s%}err Message
(ANM  si gnalehitling @ndRIdiiSEMIDSIRE MT L24/SViSa afVBE-ddll fdrvardiiGe mtics éiMMde- H 124
starts deducting bal ance from prepai d subscri ber A r.epai nt based
on tari 1t dBY A%ksont adtbor N HPBeRre b Soaee et aiEsTLER SO 1o
rel ays ln!se 16h fﬁ@ﬂfﬁ@'iﬁ/&ire%l}ﬂ%ihi BEB-H_O|1 BGvH setd@: hede-1Talk. De%ai bndRegor d ( CDR)
reconciliation purpose. I's reconciliation all]o rator to
conpar e t he eBbPgimsyt ftheguesent inyentioh. £of "B?‘?Hnﬁﬁ@é gﬂ“@%&%oﬁgﬂﬁ @%4, and
hence det er g, N @RYe HagBRLGHH Pr&har Qi (i 1Ry SPBThssodpearyigeHPMN0 104,
Thereafter, at steps 418 and 420, SG H 102 rel ays the ACM ANM signaling to

VMBCNLR- V1 FrHowing agNstprprdefined critega for billinmr@gai{l ﬁg)sgg]e{ 1]0s est abl i shed

between A and B, the WE%&%Q%ir@i?hénme@%ym 15@Tor 58V RARbMGHIINE, ®¥ngoi ng MO
call: 1. Switch-B 411 rel easeS tthe ongoi ng call, due to call disconnect by

called party nunber 'tBeSHSL inEVBEY 0404 (or SSP-H 122 or SGH 102 or

VMSCNLR- V1 126 or seryj rm_qgﬂ enabgei ng call due to call
di sconnect by pr epzll' dwggtggcrl e'joi_@u“;)poﬁ?]o%%ﬁ)‘ﬁ%g%eei cegngde-H 124 (or SCP-H

120) rel eases t h®ewmiigbexpipnetiin ofbedausmanatasionsfor spapemant shikaltsrander A is

i nsufficient continue the..ongoi . S d 424,
ui tch- B 415 eR08 HEPsheg TR isB g Subsproer 410 nihe SEER® 78500
GVBC-H 114.onThissprealdfirs sigriaiicgvendder i thiPebntest oft thppresest deehioni on of

bal ance from prepai d subscriber A s prepaid account. Thereafter, at step
426, serd’ice node-H 124 rel ays the REL nessage to SGH 102, which stops
account i ng 30f or ACDRedtRaaNGhdib@t fréfidPuiestr Honadedy firsit tos beqesss4dly and 430,

SGH 102w ertlagails){gr vsipheP-VPMN 1 106 in order to enjoy prepaid roaming services. FIGS. 3A and
3B represent a flow diagram for facilitating prepaid subscriber 110°s registration
attempt at P-VPMN1 106 using SG-H’ 102, in accordance with an embodiment of the

30 present invention. Prepaid subscriber 110 makes a registration attempt at
VMSC/VLR-V1 126 and thus at step 302, VMSC/VLR-V1 126 sends LUP message
with a real VMSC/VLR-V1 address and an IMSI of prepaid subscriber 110
(hereinafter referred to as IMSI-A) to SG-H’ 102. In an embodiment of the present

invention, SG-H’ 102 compares IMSI-A with blacklist IMSIs, white list IMSIs, and a
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EEL nmessage to VMSCNLR-V1 126 via GVWSC-H 114. Al ternatively, in case
HPMN 104 does support | ocation-based chargi ng, service node-H 124 perforns
the MO call charging based on tariff table defined for an O igination

Poi nt Code (OPQ) nst ead, of ¢ t Vi ce
node- H 124, SPPNSE e petebEs it Hor SR L0 sl B Code ¢
define roamvigvNarnos. fInfaﬁéth&ledlrﬁenaaﬂmbtptaemonmldoﬁ i STRHY lm)derffmmatl onis

required at SG 102 f t he Dbi II|ng of B i ber A
STt 02" o chyokedbitaen PV MNIIo daplss (b wias PMBIVERSYE IR Bt e ar
HPWN 104 as \prapab djefeum@rwmﬁer LiABbusd Crblﬁrﬁ&ﬁltfranC}ﬁ!Manod‘lE’M\erzﬁﬂdQﬁer at or
defines a tariff at service node-H 124 for, all H 102 point zlodes These

poi nt codes ReatRaigdt wet beanparesttodipersen geitled igahs %thl%‘i VR ‘T’m%

Mor eover, i rgd SlO§ai§eth§eéa\§é)C§0rHﬁﬁ% chlacl@"ovk(e'tﬂ%?tsﬁgs@n@ér s btepdid or
communi cat es directly wth swt 411 to establish and re ease t he
ongoi ng 10 matbaldfbwolmlyzlnml@scm1&%Sﬂd€@flt}’t & eaylpbife Fajidrolntesmasions!d

subscri ber d earlier
T oon unct {aRep ) MBS 2Rl @ehiit EXRLANRI

di agram f or MBEIDIN- Ag V) (QAMEbf Slphserpmod m&mu@mdﬂﬁbepf JlMﬁth P WRWNL 106
under an SCP q)ﬂgnnefl é?r%n m entlon %—I lﬁf @zgn &anP%?a%s@W% 4% cd In

accor dant’e rment” o present 1 nvention. Prepaid
subscri ber AfnpkIA a)yCﬁhdmg (mtB:r :ﬁMA/II\/S@hdHaFén\éleriZ@ss@ncbrai Kg$te1pD5@2

VMBCNLR-V 126 sends | SUP _JAM ) o GWC-H.. 114. then routes
the |SUP JANRYSHEES) t JF%H@%;]‘IQ fo &‘@%“E 2Oy @S’A’d“‘ﬁ“ﬁc?é%r?sﬁm nyber 5
embodi ment , dRPMN 13940y egﬁlaeu&eh@; 1{@E ptdfie prfetadel, suskhar BESSIPNVEWNL 106
does not support CAMEL ?

eds rt .th pt ocol of
recei ved si gihlithgeah¥E&s \éle%ddnrfﬁﬁ gegl P@’Isf%%zr’ré‘gg éﬁl b?gx&?ctaﬁoqﬂg 104. Al so,
si nce i ni4 hipveasgdrbRIMdNn keAndee R aaafesssupmmonl 9Gat’i1op sasedl ehaggi ng,
thus at step 506, SGi—i 102 converts the prot ocol of the received | SUP
signal i ng t ©oM* sfatys) e call fegwardimg stajas,Fa late |opkb) fomyarding ugbRy ant BVS nodi fi ed
I'N si gnal i ngeftd BPrdthtk? Ang @St %gg@?g& AbsérfbeMPl SBNsdh @lcadeVirk-MSTIA BMN 104

operator configures its 'SCP- H define a tariff for prepaid subscriber
110' s MO caldeterminggdriorbe\onraid 100 blagklested Oéﬂ?O‘IB SGEE fBrelagsaihe L& Messg®nj unct i on

wth FIGS. 44 ﬁ@ﬁﬁ*&%tmr B b liREG 353020%&4@@ aflies 860 HR38H SCP- H
120 sends a eque epor t Sic ca sta nodel (RRB) request on answer
and di sczhneldé rd:tumSGLHP AmmmwgodimﬂﬂmVMsSCé%LRéﬂ P&l fromAto B . In
addition, at step 510, SCP-H 120 sends a Continue nessage to SGH 102 that
indicates SGH 102 to continue with processing of the ongoing call. SGH
102 maps B wit hA&emﬂ@lﬁlimmscdn\lmsﬂs\ishetepmimdj@che podpaidepdiwhétd listednal i ng

1S B S pr of QR Al B atuiith DR R 8 LBRETE o sV 167

est abl i shes wMSaIVLE-Vomddrdso dB Ilnypﬁcembsngb&rallo tANG-B, @), totlewllUPh-B 411.

Next, at_step 514, switch-B 411 nds t he aI| ssage to
SGH 10%® Sﬁ?ge’lﬁffé%ﬁenfjﬁléﬁfl’gP@?tm%ﬁ%ﬁ?\ﬁ%ﬁfw ‘?u Egﬁ%‘?g at i on.
SGH 102 t hemrel @ybat bR idGsbhbir Tes 5agh i HPM‘D@@NEIRaMtHbr t260dixnient GVBC— H

114 at steps 516 and 518. \Wen the A ANM e IS I b
102, it i ssuddheaieseitdnentgn sien BRVNL aﬁuPp‘ﬁS ﬁe’IW}(‘E‘I%BWS’ﬁ” r event

to SCP-H 1205 &b 18ts8pons@reedemt Withl ROMVN 804; Br %@N@tVPMNbaﬂOﬁ%ﬁppcfrfsqm pr epaid

subscri ber A s prepaid account, based on tariff table defined for . 10
- protocol version that is different from IN protocol version supported by HPMN 04

30 SG-H’ 102 also fakes P-VPMNI1 106’s IN support at HPMN 104 (in addition to
faking/imitating prepaid subscriber 110’s location at HPMN 104), prior to sending the
LUP message to HLR-H 116. For example, when HPMN 104 supports CAMEL phase
II, whereas P-VPMNI1 106 either does not support CAMEL protocol or supports a
lower CAMEL protocol version (like CAMEL phase I), then SG-H’ 102 imitates P-
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Once the call is established between A and B, one of the three cases where
the switch in P-VPWNL 106, HPWN 104, or hub 112 di sconnects the ongoi ng MO
call (as explained earlier in conjunction with FIGS. 4A and 4B) will follow

even in thi L Jh e ste , i tch- REL
nmessage to g{é—i&i?i%%s %ﬁi"é“&;ﬁjgl@?ogé %&ng\é\f lkbh]sgbgl%é%(ggﬁﬂlts?i@gf or CDR
reconci | i at ip@Rent TRRAEG, tvifen SJ-HStleps{nﬁatés AGPNERG, 108G EAME2 suppbsyes tlhe REL
e (AT SO TR i e
the deducti Qp.afc-Hahengsrel C8MPsERAd hbsetdseriderwill 1 appapatitd ageeonnt . 20

Al ternatively, in case HPMN 104 supports | ocation-based hgg‘g)lé?r , ,SOP-H 120

per f or ns 5t hekiNg @dhe arg Hat §Shigdisaiecle svica 9 Vhich s subsgapsr H GT
(instead of ;chang,figBiiffedto, preprisLifle, TRAMPPEIAINERIKIO(VEN),ahd 3hep 506
(i.e., when “t her & liﬁs Onolhﬁgcat’ip(r)r% based echar gi ng) remains the sane even in
this case ofSCPdbatis asspoBithasudenyirgragniig). HFMﬂeiﬁgw)H ilA2 tpry wedlisfeSldase, scp-H
120 uses SG,H ! | Dbt Lt 1 VR gk el pvmmmo

addi t i onal r‘r‘?&ﬂoﬁgﬁ/ﬁj‘u\Zp#ﬁeﬁg’%@gpg‘a‘?g‘%’féri—% 102 fggr rﬁ%ndl ing the billing
of prepai d 90kdct plepaid AanS> H OT corresponds to the address of SGH 102
being i 'Ot ated at HPMN 104 as prepaid subscriber 110's current |ocation.
HPMN 104 “operator defines a tariff at SOP-H 120 for all SGH 102 30 GIs.
These GIs can beTHetdfredatfseip iof FEIReHL | bo@ninmgam éMvondssagerwitto peepaid The r est

of the call flowin the present case _of. ] ocation- h i |1 ows
steps 508 td%Q%‘?CYMQFBfO%‘é? lln?‘ingaté"g‘ttar?ﬁ‘@hg@' N%ﬁ%’ g@ﬁlgﬁogdgg&g#htgch- B 411,
SOP-H 120 birkh$ndasePai dnSPSCRIVEI2614h SSCP I gP AQhamged oo SGSH f-BILRGDR

reconciliation, and finally the on call i.s rel ed based on
di sconlnelct b@@\/\?‘?%—c:@%ﬂ?’o real VLRE@I'%?“ @ﬁ‘bﬁéfg’e%%"tre%%rpée%‘hfm‘éeng Pbw di agram

for enablsi ngWa\Cl | opefatd @R 3bitighSGIH DR th1Rodify frepditvbiibsd@eriin0Base of
SSP/ SCP based solution, in accordance with t furt hef enbodi nent of the

: s 1 n ye
present i nverfilorinformation; i BrbISH mepege SBmrHosrelymen figatSE BSFEC Y and

enabl es mbi\}l\ﬁS@R}%ViICG}%,O% OfrdBr aRakhbid DsEfaidedubdetiBer N 18:sVARMDbile 106 when
HPMN 104 supports prot ocol, however, P-VPVN 106 dges ngt support either

I N protocol communicatgameaReiPMNiL{IR6. 16K 104 canpedify theprofledplosprifdiea nakes a
call to B, and; JAMIGA, 3 Bind SAGRESIVMEGK MR- V1 126.
Thus at ste%“%b’ge?%\?ﬁggsﬁﬁﬁ-g%ﬁ%gég Pl IANIGS 38k A & EC 1 114,
GMSC-H 214 then rdut Removieg laStll bARNg AparaB)eterofrge. fhe Mespagst €604, At
step 606, SO-H 102 converts-t f . Of ( SRS ling to
an | SUP TAM (A, B"), raeﬁ‘d’“éléfno seb‘l%%ri Igét%; ?e?iu %%fhﬁ%ﬁgﬁg? éﬁgf‘ iilng t“?)g SP-H 122
correspondi ng to MSI SDN-USSI ptepkid/pepald’ rocmersesito mosnitm zumhess, | sveldatnunber

(e.g., Bis prefixed with sone. s i u r i ' i ccordance
with an 15 enbodi mantm&' Ci”h8“%3leé§£cﬁtcglillsncwel%ﬁtogg%%ﬁf%a@pg&ngt%m’
configures its SCP-H {BRhte cetvisena possitilé)f for prepaid subscriber 110's MO
calls from P-VPWNL 106, baseg fn B". I n an enbodi nent of the present

i nventi of, when pr paRemeiB&tPhber A calls B, SCP-H 120 checks tariff
defined for B" and mcaeaids Agdryicekar @es prepaid subscriber 20 110. This

al l ons HPMN 104 operator, to char repai d subscrib 10 r the MO call

at the actual roani‘gAfdingprate S@f ﬁ’ﬂparg’fé?a’iﬁ‘g’é?r Eﬂ?’?gﬁeé%kf Cﬁlﬁ g(fr?”ﬁrreaéngf or

di fferent roam ng net ygp?ke@aigrsugsgﬁ&s1y@;nrp-vpmmsmndi ng tariff tables
defined. SSP-H 122 (instead of SG H 102) enabl es r,e&sligl sg&mr' er As MO
call in P-VPMN1 Boslesonigedparlier, BERDAI & shBacErbes Ry 672 ¥4 SSihe’ HPMN 104
suppor t's ' - ﬂﬂﬁN 0R% CUapal ik herPVIMPIY1HARE R asncB ehe(hddeht (or |'N)
support/%ogf\ggh%%?f)v}n}t E(EI\/N'104. _E?\uzggﬁ?ng‘ nobi | e conmuni cati on requires
SSP- H 122t gnemtiere piovidas rqemanmessyicesfto peapaidvatboyng reamery WHBLE 4684 et o t he
format compaible i 4 0o ST QST TBHAG LADchbddihBg FindyieRai d
subscri ber %nyl%&%l%%ﬁ}ép%g%%ega%’s%SP- H’122 t% [ néli rectl ydoﬁ; nterface
with PPS-H lit®ntiom r&@ReiCSR(.¢., 8@ming profilefies theghS Demespaggogrior sSrelayingy o
converts the ocol of [M=YoTcY I :S ' | sebvice ¥ wy B')) to
an IN | DP (AE,th‘B, MEBRE i@@ﬁé‘ﬁﬁﬁ'&’\{ qggﬁéégtl}l éﬂl{ﬂlﬁa{dgiﬁ%}gﬁ Sfelseveuéle s@g%nal ing to
SCP-H 120 corresponding to calling pre gli d subscriber A s nunber (or

MSI SDN-A). I n an enbodi nent of the present invention, SSP-H 122



perfornms this protocol conversion using an | SUP-1N converter coupled to
SSP-H 122. Further at step 610, SCP-H 120 sends RRB request on answer and
di sconnect to SSPH 122, in order to establish call fromAto B'. At step

612, SCP- -
SSP- H (1352 t g’g ﬁ%ggé‘gr&%f]ﬁ&t fﬁé’r %°utge“8§é’ 5 ‘i?g“’g‘?%g‘ﬁ lrji'id%aﬁfﬁoﬁs ng car%g gtSIeD-SH 122

Enlips B I \II\IM tcgpiﬁamamgt 1Eﬁ>déhisli‘trotr51;t§ e d@rgma?@g);ﬁcof afieedli coatlolah@aks ofpriessage
- ntinue signaling) into a for | SUP since it t I
conpati bl e oshsefpcted ﬁ%ﬁkﬁm%ﬁééhﬁﬁéﬁb%"%“éé fth&%5ﬁ61%¥m§@%ﬁé E;Seoco )

SSP-H 122 1 aui§6dSPlmbAM: by 3B, \VMS@rxﬁt%{Wltther&n%ﬂ,JsmA@( eRshEd. In an

embodi nent of the present invention, HPWN 1 operator configures SSP-H 122
10 to refiovéo BEEIPHSE ThereatismaBstep 3 Lob3GIH IQZ(T@)‘PYSn‘ﬁEé B-AGH tpesggge to

Ther eaf ter , (Al 81,8RS618.A0% fitSecmbbeliPed b sondss haschGVLAsi gnal i ng

nmessage to Vi a can then start accounting for
CDR r econci HI&-Hold 6pAt gesals, BBRI—H lﬂozhmmﬁw&wﬁ weth AR SEage to 15

VMSC/ VLR- V1 S wh

SSPH 122 re&i%voe%d't}ﬂ %M%t??goeé@l 1?%2%@3%94 EF%EOA(‘)%@%&’\% ? eveﬁ? to
SCE— H '1t2)0’ atithsCEM @R#hge SEPSH- E[ZHLRt andt €dRre dbatgedh go b@dl g Ml genrgnl epai d
subscri ber A i cqunt t 'ff t } B".
2oonce e CATENTREE 436 Stk waruEt Phedidiog s5fe % T ral B vl
where the swidpgid shmcﬁ’oe\/EM\tbra@ﬁenHewwm1 006. hub 112 di sconnects the

ongoing MO call will follow even in this case. At steps 626 and 628,
swtch-B 411 sends the REL nessage to SGH 102 via SSP-H 122. This causes

SGH 102 to stopsapGRUAdd BAidOHIEDR T0aCoREitbi aéddono pamspeshat fhesiéal ter, at
steps 630 and 632, SGH 102 rel ays the 25 RElyﬁgﬁils e to VWMBCNLR-V1 126

via GVBC-H subsariberil Hyisibylledcomecdly “6231& roagypg i It s TERBIGRUAT € onnect

event tOISSC%)'gH an, Tﬂyres iSCrH 8188ncBE o locd@dh B&ecﬁtzi@@g&@@oxdmedllsmﬂhl@f bal ance
from prepai scriber A's prepaid account. In th eéi)r eced[éz enbodi nment s

of MO call M@mthamemqteveags’dwrpmbswrm{ &t igde SHBEALR- V1 126
and GMBC- H Pﬁﬂ\éN ’Ig nﬁ? R 5a§8r ﬁ%%ﬂgrg@fcfrltm &0 M £ RkineAME! | ng. MO
pai'd subscri b

call of pre VPMNI 106 in case of service node
based sol ut ieperywhert Withini HPMNf b&éeHbesweé@r @thound pEpaid AERYNBENISRURLS: 126, in

accor dance \%g»@g@ﬁg%%tém% RS BED cl(ﬂtfferteh't?)hﬂfr G4 BY BRHbbA: robfeish! S

enbodi nent, operator
20  depending on their actual calling locatlon In other countries, like China there is a

distinction in charging of MO calls based on location of the subscribers. However,
since HPMN 104 operator understands that prepaid subscriber 110 is in HPMN 104
(while actually prepaid subscriber 110 is roaming in P-VPMNT1 106), an indication to
charge prepaid subscriber 110°s MO calls at the correct roaming rate is essential.
25
Also, as mentioned earlier, some'networks (such as HPMNs and VPMNs)
support CAMEL (or IN) protocol, some only ISUP protocol, and some both. As a
result, for handling MO call prepaid charging, there can be many variations of MO
call implementation depending on the capabilities of P-VPMN1 106 and HPMN 104.
30 SG-H’ 102 acts as a master protocol converter to deal with these different interface
conversions. Furthermore, prepaid subscribers of HPMN 104 can use service node
based solution, or SCP based solution, or both. SCP based and service node based
solutions are used to charge MO calls by prepaid subscriber 110 based on their

roaming location. These solutions are totally transparent to PPS-H 118, i.e., there is
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converter at VMSCNLR-V1 126. Prepaid subscriber Ainitiates a call to B at
VMSC/ VLR-V1 126, and thus at step 702, VMSCNLR-V1 126 sends an I N call
control signal, such as IDP (A B, IMI-A Vl\/BC/VLR—Vl) to SO H 102 using

IN interface bet ween. t hese _net wor nts. H 102 issue RB on
answer and SCHHES ABR AL G TagR ﬁ&s%eﬂgéor %ﬂy E 'é%)es‘?ff’feqmre% i ﬂj} tionally,
at step 706,]]5Ghkt thdDnkigses dandeNinGINNEETs CAPPSH) 1180 VMSC/ VLR- V1 126.

VMSCNLR- V1 126 converts the IN signaling to | SUP signaling using the
| SUP-1 N converter. Hence at step 708, VMSCNLR-V1 126 sends a call control

request | SUP TAMNGR, wWB' Wilf Qorﬁ%éﬂb&rﬁ)uﬁ%@%lﬂle kcehddos AIND dafll By prephids cal | 10
control request to GNBC—H at step 710. The operator of HPMN_ 104 (or

hub 112 Jpersabserihercldfin &YB@H\@\/@ BG4 epd ABdepiysenha st diagiam &) |
control r eql@:ﬁ?&lm#m(zﬁl olﬁ;rlpa‘icpsuﬂ)@/fbéﬁlom\ P- \HQN?IF‘J@ ]@5 iStRP off dedvicde- H 114

establishes a ca rom by sending the call TAM (A, B) to switch-B
411, Ther eafthed siflutbnepsl Withownldcarios, bassgh @@hglﬂg,mlllm‘s@eﬂégcet Féth st ANM

signaling to t ngot QnSEhyk&e node-H
124. Servi cem%gelﬂ 1‘%1 ?mﬂf&m ﬁb&%’ﬁn mr%aéﬁc%b%%gﬂ repgl d subscri ber
A's prepaid membangteabl)b&sfmbdan ab arepdifl sulasbﬂllmdAf)i mas ﬁ@nll BYa CFlulﬁdtmfb' at step

718, seryvijce de H 124 rel ays t ANM Sl L 126.
VBT VLRV ’T @8‘]%‘%‘3%%?%?%%3 1?'}31- c&&%\){ X%@i si'gnaling to IN
ERB (ANS) signald. mgusigisteg 4b$UF1v1$N/\cmmwerzse;endsamansenm signel, sashvasraned

e o bR IR n AR e e TSR L A R 835 TP s age

to GBCH 1d4c.at 13t fRtep2d4. IWBCmbodithtd: dffiiepresehieiyiSentibh, ISURIAMIEAL O
service 25 node-H 124, at step 724. This causes service node- T}%%]A) to stop

deducti on ofBlisar e @W?%hﬁ&?%ﬁ&i I8 280fher embgdiment of thi @@FH“&%‘{?U

Ther eaf t @' Iﬂ%/[ B4 &8 Ak Be ar?ﬁfU@ geknedasd 5d2f 108 haysvilchrg B@abﬂ&? Sige to
VMSCNLR- V1 12 At 'step 728, VMSCNLR-V 1 126 converts the protocol of |SUP
REL si gnal i rig theo’xrstwrrm@rrsqngrbaﬁm Wblrﬂodua%Bn‘@\ﬁ‘“é%ﬁwppo%éggé’ﬁ%}gcoﬂ ‘he
conver i ed sk it0g 1 SCpHiork0ay FhBEN dm SRA HMAc8 saRE BAmScant | ng T or
CDR reconci l1ation purpos 8 GS. 8A and 8B represent a fl| ow di agram
for enabl i ng{chﬂ4I dog$ nptr%lpmrw%@fmd?aﬁ@e?ha!gl@ itrps 2t WoRMP0.196-H nl®ase of
SCP based solu t tg 1R NS/ MgR- V1 126,
under yet a FUr (}1 er er%odgknggtrg%g&tgﬁggﬁ r n%sl%lér_{gvle%??on VP 1 106

oper at or 2ajepslem;ssthishﬁod1ﬁdﬂsm Ggnlieg toesrer‘ate Nm@d‘i \mﬂcmesm%h%md@ﬁlﬂ@gl n FI GS.

7A and 7B. The subpscri ber i LR-V1 126
and thus at Pé?PéB‘{ §@§ d‘W/B% E’ﬁn%f %ZGJ;I el 218? thEKI cal F&SQ%?{U quqgnm such
as 1D? (A B\,ccdr&ﬁlce AyithV/Mo@mMBoRnéD) of ohﬁﬁrdskntlﬁzexﬁomsﬁﬁgﬂ‘{ N O neprerdterce.

Thereafter at 804 SG m) t ved I N
si gnal i ng t °8 gqr FshiR nog 'HIP%BIIO ﬂln%?}al-ftf§]%r§r38% Sul? %%ellb% |bf| ed IN
si gnal i ng t qaffCRold B2OMIOI 1@S P Bdtingtaticf fMSBSDN—aA embodnmenAbf qu:pe@% SCP- H
120 issues I N RRB on answer, and di sco ct to t hen
rel ays tH s ipRyegtien gyisp PW@alpé‘%M‘@L‘ﬁﬂvg %’%08 el elﬁ é%d' gﬁ %h?—'tﬁn er, at
step 810, SCRfhtdlROBH w&soﬁmgly%&%b%mm@&eim BGs HlowORPMEhEMeaf t er |
at step 812, SGH 102 relays the received %e t o, VMS(C/ VLRgf 126.
VVBCNLR- V1 1operaias i ehieess nronsidsvubicoiben A & MR 0%‘1‘%336 G 35fat wapEgsa i ng
using the |3pP d2N1$Q§5‘1‘ﬁ%fé1?§ ecxlipﬁlﬁ'@oe?stfo?tﬂﬁﬁrc&lf‘oam\ﬁl\@@thﬁs Vi zd26 vands t he
call JAM (A, B) to swtch E? . Thereafter at step 816, svmtch 411 sends
the | SUP 15 m@MpAuMsragﬁaableﬁgdeﬁeed/m apptdlipnent ofsthe preser inyertion, SGNECNER. V1
126 convest s dhle, MhahiRagbeifld Irs@@esk%f.%g (SE2k ADRLING4 LRnII ERFANS)
signal i ng u5|ng t I -1 N conver hen sends the nodified
signaling tm0363H—1241®s2ngISGPHb0pb@f2<\34§MS§ Hcéb\mtl ng for CDR reconciliation.
SG-H 102 then.relays the received ERB (ANS) signaling to SCP-H 120, at
step 820. SCP-H 120 starts deducting bal ance

Further at step 408, service node-H 124 routes the call IAM (A, B’) back to

GMSC-H’ 114. In order to establish call from A to B (instead of B’), HPMN 104
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20f rom prepai d subscriber A s prepaid account, based on tariff table
defined for B". When B party disconnects the ongoing call, at step
822, switch-B 411 sends the | SUP REL nessage to VMSC/ VLR-V1 126. VMSCNLR- V1

L0 then Conen e kiR RIhEE A GRS O B IR el
824. SGH 1A% &A,@% M YA} BndnfaoremGhRmestcafitd piesent orventiinn &IMSC-8 st ep

826, SGH 102 relays the ERB Drsc nne ) ssage t hi s
causes SCP- prliz@augt@XgladBaqug gl% ﬂ%&%&gsw g‘r]rﬁcgggégﬁosu scri ber
A's prepai dagRHAa calGdaAl th B by srenamglyalcmm(m Bpto dviaaldl$ atsociptedpai d

subscri bers are not charged when ai d subscribers_a HPWVN net wor k.
| n accor dancethyihe galisd Pé%é‘éfﬁh?ér{f‘er@f‘a o gefprekiars si"’ﬁ%ﬁt‘{lgha{}\ﬁféﬁﬂ\lﬁ H 102

fakes at HLF&E& 18 hdaty, psw@madmu@a@r laP &{dfel® ConipSetion MRWCMMW' le
actual |y prepaid subscri’ber is roam ng in PVPWN &%‘ s usually

no i nt erface\mwelﬁﬂﬁs%GIMMbﬁgW&@lSle’é’lqedloéfr‘gdaf‘dla SMiS girﬂfe Hence in
order 10 SURRRLH PIRACudpANENhiARY OBy glgal@'srﬂstmr%% "RGaldfsccblill 104

operator nee recover the cost natin M cal | PI‘ epai d

subscri ber bm:d@nmanfbteblevibr@mdrfeﬁisFmrdamahgen ﬂﬁﬁewmlodiéélz“swa% hej n sone
countrie

b
| ndethd@nt e psrl%g{l g%sﬁuq L1kt 6 lflj’é afl ﬁ&%ﬁgﬁ)ﬁi &ohdifdtiohat e

Cri ers ocalon W t e HPMN net wor k.
However, in pagoed. dama;ovréindmoamlewbﬁﬂmemzr apkratdnéo pnms:emrhe blematiSéh, in

order to pravide roam.ng servi.ces pai,d _su oper at or
needs to corfe I‘(]’lﬂbg]a'r‘%eatpﬁﬁévﬁ‘aei ?.Pdéfh)gé% qje" 3& ca?qysmf ?)M f‘%}lgi?ir nunber s
when t hey arcﬁar%&gr&é})md&ﬁbdcﬂbﬁ- MBMyherdaBi6r, abﬂqsdu@mnrﬂ H20,rSGl’ 62 kdoat i on i n

Fnygm\lrl oﬁogr %ﬁ@@%@%l%ll%@e&ﬁééwéﬁ 18, Ot@gggt@d}i gernz)?lsoz ot E:nglr gsent

out bound,sprepai d subscribers and’ charge MT calls to these subscrr bers based

th | ocat E ||
Cotal Ty, t1 anapar GEe o chrischRTEbed pergcen A Wit e olarRgre Gy carpam

interface erel@asﬁﬁhé’h nbsfg W00 cANY changes required in PPS—H 118 ot her t han
configuration changes i n tarrff tables of PPS-H 118. Vari gos i bl e
Vnisghe

scenarios for Ml call | Swischol fddi wleassp by iopgating 78l | repo are now
described. FIGS. 9A 9B.4 Eé}ﬂrr%hﬂ weg-esent a flow di agram for handl ing MI
call to prepaid subscri be 10 in P-VPMNI 106, in the cas a

servi ce-2fodebased sbhl GMSErHAMH (hiSPPIG1RE on BE- Pﬁa@zﬁﬁtW§ﬁ/W%}dn§n | SUP

interface (hereinaftef Jj.npkerchanopa ?L&eagﬁft%%r%?#g%@aué N LR cbiHesyr f ace)

with a GUWSC-H 901, in accordance w an e nt of the present
invention. B (i.e., tbr;epxepdldlsutgcrrkarAy in case of MI 25 calls) nakes a call

to prepaid subscri bgeﬁ?ivﬁgﬁ{’] 1?5« ](or U ﬁq%O)ng%ebt}%O &51%%(511 @ecraﬁ'éét ing

request, such as a ormati on prepai d
subscriber A to HLR- Hbdldfe oﬂ’hmpaaﬁmtecr,rbeaﬁ is rep&ic@oYtoznedtig@ahe pieRing 116

i ssues a roam ng nunber request, such as a Provide Roam ng Number (PRN) on
the IMSI2A to VW VLRW1 126 via SGH 102, since SGH is the VLR

| ocation of prepaitdied04muing ani befitcABat! | Iskrids b Relse (RELS irepsagod), seBC/ VLR- V1
126 returns a roan ng nunber

(BRY Tn Srode i e 1B This 3Ry Mt S TRl AR R R AP

of balance from prepaid subscriber A’s prepaid account. Thereafter, at step 426,
service node-H 124 relays the REL message to SG-H’ 102, which stops accounting

30 for CDR reconciliation purpose. Finally, at steps 428 and 430, SG-H’ 102 relays the
REL message to VMSC/VLR-V1 126 via GMSC-H’ 114.

Alternatively, in case HPMN 104 does support location-based charging,
service node-H 124 performs the MO call charging based on tariff table defined for an
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Further at step 910, SGH 102 nodifies the MSRN to a new roam ng nunber,
such as an MSRN , and issues PRN-ACK with the MSRN to HLR-H 116. In an
enbodi ment of the present inventi on, SGH 102 stores a mapping of MSRN and

MBRN . I n O mrrpﬁ)n ggt?é ﬁ&foipérg%?rﬂﬂ Hy‘c@%it dﬁﬂan&&:ge% WBN at k&vige Nunber  of

S special ran odlne i'nvention, the
MSRN is a spﬁcHalIMpInethlsmsb sermbe nodeTHeRd afstse$ G-Hat108 tpemt 9&@ tol-d_elﬁnﬂ 116

returns an SRl - A GQVBC- H,.90 drgpt of the
present i nvé?ml%,ar%ﬁ%- ﬁ"‘g >R %drlgar;calegmg\n"ﬁfﬁloé& ﬁﬂ %?2) via the IN
interface, @ﬁﬁwrhiaﬁd)ihgitlse Billing df piepdid anbstiiber A, §Ge’ (. QPC co@esPerdsdei on Poi nt

E);:/)P )seﬁzjl ﬁgb gﬁip eqsmﬁ %B%lﬁ}gh@/sgémﬁﬁﬁql?ﬁaﬁﬁ@ @'%Spr%@f bszﬂb%fnlﬁg)g Oarl\)/gg\l ent

to a person gk |I&Qt161{‘ HI*}@NaUOK dpbrator HENANs JaOtﬂrlffmersaifme nDWHalEOfousH! a
termnating tri DP12 or CAMEL T-CSl)

preferred t ﬁﬁg@gﬁoé Ui)émit GbiiﬁtSsTE‘?f’é tPOHK\FRAESatRE B‘?/g?ﬁ‘lﬁg’v}er fﬁr%c??ﬂ’élpg

enbodi ment qffhg cﬂ&@&%nMo;e%véranQHffs'cQ&,semmo@@ptjﬂ Headl ESMSTERS W th
SGH 102 via the ISUP interface, GVWSC-H 901 sends an | SUP signaling

(i ncl udi ng Iléé)pM@kl)m@tﬁStdhféCtm swigehgds 4l tq egabligly apd Fedeess eryiepipp (B
MSRN' ) s gnt%glll %glcgﬁ ?0 1%’9»2 rdsS SUES A ﬂB@BfO(r ’%N?md%@b@@é‘roz@@%b caBUgY .,

No- answer) at step 916. Since there is either no M call
char gi ng at \aMSC/oermmws matne@hahagmqgalbaiswh@nn prapnstion SuBJIESHEA A s

| ocati on, H 102 makes a separate fake MO call (hereinafter

i nt erchangeﬁBﬁiy referred to as first .fake call) on subscriber A s nunber’
behal f so to charge prepaid subscrl ber A according to hi s roam ng | ocati on,

i n accordance w errbo nent 5 t.he pr e at step
918, SGH 102 e%&% el é‘ Qg B r%{?}}rlﬁhh e Jich g@fﬂlgber As
nunber tG a saneahd 1soacparmvmunbw undetial SE8- mdcsomnes pmqmthrgn tl@amrepal d :
subscri ber 110's actual | oc tlon in P-VPW , 1 r. ode-H
TRt e AR g L AL S
configures %éﬁél(ﬁﬁlbﬁ&ﬂ@rﬁ ﬂaaébstaOcadetBlmeatt‘amst:fvﬁmrvlpmpamdassxmdoz ber 110's
MI call, 30 based on S servic ode- C ai d
subscri ber NMSSWe[ﬁ?annééé’éﬂﬂtSUBe{é%?%ﬂB &B%T%Li% @rgft &@(ggln%i%used to
define diffegpapt tHeOf‘S'UPngAMaS f &5 f &G-gt fiber @mte@esbwosiﬁse Qf tEeNREhdrn t he
net wor ks. steps 920 and 922, service node-H 12 %&Ws | SUP | AM
G

(A R#) 30 Sebedimeon HPMN EMSEppPgodAMEEer IN;pratpes), gheaeas 096 ssues an
I N Connect ( %&RL\J) H A1 efelii‘t@r&ﬁvfrttﬂi sptateE the Mr
call from B&tﬁo on pﬁ&@mﬁﬂqo H 901 corrlwertsct : r(e)?gcol of received
IN signal i ngecteo/eﬂSiBﬁ’alﬁlgIWW(g$ mMomagwnaﬁ@e “él?li‘cfﬂi’ e @fkvert ed

signaling tq k%?%g %)%Qfoesahotssﬁﬁfbrtgl%@ atiohbadd BHRAE fﬁ%@tat Qlfe b6, pr esent

i nventi on, opera or uses t I'N converter to I’ OI’ mth
conver si on JEHET 182 catverss thp p@RBo! BVBOckti 98ISR segneking torea INS sANM

SI gnalin V1 126..The pr ot ocol
recei %P’\@%‘nﬁgr f“hd Sef’g ﬁhﬁ ‘E@F%&Aﬁg l,g gtgﬁgpﬁe?\%gyﬁééﬁ %ntg%l\%er ted

SI gnal i ng t ao SGIEBN1Q2r IMBI-At HPMOIB4 chemteabifiguresats SiPeldd 20 32defind 2934,

SGH 102 issu t he i - 4. via

QVEG- H 901 figi Hi@TePe s*tl‘JESFQ\%eé IAQNWW% fl{°"gpé%é‘?ﬁ{s\é¢€?aé§°oﬁggé-aﬁdl 4 issues

the | SUP ACNaANMnSdoghattiongvithafi& St 4A H(@ 48 atkeﬁzmmddesﬂaﬂﬁs accounting and

deducting bal ance from prepai d subscriber A s prepaid account, based on
tariff table defined for R#. 15 Once the call is established between

A and B,jgere ar gulidraestesess SCpH 18 Rasd NBedube RepgoBagc bl gak ntodel
(RRB) request on answer and disconnect to SG-H’ 102, in order to establish call from
A to B’. In addition, at step 510, SCP-H 120 sends a Continue message to SG-H’ 102
that indicates SG-H’ 102 to continue with processing of the ongoing call. SG-H’ 102

maps B’ with B, and also converts the protocol of received signaling message (i.e., IN
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|. The called party's switch (i.e., VMSCNLR-VI 126) rel eases the ongoing
call due to disconnect by prepaid subscriber A 202. Service node-H 124 (or
SCP-H 120) Tel eases the ongoing call because bal ance of: called party (i.e.,

prepai d subscriber . A j.n.thi 1 SaprBSULT 4 €l Waft 3 ongoi ng
e v S e R R s S
(i.e., B parB’yhetdbskc 5o aestdpss IRh&GGHI102 e@fieies @ call fromefptOB®y suB@ MR- V1 126

sends the | nessage .t -H 901. , GVBC: 1 the I t he

prot ocol of %Kg/& @‘F@&O Isg%%"gi ‘gﬁ %ﬁgatﬁgg §é@few?t(%”ﬁ\f?@ﬁ§n%[5ﬂ% cg‘m@
signaling, affalifeRcSefdto SO com\Ser-Hed 02 Nas itighadtirngedoantSg Fr COR, at step
940. SGH 102 stops account i faor r neiliation pUr n

recei vi ng t HFOneighear PR %E‘%@Fel%%@@ dReES§8 4° %QWWW i ssues
the REL ness@geyvihGEseMicerNadsefd s124andi A 8GWBenHhO RCM/ANN adsagsisser vi ce
node-H 124 to stop the deduction of balance fromprepaid s riber A's

I b
prepai d accdestved pyrii-Hy 1041t isegs agdeyentsRepertdeasisodd-s te;L‘ZWdil’is( Yhe | SUP

REL message hagk d,6,3Gsdp-11030, at step 520 A¢IRENAI lsVdedhidting @3RnGVBEmH 901 and
SGH 102 has only ISUP interface with each other, then all IN signaling

messages exghemigedbisebueen pEhEdastogn]basetiorSaiffmbiodefingd for 85, 9A, 9B, and 90
are repl ﬂ)ced with correspondi ng | SUP signaling nessages. For exanple, IN
signal i ng nessages, such as IDP (B, MSRN' ) and ERB 5 (Di sconnect) are

repl aced with coQnesthenrdi isgsttBidRedbagmedni Aegndidssagéthe thrae brsesWinRAeB, NMSRN )

and REL, respectivel all, §l £ p%@)o ihd

subscri ber ,&B‘i‘tg é’hﬁb%&@&f ﬁg?q@;(p a]iO%tacc)f l?ufrt? ]g\?lgg%%sg@ J)régr?g% : %I]“GS. 10A
and 10B r epr(eseiplaicedfdaoior ti eqpfamidrowith &HEE. idAgardi4R)akill fodoypreepmindthisO
subscriber 110 in P-VPMNI 10 in. f SOP b d_sol uti ; en there
is INISUP | Rter e et ién I‘%?%gii)éﬂ’gsﬁgﬁﬁfﬁ?a%’c&%g{? Q%e with a
second eppodineatisedSGtie](2reseptacdonn@ip foOODR Stepsilidi2ThaeRl, Gt siegs same as
steps 902 to 916 that describes obtaining of VIVECNL R- 126,

mappi ng of I\ﬁﬁlﬁn@\ﬁéﬁnSf?élﬁl\llozarﬁlagﬁgﬂﬁz%;@‘?sgaéﬁéo g@%f%ﬁ"&l "d%\ﬁl\y ‘quest
fromB to MRNi14. Flalljieiveyes2s, &G-5t 02 16de8 ER¥ohldistéitieasdvall tosSEsHt he first
fake INIDP call (instead of ISUP IN call at step 918) froﬁ&gé&%%id

subscri ber A20cTiRgcauses g 130t ston g dedusiereefPaincs oy pepa §24), In
an enbodi ments@fephi@cugsent invention, HPWN 104 operator configures SOP-H
120 to define tariff for prepaid subscriber 110's MI call, based on R#.
Thereaft#d, at step 1020, SOP-H 120 issues RRB (ANS, 20 Di sconnect, Busy,

1028 are bams a5 e g e 0 e T B om B to
MBRN, and r el@6i perfognd SIePMACKIAKMreing dagsd, onwksriéhtebls dafioedden SEdAVETted to IN
SoH 102 oraPrls graBifek RSt bR A e TRASRA R R DOE RV 20T
Addi ti onal | ytheratis 8¢ &patidSthsedSOR: g A8maientie same e@eomin thisecane of lngetiany SG- H
25  based charging. However in the present case, SCP-H 120 uses SG-H’ GT to define
roaming tariff for MO calls and thus no additional modification is required at SG-H’
102 for handling the billing of prepaid subscriber A. SG-H’ GT corresponds to the
address of SG-H’ 102 being imitated at HPMN 104 as prepaid subscriber 110’s
“current location. HPMN 104 operator defines a tariff at SCP-H 120 for all SG-H’ 102
30  GTs. These GTs can be defined for different roaming networks or zones. The rest of
the call flow in the present case of location-based charging follows steps 508 to 528,
where call is established from SG-H’ 102 to switch-B 411, SCP-H 120 bills prepaid
subscriber 110, SG-H’ 102 accounts for CDR reconciliation, and finally the ongoing

call is released based on disconnect by switch-B 411.
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102. Hence, at step 1032, SGH 102 returns IN ERB (ANS) nessage to SCP-H
120 for the first fake call. SCP-H 120 starts deducting bal ance from

prepai d subscriber A s prepaid account, based on tariff table defined for
R#. One of the three cases where the 30 switch in P-VPWNL 106 or HPIVIN 104
di sconnects the ongoing MI call to prepaid subscriber A are even applicable
in this enbodi NneRIGY #lAsaddsss epicbe achm iiegramnfor embling M@ palhviof prepdidS. 9A to

9
di sconnect - PHETAGA b BATIMNTAGE Bner S3p ol ans FoahR b BE conver s
t he prot ocolyigfyet SPRHRBELmbBESage fiiee lbrbheﬁmvérmoacmrthe@mbodmsaﬂ@@ -lnd t hen

sends the converted IN nessage to SGH
account i g fl8# hansleschijng é%ﬁg‘MCF gtolb ﬁcorﬁﬁ“H’HF"}t'&‘?“ o P?eg%‘lgﬁuﬁﬁ%er gé‘%—i t(iogt oP

i ssues the 'Wﬁﬁﬁl(l%%@ﬁlﬂ@m | ORFGR INGr&I6EH Hiohd0sr, FVPHN AUSES0eSCP- H 120

to stop the deduction of bal ance from prepaid ‘subscrib
account. 5 not suppaftt @ithemdN vspipool; of B sgreegs- Wity giP Wd?@GAW E gaas only

| SUP i nterfag@ wid- M §368s QtdRT B.h&R éﬁL-' i Ne@le &NRIUP g VTE seabieg hanged
bet ween Gvs%ﬁ%\%l an SGH 182 in 3 e%ean 10B ar%@fﬂgﬁ‘l gced Wi ?h

cor r espondi NMSGURRsVriah.i Thys aesterats VMSﬁNéRa\ﬁﬂ%senpwsgﬂ% (g Bressages,
such as ||,bP &gg y ngE{\'élfp A gnéf 1§ ANRh ro RO nERRK ﬁmﬁnﬁ&meﬁ{ QOQeéfﬂ aced

W th corlr i ng messages, suc N')
ACM ANM andteRiBD4. Atesqpeddo &@J}y 10Restveos tuerfemcaabf the lr@WVﬁd)iSWSI«gaqhngt )

prepaid subscrl o] 0A and ed to
MBRN , fake 24" g{%w(&& iﬁ’Sh 8;8?’6 @éwdl%@st%wgéﬁa]&{ge no eﬁga?g4 cal |
]:JAM I(lB {\/ERl\dbnésﬁoxﬁﬁﬁgib:MSEw f\ro@ﬂrMGNECBH &&isﬁoods\%@dtf&edllﬁm‘wr (826, and
inally eongm ca i s disc te R- V1 .

Fur t her nor e B p’ﬁgg‘@r M OFOE’ﬁrSIPFCé? ﬁfto N{S%L\ﬁdar C%I%?Tce ‘(mh &', MO call
iand Ml cgl | )e{nbxaama« V\ﬁ (B PBSant bxgéntxb%OHPlsﬂ\Ial(BlQ)ppfamtlcdﬁﬁgumstlh SCRIHti26nal  VASs.
n sone countries prepai d subscr | at |

f or war di ng |t%d%ﬁ“§e%ﬁf‘féf§f°2@f°c96‘dé9‘bﬁcﬂ &y 6%3#5&63{8%{%“ g\n\m@lﬂtqé%r?g%gﬁf‘c? 0 a
person skillgd in the art that tromboning is a process in which traffic

originating froman initial point, follows a route |nt a, n and t hen
goes to a desti nat#oemyndimant ofhe Pﬁeée“é}”d%loﬂow?q‘fé’r?%}dﬁ“ §erBE; “%‘n\t‘é\é‘)l 'ﬁ‘i

causi ng unneggsgan cﬁé&@?&rﬂfﬁ&fﬁ&?f&@daﬂf accOtdlngHocHalbe® Yepaiti bR bdrr €
network. For exanple, a standard SIP call follows the traonbonin rocess.
20  110. This allows HPMN 104 operator to charge prepaid subscriber 110 for the%/IB
call at the actual roaming tariff. SG-H’ 102 uses different prefixes for different
roaming networks or zones with corresponding tariff tables defined. SSP-H 122
(instead of SG-H’ 102) enables prepaid subscriber A’s MO call in P-VPMNI 106 and
bills prepaid subscriber A for same, when HPMN 104 supports CAMEL (or IN)
25  protocol, while P-VPMNI1 106 has no CAMEL (or IN) support/agreement with
HPMN 104. Enabling mobile communication requires SSP-H 122 to convert the
protocol of received signaling messages into the format corﬁpatible with HPMN 104,
whereas managing billing of prepaid subscriber A in P-VPMNI 106 requires SSP-H
122 to indirectly interface with PPS-H 118 via SCP-H 120.
30
Hence, at step 608, SSP-H 122 converts the protocol of the received ISUP
signaling (i.e., IAM (A, B*")) to an IN IDP (A, B”, SSP-H) signaling, and sends this
modified signaling to SCP-H 120 corresponding to calling prepaid subscriber A’s
number (or MSISDN-A). In an embodiment of the present invention, SSP-H 122
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25 Alternatively, in other countries, late call forwarding is allowed
at HPWN 104. In an enbodi nent of the present invention, HPMN 104 operator
enabl es the | ate call forvvardi ng for MI calls to prepaid subscriber 110 in
P-VPWNL 106. Ln order to sabl es the rdi ng
during the PHEEs L} PIBWC%IrCBEEé%O" W%"(B‘]@@ﬁ% CREVeEST ?Ouf)lc?g\%é/arb%é %Y%ar amet er
from the subggter Bestepd10f SCEH IP0GENSBRRBredinenort idwkShdritssaget oHSBAg Wi t h

t he subscri ber pr ofi | e informat is regeived [ 2. H 102
stores the &al32 fbpigar @i eﬁijbb%‘r‘ii‘he(n%? AR Rase! Bk gpa%%tlljzﬁgge?(g%? ate call
forwardi ng C8nghue h&s¥Ri 16 €STH-H) 1228th§unﬂ%fe$$sptm @gcr eanse withhthan

enbodi nent of the present inventio anot her enb%gl nment of the

present Pnvereessing oFRNACE ‘@He$%ﬁ Hrlzéﬁ&m‘ Bs "Y'ﬁ‘t% and cpnvegs WS PEIAS! f or
pr epai d Subﬁ%bé%d Qn%u(%"ﬁ@é@aéet(l b%@b@%@x sShank) 80 2 Wimaddbug slies e cal |

f orwar di ng paraneter e recel ved | SD nessage, and then optimally routes
5 prepaid subsdrs tzretocqllcompattlbbf\ﬁllﬂcB\mtﬁh’(mk fé@e}%ﬂn@l FEYHBA AN gONtIREGS. 11A,

11B, and 11C represer g%}qﬂ] @t £ Gakikby, o4 War di ng and
optimally ro mefsagg ﬁrﬁ I{/ﬁ2 IO[LI%VI?% pr ep subscri %P Bilo in tFP MNI 106, in
case of ser v embasrbdentbﬁ:ﬂe@rmhnmmm;m,lHPMEcl@ﬂ@an@@r\ﬂmﬂgue@SfSSrPsH 18%bodi nent

of the S i nvent i L hi ) as both the IN and | SUP
i nt erfag w? m@(fs% e@éfmn efjoso ?e(f)rm%%ll%gga?'e sanme as steps 902 to
926 that describes obtaining of MSRN from VMSC/ VLR- V1 126, mappi ng of NMSRN

with MSRN at SGH 102, establ n he first H 102 to
servi ce node-H 1“2?9??%‘? Lt §th§g6L€ 69@8 éﬁﬁc}{'ﬁ ssf%f% !hghf‘gwf\ﬁ%call JAM
(B, MSRN) f k@Rl HgORlsG 1o Nb/BQI‘S@? ¥122.36- HSl(lfK:@nItl@dnstamdcbodrmngvardl ng is
earlier enabled (or call. forwarding disahled re a| d ubscrl ber
110' s regi strdePRAcepetavs P&PW@EWZ\/ €} 3 ays\;bgg%\p%é?ﬂ\’l 813 t he

| SUP REL 5mes2ge vOR-BUSY6, Ofa (MASALSVIRE af Qe i §911n @an@he@hehm GVBC- H
901 converts protocol of |1SUP REL to I N EBB nmessage on Busy éC% No Answer

(corres pondéJI 23 recepvsh Bg A MR geestagedt ispshihe SRR ‘l’fbar‘ISYVF‘setveP‘éR and
sends the cq %Qﬂ dIBSSCEE 1D §§"ts"ﬁed§xg%,g $ilandd @Bml id Eettegber G’ H 102 can

st op accountl rig he CDR reconciliation. Since, the ongoing fake call
fromAto R’#felpsldramoeatsb@ed MPRNETIgYe dpfiepdfon B ensur es that no bal ance is
deducted from prepai d subscriber A s prepaid account till this point. SGH
102 that acts as the master 25 protocol converter, converts the prot ocol of
IN ERB mdssage bote thocdliStpstabiEshaidstinge A amd®, sandkthe Hires @sssieierede nessage

NS o 901itch in ﬁ%&l\;llﬁ% Eﬁﬁqalgzoirhu llfhﬁponqltljgf thenqxg nEI\?@jcaﬂel ays the

| SUP REL med¥age™t’o 'service’ no nce Service st ops
accounting e lfaslidvg etdnaih this chsl @iGeeps §2@Ientu&%dmﬁncbﬁ pllepraidel theuREkr i ber A's

ode- H 124 frags 36 PRt rd L gER G fa Rt hee QNG BT 0,

i ssues | N RRBR AbnciliGOpNNRET ThéreafEyBECstehsOEBD, anat63§1 8Q-H' 188 releyy thher , SG- H

L0, Ot S, A AP E A M e e L

nessage on PpeRghdd BRIPSE tishined eSerdt TNSCBUL MAThiarcalifds GUPARARO (BstoF TN, A) to
GVBC-H 901, upon receiving [N RRB (ANS, DI S(;O\INEC%{@i from GWBSC-H 901, so as

to forward tﬂr?éiewﬂeanb%ﬁﬁ‘cbfreﬁéif?j’aé%ﬂ%ﬂi’%e“rSN"'E f98F to the FTN. FIN is
a late call forwardi ng nunber that corresponds to an ERB
(rel ease-cause-event), 5 where cause of release can be either %ﬁ%

WMN 104

No- Answer or rej Bcihe preceding evmhodinmstit ooV O pall Bpusetie haws asemess

oper at OrSO(Omt eéL%Etw@B?er@/)VL@@Vfl'%rﬁﬁ s claf ault Fies.easemaase- event
to, e.qg. Busy. Further at step 1 H 901 converts the protocol of IN

Connect (B, répRdentA) flow dingrr@URT |canding, METRall af peipgidasubejiband 19 48 des t he
protocol CO%F?O@ 9a! I8 nBasWisLEQIRBAR it herFel Nk ber fi-paf ter

102 and VMSC/VLR-V1 126, in accordance with a fourth embodiment of the present
invention. In this embodiment, P-VPMNI1 106 operator deploys the ISUP-IN
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10 referred to as swtch-F 1143). In an enbodi ment of the present

i nvention, SGH 102 issues a second fake call on a special FTN
corresponding to the FTN to service node-H 124, when the Iate cal |
forwardlnglscar [ . f r AN 1o (¢ , FI'N
with prefixfOHat %e?’&sgcév ggg‘@ﬁﬁﬁ'zg&ﬂ@égn%&ng agg%ﬁggeg ai lgab%c(r?l ber 110,
i n accor danoaMS¢/MLRaVi1 dabodidniand atoftet &2, PrMMSEMLR-NV el2bi somds Heﬂﬁ@alat 15 step

L R SR B A SSRGS Rl s o b BT ) o
prepaid subméﬂféaebet&e@fcﬁﬁfediengorkelemetsF%m’ ﬁm@’smfINeRRBsamapwékhﬁﬁ) to 1126

are perforned, whe i s replaced by FTN and the MSRN is replaced by
the FTN, 5sod§§°rt“6°trt‘bﬁﬂvégq/¥éRo\ﬁgkﬂ6n s¢R1’P4t 0 FIN and charge prepaid

subscriber A basgdqi@ndigr tfg‘tepla(’m saf i10eks2® 4o EDNNECT (A, B”) to
Alternatively, in case C-H 901 and SGH 102 have only. I'SUP interface

with each of\E$C/MlReW!1 al26. INMSTHHA-VA gl e seGES tb&éﬁaﬁ’@éﬂ‘%ef%%gp GVBC- H
901 and SG :jl&n%g%ﬁ} ng F}lccﬁUPlfgﬂpéonH@r R dt slef788, WM%MQ@QWW?.B IBends

correspondi gnal 1 ng nessages. For exanple, |IN signaling
messages, suachll aﬁsntxiol]%q(lﬁt ISIVBFINM (A, @Nrie strvic@no 4, whishrreleys (B, Cfﬂ*—'TN A,

B e P AR L A P RS 1L BRSSO g eoal ng

(Busy/ No- Ansjymat)a;) doefipeet GM«SCyH’ Relstb naddiflyhiee madived dadiwonimel request M|

forwarding t he E i.hed  ear nction
wih b e 1Rab Sipg AN eS8 b i s ol 4SRRI L, L REE NE L O

di agram fgr mg;awnuﬂgg tﬂxeﬁdag o tA{/D)rmaﬁgkgmg zandTmma:fua?ml syeps dum |amg7tfjhe MT cal |
to prepal d subscri per I - . . Ln as ution, in
accor dance Wt?ﬁgdéééﬁ?&f t@?‘r’ggg’ﬁ/ngw ﬂgna?ﬂ%tcbp@g%%ﬁo” VENES f’Eiayslstfr?l this
case, SGsH LAdidas seetde lo®B Badskdick ibesHace swirfsie@dias HaBAde fréheps 1202
to 1224 are sanme as steps 1002 to 1024 t hat de cug%eeé@ﬂo §n %g%of VSRN

t 02

from VVSC/ VIPRPY Sml;l%flbfifa‘})ﬁlpf?@aléfac%m\l b {1 i) ¥4 gi ng
prepai d SUb%FEtE;P@fs Relde G5iaR 128 héing thh & CM/ASIM i m@&b |VM$(ENDI§G1H 102 to
5 SCP-H 120, and then establishing the call JAM Rl\% ag;‘l\/lSC- H 901
to VMSC/ VLRJ% W@@C/\gﬁfré/é 1|2étaéaleaprrveftbli\ﬁ/a)rfa%0f a Ve Né’halﬁ? @8(or call
forvarding g i b 10 sERDI Gb T @RhiQRdPT 0CESS

at VNBCNLR— %ﬁg\ﬁ\[/\g%g/) i amllg%g%]gs%g}g?q F\gﬁl SUP REL message on Busy or
No- Answe20 t@lm-EIOSGiH’ KR fer @R texpeciliatign purpose a3 901 converts the
protocol of ISUP REL to I N ERB nessage on Busy or No- Answer, and then sends

the protocol converted nessage to SGH 102, at step 1228. Si nce the
ongoi ng fake call from A to Rif is released, HPWN 104 operator should

ensure that no bal.ance dedu d fr r It pai d 15
account till thi tB:BI nta P’easfcg nems%'{palgtsgﬁt%il%fgqb%% E?%Eg rlﬁeésg es the IN
Cont i nue nessaneSC-o’ IG4Hat d€R722SGMSCHI21 mhbcn redaya dlsis tnhassaghl tERBVIRSSSage on
Busy or - An r..t o SCP- 0, at ste 0 oul d
ensure that r’l‘iamﬁélzérﬁ?étepg% Efc‘iagsc?s‘f%’% dg%%llgﬂggf)oipcd&fi 8%B§'tf8£la$% ai d
account til Ifrdhpepdi@ sutlscritfet At S1ere alcﬁﬁcbhntl"ﬂibrdiﬁbleamtm&& h@vﬂé&'NOdn‘-Hpr epai d

e steps. 1148% rmEha Kedy At o Ly SO o

servi ce nodgoblcdidis ththpesieal bEISUSREDSighaibg tb IN ERBAsigtatingen Hisconndst Wher e
Rti is replaced by FTN' and the MSRN.is re Iaceg %’QYASCEE 50,88 to route

t he ongoi ng c¥&it| afldoseFWhﬁrF&"W?dég“b‘P@p'éh 2R ar i f f

tabl e defy nededuRfin -SNCDRZréconmllatxon'L}JuEﬁfs@a“ vely, in case GMSC-H 901 and
50-11' 102 have on P interface with each other, then all N signaling

nmessages exchanged bet Ween GWBC-H 901 and SGH 102 in FIGS. 12A and 12B

are replaced wit BI@@rSrAeﬁrRP e%ges!erﬁla-]ﬁo@ Idgl?%lﬂ 109 MR IRg ES - .calr@F p@@&@' e, IN
si gnal i ng nessages, such as
subscriber 110 in P- VPMNI 106 in case of SCP based solution with IN interface

between SG-H’ 102 and VMSC/VLR-V1 126, under yet a further embodiment of the
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30 (Busy/ No- Answer), and Connect (B, FTN, A) are replaced with

correspondi ng | SUP signaling nessages, such as |AM (B, MSRN ), REL

(Busy/ No- Answer) and 1AM (B, FTN, A), respectively. Rest of the call flow
for late call r ing FT 1 @Rhal RederR@rdid er in
conj uncti on PAf° grﬁ ?ﬁ‘on gqéﬁnl\gﬁizg\é bﬁerﬁ&W%e(%\pyst % from MO cal?, Ml cal |,

and | ate CalVMSCleﬂ?( Wil g6 sedanede FIGIIVN abd4Bofibe ateprid absorifer dvinitisgesND SVS

service to pre al S P- VPIMN s such as
Chi na and T& \L}%%g%@g ]e_'ég 2y g’ﬁﬁgtcsﬁpl]ogg% EI%S% %ggliec{sc arged the
sane |b|r requgtdaEQo@&olts@Nggg@NfgcabsiIb)&?r(& B, gMSI IABNM$C/HEJR|W5) t:b(BG HIhi08 presents
a problemfor chargin y prep rs.at ro ng rate
as HPMN £04 usiverhlt tfer %"eJhFE?a%%{yathtWP‘&Ql S g{% 8@2‘ tf FoAAY Smrg ate for
the MO SM5 whic6R4 @I@@lggﬁln@&gn N abera, tlS‘WaHMﬂE’WS@H’)TSaHdQ@r&iS thiatedifledus i n
order to handl e bil effectively, HPNMNN 104 operator in accordance with

an enbodi nedlN Séﬂnalﬂrrﬂetoﬁ Je M0 sorkeenenig to MERINYr es an SMBC-H 1301 to define
tariff for 10prepa égg%%)sﬁlj ﬁeerOjiéISQesSIN\’@{ﬁ'\@ an@ﬁ&eﬁi}xdqr'scgnnect to SG-FP G 13

represents a flow ramfor enabling MO SM5 and handlin bllllng
prepai d subsiégi $@#’ MZ) thien retaysrigIRRID 6ignaling de YHYHeNEE-W tl% »$h SEPBB% ment  of

the presgnt ayenti o, I0e EAaksh SURRCHEDSE Aus SNlihgd SVEGUY Bost P VPINL

126, and 15 ‘t i ssues a e- Ori gi nat ed- For war d- SM5
(SMBC-H), i . Fhereafsdd; EVMRpSIM2S SGHAT | 0Pgretnys Smgeceivadametsagsrio SVBECHYIIRBY1. Thi's

mesaages of ropsios Khbol FEErDes T kgl HofeRles FOHUG EALTY

at step 130?usm§@1d-lSUPOm oonstertdr eHertchat mmc&vuﬂwléagnwdﬁm@: Wssage tb

SGH 102, and e S h 2 n ce at
step 1304 EINTEC A 5«&533 ¢ HE ST ‘SP%A |S|“H%Er?@€‘élsla§g%ggﬁhc _H 1301,
SM5C- H 1801 &@ﬁ/mlsx agemag do SIMSCNIReV1 A2S. Pt apadi 8l18ac0dS@VIR-VA Fsam ng
tariff based on the prefix of the

nunber . rks Qr zones in
t hese net wor%g"f‘étéﬁh%@@toé?lfqféP‘é‘?h‘fedﬂEQ?|Sig§§h ?%’Lﬁ%tﬁ(ﬁéﬂg?‘@ﬂ%iﬂé Wil¥scri bers.
from HPMN 104, (PSR bbnk3Rd, At tHERNSendd thd GhdrenddedgrIEen to smssal@e SGUh as an
25 MO FWD- SM ACK nessage back to SGH. 102, at step 130 %C?}H 102 t hen
rel ays the r@@eﬁt%cﬁcwwﬁ/\ﬁf‘éoﬁgﬁﬁﬁ?on%%‘&géqg \'/%@e(}’l_rﬁéai’f 6eceUY°dst ep

1308. §)ts‘g%}5hr%:@(§'dﬁ 1308, LSRN SCPOI ded invedetiiieingBlaee A to B
Hence at step 1 01 sends a Send Rout | nglel nf or ga%#c;n for Short

Message ¥h Sf@nBDfemldeubSC@Rt ASNpremid aceeungdagqd opdariff fa ment of the
present invention, HPMN 104 operator configures SMSC-H 1301 to direct SCCP
signaling with CdPA as B' to SGH 102. In other words, SGH 102 acts as a
virtual FILR for VphefB pety discrinaeats (he opgoingeall, atrpiep &a% switch-Br41drsepds; 312,

SG H 102 obfa %WB?EP’I%%E%G ﬁ? X’JI_\JZ§(E/'VER' AR 1% fVl‘gge/\ﬁfI@f\/'IXu%rtQéH Snvergnd 1 hen

sends an SRI- I'n an ment of the present
i nventi on, HE&/Noﬁmer@ﬁnad:ew]eﬁLISUBnﬂesgigB$$INS@RIB (Dig2nnest) Fnespageaandeisping of B

and B". | | r e hat in
case HLRof tébil#"e‘\#“ﬁ%%“tﬁ‘? S "'é’agtza g(g’o‘g, %g %th?%d‘:?“r%ﬂ?f&ﬂﬁ‘na, ! SOH
102 sends t hecdhRliat. FBklly at dt#pRR26, SiGAST Hlézckela&s HicFERB (11i6Jonnéal) mhsspgror e, at 5
step 1314, HLR- 16 retur A age w,t I B

(herpel naf t ert OrSé:fPeé gﬁﬁ’bs Esei%gﬂ)ig)lzéwas %ég? (ﬁlc %&Efgngyﬁé?pggds of B
(herei naf t ergubgkiér £4d ptefaidacdWiiC- B 1315) to SGH 102. SGH 102 relays the

recei ved nessage to SMsC-H 1301, at step 1316. SMSC-H 1310 can then deliver
the SM5 to VMSC-B 1315. Hence at step 1318, SMSC-H 1301 sends an M- FWD- SM

10 (A, 14p1-B) tq VWltBﬂé%éeunﬁhéaaMTycaﬂE t b@pala?aa&cnhé\vﬁﬁe&oiﬁﬂﬁgédat urns an
MIFWD- SMACK to SMBC-H 120 to conflrm deli very of Fﬁgr gﬁ)al d subscri ber

Ato B. In soha pensit yubsesibersgee anbIRyGS nsivosk. elﬁéF?Pf%%%W 9dimMSB\VN 104 i s
of the present invention, when SG-H’ 102 fakes at HLR-H 116 that prepaid subscriber

110’s is in HPMN 104 (while actually prepaid subscriber 110 is roaming in P-
VPMNI 106), there is usually no interface to PPS-H 118 for MT calls to prepaid
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15 charged based on the |ocation of the prepaid subscribers. In this way,
even though HLR-H 116 is faked that prepaid subscriber 110 is in HPMN 104,
roam ngdl n different zones within HPMN 104 can have different tariffs as
conpared to rat.e har r pai d
subscri ber f&tﬁfgrlaéserlﬂbH %gde g%rl%l[@{& %ﬁ%ggﬁ@ﬁg anémamggblg%ge/ net wor k
regi on wher eopacﬁp,aHHMNmEmpeﬂamr n&éﬁ@ to sc@&r fhiercest 0§MQWII®@1 Wit ¢allio HPMN 104

f bi |
P VR 106 Feptiaapabe 0 At Far BB R PRS B oo "of so M 102

(i.e., SGH fOT) I n an enbodi nent of the present invention, HPMN 104
operator con I gures SMSC-H 1301 fine tariff re ald subscri ber
110' s MO°SMB, badel: BriomeeogIes: ?1250 PrPYf s ‘ét?‘?ﬁrbl?ffsréﬁt Beeq fe fEﬂrﬁesent
invention, wWignh@ &QﬁhtdofsH@%ﬁépabﬁﬁub@crﬂﬁfdeO@ﬂoxSN@hirthB HPRIN @etv@edyi Ng i n
P- VPMNI 106, VMSCNLR-V1 126 issues a Mobil e- gi nat ed- ForwargSNB (A, B,
SMSC- H) toméfwvgwscawﬂqn@gw a8 ephedmeptrefithg PreFF'R% IRSNERD- BN ‘?rgfﬂal ing is
directed t Of %&gﬁesaltd prBaid B $ibalipheN N s oohedds @pai d
subscriber 110 in P— are routed via SG 121' 102 (using one of the

various tec Nnn@pﬂaschd@smmb@dm@amb@érfpr MSGe#lis tooheingampere svhepdhscep cgPA of

the recejyve S o)) d dified
R}'g ﬁ% 108480 (£ 8t Peogrodi fi e

si gnal i ng ngsazllég to Rg% 1%8%‘90@3%%&'3 501 rrécogm zes the nessage is

forwarded by SGH 102, and hence bills prepaid subscriber 110 for this

message W th r Oagigl%gﬁf é’[(é calld ou% n%b%{ﬂnieﬁw th‘btlmepgagén't Eﬁglper GRS SG' H G

D fferent ng—:-twor ST n hese he s can use &H‘ GTs.
I n an enbodise®itt-nofie-bdzed mcES(éMaseWeinnmrm no hsm@webcmo Prepeidesubrsquiberst he

ocat onof i cpel RS Dot 140, Bt 5S09, 00,80 S UL, SO 1 116
message ackvt ealSfmwE (1ikORIO &H) kfe tdi@iBy ks pyent tIBPS-Hcld Bvied thark isowdtisaigenent
ressase 1o WG ICN 2% RhTNZ, 5258 o i L, 102,005 AL g o SCOP CoPa
B in an M- 3Ma coh@iadtiohlchxMgedhitadTf {ableCyf@-HAd8] ater in the context of the
present invention. 10
Various possible scenarios for MT call to prepaid subscriber 110 in P-VPMNI
20 106 are now described. FIGS. 9A, 9B, and 9C represent a flow diagram for handling
MT call to prepaid subscriber 110 in P-VPMNI 106, in the case of a service-node-
based solution and when SG-H’ 102 has both an IN and an ISUP interface (hereinafter
interchangeably referred to as IN/ISUP interface) with a GMSC-H 901, in accordance
with an embodiment of the present invention. B (i.e., the calling party in case of MT
25  calls) makes a call to prepaid subscriber A, hence, at step 902 GMSC-H 901 sends a
| routing request, such as a Send Routing Information (SRI) query on prepaid
subscriber A to HLR-H 116. Thereafter, at steps 904 and 906, HLR-H 116 issues a
roaming number request, such as a Provide Roaming Number (PRN) on the IMSI-A
to VMSC/VLR-V1 126 via SG-H’ 102, since SG-H’ is the VLR location of prepaid
30 subscriber A at HLR-H 116. At step 908, VMSC/VLR-V1 126 returns a roaming
number, such as a Mobile Station Roaming Number (MSRN) in an acknowledgement

message, such as a PRN-ACK to SG-H’ 102.
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Prepai d subscribers while roamng in P-VPMN1 106 can al so recei ve SMS.
Since M SM5 is free for prepaid subscribers irrespective of whether they
are roamng or not, no interface is required with service node-H 124 or

SCP-H 120. In an_epbodi ne re t I Qe SR

recei ved at an g?‘lr@;grnag ﬁeﬂgiﬁ%@f e?@%gg#wﬁﬁggggrﬂrv& nglﬁmﬁgﬁsc- 0),
SMSC- 0 sendsuch ds Gt MBRINT, efdessieDPRK; AGKI ohittatie SRERISM( ﬂLREH HERInHar1 16. | t
will be apparent to person skilled I rt that SMSC responds to
an SMSC assé‘ép%ﬁ“éﬁf‘tvﬂ%ﬁw BIeSShh SRERRYYy SG;{, ?%%O?éﬁd@ag%’ég gﬁ\&@ Sﬁdeai d
subscriber fyspeal In Brke%ﬁhﬁﬁdn%ﬁt%é prewnemazieﬁilcﬁnulﬂ&cm/ﬁsm iAafroinibensf st andar d
flow for MI SM5 except that SGH, 102 |SH\Env0I ved for tr a&gg&; ons 20

bet ween SVBERegiahHELY/MBCYSYRIRIRAL e@edm&%‘) RO VAR YIS vi®426. HLR H

116 returns a fopthRg AGKREWIRAGREE AL sERISAIELR SUCTE AturRin SRIAGK Wi t h
| M51- A and G H "address. SGH address is returned because HLR-H 116 is
emul at ed (dwithAMSENGP SMHEHM Iprocess) that SGH is the VMSC address of
prepai d subscri bgr f RE dsvibar SWB ifterfes USI NG
MT- FVD- SMB) 25 o ?ﬁé@?‘{?{@%ﬁ tgﬁebmfé%egﬁl%"osubscn ber 110, via SGH 102.
Fur t her nor ewithiSGEE’ #02 viSGERANand:fac GIVtﬁﬁﬁHr%Il isargd Wi gD agrE e By pr epai d
subscribers a P, cdaggnqg‘.ofnpg yarious

ot her VASs €6 ecrll anODSFdSD &)S%Aségra?% 91'1? eo‘%llrrsljériﬁ 9@@%{5%8565 ol T owi ng are
some of theMERNXByénding AMABS I@rﬁ’d(BaxMBﬁNé)ryg@dmgltgLﬁCaﬁ OWQ ﬁewﬂbb?red at

SGH 102: 1. Roamin tori r dsed to
moni t or ( an@PIREHE & lagpﬂgéf’ S&{YF 1&[}131 |aftytﬁg§|(\lg@00a? %&“E’gg% ta?%d[ ?%n§qual ity,
aut henti cat kemirdtidd trigger e, S@(Posl(ngLngOSibalhDWyvem,f DpB aépai prefemeters. 2.

Real -ti me usage: Call usage, and e, of aj d,. roa

moni t or ed udi§RS €4 9 ‘fse‘é?ﬁh?cﬁfamage over gﬁﬂgﬂ 15’3%‘88’65?‘?113 Hfim % tﬁfc&%se”?h is

fﬁat Uae 18l | %’%nt&ﬁnﬁbh&?} Cﬁdmsﬁﬁ@h GAdrbaced @Ith SBVE' 1102 plepai SUPOaNehes, | n case
t hey do not answer ca eir brespecti st

di al i ng: ThiGM$Eat W sendsepAPer §1g{1ﬂé‘g;§’r“élﬁ5‘|n&\{9°8§??g? ﬁ'ﬁrﬁ%%ﬁe n{gd' 31:1 certain
nunbers. 5. Fpstpaid roam ng support: This feature allows postpaid roanmers
in PVYPMN1 106 to benefit fromthe special roamng rates of P-VPMN1 10 106
operator when they are roamng within the ecosystem although they can
still register o NETOP 7B I MERNVRMMNE! @@Lﬂemms@msmsemm t hout
benefiting from QP@P;I\%/?\I&W@G o?%r at or\ésﬁéc}fgé%al roam ng rates. 6. Postpaid
suppor t 20Th|IhscmeBeS)alN00me§Q EMSE-HSMetstep @l ndinee tfsrerlﬁﬁﬁli%ﬁopr ofile
at their HPA. 'E"El'lq)chzgrg éoa?mlld? oapﬂ" PRITOREiRS bidle o%cﬁ"égya?& eBscritiaV 2 04
operator may I np tricted dialing on sone nunbers (e.g., only on
nunbers in ReceM\ISGEB 1ahdneﬂdéwml sbﬁatawoﬁam MO calk dherdinpfierppisrshargeabltber s) or
restr I ct roa mt }roil %Ng fr'blg !)%rlbg‘og”s n-lll_lcl’l%glf !)é;laff%glt5 %H&rh@ﬁrepgh' S

feature alld
subscriber A according to h1s roammg Iocatlon in accordance with an embodiment of

25  the present invention. Hence at step 918, SG-H’ 102 establishes the fake ISUP call
from prepaid subscriber A’s number to a second special number, such as R#
corresponding to prepaid subscriber 110’s actual location in P-VPMNI 106, towards
service node-H 124. In an embodiment of the present invention, HPMN 104 operator
configures service node-H 124 to define tariff for prepaid subscriber 110’s MT call,

30 based on R#. Thus service node-H 124 can charge prepaid subscriber A’s prepaid
account based on R#. Different R# can be used to define different roaming tariffs for

different networks or zones in the networks.
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Traffic Redirection (TR) at HPMN 104, in order to redirect outbound prepaid
roanmers to sel ected nenbers of the ecosystem 8. Special nenber VPWN | ocal
nunber support: This feature provides a |ocal special nenber VPMN nunber to

prepai ¢ subscr | beg. dAQaun. by 26, SPESLAY | BPIRSE 1B MV ) mpber of

t he ecosystem répal d”subscri eél stratioh I's golng via
SG H 102. Tb? sri;alGMSE Hps@Elp aVekt,rostapr 9281 @G-H’ 162 essues amllNsCametth@,| ocal

VPMWMN nunber, ile the i red with t i al r VPN

9. Calling %%@rmgm&%@g(?ﬁ%ﬁﬁgbﬁﬁ? Gifte o e BRRFT By FBREER A ng
30party nures MERIEN GMEL-BN9(1heneets! teel ppadcol onteotiedd INLBigndlbkae TBUBMS and
SV To pepdi GhusRih Stesel e R istes Hucareedgneraps 1 VBISENRCYDe, °O
SM5 to prep 0 4 - ~106.
Various embqg| ,@?&E§9ﬁ Tt HEerfoRTEARE of thY feldnORvedtRn JESANI lvedpérmtot higescont ext
of GSM It wll be apparent to a person skilled in the art that roam ng

servi ces (deeciSUBERN donvertse tppeston this pravasioanurthghatisier3p FMe G Rber i can

Nat i onal St bt - 5 r OMLR SHCh@sTKRI@Di Vi si on
wul ti pl exedq%g%égzhel( %)A%Iﬂ/ Ti n%@gﬁggﬁ%qloﬁ%?\?%%ﬁgxgzd@gcess e(’TDMA) .
It will al s&NBCapplr emvertsothe ppasecobnf skeivedetBUhsigipdingrte INHEB (A¥Shr epai d
roam ng 1%ol ut i on

can be orovi O0qS8L [ [ | ogi es
such as, butan%%etndfl ﬁicgrév(fpcféo)}llggfgﬁé?o @?#%Zté}%gegﬁgn fér%%tg[??ts%tgﬁ?gr@d
roam ng. FornésanpeGe’ W23Gudlhe (BAA AGMEANSLsigiading torsawadeinode-Hol 24, VIRBMN may
like to avai LI S ervices sim.lar t he on r. i i his
HPMN. To sum%f%@sér @‘8&%&‘5&%&{‘-%(%& 9t3§052”v‘v‘f"1 ‘f"% af?/é&‘*a‘gsg‘gépglrgg té-pss7 and
net wor k i nt exdMeeNMelghelspdadi pgSG-8° d0F ireirsents avNinpetddedstingbatardcar | y,
SGH 102 will have, a separate SS7 and networ k. interfac rresponding to
Che HPWN netTBHRe SRIE b PEBOFIaR P08 oReh U5 RF IS0 (% The art hat
these twg 15 interfaces in different directions may not have to be the
same technol ogies. In addition, there could be ILtiple pes of .interfaces
in both directioRgce the call gnesiablighed bgpveens e Fid ﬁé‘eﬁaﬁﬁi%%@é%é‘ﬁ GSM
MAP/ CAP and ré@@ln‘é‘lﬂe dngosleser tyied in the table below as a reference. 20 GSM

MAP/ CAP ANSI - 41 Location Update/ |l SD )
1. The called party’s switch (i.e., VMSC/VLR-V1 .126) releases the

ongoing call due to disconnect by prepaid subscriber A.

20 2. Service node-H 124 (or SCP-H 120) releases the ongojng call because
balance of called party (i.e., prepaid subscriber A in this case) is
insufficient to continue the ongoing call.

3. GMSC-H 901 releases the ongoing call because the calling party (i.e.,
B party) disconnects the call.

25 Hence at step 938, VMSC/VLR-V1 126 sends the ISUP REL message to
GMSC-H 901. GMSC-H 901 then converts the protocol of received ISUP signaling
message to IN ERB (Disconnect) signaling, and then sends this converted IN
signaling to SG-H’ 102, at step 940. SG-H’ 102 stops accounting for CDR
reconciliation purpose upon receiving this sigﬁaling. Further at steps 942 and 944,

30 SG-H’ 102 issues the REL message to service node-H 124 via GMSC-H 901. This
causes service node-H 124 to stop the deduction of balance from prepaid subscriber
A’s prepaid account. Finally, at step 946, service node-H 124 issues the JISUP REL
message back to SG-H’ 102.
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REGNOT Cancel Location REGCAN Regi sterSS FEATUREREQUEST | nt er r ogat eSS
FEATUREREQUEST SRI - SM SMSREQ SRI LOCREQ For war dSMS SMSDPP ReadyFor SMS
SVBNOTI FI CATI ON Al ert Servi ceCent er

Alternatively, in case GMSC-H 901 and SG-H’ 102 has only ISUP interface
with each other, then all IN signaling messages exchanged between GMSC-H 901 and
SG-H’ 102 in FIGS. 9A, 9B, and 9C are replaced with corresponding ISUP signaling
messages. For example, IN signaling messages, such as IDP (B, MSRN’) and ERB

5 (Disconnect) are replaced with corresponding ISUP signaling messages, such as JAM
(B, MSRN’) and REL, respectively. Rest of the call flow for MT call to prepaid
subscriber A is same as that explained in FIGS. 9A, 9B, and 9C.

FIGS. 10A and 10B represent a flow diagram for handling MT call to prepaid
10 subscriber 110 in P-VPMNI 106, in case of SCP based solution and when there is
IN/ISUP interface between GMSC-H 901 and SG-H’ 102, in accordance with a
second embodiment of the present invention. Steps 1002 to 1016 are same as steps
902 to 916 that describes obtaining of MSRN from VMSC/VLR-V1 126, mapping of
MSRN with MSRN’ at SG-H’ 102, and sending of IN call request from B to MSRN’.
15 However, at step 1018, SG-H’ 102 establishes the first fake IN IDP call (instead of
ISUP IN call at step 918) from prepaid subscriber A to R#, towards SCP-H 120
(instead of service node-H 124). In an embodiment of the present invention, HPMN
104 operator configures SCP-H 120 to define tariff for prepai.d subscriber 110’s MT
call, based on R#. Thereafter, at step 1020, SCP-H 120 issues RRB (ANS,
20  Disconnect, Busy, No-answer) to SG-H’ 102 for the first fake call. Further, steps 1022
to 1028 are same as steps 924 to 930 that describe establishing call from B to MSRN,
and receiving ISUP ACM/ANM message, which is protocol converted to IN ERB
(ANS) message. Upon receiving IN ERB (ANS) message from GMSC-H 901, SG-H’
102 starts accounting for the CDR reconciliation purpose.
25
Additionally, at step 1030, SCP-H 120 sends the Continue message to SG-H’
102. Hence, at step 1032, SG-H’ 102 returns IN ERB (ANS) message to SCP-H 120
for the first fake call. SCP-H 120 starts deducting balance from prepaid subscriber A’s
prepaid account, based on tariff table defined for R#. One of the three cases where the
30  switch in P-VPMNI1 106 or HPMN 104 disconnects the ongoing MT call to prepaid
subscriber A are even: applicable in this embodiment (also described earlier in
conjunction with FIGS. 9A to 9C). At step 1034, VMSC/VLR-V1 126 sends the REL
message to GMSC-H 901 to disconnect the ongoing call. Thereafter, at step 1036,
GMSC-H 901 converts the protocol of ISUP REL message to IN ERB (Disconnect)
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message and then sends the converted IN message to SG-H’ 102. This causes SG-H’
102 to stop accounting for the CDR reconciliation. Finally, at step 1038, SG-H’ 102
issues the IN ERB (Disconnect) message to SCP-H 120. This causes SCP-H 120 to

stop the deduction of balance from prepaid subscriber A’s prepaid account.

Alternatively, in case GMSC-H 901 and SG-H’ 102 has only ISUP interface
with each other, then all IN signaling messages exchanged between GMSC-H 901 and
SG-H’ 102 in FIGS. 10A and 10B are replaced with corresponding ISUP signaling
messages. For example, IN signaling messages, such as IDP (B, MSRN’), ERB
(ANS), and ERB (Disconnect) are replaced with corresponding ISUP signaling
messages, such as IAM (B, MSRN’), ACM/ANM, and REL, respectively. Rest of the
call flow for MT call to prepaid subscriber A follows FIGS. 10A and 10B, where
MSRN is changed to MSRN’, fake call is established from SG-H’ 102 to service
node-H 124, call IAM (B, MSRN) is established from GMSC-H 901 to VMSC/VLR-
V1 126, and finally the ongoing call is disconnected by VMSC/VLR-V1 126.

Furthermore, as described earlier, apart from standard calls (i.e., MO call and
MT call), prepaid subscriber 110 is also provided with additional VASs. In some
countries, when prepaid subscribers are at HPMN 104, late call forwarding is disabled
to avoid tromboning. It will be apparent to a person skilled in the art that tromboning
is a process in which traffic originating from an initial point, follows a route into a
network and then goes to a destination point that is close to the initial point, thus
causing unnecessary signaling overhead of routing through the entire network. For

example, a standard SIP call follows the tromboning process.

Alternatively, in other countries, late call forwarding is allowed at HPMN 104.
In an embodiment of the present invention, HPMN 104 operator enables the late call
forwarding for MT calls to prepaid subscriber 110 in P-VPMN1 106. In order to do
so, SG-H’ 102 disables the call forwarding during the registration process, by
removing call forwarding parameter from the subscriber profile information when the
ISD message (along with the subscriber profile information) is received at SG-H’ 102.
SG-H’ 102 stores the call forwarding parameter in case optimal routing for late call
forwarding (e.g., to voicemail) is supported, in accordance with an embodiment of the

present invention.

30

ROUTREQ

DP



ODI SCONNECT I nitial DP TANSWER Initial DPTDI SCONNECT 5 10 15 A HPWN
operator uses one or nore variations of the present invention to allowits
prepai d out bound roam ng subscribers to roamin nmenber networks of the
ecosystem The HYMN operator provides roam ng services to its prepaid

out bound 20 roaners even when the HPMN has no CAMEL (or IN)

support/ agr eenenin an'otH&r anlyoddmdmrof the ipbesentnetenderk HPMIY H84 epwrsips erhles Mor eover

this is also irrge of ehrt nber. n has
CANMEL (or &i} lpé i B Dpspt e?‘ébséi”‘&lvgﬂm%’? f 'e%i‘ ggﬁtgé?)%% %@@w HPIN.
The pres ent ldt@&zﬂ%f%dlﬂ% Fa/rmda& i hl&Sxecq@WeenaDﬁhe@mgé;anm then @atierly sugadar d
services (like MY M ca i

s.and in additiopn 25 t arj pus .pt her VASs,
whi | e rodmi mEPRA hErRenbars ‘iﬁ%fp&d‘fl OUtﬁF@“%FP’F‘g?:‘P%g r}r:ggg E)lfg’bgl@g repai d
subscri ber s 140 EReest aeﬂm@-ﬁlaéﬂﬁl OB bh8ling RieMall KsrwallinEatdeiptiEANMNrddtiag cat er s
to prepaid roaners fromthe HPWN is beneflted as these inbound roamers wll

be | ocked eX@M’s"lO@'éFWprwaﬁ%S“PWélbﬁfeHQé? POBINQNT 196, 4n pase PssEdee RUSRSSE r evenue

for VPMWN opepaligf ox%%&%%lﬂ‘egﬁﬁperﬁlgﬁlﬁér@ 8f @fz plddgnt IRMNidre I9this dabd,na) , the
revenue 30 bene |t or the VPMN operator can nificant. In addition to
above, the [HGeHen02 ihawb(nh ithesnNa prerb [SE{t mt@@ﬁmwth&%gtH SPL.upERabi%Rdoexi sting

conmponenf;s 495k Iané;tsaxlnlz a@g &)%W9(ﬁpqp%@ntth§t HQSC#I% EBthifinlNGF AESNT Kogventual |y

| eadi ng to maXim Zation of roam ng revenues for network operators depl oyi ng
this sol uti OIMSGNHRW’& 126 MppmgsuéMSHI‘hwehMSdW el SGiMat@sestdbdisiiegthef or t hese

prepai d subscr.iber [ am.n [ Qfd ve HPWN
HLRs. This chd\blf cé%m g“'u#{ ??i %rseeavdi&rlgorf‘gn %f%ﬁz%glgh??g{psgéyr?au hWhi | e
pr epai d S;Jb?etﬁtﬁbllsﬁfng tﬁidealr DWH(BgMSW?T)eM&rGMSCﬂt@Ot heVMRIINVEBeY bl d4- control s
roamng of ifs prep out bound subscr er._ VR PIVN
oper at or car§“?‘°§sll"”i‘3l %”Il” @Hﬁar&%rﬁ e &P Eegs f 8?“ gerﬁ%i drm g%ﬁad)pr epg
? Ebscrl bpsrts prépaRd %ulewnb&l\/ﬁom%@isfﬂ%ldﬁ;ﬂrycesy?u CRISCOMDR WY n;m WMBC/VBR-h. 5

e present invention can take the formof a tirel enbodi ment ,
an entirely ot itnignds BsdolF fett mesreLn ot %“Sﬁ?fn% (Flﬁ[li'sg:\sﬁk?‘gtlhqﬁar dwar e
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i nventi on, tware, including but not limted to, firmvare, resident
software, and microcode, 10i npl enents the invention.

GMSC-H 901 converts protocol of ISUP REL to IN ERB message on Busy or

20 No-Answer (corresponds to a release message to disconnect the first take call), and
sends the converted message to SG-H’ 102, at step 1130. Hence SG-H’ 102 can stop
accounting for the CDR reconciliation. Since, the ongoing fake call from A to R# is
released, HPMN 104 operator ensures that no balance is deducted from prepaid
subscriber A’s prepaid account till this point. SG-H’ 102 that acts as the master

25  protocol converter, converts the -protocol of IN ERB message back to ISUP REL
message, and sends this converted message to GMSC-H 901, at step 1132. Thereafter

at step 1134, GMSC-H 901 relays the ISUP REL message to service node-H 124.
Hence service node-H 124 stops accounting ensuring that no balance is deducted from
prepaid subscriber A’s prepaid account till this point. Thereafter, at step 1136, service

30 node-H 124 relays the ISUP REL message to SG-H’ 102.

SG-H’ 102 then issues IN RRB (ANS, DISCONNECT) to GMSC-H 901, at
step 1138. Further, SG-H’ 102 determines a Forward-To Number (FTN) of prepaid
subscriber 110 that is stored at SG-H’ 102. Hence at step 1140, SG-H’ 102 sends a
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20 for FTN’.

Alternatively, in case GMSC-H 901 and SG-H’ 102 have only ISUP interface °
with each other, then all IN signaling messages exchanged between GMSC-H 901 and
SG-H’ 102 in FIGS. 11A, 11B, and 11C are replaced with corresponding ISUP

25  signaling messages. For example, IN signaling messages, such as IDP (B, MSRN’),
Connect (B, MSRN), Connect (B, FTN, A), and ERB (Busy/No-Answer) are replaced
with corresponding ISUP signaling messages, such as JAM (B, MSRN’), IAM (B,
MSRN), IAM (B, FTN, A), and REL (Busy/No-Answer), respectively. Rest of the
call flow for late call forwarding to the FTN is same as that explained earlier in

30  conjunction with FIGS. 11A, 11B, and 11C.

FIGS. 12A and 12B represent a flow diagram for enabling late call forwarding
and optimally routing the MT call to prepaid subscriber 110 in P-VPMNI 106, in case

of SCP based solution, in accordance with a second embodiment of the present
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Alternatively, in case GMSC-H 901 and SG-H’ 102 have only ISUP interface
with each other, then all IN signaling messages exchanged between GMSC-H 901 and
SG-H’ 102 in FIGS. 12A and 12B are replaced with corresponding ISUP signaling
messages. For example, IN signaling messages, such as IDP (B, MSRN’), ERB

30  (Busy/No-Answer), and Connect (B, FTN, A) are replaced with corresponding ISUP
signaling messages, such as IAM (B, MSRN"), REL (Busy/No-Answer), and IAM (B,
FTN, A), respectively. Rest of the call flow for late call forwardiné to the FTN is

same as that explained earlier in conjunction with FIGS. 12A and 12B.
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as B”’ to SG-H’ 102. In other words, SG-H’ 102 acts as a virtual HLR for prefixed
numbers (i.e., B”’). Thereafter, at step 1312, SG-H’ 102 obtains B from B’ by
sfripping off the prefix from B’’, and then sends an SRI-SM (B) to HLR-H 116. In an
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19
system No. ThorcinaBeN refered paas Vm%ﬁrrh?tlé) a@ndSQ:HdéQZ SGP& 102 relays
received message to SMSC-H 1301, at step 1316. SMSC-H 1310 can then deliver the

SMS to VMSC-B 1315. Hence at step 1318, SMSC-H 1301 sends an MT-FWD-SM

10 (A, IMSI-B) to VMSC-B 1315. Finally at step 1320, VMSC-B 1315 returns an MT-
FWD-SM-ACK to SMSC-H 120 to confirm delivery of SMS by prepaid subscriber A
to B.

In some countries, the MO SMS by prepaid subscribers at HPMN 104 is
15 charged based on the location of the prepaid subscribers. In-this way, even though
HLR-H 116 is faked that prepaid subscriber 110 is in HPMN 104, roaming in
different zones within HPMN 104 can have different tariffs as compared to local rates
charged to prepaid subscriber 110 when prepaid subscriber 110 is in HPMN 104
subscription location (i.e., the zone/network region where prepaid subscriber 110 is
20  first subscribed within HPMN 104 for mobile services). In this case, MO SMS by
prepaid subscriber 110 in P-VPMNI 106 is charged at a roaming rate based on the
address of SG-H’ 102 (i.e., SG-H’ GT). In an embodiment of the present invention,
HPMN 104 operator configures SMSC-H 1301 to define tariff for prepaid subscriber
110’s MO SMS, based on the SG-H’ GT.
25
In an embodiment of the present invention, when prepaid subscriber A sends
an SMS to B, while roaming in P-VPMN1 106, VMSC/VLR-V1 126 issues a Mobile-
Originated-ForwardSMS (A, B, SMSC-H) towards SMSC with CgPA as
VMSC/VLR-V1. The MO-FWD-SM signaling is directed to SG-H’ 102 since all
30  SCCP signaling messages of prepaid subscriber 110 in P-VPMN1 106 are routed via
SG-H’ 102 (using one of the various techniques described earlier). SG-H’ 102
modifies the SCCP CgPA of the received signaling message to SG-H’ GT, and relays
the modified signaling message to SMSC-H 1301. SMSC-H 1301 recognizes the
message is forwarded by SG-H’ 102, and hence bills prepaid subscriber 110 for this
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110 by sending an SRI-SM (A) to HLR-H 116, in order to locate SG-H’ 102. SMSC-
5 H 1301 returns MO-FWD-SM-ACK message back to SG-H’ 102. SG-H’ 102 relays
the received acknowledgement message to VMSC/VLR-V 126. In this case, SG-H’
102 does not modify SCCP CgPA (i.e. SMSC-H) to SG-H’> GT. SMSC-H 1301 then
later delivers the SMS by A to B in an MT-SMSA signal flow, which is explained later
in the context of the present invention.
10
Prepaid subscribers while roaming in P-VPMNI 106 can also receive SMS.
Since MT SMS is free for prepaid subscribers irrespective of whether they are
roaming or not, no interface is required with service node-H 124 or SCP-H 120. In an
embodiment of the present invention, when an SMS is received at an originating
15 SMSC (hereinafter referred to as SMSC-0), SMSC-O sends a routing request on A,
such as SRI-SM (A) to HLR-H 116. It will be apparent to a person skilled in the art
that SMSC-O corresponds to an SMSC associated with a subscriber ‘X’, who sends
the SMS to prepaid subscriber A. Call flow of MT SMS to prepaid subscriber A
follows standard flow for MT SMS except that SG-H’ 102 is involved for transactions
20 between SMSC-O and VMSC/VLR-V1 126, and HLR-H 116 and VMSC/VLR-V1
126. HLR-H 116 returns a routing acknowledgement message, such as SRI-SM-ACK
with IMSI-A and SG-H’ address. SG-H’ address is returned because HLR-H 116 is
emulated (during registration process) that SG-H’ is the VMSC address of prepaid
subscriber 110. Thereafter, SMSC-O forwards the SMS (i.e., using MT-FWD-SMS)
25 to VMSC/VLR-V1 126 of prepaid subscriber 110, via SG-H’ 102.

Furthermore, since all SCCP and call control signaling messages by prepaid
subscribers are tapped at SG-H’ 102, HPMN 104 operator can offer various other
VASs to its prepaid subscribers roaming in P-VPMNI1 106. Following are some of the

30 exemplary VASs and exemplary configurations performed at SG-H’ 102:

1. Roaming Quality Monitoring (RQM): This feature is used to monitor
(and hence trace) call quality, SMS quality, registration quality,
authentication quality, and SCCP signaling quality of prepaid roamers.
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ANM | SUP Answer Message ANSI-41 Anmerican National Standards Institute #4l
CAMEL Custom zed Applications for Mbile network Enhanced Logic CAP Canel
Application Part CDVA Code Division Miltiplexed Access CDR Call Detail

Record CdPA Call ed Z!DaI{e;[a{tir%g%gaegse:Sngpu@égechldlsil\E@usggé 194 pré%% fathers can be
monitored using this feature.
3. Missed Call Alerts (MCA): This feature allows sending a missed call
alert SMS to prepaid roamers in case they do not answer calls to their
5 respective numbers.
4. Restricted dialing: This feature restricts the prepaid roamer from
calling on certain numbers.
5. Postpaid roaming support: This feature allows postpaid roamers in P-
VPMN1 106 to benefit from the special roaming rates of P-VPMNI

10 106 operator when they are roaming within the ecosystem; although
they can still register on other non-partner VPMNs outside the
ecosystem without benefiting from P-VPMNI1 106 operator’s special
roaming rates.

6. Postpaid support: This feature allows postpaid roamers (without

15 roaming profile at their HPMN-HLR) to roam in, any member of the
ecosystem. HPMN 104 operator may impose restricted dialing on some
numbers (e.g., only on numbers in P-VPMNI1 106 and HPMN 104

~ country, excluding premium numbers) or restrict roaming to SMS
roaming only.

20 | 7. Traffic redirection: This feature allows HPMN 104 operator to apply
Traffic Redirection (TR) at HPMN 104, in order to redirect outbound
prepaid roamers to selected members of the ecosystem.

8. Special member VPMN local number support: This feature provides a
local special member VPMN number to prepaid subscriber 110 in the

25 special member VPMN (i.e., a member of the ecosystem) when
prepaid subscriber 110’s registration is going via SG-H’ 102. This
allows prepaid roamer 110 to receive calls on the local VPMN number,
while they are registered with the special member VPMN.

9. Calling number changes: This feature allows modification of calling

30 party number depending on the called party number.

10. Welcome SMS and registration: This feature allows P-VPMN1 106
operator to send a welcome SMS to prepaid subscribers from HPMN

104 to register at P-VPMNI 106.
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CSI CAMEL Subscription Information DP Detection Point DPC Destination Point
Code ERB Event Report Basic call state nodel FTN Forward-To Nunmber GVBC
Gat eway MSC GPRS Ceneral Packet Radi o System GSM d obal System for Mbbile

comuni cati ons Various embodiments of the present invention are described in the context of
GSM. It will be apparent to a person skilled in the art that roaming services (described
in the present invention) can be applied to American National Standards Institute #41
(ANSI-41) roaming, such as Code Division Multiplexed Access (CDMA) and Time
5  Division Multiplexed Access (TDMA).

It will also be apparent to a person skilled in the art that the prepaid roaming
solution can be provided to subscribers using other technologies such as, but not
limited to, VoIP, WiFi, 2G, 3G, and inter-standard roaming. For example, a 3G

10  roaming subscriber traveling to a VPMN may like to avail wireless services similar to
the ones he receives in his HPMN. To support these variations, SG-H’ 102 will have a
separate SS7 and network interface corresponding to different VPMN networks.
Similarly, SG-H’ 102 will have a separate SS7 and network interface corresponding
to the HPMN network. It would be obvious to a person skilled in the art that these two

15 interfaces in different directions may not have to be the same technologies. In

addition, there could be multiple types of interfaces in both directions.

An exemplary list of the mapping between GSM MAP/CAP and ANSI-41 is

described in the table below as a reference.

20
GSM MAP/CAP ANSI-41
Location Update/ISD REGNOT
Cancel Location REGCAN
RegisterSS FEATUREREQUEST
InterrogateSS FEATUREREQUEST
SRI-SM SMSREQ
SRI LOCREQ
ForwardSMS SMSDPP
ReadyForSMS SMSNOTIFICATION
AlertServiceCenter SMSNOTIFICATION
ReportSMSDelivery SMDPP
ProvideRoamingNumber ROUTREQ
Initial DP ORREQ
Initial DP ANLYZD
Initial DP OANSWER
Connect/ReleaseCall/Continue/Cancel | CCDIR
Reset Timer RESETTIMER
Initial DP ODISCONNECT
Initial DP TANSWER
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| Title HLR Hone Location Register HPMST HLR HLR-H HPMN Hone
Public Mobile Network AMInitial Address Message DD I nternational
IDP Initial DP IMSI International Mobile Subscriber ldentity

 Initial DP | TDISCONNECT ]

A HPMN operator uses one or more variations of the present invention to
allow its prepaid outbound roaming subscribers to roam in member networks of the
ecosystem. The HPMN operator provides roaming services to its prepaid outbound
roamers even when the HPMN has no CAMEL (or IN) support/agreement with any
other member network of the ecosystem. Moreover, this is also irrespective of
whether the member network (i.e. VPMN) has CAMEL (or IN) capabilities or has a

" CAMEL (or IN) agreement with the HPMN. The present invention provides these
prepaid outbound roamers standard services (like MO/MT calls and SMS) in addition

to various other VASs, while roaming in the member network. This attracts more

outbound prepaid subscribers to register at the member networks. A member VPMN

that caters to prepaid roamers from the HPMN is benefited as these inbound roamers
will be locked exclusively with the member VPMN. This increases roaming revenue
for VPMN operator and depending on the size of the HPMN (e.g., China), the revenue
benefit for the VPMN operator can be significant. In addition to above, the present
invention also cuts down the cost of upgrading existing components and installing
new components to the existing network eventually leading to maximization of
roaming revenues for network operators deploying this solution. Further, the present
invention eliminates the need for these prepaid subscribers to require roaming profile

at their respective HPMN HLRs. This also reduces logistic requirements and controls
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IN Intelligent Network I5-41 Interim Standard-41 SD MAP |nsert Subscriber
Data STP International STP |ISUP | SDN User Part LOP MAP Location Update NAP
Mobi | e Application Part MO Mobile Oiginated

fraud while prepaid subscribers are roaming. Moreover, since the HPMN operator
controls roaming of its prepaid outbound subscribers in member VPMNs, the HPMN
operator can restrict the roaming services for some outbound prepaid subscribers to

either SMS roaming only, voice roaming only, or both.

The present invention can take the form of an entirely hardware embodiment,
an entirely software embodiment, or an embodiment containing both hardware and
software elements. In accordance with an embodiment of the present invention,
software, including but not limited to, firmware, resident software, and microcode,

10 implements the invention.

Furthermore, the invention can take the form of a computer program product,
accessible from a computer-usable or computer-readable medium providing program
code for use by, or in connection with, a computer or any instruction execution

15  system. For the purposes of this description, a computer-usable or computer readable
medium can be any apparatus that can contain, store, communicate, propagate, or
transport the program for use by or in connection with the instruction execution

system, apparatus, or device.

20 The medium can be an electronic, magnetic, optical, electromagnetic, infrared,
or semiconductor system (or apparatus or device) or a propagation medium. Examples
of a computer-readable medium include a semiconductor or solid state memory, '
magnetic tape, a removable computer diskette, a random access memory (RAM), a
read-only memory (ROM), a rigid magnetic disk and an optical disk. Current '

25 examples of optical disks include compact disk — read only memory (CDROM),
compact disk — read/write (CD-R/W) and Digital Versatile Disk (DVD).

A computer usable medium provided herein includes a computer usable

program code, which when executed, provides roaming services to a prepaid

30  subscriber of an HPMN. The computer program product further includes a computer
usable program code for facilitating by a SG, the prepaid subscriber’s registration at a
VPMN despite absence of the prepaid subscriber’s roaming profile at an HLR
associated with the HPMN to roam in the VPMN, wherein the HPMN and the VPMN

are included in one or more partner networks. The computer program product further
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M5C Mobil e Switching Center NMSI SDN
Mobi | eSt ati onl nt ernati onal Subscri berDirectory Nunber MSRN Mobile Station
Roam ng Number MI Mbbile Term nated MVNO Mobil e Virtual Network Operator

PC Ori gl natililc?undef gich%pu erduesalﬁg %ro%a%?%cg t@l gr;[aglmg mobile communication of the
prepaid subscriber in the VPMN by the SG so as to provide the roaming services to
the prepaid subscriber in the VPMN, the SG converting protocol of all signaling
messages, corresponding to the prepaid subscriber in the VPMN, into a format

5  compatible with the HPMN, the protocol conversion is performed when the HPMN
and the VPMN support different protocols. The computer program product further
includes a computer usable program code for interfacing by the SG, a PPS associated
with the HPMN via one of: an SCP, a service node, and an SMSC, all three being
associated with the HPMN so as to bill the prepaid subscriber based on pre-defined

10  criteria,

The components of present system described above include any combination
of computing components and devices operating together. The components of the
present system can also be components or subsystems within a larger computer

15 system or network. The present system. components can also be coupled with any
number of other components (not shown), such as other buses, controllers, memory
devices, and data input/output devices, in any .number of combinations. In addition,
any number or combination of other processor-based components may be carrying out
the functions of the present system.

20

It should be noted that the various components disclosed herein may. be
described using computer aided design tools and/or expressed (or represented), as data
and/or instructions embodied in various computer-readable media, in terms of their
behavioral, register transfer, logic component, transistor, layout geometries, and/or

*25  other characteristics. Computer-readable media in which such formatted data and/or
instructions may be embodied include, but are not limited to, non-volatile storage
media in various forms (e.g., optical, magnetic or semiconductor storage media) and
carrier waves that may be used to transfer such formatted data and/or instructions
through wireless, optical, or wired signaling media or any combination thereof.

30

Unless the context clearly requires otherwise, throughout the description and
the claims, the words "comprise," "comprising," and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in a

sense of "including, but may not be limited to." Words usiﬁg the singular or plural
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PRN MAP Provi de Roam ng Nunber RRB Request Report Basic call state nodel
REL | SUP Rel ease message SCCP Signaling Connection Control part SCP
Si gnal ing Control Point SG Signal Gateway SM5 . Short Message Service SMSC

number also include the plural or singular number respectively. Additionally, the
words "herein," "hereunder," "above," "below," and words of similar import refer to
this application as a whole and not to any particular portions of this application. When
the word "or" is used in reference to a list of two or more items, it covers all of the
5  following interpretations: any of the items in the list, all of the items in the list and

any combination of the items in the list.

The above description of illustrated embodiments of the present system is not

intended to be exhaustive or to limit the present system to the precise form disclosed.

10  While specific embodiments of, and examples for, the present system are described
herein for illustrative purposes, various equivalent modifications are possible within

the scope of the present system, as those skilled in the art will recognize. The
teachings of the present system provided herein can be applied to other processing
systems and methods. They may not be limited to the systems and methods described

15 above.

The elements and acts of the various embodiments described above can be
combined to provide further embodiments. These and other changes can be made in .
light of the above detailed description.
20 |
Other Variations
Provided above for the edification of those of ordinary skill in the art, and not
as a limitation on the scope of the invention, are detailed illustrations of a scheme for
providing wireless services to a prepaid subscriber of an HPMN roaming in a VPMN.
25  Numerous variations and modifications within the spirit of the present invention will
of course occur to those of ordinary skill in the art in view of the embodiments that
have been disclosed. For example, the present invention is implemented primarily
from the point of view of GSM mobile networks as described in the embodiments.
However the present invention may also be effectively implemented on GPRS, 3G,
30 CDMA, WCDMA, WiMax etc., or any other network of common carrier
telecommunications in which end users are normally configured to operate within a
"home" network tb which they normally subscribe, but have the capability of also
operating on other neighboring networks, which may even be across international

borders.
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The examples under the system of present invention detailed in the illustrative
examples contained herein are described using terms and constructs drawn largely
from GSM mobile telephony infrastructure. However use of these examples should
not be interpreted as limiting the invention to those media. The system and method
can be of use and provided through any type of telecommunications medium,
including without limitation: (i) any mobile telephony network including without
limitation GSM, 3GSM, 3G, CDMA, WCDMA or GPRS, satellite phones or other
mobile telephone networks or systems; (ii) any so-called WiFi apparatus normally
used in a home or subscribed network, but also configured for-use on a visited or non-
home or non-accustomed network, including apparatus not dedicated to
telecommunications such as personal computers, Palm-type or Windows Mobile
devices; (iii) an entertainment console platform such as Sony Playstation, PSP or
other apparatus that are capable of sending and receiving telecommunications over
home or non-home networks, or even (iv) fixed-line devices made for receiving
communications, but capable of deployment in numerous locations while preserving a
persistent subscriber id such as the eye2eye devices from Dlink; or
telecommunications equipment meant for voice over IP communications such as those

provided by Vonage or Packet8.

In describing certain embodiments of the system under the present invention,
this specification follows the path of a telecommunications call, from a calling party
to a called party. For the avoidance of doubt, such a céll can be a normal voice call, in
which the subscriber telecommunications equipment is also capable of visual,
audiovisual or motion-picture display. Alternatively, those devices or calls can be for

text, video, pictures or other communicated data.

In the foregoing specification, specific embodiments of the present invention
have been described. However one of ordinary skill in the art will appreciate that
various modifications and changes can be made without departing from the scope of
the present invention as set forth in the claims below. Accordingly, the specification
and the figures are to be regarded in an illustrative rather than a restrictive sense, and
all such modifications are intended to be included within the scope of present

invention. The benefits, advantages, solutions to problems, and any element(s) that
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Signaling Transfer Point USSD. Unstructured Suppl enentary Service Data VAS
Val ue Added Service VLR Visited Location Register VLRV VPW VLIt. VMSC
Visited Mobile Switching Center VMSC-V VPMN VMSC VPWN Vi sited Public Mbile

Net wor k .
may cause any benefit, advantage, or solution to occur, or to become more

pronounced, are not to be construed as a critical, required, or essential feature or

element of any or all of the claims.
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| Cdaim 1. A nmethod for providing a prepaid subscriber of a Home Public
Mobil e Network (HPMN) with roam ng services in a Visited Public Mbile
Network 5 (VPMN), the HPMN and the VPMN bei ng partner networks, the HPM

havi ng an agsqci.ated Hone Logcati on, Regi ster kg subscri ber
profiles anieg}i“%i§%&riea‘{eé(ﬁe"|sﬁ8%3?5“@'&%&"‘%&?‘}%‘%@‘? heet?h%i[\?hnand t he VPWN
supporting a protocol of signaling nessages, the nethod conpri sing:
facilitating, via a Signal . Gateway (SG, a registration of the prepaid
10subscri be%sé’f_b%@ﬁ%ﬂ’ec\’zﬁg?@] n the prepai d subscriber does not have a
subscriber pygafal tfuiaPteledSmidkiRedtong §ath PhisBe+VPMN; enabling, via the
SG, nobil e communi cations of the prepaid subscriber in the VPW\, thereby

j AL 1 pr,
provi di n§ r d%abilpndpaliqeierRat (MARNPEHfER®Rd subscriber in the VPWN, wherein-a

protocol of &ignad hag, MBSSAESS ReRhiespending to the 15 prepaid subscriber
in the VPW'i1s converted via the SGinto a protocol conpatible with the

prot ocol of signaling nessages supported by the HPMN, when the protocols of
si gnal i ng MeI3A S orted by the HPMN and the VPMWN are different from
each ot her; andgﬁfﬂgﬁg the prepaid subscri ber based on pre-defined
criteria vi ®igitbceBBlar teROomipenigitions biste8GAPh#redr} aces with the PPS via one

sel ected fr a.qro onsd. st d.n i ntrol Point (SCP)

associ aﬁgd 3??}}5‘“%[1@%%& ,Ogéﬁeséek}o\%l\g‘téss%ﬁwe@seg§0| ted with the HPMN, and a
Short Messages@anviocerscartsd RESMBTYIssoci ated with the HPMWN,

wherein the SGis associated with one selected froma group consisting 25of
the HPWN, a Mobile Virtual Network Operator (MVNO associated with the
HPMN, and adwmp3oper @APIEL, and wherein at | east one of the HPWMN and

the VPW is unable to support. an Intelligent Network (IN) protocol or an IN
agreenent . $8M9then %M‘?gd's‘@‘hc@lo&ipﬁ?tf’?mvmer ein facilitating the
regi strati oz 39916n OARIBRA Shppatbsropthed Rttt (GOXRMN conpri ses:

GSM 318 on CAMEL Basic Call Handling

ITU-T Recommendation Q.1214 (1995), Distributed functional plane for intelligent

network CS-1,
20 ITU-T Recommendation Q.1218 (1995), Interface Recommendation for intelligent

network CS-1, '
ITU-T Recommendation Q.762 (1999), Signaling system No. 7 — ISDN user part
general functions of messages and signals,

ITU-T Recommendation Q.763 (1999), Signaling system No. 7 — ISDN user part

25  formats and codes,
ITU-T Recommendation Q.764 (1999), Signaling system No. 7 — ISDN user part
signaling procedures,
ITU-T Recommendation Q.765 (1998), Signaling system No. 7 — Application

transport mechanism,

30 ITU-T Recommendation Q.766 (1993), Performance objectives in the integrated

services digital network application,
ITU-T Recommendation Q.769.1 (1999), Signaling system No. 7 — ISDN user part

enhancements for the support of Number Portability
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GPRS General Packet Radio System

GSM Global System for Mobile communications

GT Global Title

HLR Home Location Register

HLR-H HPMN HLR

HPMN Home Public Mobile Network

IAM Initial Address Message

IDD International Direct Dial

1IDP Initial DP

IMSI International Mobile Subscriber Identity

IN Intelligent Network

1S-41 Interim Standard-41

ISD MAP Insert Subscriber Data

ISTP International STP

ISUP ISDN User Part

LUP MAP Location Update

MAP Mobile Application Part

MO Mobile Originated

MSC Mobile Switching Center

MSISDN Mobile Station International Subscriber Directory

Number

MSRN Mobile Station Roaming Number

MT Mobile Terminated

MVNO Mobile Virtual Network Operator

OPC Origination Point Code

PPS PrePaid System
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wherein the originating SCCP nessages are directed to the SG via a node
sel ected froma group consisting of configuring the STP to add the prefix

to the originating SCCP nessages,
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when the HPMN has I N support and the VPMN is unable to support one sel ected
froma group consisting of the IN protocol and the IN agreenent. 12. A

nmet hod for providing a prepaid subscriber of a Hone Public Mbile 5

Net wor k (HP W th roaming services in a Visited Public Mbile Network
(VPWN) , thel ‘and the VPIVIN being partner networks, the HPWN having an
associ ated Hone Location Register (HLR) for storing subscri be[rm)g,rofi | es and

an associ at ed IPr 8papgobfet é‘fﬁ"idé'&ﬁ(%?l’a%%éutﬁﬂi}ﬁr M thoaevBrricsMBUFt i ng a

protocol of signglik MRIRPGHER rdaindRENGY if QTRLilcaiPabiic MObRE Redidig, at a
Signal Gateway (SG, a registration nessage having a plurality of
par anet efs, fron prtbp ATPMN and cthe DEMN being pasiiep pettvgrkse hefi %@Mﬁﬁe

registration masl?a%ﬂ% &noasggﬁatgga Pbbne TRA o4 l@%isrt%is(@l%{zefoxs rif SutRkriggpr e of the

plurality of parametiers 1n the registratio sa erein the prepaid
subscri ber does profilehaweancassashsasi Rripeid Pyseen, leachi of thehdPMNRend1tBe VENEHI i ng, vi a
the SG nobile comrunications, of . the pr id..s ri ber .in_the VPMW,
t her eby provi di nsg‘JpP%drrlﬁ %BrogoecPlvolqél g\fng T%ga%ﬁgéhﬁgﬁ eglggosdu §‘ Fllglggr in the VPW,
wherei n a protocol offagligtg, iviga SesslaGaswen(S@s poeglstragot of theepppapai d
subscriher in the VPMWN is c ed via the SGinto.a proto coppati bl e
with t hgspr ot ocof"OgFIPg; 6&1%%&3‘5&& the, PrgeF¢ égjsﬁvbef h@eﬁﬁmya\%%en t he
protocol s of si gamkdriber presie ag@s HERPPesdneth thy vekey; HPMN and the VPMWN are
different fromeach other; and hilli ng t he pr.epaid @Fbscri. sed on

¥ M

! er b
pre-defined criteria Spjingnda 8&SGMOPHET FORRRMISH ‘f%ré%@géﬁbrsﬂl ‘he PPS via

one sel ected fromBe YPORAD thefdd) prShdiR@roanim s8Rideh ELthEprphialsubetibdr if SCP)
associated with the HPMWN,* a 25servi ce node associated with the HPMN, and a

Short Message Sethgi\EMIGehherein(SRItOLSS HERNS dNGHER FHESRIINNS © the  \wherein

the SGijg associ gteds WilbriRen Sk 8PV if BN Ae@VRUmeCORShRL & HBotedol t he HPMN,
a Mobile Virtual twork Operator (MVNO) associated with the HPMN, and a

hub operator: anePngBiiblerdihriheprotesakal sigraling mewascsPNNOERHLY e WEWN. i s unabl e

to support when the protocols of signaling messages supported by the HPMN and the

VPMN are different from each other; and
billing the prepaid subscriber based on pre-defined criteria via the SG;
20 wherein the SG interfaces with the PPS via one selected from a group
consisting of a Service Control Point (SCP) associated with the HPMN, a
service node associated with the HPMN, and a Short Message Service Center
(SMSC) associated with the HPMN;
wherein the SG is associated with one selected from a group consisting
25 of the HPMN, a Mobile Virtual Network Operator (MVNO) associated with
the HPMN, and a hub operator; and - .
wherein at least one of the HPMN and the VPMN is unable to support

an Intelligent Network (IN) protocol or an IN agreement.

30 2. The method of claim 1, wherein facilitating the registration of the prepaid
subscriber at the VPMN comprises:
upon detecting, via a VPMN registration message having a plurality of

parameters, a registration attempt of the prepaid subscriber at the VPMN,
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an Intelligent Network (IN) protocol or an IN agreement. 13. A systemfor
provi ding a prepaid subscriber of a Honme Public Mobile Network (HPMN) with
roamng services in a Visited Public Mbile Network (VPMN), the HPMN and
t he VPWN bei ng partner networks, _ th °MN _havi ng an .a .at ed Hone

Locati on Regi st eMOgifyiRg onegy “g%?ﬁt&egﬁgﬁgﬁg&f PRamehsde ft}"m&eg&%mgggoci at ed
Prepaid System gagheeDbridhe sddtM tiavipiiigeMRMNos HRiagd ionlle HPPMDt ocol  of

si gnal i ng nessages, %he system conprising: 5 a facilitator for
facilitating, via a Signal Gateway (SG, a registration of the prepaid

subscriber at § he,VRMYbg Wefigin Aldhe: Rk@RGhE Subscriber does not have a
subscri ber profile in the HLRto roamin the VPMWN an_enabl er for

enabling5 via the SGimiwhg|l sopnpiiafiteal PiAsatdhe HRMN, réisa the Wé}aﬁber in
the VPMM 1 ner ebyy Rl @0k OPFIGis IRAYL ¢ SufpBi (he N HoBERAI KL sybscr i ber
a pro

in the VPMWN, wherei ocol of signaling ssages corresponding to the
prepai d subscri begreé¢nment.he VPMN i s converted via the SGinto a protocol
conpatible with the protocol of signaling nmessages supported by the HPM\,
when the protocols of signaling nmessages supported by the HPMN and the VPMN
are different 4£.rone satbd of ¢isin 1,ahdprifmad bibséribaghavigdnelnfeoratibnd! Mabglet he

prepai d subscri ber based. on -define iteria vi.a the SG wherein
the SG ilfterface “W’?ﬂ??r ?q‘?@uWg@(’?@ﬁ’é{’%ﬁqgﬂgif"g&‘f’rg& F'dnta group consisting of
a Service Control Poigtor(RCH)ciRESQCi thé edgivdrdtiont be thPMiepad serbwirber,node
associated with the HPMN, and a Sho&fe?tl;ﬁssage er vi.ce Center . 20( SVs5C)

S
associ ated with eeapapragt the SG, theyid ¢ REPE SpscLReT fEpintdl I Heone

sel ected from a grOyIMMNSISIddNGorRfa drfie &dnBMMg of BidXIbEeINSIE ! white Nat wor k
Qperator (MNO associated with the HPMN, and a hub operator; and

wherein at | east Ak, & atliseoftidiNiranges-t he VPMN i s unabl e to support 25 an
Intelliggnt Network (IN) protocol or an IN agreenent. 14 A conputer program
product conprising a conputer usable nedium having control | ogic stored

t hereon for cabsiThgmethodmbatesm 1t Sep¥@hnves a GorapyiMotlspdkiishigr Cg¥era Hone
Publ ic Mobile Ne H#F{’JYQ 4 FOVBNY 1BGhY 6 ERscRhéd) vasitd Nidel Publ i ¢
Mobi | e Net wor k (WI)%)(% e Bﬁ’\el éntg the VPWN é-li n Spart_ner net wor ks, the
HPWN havi ng an aSstichiag Edntbio(VIECk and 8¢ rRengisIubpCribrL Ry vintsorseRAnding
subscri ber profiles and an 0C/ i~ -5 P¥st e c®aGhs@oed NE1gHPWN and
t he VPMN support Pﬁémagtmﬁr gf%%%r?g odt:&gllgégqlr?gl ?jﬁg{rﬁessaggg 1?he gor%{:r ol logic
conpri simg: originating call control messages;
wherein the SG receives the originating SCCP messages and the
originating call control messages via a dedicated connection between GMSC

and the VMSC.

25 6. The method of c.laim 1, the VPMN having an associated Visited Location
Register (VLR) and an associated Signaling Transfer Point (STP), the prepaid
subscriber having a number, corresponding originating Signaling Connection
Control Part (SCCP) messages, and corresponding originating call control
messages;

30 wherein the originating call control messages are directed to the SG by
configuring the STP associated with the VPMN to add a prefix corresponding
to the SG to one selected from a group consisting of the prepaid subscriber’s

number and a called party number; and
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first conputer useable programcode neans for facilitating, via a Signal
Gateway (SG), a registration of the prepaid subscriber at the VPIVIN,
wherein the prepaid subscriber does not have a subscriber profile in the
HLR to roamin the VPNN .5second co r _useabl e progr CO means for
enabl ing, via the SG Wit f (if@fﬁ’?ﬂﬂgggﬁjdﬁ%“ﬁs ?rﬁed?rﬁ?tg%g%esﬂgsv@r?ber in
the VPWN, ther ebyofs euléctidnGorh QApioly cER¥iding @3 cbefidufieg PheSaP dosdddshe i ber in

the VPMN, wherein a protocal of signaling massages, c rreS{)onag' .to the
prepai d subscri bREl¥ i haerig/ming iSECEoRterers e P FRES SECTAL Y [\’{}’?’B? ocol
conpati bl e with ghgcmicptdal (Rsiifhalyisahakivie, messages supported by the
HPMN, when the protocols of signaling nessages supported by the HPMW and
the VPMNSare different fromeach other; and third conputer useable
program code nea Pif ddifG, HREAIRRALRIRSELbRRE rRassdcaiRhg- def i ned
criteria via ﬁeaﬂ%é?]%%%ﬂeérl%?n’tkﬁe SG int er]fa es u\k/)vi th theggf?s \}i agone

sel ected from a gepwepaidoutsimsier' ngradfie;a Servi ce Control Point ( SCP)
associated with the HPMN,. i G , [ LEd, L RediRMY, and a
Short Message Servi cew%ﬁ gjre sp?ﬁr@%}gé)% bgalgg%csﬁg?bg% c@\}tn ?ﬂn%tté&l—‘é%ﬂ\la

wherein the SG i smadsatdcatlddbmm gloup oessehgcftredofingaral provgppaoneest i ng 20

of the HPMN, a Mbil e rtual t.wor k erato \%Y associ ith the
HPWN, and a hub GPYY ’EEEX:A,Mgﬁé“{}g“ptlor\/\ﬂg}g’latﬁonaqcsﬁ)e5&5\{3} %éer‘é‘f% ? %ngllﬁgw and
the VPW is unabj®idgOa Sl forabrdingt @irdimgenih tNepwpiill shbddyibpropotitd, or an I N
agreenent. 2515. A nethod, for proyidi n% a gr e%églgsubscri ber of a Honme

Publ i c Mobile NePR@XITRISBIE e PRIHORATHY 1 EE “in a Visited Public

Mobi |l e Network (VPMN), the HPWN and the VPMWN bei ng partner networks, the
HPMN havi ng an associ ated Hone Location Register (HLR) for storing

subscri ber prdfi Tesmeher efflasgd Juithir SeMPi¥ai d System each of the HPWN and
the VPMYs30suppor ti ng:gindr atecel, O ssldbalbia gagsaesstng dfanapichad

conpri si ng: receiving, at the HPMN, a nodified registration nessage
havi ng a pl ural i supsesiepapaftist epall stawe 2 Shorblessags Serkige GNP hitts, adpte
paranmeters havin i 4 n..ge i it | RRvAbenpt of
the prepaid subsg‘?fﬁ)g\garg?lgtsﬁdgﬁgﬂgul\}ﬁl% o f"?‘%aﬂgr“gi’ﬁ@‘g argefgﬁgt rati ongof t he
prepai d subscri beymbzt, anthe OANBL Ssbstrptian Infgrreation{G&D pr epai d subscri ber not
havi ng a subscriber profile in the HHRto roamin the VPMW\ wherein
nobi | e communi cati ons of the prepaid subscriber in the VPW are enabl ed and
a protoceol of %i Ghamethgd wéssmyéswboeinekpproticplgconversine ippesfaingd sutaécri ber in

the VPW is converted int rotocol co ' i of

si gnal i ng messag §St§ﬂ%%e6?cgg§r(§‘§a FiveP %ﬁ%@ﬁ%ﬁ@ﬁ@‘%@ﬁ@%ﬁéﬁﬁ si)gnal i ng

messages suppor t edsibys, bineSTPMBspncint he IMPHNasy e GisfoirezceinAppliconerefich ot her ;
Mobile Enhanced Logic (CAMEL) version and a non-CAMEL version, and

different IN variants.

25
10. The method of claim 1, further comprising:
defining a tariff in one selected from a group consisting of the SCP, the
service node, and the SMSC, the tariff relating to a Mobile Originated (MO)
call and a MO Short Message Service (SMS) of the prepaid subscriber from
30 the VPMN.

I1. The method of claim 1, the HPMN having an associated Service Switching
Point (SSP) for enabling a Mobile Originated (MO) call of the prepaid
subscriber in the VPMN and for billing the prepaid subscriber for the MO call,
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10wherein the prepaid subscriber is billed based on pre-defined criteria;
wherein the SGinterfaces with the PPS via one selected froma group
consisting of a Service Control Point (SCP) associated with the HPMN, a

servi ce node associated with t HPWN, and a t Message Service Center
(SMBC) associ at e¥hé ths I’t‘%&l—ﬁs\?ﬁ\lf*‘*pﬁmﬁ é?enV? Efg\& SSG“‘i‘ag’?ea STEPAL €4°wi t h one
sel ected from a giQw fRANSidhp Behsfing dFehd RMNotodol Mbd tHe N igretmaht. Net wor k
Qperator (MWNO associated with the HPMN, and a hub operator; and

wherein at | east one of the HPMN and the VPMN i s unable to support an

I ntelligent Neﬁ_\(\gr KrelbMN foP HLAWVRERY aOfred lshbsebe@ esrentHondD PdBlic Mdilget hod of
claim 15, further conprising: imtating IN sg{pugqrt of the VPWN at the

HPMN, whén the HNkWoraEIRNNE with seaming sriviedsan wPRiNGdd uha babile Hebvbort t he
I N protocol or {[\ﬁg}@,ﬁ@é%ﬁmﬂtand%e%mﬁh&i@@mr%wfdr;?si Mhel BEPMNI t her

conpri si ng: _ I'ng an update message Containing fhe prepaid
subscri ber's profaieg amhspeiated Heeprep@indRegitiscH IR rfos staping Isebsevbatuni cat i on

is enabled via 30 node sel ected from.a.qro LB kA ing a

cal | barring par ngqeéf?g?ré%?ﬁwﬁ%(’d%&ﬂﬂg SH s’ce;é&p(?tﬁgihfmgnﬁ.g%' ml ?

addi n_gda sgr Vi _cgsd@ymnga@roa@hdi ofyighalirgt reessade’, ticomethodicongpriseganet er in t he
prepai d subscriber's profile, prior to tr mtti.ng.the update . sage.

18. The 1r?et hod of cl a’{gﬁq‘ﬁ‘%%’ A Gr ‘Wé‘; Gasway (3 ﬁ:reg&g&tlon éqeggag%ég\ggg%se?ect ed
froma group congjusdlity\e pafaniehes, BoRREE slesdidsbrdriver,’ s profile, a call status,

a Short Message Service (SMS) status, a late call f di ng.status, a |at
cal | forwarding nunmbeprior fhseafing therGgis Eatiy Mesiee o the Bp XA, modtying. vz ©

the SG, one or more of the plurality of parameters in the registration message,
wherein the prepaid subscriber does not have a subscriber profile in the HLR;
15 enabling, via the SG, mobile communications of the prepaid subscriber
in the VPMN, thereby providing roaming services to the prepaid subscriber in
the VPMN, wherein a protocol of signaling messages corresponding to the
prepaid subscriber in the VPMN is converted via the SG into a protocol
compatible with the protocol of signaling messages supported by the HPMN,
20 when the protocols of signaling messages supported by the HPMN and the
VPMN are different from each other; and
billing the prepaid subscriber based on pre-defined criteria via the SG;
wherein the SG interfaces with the PPS via one selected from a group
. "consisting of a Service Control Point (SCP) associated with the HPMN, a
25 service node associated with the HPMN, and a Short Message Service Center
(SMSC) associated with the HPMN;
wherein the SG is associated with one selected from a group consisting
of the HPMN, a Mobile Virtual Network Operator (MVNO) associated with
the HPMN, and a hub operator; and
30 wherein at least one of the HPMN and the VPMN is unable to support

an Intelligent Network (IN) protocol or an IN agreement.

13. A system for providing a prepaid subscriber of a Home Public Mobile
Network (HPMN) with roaming services in a Visited Public Mobile Network
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5and a CAMEL Subscription Information (CSI). 19. A systemfor providing a
prepai d subscri ber of a Honme Public Mobile Network (HPMN) with roam ng
services in a Visited Public Mbile Network (VPMN), the HPWN and t he VPWN

bei ng partner nhe rks,.t | PIVN 10 i-ng.an_assocj at ation
Regi ster (HLR) fw rtp%gﬁ’%\msaé‘pité%r\}%)ﬁ%f"&paaﬁ’ f gﬁwgg(gb?}%a gWr epai d
System eaCE of HKahegHRMYsevded Hemvmlvbhtmapagssteirr(gmf) gooftodgy subkcrstiegnal i ng
nmessages, the system conpri sing: ., .a receiver cei Vi t the
HPWN, a nodifi eélprP@G? %‘%drnag’tfls?ﬁ?‘“gliéisp§%{’§éj Posirh gach Oglﬂlfrlgf w\ﬁa"gfth?)g?Mt ers, one
or nore of the plugpating ¥ pRfochiast aipRiiRE netSged) téishderh eaiprigneh: f i ed upon
det ecti ng a registration attenpt of the prepaid subscr) ger at. the VPW\,
wherein & registrati énfapiitatdsdopiaghting. 3iha SiEnpkPatayay E&vpRRgifation

facilitated, the fﬂﬁ@@%klgd%h'&%%érQ?Yher\@ﬁMﬂﬁ%&ginatﬁH%ﬁﬂisbﬁcrigé@ddeke in the
HLR to roamin t%e VPMN; 20wherei n nobi |l e comuni cati ons of the prepaid
subscri ber in thotYReN saberiberap delinghelHaRpe sapcaltheof PMNgnal i ng nessages

corresponding to the JrapaldsUNaarEDEL b sk SuaRAYSK At 0
e p 1 a

protocol conpatible wt rotoc of "si'gnhal 1 ng nmessages supported by
t he HPMN, when tprepapd etbsciies irofhe SVRMN) thegbyrpseadjes reappbsaradesolp thihie HPVN
and the YPWN are_ 25different .fraQ h r. reip the. nr I
subscri B&r is bi]i’rFI)ealéA Blg)s?%%’eﬁrlln E)hrgreq-lgegfrvgl glr?f)}égr?%gfopsé&qmghﬁ%g%%st he SG
interfaces with ¢daesgoRGiny it@the pecpsidlseleseabkr fir dien \ePMNou pongentsi gt ithegS@f  a

Service Control Point (S assqci with the HPMN, a service node
associ ated with ife? Pf@ﬁ%oqufﬁﬂ’atzb %Wgﬁ‘ﬁg‘?\ﬁrggoﬁﬁleo SEoiE™ E?es?ﬁeérsu%(tg%/sq
aslsoci a& e}g Wi th §heicHENMN, when thewhrefoesld of BenS@gl meks®e Gugioedd Wiyt the one
sel ecte roma group consjsting of the HPMN Mobi | e Virtual Network
Operat or ( MVNO) g%’%&“&t@d"%ﬁ“ﬁ ﬁé&ﬁmmaﬁb Og“eﬁlj"ﬂdoper ator; and

whereinat |east one gfijihReobiMbrandng the pMpMY sitssctiftabhed b pedigiTied an
Intelligent Network (I protocol or an FN agreenent. 20. The system of

claim19, furthe¥iterisips theiShig:
wherein the SG interfaces with the PPS via one selected from a group

consisting of a Service Control Point (SCP) associated with the HPMN, a
service node associated with the HPMN, and a Short Message Service Center
20 (SMSC) associated with the HPMN;
~ wherein the SG is associated with one selected from a group consisting
of the HPMN, a Mobile Virtual Network Operator (MVNO) associated with
the HPMN, and a hub operator; and
wherein at least one of the HPMN and the VPMN is unable to suppbrt

25 an Intelligent Network (IN) protocol or an IN agreement.

14. A computer program product comprising a computer usable medium having
control logic stored thereon for causing a computer to provide a prepaid
subscriber of a Home Public Mobile Network (HPMN) with roaming services

30 in a Visited Public Mobile Network (VPMN), the HPMN and the VPMN
being partner networks, the HPMN having an associated Home Location
Register (HLR) for storing subscriber profiles and an associated Prepaid
System, each of the HPMN and the VPMN supporting a protocol of signaling

messages, the control logic comprising:
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5an imtator for imtating IN support of the VPWN at the HPMN, when the
HPMN has I N support, and the VPMN is unable to support the IN prot
the IN agreenent. 21. The system of claim 19, further conpri sing:

transmtter for tran§fr11ristt Eérgpqw%glfsg&ﬂ%ﬁ%g%ﬁ?%gﬁe ceguqt %rn'aggitaﬁﬁghg[?ieF

subscriber's profile

subscriper- s

ocol or
10a

ai d

e

(r:gmmni cati onI : S%@Hﬁm}ﬁ@vd\yi @GR aRdRtratnaditid plepadisabsgrilen pt den¥PEIN, ng of
noving a ca arring paraneter, renoving CA Subscriptign

(Csl), adding a yéffr@lindgﬂ Rigpaid é%’r\’acribé’vég%‘isﬁ’@t VP&%E‘%S&HF? W%di'gé? gledgf%
in the prepaid syhgahiPgs vemN.ofile, prior to transmitting the update
message. 22. The systemof claim19 further conprising: a menmory f
storing éne sel ect ed Frath @UPHISHYSEBISATERRFOSS Mears By enphlmgsiviy the

subscriber's pro§gl gopift GlrhunidaBbitSof tfe m{gzrng RS S BEWIMS, (H3MBY

a late call

10

15

20

25

30

( forwarding status, a late cal
f or war di ng nunbeproviding rearGANERrviSesiodhd prepaihsubpITE Rt

15.

NPMRS|heroma
protocol of signaling messages corresponding to the prepaid subscriber in the
VPMN is converted via the SG into a protocol compatible with the protocol of
signaling messages supported by the HPMN, when the protocols of signaling
messages supported by the HPMN and the VPMN are different from each
other; and

third computer useable program code means for billing the prepaid
subscriber based on pre-defined criteria via the SG;

wherein the SG interfaces with the PPS via one selected from a group
consisting of a Service Control Point (SCP) associated with the HPMN, a
service node associated with the HPMN, and a Short Message Service Center
(SMSC) associated with the HPMN;

wherein the SG is associated with one selected from a group coﬁsisting
of the HPMN, a Mobile Virtual Network Operator (MVNOQ) associated with
the HPMN, and a hub operator; and

wherein at least one of the HPMN and the VPMN is unable to support
an Intelligent Network (IN) protocol or an IN agreement.

A method for providing a prepaid subscriber of a Home Public Mobile
Network (HPMN) with roaming services in a Visited Public Mobile Network
(VPMN), the HPMN and the VPMN being partner networks, the HPMN
having an associated Home Location Register (HLR) for storing subscriber
profiles and an associated Prepaid System, each of the HPMN and the VPMN

supporting a protocol of signaling messages, the method comprising:
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receiving, at the HPMN, a modified registration message having a

plurality of parameters, one or more of the plurality of parameters having been
modified upon detecting a registration attempt of the prepaid subscriber at the

VPMN;
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wherein a registration of the prepaid subscriber at the VPMN is
facilitated, the prepaid subscriber not having a subscriber profile in the HLR to
roam in the VPMN;

wherein mobile communications of the prepaid subscriber in the
VPMN are enabled and a protocol of signaling messages corresponding to the
prepaid subscriber in the VPMN is converted into a protocol compatible with
the protocol of signaling messages supported by the HPMN, when the
protocols of signaling messages supported by the HPMN and the VPMN are
different from each other;

wherein the prepaid subscriber is billed based on pre-defined criteria;

wherein the SG interfaces with the PPS via one selected from a group
consisting of a Service Control Point (SCP) associated with the HPMN, a
service node associated with the HPMN, and a Short Message Service Center
(SMSC) associated with the HPMN;

wherein the SG is associated with one selected from a group consisting -
of the HPMN, a Mobile Virtual Network Operator (MVNO) associated with
the HPMN, and a hub operator; and

wherein at least one of the HPMN and the VPMN is unable to support

an Intelligent Network (IN) protocol or an IN agreement.

16. The method of claim 15, further comprising:
imitating IN support of the VPMN at the HPMN, when the HPMN has
IN support, and the VPMN is unable to support the IN protocol or the IN

agreement.

17. The method of claim 15, further comprising:
transmitting an update message containing the prepaid subscriber’s
profile;
wherein the prepaid subscriber’s mobile communication is enabled via
a mode selected from a group consisting of removing a call barring parameter,
removing CAMEL Subscription Information (CSI), adding a service key, and
adding a late call forwarding parameter in the prepaid subscriber’s profile,

prior to transmitting the update message.
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18.

19.

The method of claim 15, further comprising:

storing one selected from a group consisting of the prepaid subscriber’s
profile, a call status, a Short Message Service (SMS) status, a late call
forwarding status, a late call forwarding number, an SMS forwardi‘ng number,

and a CAMEL Subscription Information (CSI).

A system for providing a prepaid subscriber of a Home Public Mobile
Network (HPMN) with roaming services in a Visited Public Mobile Network
(VPMN), the HPMN and the VPMN being partner networks, the HPMN
having an associated Home Location Register (HLR) for storing subscriber
profiles and an associated Prepaid System, each of the HPMN and the VPMN
supporting a protqcol of signaling messages, the system comprising:

a receiver for receiving, at the HPMN, a modified registration message
having a plurality of parameters, one or inore of the plurality of parameters
having been modified upon detecting a registration attempt of the prepaid
subscriber at the VPMN;

wherein a registration of the prepaid subscriber at the VPMN is
facilitated, the prepaid subscriber not having a subscriber profile in the HLR to
roam in the VPMN;

wherein mobile communications of the prepaid subscriber in the
VPMN are enabled and a protocol of signaling messages corresponding to the
prepaid subscriber in the VPMN is converted into a protocol compatible with
the protocol of signaling messages supported by the HPMN, when the
protocols of signaling messages supported by the HPMN and the VPMN are
different from each other;

wherein the prepaid subscriber is billed based on pre-defined criteria;

wherein the SG interfaces with the PPS via one selected from a group
consisting of a Service Control Point (SCP) associated with tﬁe HPMN, a
service node associated with the HPMN, and a Short Message Service Center
(SMSC) associated with the HPMN;

wherein the SG is associated with one selected from a group consisting
of the HPMN, a Mobile Virtual Network Operator (MVNO) associated with
the HPMN, and a hub operator; and
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20.

21.

22.

wherein at least one of the HPMN and the VPMN is unable to support

an Intelligent Network (IN) protocol or an IN agreement.

The system of claim 19, further comprising:
an imitator for imitating IN support of the VPMN at the HPMN, when
the HPMN has IN support, and the VPMN is unable to support the IN protocol

or the IN agreement.

The system of claim 19, further comprising:
a transmitter for transmitting an update message containing the prepaid
subscriber’s profile;
wherein the prepaid subscriber’s mobile communication is enabled via
a mode selected from a group consisting of removing a call barring parameter,
removing CAMEL Subscription Information (CSI), adding a service key, and
adding a late call forwarding parameter in the prepaid subscriber’s profile,

prior to transmitting the update message.

The system of claim 19 further comprising:

a memory for storing one selected from a group consisting of the
prepaid subscriber’s profile, a call status, a Short Message Service (SMS)
status, a late call forwarding status, a late call forwarding number, an SMS

forwarding number, and a CAMEL Subscription Information (CSI).
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