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Signaling Gateway with Multiple IMSI with Multiple MSISDN (MIMM)
Service in a Single SIM for Multiple Roaming Partners 5 Inventor: Yue
Jun Jiang TECHNICAL FIELD The disclosed embodiments relate to

moblle communlcatlons networks and dewcesl and more 5 lrtlcularlé to
Siomealin e Gagew: Muliiple JAVIS \ crvmeln
agie Seydior M i Heht of U.S.
Provisional Patent appllcatlon enal n g?j 202 filed August 13,
2003. BACKGROUND OF TH % BE'PE%/0bile communications
device users are increasing dependent on the ability to use their mobile

c%ﬂ%@@ﬁﬁ%mes all over the world. Mobile users who travel out of

are called roamers. There are many different mobile
commuriibatiéredonedwoitodiveratorelairsugiabile renwon B arhiavks it d
OWR ENTQNIES o LECRICALAYSIERS AN, BUSINES P YSIaME SoBIR M nmunications
roamers are typically not able to 20 travel freely and have a seamless
expEdensEsn any operator's network. There are currently disadvantages
for both the roaming user and the network operator. For example, roamers
wRBIeamiragee itha ltedaeen two countries often have a need for a local
phone number i | each etwo |th Ioca user. 1z
atacheign ﬁli}(?ﬁ}t wa%)frnr'i/l{r%ga S5t |nftfej?r$a ional d |re?c%[’ 3@? B %Oﬁl serial
omto §rasé 25 dantisnatibhalPpearance. Such roamers typically buy
a local pre-paid subscription from the local network operator and use the
logal phepe numpetemakeseytoaing calls. However, if the roamer has a
single phone and has swapped out the HPMN SIM card, the roamer will
not be aM@%eréea%lnmmn CANISAMFISIS HESEsH8IREI RN Hieability 1o

roamglis Raskdnlis:HRMNeheanayenatl beable iodeceairsHaallsan Wiritravel out
FPMN number. 30 Such roamers must also change the SIM in th

[
midbilHandSBte RIRHE tHES It in tHBIBCal HEtGPR, Wit Bl mobie
CeRMenRigNtatiie h@tmernewmlmpﬁr@t@iﬁdatalmwdﬁaobaahﬂage@bsmseamwnes
the hom network o or is not recem&g thetf'oamln reven atl'St WS e 1o
COSTPARTE (5 At RHTRET VAT Tt AL TS R RIS
effaxtciofr¢bly pand dfatraezmﬁ@msmpesmheaﬁuehnunamgdzhe n&tqwmmé“ﬁvme are
for different SINs: |, Mobile, communications Nework- QREIBIRIS A
tremendl ds ehaiie nges in ‘growing theirtevenue streams in the f&ceo
increasinycempelitionand pritingopressaresiiRbahvess &te aﬁuattrai:ﬂﬂén have a

31%%%&85 FQYENUS L RGTALPER 304D %‘é%%ﬁ@fﬂﬁél%‘@%@& MENRS:81 {11 them

% of an operator's total revenue. It is thus ‘desirable to
at a cheap rate without worrying about international direct dial (IDD) calls, or to present

St LY

a multi-national appearance. Such roamers typically buy a local pre-paid subscription
from the local network operator and use the local phone number to make outgoing calls.
However, if the roamer has a single phone and has swapped out the HPMN SIM card,
the roamer will not be able to receive HPMN calls and SMS messages. Also, when the
roamer is back in his HPMN, he may not be able to receive calls on their FPMN number.
Such roamers must also change the SIM in their mobile handset each time they roam in
the local network, which is not convenient. The home network operator is also
disadvantaged because the home network operator is not receiving the roarﬁing revenue,
Tt is thus desirable to facilitate roaming, even international roaming with minimum effort

on the part of the roaming user, such as eliminating the requirement for different SIMs.
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5 be able to influence or control the roamer's network choices in order to
maximize the benefits to the operator and to the subscriber user. BRIEF
DESCRIPTION OF THE DRAWINGS Embodiments of the invention are
describedahith thrraitugtthiendraneimgsk wenertare fseinteiadqyshshallenges in
liniting:Jngibe Jrauingsspioar iefgenaenumbRiRAdentib I Siiiarand pricing
eléements or acts. Figure 1 is a block diagram illustrating an embodiment ~
obESHjpaliRgTREWY. Fighieasticca Bvee didgFarsEstitingsarfors sometimes

enhegimanteiausignating GatenayalepsHrRpOE DG B MUMM. SeViERs desirable to
including a connection to GMSC-H for signaling with Voice loop-back at

thes SRS C- TS RIRI 63RO b BB TG P TP ERKePABI AR AL G0 maximize the

Sighaling GGatewanihaihsengistabidmeorsaore Signaling Gateways.
Figure 4 is a diagram showing various persistent data and transient data.

FQEEEE? ﬂ%%&ﬂ%ﬁr@fg@ﬁﬁ%@%@@ ;@'ﬁ%oping according to one

e . ' ne embodiment of a link
configurBitidnéheTsridhotmsmGorigurespidel bigbkid @giézfrﬂ@ﬁf &gwings, which
alﬁ% %%Y%%Bﬁéﬁr\%s@é ‘?{?H?t!&% Ganig ngfs%m%@%ﬂm&s identify

Signaling Gateway. Figure 8 is a block diagram of an embodiment of a
robtingredeifigiifatiotincluding multiple ISC SCCP gateways. 25 Figure 9

is a bloc;diagram ilhistieting G PGsfF.eapfiguration ok ke W SunkirUIRG way.
tables in one embodiment. Figure 10 is a block dia%\r}\?m illustrating the

construdiigis SUPledphiaskarei S P SMSTEIYANRALLS EPigBrie Gateway
Capfigysshas 0 UPRACKCIREHILS A0 0ME ; Areboicre R koIONEIME 159 dfpfaling with
block diagram of an embodiment of a Signaling Gateway including an IN
intERieRORIgRTE 308 @Rk diagram of an embodiment of a Signaling
Gatewayrifgh8ingdh twe SignatingrGatevwayisemverspeidasitipGtheray that

Signaling Gateway fungtion.. 2 Figure 13 is a block diagram of
oG o R URRTI e AL s onto Signal

Stibdses in relation to Signal
GatewayBEdnrerke embaglimesitowigprend duisamsiiestratiorust tementditae

fa”o"ef Lfslirl]lg'ergulgi llel} u%grré o i{tla%sa;r E(%l ME{% Q{%& it%%@éigxgbodiment.

accordlng 0 an embodiment. g?:flgure i IS an’l US%I‘&'[IOI’I ofload

balancinkigma &dtive/dbtiatait-of/en sodwmdingtooan batisseigerrtion of GT and
SPC. '

Figure 7 is a block diagram of an alterative non-cross-connect configuration of
one embodiment of a Signaling Gateway.

Figure 8 is a block diagram of an embodiment of a routing configuration
including multiple ISC SCCP gateways.

Figure 9 is a block diagram illustrating GMSC-F configuration of ISUP trunk
routing tables in one embodiment.

Figure 10 is a block diagram illustrating the construction of ISUP loopback
circuits at GMSC-H with two E1 ports configured as loopback circuits in one
embodiment.

Figure 10 is a block diagram of an embodiment of a Signaling Gateway
including an IN interface.

Figure 12 is a block diagram of an embodiment of a Signaling Gateway

including two Signaling Gateway servers performing the Signaling Gateway function.
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Figure 16 is an illustration of each Signaling Gateway opening a DB
connection with the primary DB server which replicates data to the
standby DB server according to an embodiment. 10 Figure 17 is a

diagramTig e bbifiyblegiofiasteme Eanisatindemen efiieprfntsien of databases
Signaling FeWRYTeAAGGARECIRH(@:AR] GMSC-H. Figure 18 is a

block diagram of a configuration showing Update Location Transaction )
flow upohiss ihlisran Hyeiratipg rf sonrsek Rt st Ly iiHp eudirrsgs ina
empasimenigratuding twer 18 Eiheraatibusesehiguea. is a block

diagram of a configuration showing the flow of Update . Location, .
Transachiopsithd Fread Fside g e P e gns R ASHSH AR B AR
Legatiambawa.afanaembadiment. Figure 22 is an illustration of message

flow in the event af SG| failure in gne .2Q.emhodiment. Figure 23 i .
signalind W PiRdt EE%%%?O@;%?&H %ﬁ&%ﬁé‘%@ﬁ%}@u‘%’%ﬁ 8r‘is’?ng connection
XN MG HP P wéth dhelbitirapticy Gadeway theisigndbgted atdEtMMording to

Fi%Jre 4 is a signaling flow for the case of a location update (MIMM
su

Sl %drlr?r? PMN with IMSI-F) with the Signaling Gateway being

hosted aFig@NT 5 Eiggres 26tbncba8sinaivadignalingedaverfonavhich multiple
mghile terminated call (Ml [ r@r}' HRMN) for a call involving a

nogr1 rg\lﬁig\r;sj g@ gl%gg%%'g&%%% %&S%ow a SRI flow when SGI breaks

down aftBig8RI1&GHe blogs dig o il RufigriHecesev T P d-ocation

te%@%&?ﬂ&%ﬁ@ﬂﬁ?ﬁﬁﬂg@f in HPMN). 30 Figure 29 shows a SRI

flow when SGI breaks down (partial fail-over) after SRI- ACK is issued
from HLIign¢ deicadiosk dinsspnetarmimmati Sararmmtdbsenbicipding two
HEMMN):.Figure 30 shows a signal flow for a mobile terminated call with

the MIMM subscriber in FPMN: Mobile Terminated CaII,on_MSISDN-H.g
Figure 3Fign56R st BIQkHATBM B SRMHRHEC4sEBY RFORs (ew of Lpdate

TEBMINATER:£eAbL SiIMNGsahseeber in FPMN: Mobile Terminated
Calon VISPV OS5 s o dora rople A,
MSISDNFigrigp2es3a shasratiosighakiowefioe molsleviermiifatd daaliaithone
the Ig!\(g\]ll\élﬁlslgbscriber in VPMN with IMSI-H: Subscriber called on
! Fig.ure.ZS is a signaling flow for the case of a location update (MIMM subscriber
in XPMN with IMSI-F) with the Signaling Gateway being hosted at FPMN.
Figure 24 is a signaling flow for the case of a location update (MIMM subscriber
in XPMN with IMSI-F) with the Signaling Gateway being hosted at HPMN.
Figures 25 and 26 show a signaling trace for a mobile terminated call (MIMM
subscriber in HPMN) for a call involving a normal flow of SRL
Figures 27 and 28 show a SRI flow when SG1 breaks down after SRI-ACK is
issued from HLR-H in the case of a mobile terminated call (MIMM subscriber in
HPMN).
Figure 29 shows a SRI flow when SG1 breaks down (partial fail-over) after SRI-
ACK is issued from HLR-H in the case of a mobile terminated call (MIMM subscriber in
HPMN).
Figure 30 shows a signal flow for a mobile terminated call with the MIMM

subscriber in FPMN: Mobile Terminated Call on MSISDN-H.



Figure 34 shows a signal flow for a mobile terminated call with the MIMM
subscriber in VPPMN with IMSI-F: Subscriber called on MSISDN-H. 10
Figure 35 shows a signal flow for the situation of mobile terminated calls

with theFignvive bahseripsreaeyPm Rowier RS ITHhs s iddPEdd on
MR ETEI9ee 36 shaws Asigrabiow fanyrcanditionakgafiated Call on

. forwarding with IMSI detached and subscriber registered with IMSI-H.
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FIaFeI3¥-§hows a signal flow for unconditional call forwarding with IMSI
15 detagheg-and suRsCHBRILFeFISie B WkLIM Rinhidaieyw B8 shawsanM

signal flow for conditional call forwarding with IMS| attached: MIMM
sowRHber in BN Nahile herrsrasnall ey e38 SHows a signal flow
for conditignad galtHenvarding Wit FSh :atieih egdiidtil cailbsizhibies MMM

FPMN: Calls SDN-H: One FTN for ea CF ndition type.
F@HF@r%réﬁo%ﬁﬂ@F%ﬁ%r@ ﬁ%ﬁ%gﬁg‘iﬁg%l r(5rwr\f§1%r mg%vl'ith IMSI
attachedriptiNd IBHstibscribs piial FOM KirG atisttide MSI SR d-c i gutie 48 MIMM
shaws g signal for.canditianal., call forwarding: | aghed: MIMM

st SSCCH%’SF?H %@I‘%W%%ﬁ:g&%ﬁfgi%grﬁé[g%ﬁT\-J?é gﬁ're 42 zhO\ﬁ/s h
a signal Figwriod 3isbbile terigrinbfecdy S SieSstiorSmsNe teryvivered calls wit
SHRSGHRRY 0. KM WD et Adsaowsa slgnal Jondanacase

in whi e initially targeted Signaling Gateway fails after SMSC-X is told
by HLR-Figerodfard shaShas:tdleve feirgeerdiSigabsisl forsteiiayg, wish IMSI

Fighre.d4 shows @-pautiabiall:eyeraignatilow for a case in which the
initially targeted Signaling Gateway fails after SMSC-X is told by HLR-H

to forwafisr s sheyviscigrgctor Sy nannpliianhen)! Prgiteayidh st

a genaral fons e SMS R MBISPN: wisnithe subscriber is at FPMN in
the case of mobile terminated SMS: SMS to MSISDN-F whgn Subscri

in XPMEIEHEE A S FGirRrh 8 SHANS PLIGRar ot fBrEohRrd

SMade M H18PN-fumbepethe P SubsCHbeisIEBNINLIN the case of

mobile terminated SMS:SMS to MSISDN-FE.when scriber in X

gt it A e ey e R s AT
Gateviay: QdndidtiabofiacC R RIEN Gathabile $EsMMaie O SMS isfdetivdréd F
sgceﬁﬁﬁully. Eigure 47 shows a signal flow for another case of SMS to
MSTSORZEWhHen the subscriber is at FPMMN in the case of mobile
terminat&iz o $(ShiSvion M St SDINF fwhemd 1o S lseBriberand R MihiiS

IMekHinRHAIRG SHceaselvh mesaeae.delyansaishaignaling

Figure 41 shows a signal flow for conditional call forwarding: IMSI attached:
MIMM subscriber in VPMN with IMSI-F: Calls to MSISDN-H.

Figure 42 shows a signal flow for mobile terminated SMS: SMS to MSISDN-H
when Subscriber in XPMN with IMSI-F.

Figure 43 shows a signal flow for a case in which the initially targeted Signaling
Gateway fails after SMSC-X is told by HLR-H to forward an SMS to the targeted
Signaling Gateway.

Figure 44 shows a partiallfaibovef signal flow for a case in which the initially
targeted Signaling Gateway fails after SMSC-X is told by HLR-H to forward an SMS to

the targeted Signaling Gateway.
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Gateway generation of a CDR when a mobile terminated SMS is delivered
successfully. Figure 48 shows a signal flow for a mobile generated SMS.
Figure 49 shows a signal flow for a case of SMS re-delivery management.

Figure SOighss shftheesiginbioneforM sk BSOS rabga e sphsiber is at

manasement . Egurerliis @ Mlack.diagien ofaSigaling - Salrmayuthativer in
Slgaports multiple HPMNSs in addition to multiple FPMNSs. Figure 52 shows
a

IgviAl nély BSAF embodiment of a Signaling Gateway recovery

procedurgs4Q kigieR3 shewsasighahiiawferan Enrodmenspihar when the
update location Er_Ocedure. Figure 54 shows, a further signal flow for an

n
e BTN B a%féqaéaeu%%ma%éwaﬁaéﬁ‘é[%é%éﬁ&ww%ﬁﬁé? when
signaciiow faramenbadimeitofiamubdatadossfiomabipeakeidure b @ignaling
the MS is in idle mode. Eigure 56 shows a signal flow. for.an embodiment

O SEND AGIERIRLh C e b B P B SR ShAb LA R ga hecesstally.
IMSI-F. Figure 87 $hows dduuthikrsignabdther tasacf SviSadiMSIf oK -Bevicn the

Authentjcation .and supplementary MAP. setvice: MO/ eFe 3!
e SRR dr S he) B T0r S S RaTS AT G SoprsD T when
ASthentibatiniK PSS Brign iMstipBle nvbmtany shbass et vices ghdil Sirf afigtignaling
59.is a block diagram.of-an.e i i i imal. routi

B R S

subscribBigwhdf thevsubsisnibet osvaiso sroPiaernaiabil/8. Figure 60 is

a block giagramelan, embediment %m_g&t&es%'f@éaiﬂzgrgé&a%@mem_
MSISDN-F is not allowed for optimal routing to a VMSC-F/MSRN but the

GMSC-Figsr#/) Sonse Braheivienablopiiera fathitlg> Byiiid iy
blogk.Qiageam of an embodiment in which optimal routing occurs 5 when
a HP network user (local or roamer) calls MSISDN-F of a MIMM

subscribBiewte ina sk chisarm Aigoisnalipg Rpsaivdhet Bignrssaidiple
blpok dirgramdel aembrgimeptvyvhich an SRI query is received at a

e S P el e S e S
HRMNeORralledveel table is extended.
Figure 53 shows a signal flow for an embodiment of an update location
procedure.
Figure 54 shows a further signal flow for an embodiment of an update location
procedure.
Figure 55 shows a further signal flow for an embodiment of an update location
procedure when the MS is in idle mode.
Figure 56 shows a signal flow for an embodiment of: Send Authentication,
USSD and supplementary MAP services on IMSI-F.
Figure 37 shows a further signal flow for an embodiment of: Send
Authentication, USSD and supplementary MAP services on IMSI-F.
Figure 58 shows a further signal flow for an embodiment of: Send
Authentication, USSD and supplementary MAP services on IMSI-F.
Figure 59 is a block diagram of an embodiment in which optimal routing occurs
when a FPMN network user (local or roamer) calis MSISDN-F of a MIMM subscriber

when the subscriber is also on FPMN network.
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Figure 64 is a block diagram of an embodiment in which CFU/ECF

forwarding is optimally addressed when the FTN is a FP 15 ACRONYMS
Following are a list of acronyms used herein. APMN: Associated Public

Mobile Megwisrk(Fos SNiSHteemworkirg; cAbG!imamh hiiditomcentessuing MSC
St B Gall it PR L BN SO M TUCasAS IR ANCE s C-F
for Law Enforcement Act; CAMEL: Customized Applications for Mobile
nﬁl\%ﬂ%%%&e@%’@%fomm@mﬂlﬁﬂ%ppl|cat|on Part; CDMA: Code

Divisiongyilfip ACceRR Kk GdRAnGalad RastiAddiasshigh &@Ba@&*mg OCCIES
Detail Record; CFB: Call Forwarding in Busy; CENRc: Call Forwardin

N ReaR AR ER AN LRRERIE 6A ){Wﬁw R0 AEIM stbscriber
F@ME@H@M@QBM@I@@%@Q@@R&e@@Jﬁmg Party Address; CSD: Circuit
Switch Data; CSI: C ubscrl ion Information; DB: Dat
e DAt e AT ARG TR YO S bR R
Disteibytian Fsama, Grvidelaat aheFRogntl DREwWBedtndtontRait Cadag GT is a
DQM (gicted To Number; El: Wide Area Digital Transmission Scheme
minantly in Europe; 40 ECF: Event Charging Function; EDP:
Event DEtgatio3Rombl & Pividxin ofeig anthalslicidvoti e iNatw IRMIREOR -allowed
|qt%ndst (f)a nﬂc?r with HPMN for Multiple MSISDN Service; FTN:

Forwarde umber typically used in Call Forwarding; FTP: File '
TransfeFRyerfildbiskilel RiadsierprofeosmbrEmst RixddchinE ' SMY; avarding

Cllg%Qiﬂﬁﬂ‘??&%cﬁ%g?e%fiv%é-ﬁniﬁg@ﬁtﬁﬁ’ﬁﬁn a CDR transmitting unit and a
CD

ACRONYMS
Following are a list of acronyms used herein.

APMN: Associated Public Mobile Network for SMS Inter-working;
AuC': Authentication Center;

BCSM: Basic Call State Model;

CALFA: Communications Assistance for Law Enforcement Act;
CAMEL: Customized Applications for Mobile network Enhanced Logic;
CAP: CAMEL Application Part;

CDMA: Code Division Multiple Access;

CdPA: Called Party Address;

CDR: Call Detail Record;

CFB: Call Forwarding in Busy;

CFNRe: Call Forwarding on Not Reachable;

CFNRy: Call Forwarding on No Reply;

CFU: Call Forwarding Unconditional;

CgPA: Calling Party Address;

CSD: Circuit Switch Data;

CSI: CAMEL Subscription Information;

DB: Database;

D-CSI: Dialled Services CAMEL Subscrlptlon Information;

DDF: Digital Distribution Frame;

DP: Detection Point;

DPC: Destination Point Code;

DTN: Deflected To Number;

E1: Wide Area Digital Transmission Scheme used predominantly in Europe;
ECF: Event Charging Function;

EDP: Event Detection Point;
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receiving functionality; Gb: Interface between an SGSN and a BSS; Gc:
Interface between a GGSN and an HLR; 10 Gd: Interface between an
SMS-GMSC and an SGSN, and between an SMS-IWMSC and an SGSN;
GHPnéaterdetviebh oM SGSNeame lan i RiteGE 8\haGatewaly BRRS for Multiple
Servide NbdesGiiReference point between GPRS and a packet data
né&tiorkorverGRHIC:-Nsatbwayrially; \God ST dldiewaydnsC; GMSC-H:
GNIBFike HPaonsEr BMBOFE GMSCsirFPMNOIGMSC-V: GMSC in VPMN;
20 BAS 1 hisethbinp&M&en two GSNs within the same PLMN; Gp: Interface
béivédrngire Geneolireiferai PEMKE PR S S ErrsaltPagRet RadioC PR
ServigesiGPRBICEIEPRS CAMEL Subscription Information; gprsSSF:
GPRntsEiAe bLWARR ﬁNc@HElna B5%r: interface between an SGSN

aliF dterfaes skege i han . Gs: Interface between an
s@ér&ﬂ%&wm@wﬂ\@w%&&l CERHERRSEHESR a0 SMS-TWMSC and
Comfﬁﬁﬁ%ﬂons gsmSCF GSM ce Control Function; 30 gsmSRF:

GSh! %&F&l%eé}ﬂ’ %'é&ﬁéﬁ @p smSSF GSM Service Switching
Fuhetion, gepax ﬁé"%ﬁ{ % fance): GTT G%B“ﬁi@\]NT itle Translation;

HER: 8‘1?6’6’% S &Lﬁﬁ Poee HPMN: Home

P %VY\% _Who intends to provide MSISDN Service; HSCSD:

H jtched Data; ID: Identification; IDD: International

|
Dw geﬁ %S%E FM?\ DP IE: Information Element; IF: Information

Flgsc-v: GMSC in VPMN;
Gn: Interface between two GSNs within the same PLMN;
Gp: Interface between two GSNs in different PLMNS;
GPRS: General Packet Radio Service;
GPRS-CSIL: GPRS CAMEL Subscription Information;
gprsSSF: GPRS Service Switching Function;
Gr; Interface between an SGSN and an HLR;
GRX: GPRS Roaming Exchange;
Gs: Interface between an SGSN and an MSC/VLER;
GSM: Global System for Mobile Communications;
osmSCF: GSM Service Control Function;
gsmSRF: GSM Specialised Resource Function;
gsmSSF: GSM Service Switching Function;
GT: Global Title (SS7 parlance),
GTT: Global Title Translation;
HLR: Home Location Register;
HPLMN: Home PLMN,;
HPMN: Home Public Mobile Network who intends to provide MSISDN Service;
HSCSD: High Speed Circuit Switched Data;
1D: Identification;
IDD: International Direct Dial;
[DP: Inutial DP;
{E: Information Element;
IF: Information Flow;
IMSI: International Mobile Subscriber Identity (of HPMN);
IMSE-H: HPMN IMST;
IMSI-F: FPMN IMSL
IN: Intelligent Network;
INAP: Intelligent Network Application Part;
[OSMS: Inter Operator SMS within HPMN;
[P: Intelligent Peripheral;
IPLMN: Interrogating PLMN;
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IMSI: International Mobile Subscriber Identity (of HPMN); LMSI-H: HPMN
IMSI; 45 IMSI-F: FPMN IMSI; IN: Intelligent Network; INAP: Intelligent
Network Application Part; IOSMS: Inter Operator SMS within HPMN; |P:
IRAigeimt Periishel RoSORIMNTSter¥Dyating PLMN; 7 IREG:
IHfeEnHidhdliRedimhpExsarSeroep Crmee] PigssRiedia Subsystem
SkWidelTeantid Arsriaed 98D Netnskrated Service Digital Network;
| SBIRE: SO Ugél‘rlﬁétrfl’%ég&é@lﬁ&% Stvkstack; 5 In: Interface between
tHe: RNsTagsdbeheessrbpn 8RR Aed RRonstasatals Voice Response; kbit/s:
KIVBitsisrasbeoreicadiemapsatication Key; Ke: Ciphering Key; 10 LAN:
LbbitisakdloNstaecdE: Late Call Forwarding; LCS: Location Services;
Lﬁb%gl?&fﬁﬁ%%ﬁrement Unit; LSA: Localised Service Area; 15 MAP:
Nf‘é%s%% Ilf:ﬁft’ron Part (from GSM 09.02 GSM Standards); Mbit/s:
!t/s) M-CSI: Mobility Management event
) aé cription Information; MF: Mobile Forwarding;
ISR éﬁ%ﬂe tived from IMSI); 20 MIMM: Multiple IMSI
P§§ %aé'f)re N ﬁﬁ Multlple IMSI Single MSISDN Service;

é%&gjﬁ%ﬁe S%qu?% rvice gﬁg%@?%%&%ﬁerwce

g%bl an%ig N Genter MSISRI: dobile Sybseribefion:

' MGT. Mobile Global Title derwed rom IMSI);
MIMM: Multipte IMST Multiple MSISDN Service;
MISM: Multiple IMSI Single MSISDN Service;
MLC: Mobile Location Center;
MMS: Multimedia Messaging Service;
MMSC: Multimedia Messaging Service Centre;,
MO: Mobile Originating;
MSC: Mobile Switching Center;
MSISDN: Mobile Subscriber ISDN Number (phone number);

MSISDN-H: MSISDN of the Multiple MSISDN Service allocated by HPMN in HPMN

numbering plan;

MSISDN-F: MSISDN of the Multiple MSISDN Service subscriber in the FPMN (Co-

operating VPMN) numbering plan;
MSRN: Mobile Station Roaming Number;
MT: Mobile Terminated;
MTP: Message Transfer Part;
NA.: North American;
N-CSI: Network CAMEL Service Information;
NNI: Network Node Interface;
OAME&P: Operations, Administration, Maintenance, and Provisioning;
O-BCSM: Originating Basic Call State Model;
OCN: Originally Called Number (same as ODN);
O-CSI: Originating CAMEL Subscription Information;
ODB: Operator Determined Barring;
ODN: Originally Dialed Number (same as OCN};
OM: Outreach Messaging;
OMAP: Operations, Maintenance, and Administration Part (557);
OR: Optimized Routing;
OSS8: Operator Specific Service;
OTA: Over-the-Air;
PCE: Peripheral Component Interconnect;
PDA: Personal Digital Assistant;



10

13

20

25

30

40

45

50

MSISDN-H: MSISDN of the Multiple MSISDN Service allocated by HPMN
in HPMN numbering plan; 30 MSISDN-F: MSISDN of the Multiple
MSISDN Service subscriber in the FPMN (Co- operating VPMN)
ntibbdtaslepReaMISRrRIMobile Station Roaming Number; MT: Mobile
TBKriRetetdnMTIR: Message Transfer Part; 35 NA: North American;
NECEN NetisrkaapMebils digigeriaformation; NNI: Network Node
It baMEPe OfseFatins, Administration, Maintenance, and
PPEVISIBIfIRgE SRBa VN OHGnHy BESI8C all State Model; 40 OCN:
Orrfin&ngve ﬁnééhwﬁﬁfewg%ﬁﬁ@as ODN); O-CSl: Originating CAMEL
stB&F RS RFSFAGIGS? OSB: &%@Wﬁé‘f&w fing; ODN:
@?8?@6‘*%5%? LarRea B ENYS: OM: Outreach Messaging; 45
PS%‘ﬁ%‘?&RfW? E%gmenanc and Administration Part (SS7); OR:
(EI 'r‘a?& SpeC|f|c Service; OTA: Over-the-Air;

? 1Etlerconnect 50 PDA: Personal Digital
]ig %@Q CO| PIC: Point In Call; PLMN: Public
|

u 1|c Mobile Network; 5 PRN: Provide

.- u m P L Prowder Subscriber Location; R:

%)rle f%mﬂ %e %?ani E comﬁatlble TE and MT; RAID:
GW 3 w % sive Dlsks SCP: Service Control Point; 10
a,%ég K pn ctlon Part; SG: Signal Gateway; SGRF:

Signg! %ﬁmﬁ@%ﬂ?memrk
SMF: Service Management Function;
SMLC: Serving ML.C;
SMP: Service Management Point;
SMPP: Short Message Peer to Peer;
SMS: Short Message Service;
SMSC: Short Message Service Center;
SMSC-A: SMSC in APMN;
SMSC-F: SMSC in FPMN;
SMSC-H: SMSC in HPMN;
SMS-CSI: Short Message Service CAMEL Subscription Information;
SMTP: Simple Mail Transfer Protocol,
SNMP: Simple Network Management Protocol;
SPC: Signalling Point Code;
SRI: Send Routing Information MAP message;
SS: Supplementary Service;
S87: Signaling System 7;
SS-CSI: Supplementary Service Notification CAMEL Subscription Information;
STK: Synthesis Toolkit in C-++;
STP: Signaling Transfer Point;

WO ODr->T

T1: Wide Area Digital Transmission Scheme used predominantly in the United States;

TAF: Transparent Application Fail-over;

TAP: Transfer Accounting Procedure;

TADIG: Transfer Accounting Data Interchange Group;
T-BCSM: Terminating Basic Call State Model;

TCAP: Transaction Capability Part;

TCP/IP: Transmission Control Protocol/Internet Protocol;
T-CSI: Terminating CAMEL Subscription Information (in the GMSC);
TDMA: Time Division Multiple Access;

TDP: Trigger Detection Poin,

TIF-CSI: Translation Information Flag;

TPDU: Transfer Protocol Data Unit;
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SGSN: Serving GPRS Service Node; SIM: Subscriber Identity Module; 15
SIMM: Single IMSI Multiple MSISDN Service; SLPI: Service Logic
Program Instance; SLR: Subscriber Location Report; SM: Session
MEhdbeméti:She: ShorpMessage Entity; 20 SMF: Service Management
FURCHON L SNILCA SéilvibighMLich @MiHoSitkiee Management Point;
SMBE:SEhbit Wiessage! Redyltd PeericSkiSristom:Message Service; 25
SMisOnBHoert brivsagehServitls Gaime VSt SMEOMARMREK;
SMISCLECEMS® IR RIudée: SMSC-H: SMSC in HPMN; SMS-CSI: Short
M‘é§§&géis%rweér@&m@s%@mﬁﬂwm@ﬁmanon 30 SMTP: Simple
M- Fraaréier ImteRohsmmbe shiipnd NSheaikdindh agemestPstocol.
sSp8Es ﬁ&ﬁir%opﬁlﬁf“@%@n@ﬁl Send Routing Information MAP
m\é%ga dsitegl NeRs&HISFy Service; 35 SS7: Signaling System 7;
§G >e Notification CAMEL Subscrlptlon
|nY(;Tﬁ‘1§tI§ﬁrV§$|¥ BREYMS T oolkit in C++; STP: Sl naling Transfer
Pglb M W’f&i@% \( %@m%ﬁl@éﬁ@% G redominantly in

'gpgi b %@Apﬁ% S Bt
A

ﬁ%?{atmg Basic Call State Model TCAP:

y 1
W’ % aa ,P/IP Transmission Control
P §8I r%rne Pt

@t'n ﬁ%ﬁ%ﬁg%nption
nﬁgﬂe %iﬂf ivision tiple Access; TDP:

'%919%% e&%'@ﬁf rg{ﬂlatmg CAMEL Subscrlptlon Information;
WAN: Wide Area Network;

WAP: Wireless Application Protocol; and

WiFi: Wireless Fidelity.

A5 d=

"Vill

A

DETAILED DESCRIPTION

Embodiment of the invention include an improved Signaling Gateway method
and apparatus for mobile communication across multiple mobile networks operated by
different operators. In one embodiment, the Signaling Gateway method and apparatus
include a service targeted toward users, or roamers, who roam frequently between two
countries and have a need for a local phone number in each network. A roamer may need
a local phone number in each network to enable local users to call them at a cheap rate
without worrying about international IDD calls, or to present a multi-national

appearance. The particular embodiments described focus on a Multiple IMSE Multiple

MSISDN (MIMM) service in a single SIM for multiple roaming partners. The

description is simplified to focus only on roaming_involving multiple international

roaming partners, but is not intended to be limiting. A MIMM service for muitiple
roaming partners as described herein extends roaming coverage by pooling the roaming
relationships of partner networks. This can be limited to national roaming only, or can be
applied on a per-country-per-network basis. The MIMM service for multiple roaming
partners also provides a local phone number and a local IMSI at the partner network.

This option can be easily enabled or disabled based on operator requirements.

10



10

15

20

25

30

TIF-CSI: Translation Information Flag; 50 TPDU: Transfer Protocol Data

Unit; 9 TT: Translation Type (SS7 parlance); U-CSI : USSD CAMEL
Subscription Information; UG-CSI : USSD General CAMEL Service
Informationbadimdmterfabe ietweaitetbebanbiile btatidar(diS rand the &/Ghvices, in
mode network; .5 UNI: User Network Interface; USSD: Unstrustur :
g B T e R s )
(M8} ditMheshowhbbevadiltrial MREYingrakHeortevEivihonapsmtovIiR: Voice and
Vigitad Lqgation Register; 10 VLR-H: Serving VLR in HPMN; VLR-F:

Serving VLR in FPMN; VLR-V: Serving VLR in VPMN (VPMN is not
HPMN/FEMNYuiipleMiyISidtelime MIS PMNOAS LD pemlieevBbsites users, or

Netwrsether than HEMNLHLERNMMibde YIS Aisited MORleout swapping the
Switching Center; VMSC-H: Serving VMSC in HPMN; VMSC-F: Serving

VIBE GArEPRIRECURAS Cear: HepviseoUmSElh VERREEAASIRFIshé cither of these
HEMMNAEEPMN); VT: Mobile Terminating in VMSC; 20 VT-CSI: VMSC
Terminating CAMEL Subscription Information;, WAN: Wjde Area Network;

WAP: WitBRIEE AppcaatvPRotOEOIRHES WikRSHAPeTe SO R sty 3ignded roaming
DEchAthdeD WIRBCRIRTIQN &ribadimeniadf thedavaatiminsiudesandoes not have

improved Signaling Gateyway method, and apparatus fo gg&il
cOMVTAe i SERSEE FEHIE THOBIE FERUGHATSPatinde B, AMSfesfrd be used
opsvatarsAintones émbdainventatire SignadingdChtewaymetivochsugdrom the FPMN

ap @rattlt}f%rgﬁfelg service targeted toward users, or roamers, who roam
y be

er . .
frequien ween two 30 countries and have a need for a local phone

number fsesiconetiviirke Aordamaeytiiag freedtlca tocaispimhedinmiepirthe MIMM
eqgh petwaLk 1o, enabisiocal Hsersrie call themata ?Qgﬁﬂﬁgﬁe}ﬁyﬂ?@%bmber, but

worrying about internatiorial IDD calls, or to present a multi-nationa
appdaiensee ThepaRdiarerbodinepesdelsciibedHBMN ghavulisl@greements

IMaiMiipie MRISPHN (MMM sendiee ARosiBole IMFRLAUUIPIEN a set of IMSI-
roaming partners. The, , o
Fs. There are no additional changes for the subscribers after they initially change the

SIM (if OTA is used and the STK application supports dynamic IMSI replacement).
Hence, subscribers can choose to later add local MSISDN numbers and IMSIs for
countries that they visit most frequently.

in a country where Mobile Number Portability is supported, it is possible for the
operator to acquire subscribers from other operators and offer them this service. It is also
possible for subscribers to port-out the existing HPMN and FPMN numbers.

The MIMM solution does not impact the subscriber’s GPRS, USSD and SMS
services. In most cases, the user appears to these services as a normal user.

The charges for using MIMM related or enabled services can be combined with
regular charges or shown as separate charge. The particular presentation option is left to
the operator.

In one embodiment, two network operators, one in the home network and one in
the network of the visited country, come together and offer a local MSISDN in the
visited country on a single SIM card. At least two approaches are possible. Two

approaches will be described, as follows:
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service for multiple roaming partners as described herein extends

roamihg deveragedytpuciingptiatecammngidrelRiehBHips b bertdend use the IMS]
networks! Tiiseanrbahmied soursiviharroamirgioaithareapcbele appliwde IMSIs
on a pervodumtipler MEENONe basisiple MIRIMvatrvismgls MlnpR-H; and
roaminig 4G pasteersaisocpronaes anbdaziniisHe ARhBE AR #Tobs mvgprk side
at the paftaeptdMBIRDN mslssineaioseze a8 Bkabled or disabled

based on operator requirements. 10 Embodiments of the method
describe‘élnﬁga@’é’éfﬁ%fé?@dlﬁ‘s HEaiRe, 1BFlEdpyikeSOTMEB BB SRR Relay

Paticipating eReYirsaforeignsruniy (rafgried laasHR MXMIh&ervice. The

HPMN should have bilateral roaming agreements Witléethi operator for

VR S fpteax. Bethe Mthiphomg fuftupERiSI SbREfrifvn 2 Sienal
SErieR B oVSaUSRIS DIy SHISEHPESI0 Theehignahlls Oatbaty numfgisable across

N S M A LR LIS S SRS RS ANGERGP: e

taGENImatkeldgy this service is subscribers who desire extended roaming

10 Coveﬁ]%%bg\{gl%mse of %g)glaln%ii;}nte(ﬁgﬁeﬂoap a e\lg/](\:/rqgendtﬁeereﬂf M\NelMas lc%)ability to
does not'have coverage or a‘roamniing relations Ip with another operator,
FRMis$MBlecouiduseBEdninstehntiidaimsrthe ttiepogerdedudstdded-Services.

SRR e s A B B e

Mivivions Besrvitgndine g bianeiiena stevir SuHaid vioselsvédh rataipl GMSC,
their P MM SEMbAL P9 Fagelvg.a1NeW D MINNEpheHl iSnPessiRi8ons with

for a HPMN to enter into agreements with multiple FPMNs in various

COURRISSSET NSl lssteatndmbaisnabin b Gue BrINISTIT el ihBresghee bat it does
aqgitionat changasiter he subscrHbarsafietheynnitialy chandm Pt as in a
(if OTA is used and the STK application supports dynamic IMSI_, .

repRicEmant 1trRfehld S S E P AR ERBD SEtE T F Sult foc igpaling Gateway
M&ES Do winherpand IMSIBfosn cauniries thaikiey Visitewast ffaqientdyvice and

Ina co.untré/ﬁwhere Mohi r Portabilitl){liﬁmported, it is possible

I mber F
SEBPHSAcy i ysuﬁg%?%él)r%r?r‘gr% other operators and offer
them thigseSigeailhisGdsovayasgibbetidrosuisctihe mpioopdrtdestrthed above, and the
existing HPMN and EPNIN numbers. 25 ati -
e P e CRR T B Y S B R AREs Hncrions o o
theiuser ldpBdarsho thaseosenlisedears dmbercsasér)The tlgargeg forteway serves

usjog M %Mgs'émﬂm@%dﬁgrgmsa%em compinea mith JegaTPMN Auc
charges or shown as separate charge. The particular presentation option
is feftaethenticating subscribers. In this way, the Multi-IMSI SIM needs only the HPMN

Ki and algorithms, eliminating the logistical complexity of security management. The a)
solution also makes it easier to bill a user as a local subscriber at an FPMN, since there is
a local IMST involved. Some complexities may be. introduced to GPRS and Camel
services as a result.

For USSD, messages on a home service code for IMSI-F will not be routed to
HLR-F but to the Signaling Gateway, which acts as the HLR of IMSI-F. The Signaling
Gateway can then relay a modified message to the real HLR-H. For Camel, on IMSI-F
registration at XPMN (FPMN or VPMN), the trigger’s GSMSC-F address is dynamically
modified to a FPMN address which is then relayed through the Signaling Gateway.
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the operator. 30 In one embodiment, two network operators, one in the
home network and one in the network of the visited country, come
together and offer a local MSISDN in the visited country on a single SIM
cAKPMIN leiastst apipr sadtredearey pOSsibl e e aaphr SHEHES Wik beCP

ﬁ&gﬁ%@%&% plowsi L) IPRIWE RPEIHISERRPERIR: ARdild ARy aling

card and use the IMSI of the country the user is currently in.
THi e dRere e on CREES sritipsims [bisvenlhiniprion Sropiesitigs in the

mudifieles MBIS withha S8 B VS Bk NG e, A ARRI BORa sessi
co-gtgé%rgtbeéiﬁr?%gl\g s'E%e HPMN MS §DRI%£§ the network Sﬁ?ﬁse 5 totgslgsgé?n

MasEN Rl ForRighenaling froResai AR it Brtherhvadtior / Protocol

iNGlHGe.RiESMMBRRIINa Gate Walh Relaxa fs amaweredhatvstpports the
Multiple IMSI Multiple MSISDN f(g!%jMM) service, The com‘rsgon,Signa h
Gatewa'RM4 EFITEWOH Y aRd e RIEUIRS REFETH St SRimT gnder approac

Gatewnyooba sbignalirgi ataway (PHINThexSignpkinigiateweys intelligent SIM
licable across GSM and CDMA technolo%igfs. IIIﬁsr tive examples
bo

;%i) TS HoSTREhEIRTBRIETEEERT feARSTogy Emibotiments of the

SignalintjcGateidayodésdoibad hditaip have thedcapapilitpdatimpetbodatedignaling
various GSM netwqrk entities in,order, to provide -Added- evicfeﬁim

- i IMSI
1?836%3%@%'\(40@}%%%%@&5%%03 Ellg\;]%g |%é%831flev(\)/e§% a?f%lr}férj](lat %?ttiélg pure
S8 lizad@VEs|utloneTire Sigaating GatdRANuNdhbmscasdeitermleicRied roaming

virtyal virtual Co Vi virtua i IG8 in
R KT By YAl Mtis WAL Ao AL WAL SBUGR n the

Sighalithg Sadeompyisstigruasivittheddask maba GRS AbtSigen the HPMN IMSI
subsest g@&%ﬁ%ﬂ@ adibRHtdees Nt havsswitehinshymrest ﬁ@ﬁmlse some
e

20 GMSC and it does not have trigger mechanisms. Nevertheless, t _
SrEREMEIGatBHAF caifcstBie SIbSERPEUIP It SR de iR theiagyidingether i

GriewayMINIMsealvice and of graingoliosmatianshdl MMesphscribers@éiration,
an FPMN. The Signaling Gateway supports both the "a)" approach

dELIIDEF S o4 CHTHARR b P EHEPO5Sch described above. In. both cases,
the Signaling Gatexvpysfibittions asifuskh virtbahsd:R femibeNSeis, e user’s SIM

bscribers. In Si ling G host f
BRIt RS RS SRR R YR B8R P ot o
Ah@néoreamlﬁer}ﬁEMNgmmbs@wss mmmaymétmmgsm& EclMeﬂeed@; control
only:the HEMN ki and !%@Q{@%ﬁ@g@%ao 6 QRISHEREGQRIEIY. of

security management. The a)~solution also makes it easier to bill a user
as a locélusthiesokbe frattencrrRMA 2 sitite Miarecisnglideoe aleNV SPinvbIvEY. with an

Sl copmeleKities,mevhintoduaed iR EPRS ARdGAN S SRUI6eS, AR & HPMN
updates the local IMSI list in the SIM (either via OTA or with a new SIM}. In addition,
at each location change, the STK application checks to determine whether it is in a
network that requires another home IMSI. The STK application also supports manual
selection of a network IMSL

In the case of b), the Signaling Gateway only hosts the FPMN MSISDN allocated
to the HPMN. The subscriber always registers with the HPMN IMSL. This simplifies the
user experience, as the user need not be concerned as a roamer or a local subscriber when
registered with the FPMN network. An intelligent SIM application is not required to
automatically detect the FPMN network, which reduces power consumption and

associated costs. Tt is simple for subscribers using the MIMM service to use home
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For US SD, messages on a home service code for IMSI-F will not be

routed to HLR-F but to the Signaling Gateway, which acts as the HLR of
IMSI-F. The Signaling Gateway can then relay a modified message to the
reahiHER ddstier Gamel 2olodI ShmgSragistratin MmakPVIN@sEM transparently
OEXK%MN@%%%QQ%_@Q@%&E addressids dynamigallysnaditigdde dain more
FPMN address which is then relayed through the Signaling Gateway. 12
"YXPIING it YR Nadeinarp e e anlo VRGN katrestbn THesHIDRIN T is still a

SEHAINSIRGINGRaR PHAMEhaid Gk QIR Ink AbE RMNE@ MBS under than
handled via the Signalin? Gateway; however for GPRS data sessions,

triades arpTARSURLE Seffidditieadrih e iddhtexdaisen s ABNCARGrpIB!s on par

ThaSignalingsGalanayaisereloys thetdatangassion 5 through to the
HPMN. SCCP (Signaling Connection and Contéol Part) is an SS7 protqcol

that profieids BAGHERE fInBtfbRd i RAENSA 0P T AR SO PR AT ).SlﬁpeCiﬁc
theqareneyenti faidurs) af dhel Signalinig Gatgwayyasutfschbervirrdeith which the
approach a) will not be.: egister at the FPMN as a.|ocal subscriber.
IR ST SR e ey e S R T TRy« new
asihe BPKIRA 1prdeavaid danfiesiba BIbillveguas.a Third-pangr dperieys a HPMN

both the Signaling . Gateway and.the SIM.applicati [ :
SRS A SR REIBSI oy coo
FRMN hY Siprobitebanvektendethrsarainguecietanisieihens iraabeirgo matter

operator. In this. if : i ion s usediin.the ;S IMbes no
e

casmotereghaeaifSide visingrastRasHe TIREEitoimadredviri o p gpwever, can
M3y, HAE %iﬁw{h'é i\ thesiserusinGe the/iiM-applisatian wikitkoaming

be able to distinguish whether it loses coverage in the FPMN or needstg .
SWRFTAZArBEHHRS ARESTMSP RS FRGISHIERRTH FARIEES i fAcH PARNERAFGHionships

ofag RetNArks Ehess, iy apepEiilityIobeapfusias. if the user's home IMSI
in the user's SIM 20 has the value of the FPMN IMSI, and the subscriber

brigflyEyistetsas aoamel ataohofitberétwoikgRMNMNome operators
can be regjected, It is possible,.howevyer [ I i :
coed L LR B SR e R, grovie
inatHecass ofddrsthedservibeuidsluddina drswinjpa 61SimuaitngalsST K Signaling

application.on, Iy XKQ%BME&Q@AM%X%@&'Q&W@HC%Q %}%ﬁ@ﬁﬂq{;@ m_ﬁevant art,
HPMN 25 updates the local IMSI list in the SIM (either via OTA or with a

nw S, Wil bisditiicaibabits eatidie cranyey MeloRpHRSERYA can be
F&ﬁ&@c@ﬂ detesming. whetherdt igd @}ﬁ@ﬁ@%@é‘ﬂﬂ@t KEUWHRS ADAINRERQMestems,

Sl. The STK application also supports manual selection of%gnetwork

IMS. T e EESEBE%5), YRE- SIGRAITG CHES WA R PRIt die FIdRiRy oF are not

MERISEN allogatad 13Q:6itha HRMNasthersubgrrtienainaysaregigtershyithnd

the HPMN IMSI. This simplifies the
apparatus.

Embodiments of the method and apparatus include a Signaling Gateway, or
Signaling Gateway function. In one embodiment, the Signaling Gateway function is a
combination of a SCCP node and a Service Node, Referring to Figure 1, an embodiment
of a Signaling Gateway 100 is shown. Although the physical location of the Signaling
Gateway 100 can be at the HPMN or FPMN based on operator requirements, the
Signaling Gateway 100 is shown at the HPMN.

14
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user experience, as the user need not be concerned as a roamer or a
local subscriber when registered with the FPMN network. An intelligent
SIM application is not required to automatically detect the FPMN network,

which réducsspbinve Cetnsumpioncitss asdobitedEdstan B Simphergee Node,
subsqribgrs Gsing. e, MIMMsgrice tQysehormes13 Senuisesdasritehich stores

having a local phone number. This makes it easier to transparent

I
PO BPRB NS B BB s TElHERBSMSFE)NTHe NBVROSHBy gt rommer
OR{RMRIR T OYMNGTEV iHpderappraach bipHowevampecausethe100 also
subscriber's IMSl is still a HPMN IMSI, a slightly more complex billing
BRI B LR 8T RGBT THATS SUBP S o A 1 the
FPMN awdthedPMihwanhiawoake sulscibans: CRllBostingahedibngaal Gateway
calls when subscripers roam in the FPMN. Both approaches a) and e .
atPActREGepesid &*BH%Bbé?a%r-ﬁ?%&g%%ﬁc%ﬁ?ﬁ?iﬂ%H%sﬁﬁo%?ﬁ*oﬂz%a%lgmmg
alsaraligwd the hamewopendianritffesa semtceowidnihistiRheallsepenibly over
roamer c et MSISDN_in more than one country wi the aora
S o TR S TN e P B e e s e & INAP)
QM@W@MRMMMS@MMMWOMMSéMMIS (including
Interr?atlﬁin‘qzlircl:&yss ca}nc%nra%?mc':ng Ctal!'Ills géa&ie%ipé’bm%&%gg%wglﬁost a Signaling
contributé révenué towards the hom operator no matter where the
sisscriter!i¥). SBhatiSien)lings Garetetve i simpliecliset terae avtPlbes used to
Dolfeguls A ahange oh RN ReW Ralinet RehHorkds Raldahling Gatevay

Soltition a) however, can 15 simplify billing (since the FPM.N IMSI is used
inl P MrhaERMNFeams exivialenifingecovedge i npniam G irematighapulates 2

angNAlignAFRAMINILS R R 1RAINGIRlationshipseciaRaQiRd toagtefation,
by the multiple IMSIs or networks. ARCHITECTURE: msical Location of

e SiphisHrrg ey e Mol des chptions sikidisasssprtmy the HPMN
detatls apa4rtroduced to provide 20 a thorough understanding of, and

enabling description for, embodiments of a Signaling Gateway method .. ..
and appaPstGEith & NV %Mn&.sﬁ?@%lﬁﬁ%c%lﬁg%ﬁ%%&%}%%ﬁ?ﬁ fhe Signaling
hawevery wild recegnizethatithea Sighaling Gbteviay imethiocd-and apparatesverage
can he practiced without one or more of the specifig details, or with othe
COTBOP R ST B e damach i A A Gateviay
opéfatiobstardametcghimthe graremott26Habetibesl fedetadsttocandig relationships.

obscuri pects of i ' : net “servi
O LS SRR R s

orinSiyraliviyiGeltdoessyiparmtipnier ortreribodimBER NS Bigdalingne entily hosting
Ga}gngmg@am combinationone SGERpedeandR SerieaINGd ervice to

Referring to Figure 1, an embodiment 30 of a Signaling Gateway 100 is
shwitsRRgIgSThe physical location of the Signaling Gateway 100 can

be at the,HEMNoi,FENMRased onparrateivreyirements,dffered centrally at a
headquarters. For example, to offer MIMM services for Singtel™ group, Singtel™ can
host the Signaling Gateway 100, although its partners have their own administration
interface for their own MIMM subscribers.

For the example embodiments described herein, it is assumed that the Signaling
Gateway EOO is hosted at the HPMN unless otherwise indicated. The basic signaling of
the architecture is similar irrespective of the location of the Signaling Gateway 100. The

responsibility for logistics, however, shifts more towards the hosting PMN when hosting

15
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Signaling Gateway 100 is-shown at the HPMN. 14 The Signaling Gateway

100 includes an HLR, a VLR, an SMSC, a Service Node, and a GMSC.

The Signaling Gateway 100 has access to a database 106 which stores
infordvatohyinik ditivibforWizeiovs tingipuipiehd SIS ON - e uvis | SDNeferibing  various

oLfé'cr}%ﬁgﬂﬁﬁe{&f@lfg‘ﬁ%?&re%ﬂc%}-om%@%&%ﬁﬁ%@%a h§o3ignaing.

Gateway 100 also” 5 communicates with multiple SS7 nodes such as SS7

noges 92 ang04s Whichevsr entity:.ennetwork operator partner, is
hosting the Signaling Gateway 1Q0 carries most of the logistic Ioa&ﬁﬁ&f service

those patA&Ra APEHTS! St hBETTAES STGRLTHY Gy RS 38t h
canfigdragionsi greliuged4e send 06UP gals:(poIsilyecoyer Adedicatedn Figure 2, a
legsed lines) to the HPMN networ to. direct MAP and TCAP (e.Q.
INAB) 5 B O S Cones S8 APGei b oAy bk o th
vatipiE clicUimstanss;Ht malbedesicablefohd i FRMN tadhostieased line that is
Signali ate 100. The Signaling Gateway 10Q ds, involved when the .
e s em e e il s R RS
Hosfifig %@&Qh@ir}@s@d@mwﬂ&m e SidvNiseemsveanatwa cbrpicesible for
b%%%%Pa‘%ﬁ%ﬁ'l%@ééﬂ%@o%ﬂ%‘é’géﬂi% ﬁ{&%?et%%e% @éeﬁml\g#ﬁgﬂy %ming of calls and

elément when the IMSI-F is used toregister a network. In this situation,

arbekplicisagee éondim Yiulte F PN N PACibtes iecking of billing records
by the HBIYIN,, 9rdhe ERMNs T he-abieativas b the MIMM Sarvice GRHPMN might

affect the location of the Signaling Gateway 100. For example, If an

imFSRAN REBREEINVEL St HreasbYEIN g et 56 Triatisefor he leased line
interpatipnal}hyelevataging patneshahwarksithendngiSignaling atewayall path
100 is better located in the partner network that has the largest roaming

re RSB RSN SREFEMNar i Foretht Bh eI fs o iden s pHBrgr SCCP
numbeicservisesIfaDinvatveyalinimal dpyistics of partner networks, the

HPMN should.be the entity hosting. the Signaling Gateway. inc ,
HIPMIN s e SR R T APS IO CORERS 25 M . B ned not be
subhsaitibérat IMFOwp enyirothmetPMNINHseawvjcés: ciphdioffefatbway imposes

C(ig’{%?”%{ at a epg%dgygrélers%&%ﬁ@nple, to offer MIMM services for
Singte

A group, mg?e T can host the Signaling Gateway 100,
althopgh s parKers; %gﬁgﬁx% RIBsUAoR Jterface for their own

MIMM subscribers. 30 Forthe example embodiments described herein, it )
is assumBtPRs e RfHAIHG ISHTR P Fogusenbibed b aipRiayay 300 consist
uniessvetherwise indicated. Ghedbasic signrlingaipthe-anchiiestbre éach Signaling
e oo S e e 0 T s
wherdiestingKlietics Septel™ boards, or DK boards 302, each of which has four El
interfaces. Each board 302 processes SS7 messages up to MTP 2/3. Higher level
messages are distributed to two pools of User Part Application Instances 304. One pool
306 (called MAP server) is for processing SCCP messages. The other pool 304 (called
ISUP server) 1s for processing ISUP loopback messages.
A watchdog process 308 oversees the states of each of the application instances
304 and 306. Whenever an application instance is stopped for any reason, the watch dog
308 kills the instance and starts a new one. If all instances of a particular application
protocol étop for any reason, the watch dog 308 kills the SS7 stack on each DK board
302 first before it kills all instances of any application protocol. The watch dog 308 then
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is done by the HPMN. Wherever appropriate in the course of describing

various technical details, a preferred location for the Signal Gateway 100

is indicated. ARCHITECTURE: Basic Network Architecture An

erfitsodavient Sfeaspetivorkiaietirecttiel 200furisappio it eoM IS aR/Eaing the

S rgluding & Signaling Gateway 100, is shown in Figure 2. As shown in
Figure 2, a Signaling Gateway 100 connects to GMSC-H for Signaling

with Voidd &gt R0t trres ol sesigerh armgee 3 AIseed inedrnory on the
the; RV thrpughadeaseddingdhatys apio\igediRy ant$GyJdisdeasagorary, or

line 1s used to carry SS7 signaling as well as voice traffic for Multiple
MEHSER SIHEERBER 3 The Signaling Gateway is also responsible for 10

generating GalaptaikReserds (CHRshiha arenusen togealledspEBidhot shown).
billing of calls and SMS messa r Multiple MSISDN,.subscribers.
DB e s ot A S LS e OB T 14 Mfgtude an
mighPneadite atsinge Wikgavienderfandion an dSEHomeduideteaSHows operators
converter. The leased line is,used %o rongé?bcalls- nd the%r astsociated

ISOBGRANAT R BN A" P 1S e tWash FERIN'BRE HPMN.

h - SQy z. ' | | PAI, C e - sien
e s S R e L

only in the HPMN, and need not be_installed at FPMN or any other =~
VPMN. HerigenhdatighHlingCatensst idfidds minfiither Jpetaatasioddgure 4.

o {fae: RREMNL 2QARGHITEGTMRE: Signaling atewaydlMersdlory before they are
Architecture In one embodiment, as illustrated in Figure 3, the Signaling . . .
g%fﬁwélablhty,

GHIRURSY B0GEonEIElE oF i BrtHIRESig HhlifRP GRRRHTE h dife
caopfigriationseqeh SignalisgpratenaydstiapienrmtedBroasSuRides in a separate
SolarisTM platform, Each Signaling Gateway hosts up to four

DB%B’R%%%& é@ﬁ’[élﬁ’ Igﬁ%t@ilﬁ%%,gg?%ﬁyﬁ‘oards 302, each of which has four

El 25 intdffaceswibacibbar:302:procestesfGSy figsdage Saptadebase (e.g.,
2/3. Higher level messages are distributed to two pools of User Part .
A A S T R PRR g T o cache wien
processingrS CCRemessayesitT fretbthBiepdol S04t¢raiiethd SUPaservbaycid memory
fogooﬁ%cgl iﬁgl%%é%‘l,ga?pback messages. A watchdog process 308

oversees the states of éach of the application instances 30 304 and 306.

Whenevétbivapplicato nsticsi iiaiap pedropaipresssmeteygateperator viaa

dag.308killz thernstance aRd RS aew ergittabnatanee $efilles an HPMN
particular application protocol stop forﬁ’ri%/ reason, the watch dog 308 kills

thdSEPEHE e BacA DN Bo SO Fidt rardratt KiRNINASRHcE gpmber. The

anyepplicationprotogeb Hordvateh €apB0e8. thamviS&Kibst Festaftsidecall flag is to

R s .
cgplsqton stances of ol anglcelion EGESls PERIE IS LRI Hec i o

registered in the FPMN network., The MSISDN-F # CF flag enables/disables call-re-
routing to any call forwarding value {e.g. voicemail) when the subscriber is called on the
MSISDN-F but not registered in the FPMN network and not reachable fof any reason
(e.g. ECF or CFU or LCF). In one embodiment, the redirection counter is set to 6 (or the
call diversion indicator (CDI) is set to 0) in the IAM message to disallow call-
forwarding. The MSISDN-F # forward default number flag enables/disables call-re-
routing to an operator controlled default number (e.g. FPMN announcement or customer
care) when the subscriber is called on the MSISDN-F but not registered in the FPMN

network. In all three of these cases, one objective is to provide flexibility to the MIMM
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There are many types of persistent information 310 stored in memory on

the Signaling Gateway 300. The memory also contains many types of
temporary, or 5 transient, information 312. The Signaling Gateway 300
alsindhetesoars SNMK agemzaidDMHE-faousivgwhlso ThelSigtaingases, CEU for

Cofenax 300 alow SGGE GIT oonfigyratin negace 314 and incude an

routing ta A&MP interface 316 Is a web interface that

allows opaerhtdrsntehrosisitng plarsUSTITEFDENt e thsraPBefele directly route
mt‘ﬁ@f&@ %Qﬁ%éﬂ%ﬁﬂ@c&ﬂ@ﬁ@#ﬁﬁﬁ&% Bemionaling Gatgwawintetnals cause

Architecture: Persistent and Transient Data Persistent data 310 and

trihesteltelaear Buoddpeoaiibe HigsatRedMaigire 4. There are many

types of pessistent-sataishion ase ManiainediincrgmpinbeiareNBmMaRbscriber
written to an OracleTM database (DB). In one embqdiment, f

: . r. |
higteeaRlithBifey 18 T Bah TRy SR PEH: §148 %ﬁ@ﬂﬁ&ﬁ@é}ﬂ%&’deg a VMSC,
Osagted Mh B Brhastesiten i a separaidimnhysicad)abx: franrctiie Gigradingboth the
Gateways. The memory further acts a ache for, a Sjgnalin ew :
ey AR TOBH PR, At ety Ay during
haveahaihefHevekoflaaeheculhichodmstsnéoeopiiof 4¢ mewiosyidadssipthent of a
Sigpaling Gateway and acts as are 0 to,the Signali .

ES Sl AT Wl
ard@psrattiaitiorasinielndd terfheenomsiyra prodiel xdscThe Subsebdpracle™ DB
Data 402 inclydes an HPMN - Jmber,.an [iMSI-H, an IMSI-F,

ar%é1 grnlfl %%%%?W%%géﬁgn%ﬁé%?%ﬁ 1§L‘?égsc{)rrilt')er_Data\ 402 also

includes Beverahfingdommins | $BNsFepfodavacsalpaagtistte omeellation from the

engble/ gm@@rf%ufﬁ?érﬁﬂgimc%i%@ the s ibemis icalledthesent to a roamer
MSISDN-F but is not reglstered in the FPMN network. The MSISDN-F #

cinflageinmhisinsdbiedlTes rsutig {6 srgraas foriRg vahserfey roaming

vaicemail) when thesubseribgssis called on the MSISDN-F but not
registered in the FPMN network and not reachable for any reason

. ' _ (e.g. .
ECF or CRURIE)Rftfiche Bibdtimiaitathe fatinsttioh caURMBII get 55 1ne
6 (eHether el diversismsDicatamiEd Hascsetdo QeingtadAMrovessaged on the
to.disallow, call- é%ﬁg@%ﬁhe MSIS% N-Ft# 2 %%%a%ﬂlcir@é‘ %rsfiln mation
enai5TELsaiEh MaC it 8% ep%efgé S CBhtrofied etadit number
(eignfaRMiNedrinomn cEMER bpetstoimervehie)anhencthecsebporisdmiss.
called on,t SDN-F.but not re i;tere%inmﬁ FF% Pnl%%féggékl'a A inctud;
three of %gaéﬁ\{é?gg%%n%%otg)}j%éétﬁ%gfsa%spro%ide flexi |:‘qy to the MIM%/I %C Heme
subsertitng )scoas 1o Vet PdhihguidDibedl-doatngxnisoririmiinfdiagee memory
Cazes Q:'I:elé{r (arag\/ls%l%Da'gl' c's'fﬁdfg‘?glgaqe‘ﬁﬂﬁgr?eﬁy ?ﬁé&elyﬁﬁg Q 1$e%8L indicate
AN FTN-NO-C ange ﬁag allows a subscriber to have the option to directly
rowfeen a current call context has been established or forwarded. This flag is used to
control whether a second call to a subscriber registered in the FPMN network will go
straight into forwarding mode or not. There are no simultaneous call contexts for a
subscriber registered at the FPMN.
The HPMN # pool 412 contains a pool of dedicated HPMN numbers used by the
Signal gateway function to ensure GMSC-H will loopback the call through the Signaling
Gateway when the subscriber is registered in FPMN but called by the MSISDN-H
number. It also contains the mapping of a dedicated HPMN number to the current

assigned MSRN-F number obtained by the Signaling Gateway from VLR-F to establish
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the late call forwarding call to the FTN without being replaced by a virtual

FTN to cause 5 the call to be routed through the Signaling Gateway.

Roamer information 404 for a subscriber is created when the MIMM
stiescalberhsiodessidl e registersalith &IERNHN nednibeklcRed ey through GMSC-
information 404 includes a VMSC, a VLR and other information (e.g.
forwarding values) that are collected from both the VLR during

updateL Beatidvand teHlRe@igitdmaieandGRRS iedojRIMNNguiders assigned

i“&?{@‘é@g‘&ﬂ%ﬁ{% AR RRIIEUIAG FeaMer [rmatiop(d %ﬂ%‘é%&ﬂlﬁ over the

asSignment of'a FTN-F pool # to each conditionally forwarded FTN value.

Thessdamier infdmviiontdarhichowil iHigallpepanskailsddpliHbBrmemdhy Signaling
apglierdiskhefare itissaBkio:an Riesle M HBiNeRe, EMRediMent)8M¥ins the

after a successful registration. The roamer information 404 is removed

upBRIEER EafeslicalRETIRNON HHErhahE s FHTiRseRet YheRdrenmbsg obtained
cayriad outh A copyehtieripiRimation is-senpkieaipameslinformation

history DB 406. This is used to examine the M|MM subscriber roaming .
behavior 6t& 1rraoshing ForpERelem® stk eabictihg OB W et iteged by
thaasiwarlgiafean atitsalaiingctadiidathier foalardmiheMStS RINIBVIM subscriber
number s can be imally routed based on the 20 interrogating ..
e G S AR SV B e 1o e
infovigatidnwisdnaitifaihed loyrthe HRNM bhbpbratgh e Sigellintaifacer when the
stored procedures. A.Call C¢ DB 410 maintai Yt 3
T e LT EN s amber
context @mgm%@d»nltﬂémcﬂw B i Qréérébﬁa@s@bnrasla eath¢sdedicated
reisrerdiaheded haree 230 p 10 o8 18 IdiRAIRA3MALR AN EBbors ooN

call context has been established or forwarded. This flag is used to
cerpediifhether a second call to a subscriber registered in the FPMN

network-will @prsHAlI dnichierwardingimods RLhok HRGIEREIIP calls that have
simultaneous call contexts for a subscriber registered at the FPMN. The

HEKILRP PR St el 8 ntind 8 b8ioT e diEite P RPHMSRGAIEL ReGESIcHY @ CDR

thec3Q Sianalgatpwayitenctiartocasarars MaC di pithdeppRack dhatcallstination
through the Si nalin? Gateway when the subscriber is re istereg in
R Eﬁﬁ% for the

FEMR B Ay TRe RASTEDRAN RTS8, MRS 45 L BHRATRS Hht

oka dedicatechiPMN number to the current assigned MSR!-F number

o S Py IO 0 R A s

Gingeg-F tHhei &R Gpovhd Tdncontawisitthe podihgf (EdicatedsE@P MM the TCAP

ST SR, e LA B B B (e o

thédelodpback thahsallithrotgiithe Signating The Signaling Gateway function can
distinguish transactions initiated by the calling GT using the calling GT and its
associated originating transaction identifier. However this transaction cannot be relayed
to the called GT side since the. Signaling Gateway function (with a single GT that does
not correspond to any calling GT) cannot determine the corresponding original calling
GT from the response from the called GT to relay back the response. The Signaling
Gateway to creates a new unique transaction with the calied side and relates this
transaction with the transaction generated from the calling side. Note that the transaction

ID (identification) of the destination or origination need only be unique for the Signaling

Gateway function.
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Gateway when the subscriber is called by the MSISDN-F number. It also
contains the mapping of a dedicated FPMN number to the current

assigned MSRN number obtained by the Signaling Gateway from
HLR/VLRePgpcestatiish the caligth8 TR #poerdn 6adlbreaing frrnpde aritiating

g Sé@é?a}SQ FRNINgumbers assignedday, 19ihe Sigrakoatenay ungionlien side.

onditionally forwarding value for a MIMM subscriber in the FPMN to
eﬁém@“qrﬁeﬂpatgmwaﬁye%)daﬁmmao@ radestenderstAdagisabipming fepending on

GIMS Gl vhighi ik thendoerbrek the calldrpughipie SigRaingGateway same
when the subscriber is registered in the FPMN and, called by the

< 1 Dy the,

MSRSESNOR/ PSSR entiBEr e ES MR Pl PR RE L 1Ry o s T that
416-Raposhars thesamentiedigaindadsn P MiNaiaabens. The FTN # pool

416 can _be eliminated if the FPMN supports OCN ca %I{E!tfy Tllgge .CI?/F%G GT 1
data 420 2Rt E CAIRIRRICHEESTIE fo %Yletﬁéef%é)gl h S Ave ©
beendgopeddheaughfRignalingGatemay. i@therdkiafdhe, siangaed flows, shown
parameters, a CDR record will contain,.which YMSC/GMSC th .
R Ft et B 20 R b LI RIS i ST e vares
whabptiog typalandmiomerdias bbeivessdd fomtheesebaipust tihe calgifHenetwork

Uansasionmacking:* 4B omennihe MARRI0gAl e TAR fensagtional

diaFog of the ignal ateway ng GT on one side

ang e F AR Aransactionaldialng, o ihe 2 Ignaling: Hatewam funaHenwitly,

the called GT on the other 25 side. This is further illustrated in Figure 5. .
The SighdiifigtativapRmtshteibaistaytion Faege bR iRt fedpy T MN is
thigspRIRAGTiINGING Hnescallisgpliandiiswassobiaiedoniginatinghysical Signaling
transaction identifier. However this transacti annot be rel to th Yo
caﬁf@a"@sﬁgﬁa80%%%%&05%9931#35@&%%%3&9%% iﬁ?@?ﬁ%“f‘:ﬁnﬁ ISUP
darsialing ConesponditeeanyaitingGi) A digetecninenthieg (only ISUP signals
correspondi riginal calling 30 from the response from the callec Ty
oG DA R R P S o e e e A TR0 10
uhigpuigetiSiSactibnfwvithilive: catled $icteranldl Télstesoidis vaiansaoliopsiith havled all
the transaction genetated f h j id a%o%ﬁh?agl?t@i? iQ)-v d
IDﬁlﬁd‘g% f?:g%%r%%ﬁ@é (?éas{%%o%%?%gr%%%%n né:‘ed oajly b)é un?é%géglormmn_e
thenSigrsaling. Gateway function. 19 However if there is a unique SG GT

for eachgallindsGT from,thepiliahog. eperaiinRafdhe HANSSLHONLINR of GT and

transaction can then be relayed across the called side. Therefore the .
tréRSactieas iDSisapisgGetanaE istGeH SIS S 1BGiICHRRRADIHY. Telsentifly GIFCY) 1s

thg,aghéal Iplementatiaewhricadthadhysiealudapring Mght nvalva ). Each
same 5 transaction ID?ésince the callintggGT could be made unique with

U alvodRa ceet e dpHRau NG GAaRY &ty Of baRfation GrRECUVeLY:

transactipry. Signal gateways are connected to two GMSCs of the HPMN in a cross-
connect manner. However due to the cost of ISUP loopback circuits, one GMSC may
also be used. Fach GMSC will have two links to each Signaling Gateway. There are six
different linksets created, linksets 602, 604, 606, 608, 610, and 612 as shown. A linkset
contains links that share the adjacent signal point code. Since the two Signaling
Gateways also have a common SPC (SPC0), the GMSCI1-SPCO can have a 4-link linkset
across two gateways, resulting in greater fail-over support. Each GMSC also has a two-

link linkset with each Signaling Gateway’s unique SPC (SPC1, SPC2) respectively. A
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To make the description clearer, we have used a different logical SG GT

to correspond to each different network element in the call flows, or signal
flows, shown herein to represent a signal gateway global title. The actual
phiykica SGHGPatsdveitebar0oaedoveivightactna erplesieaap s ehaiedeth MAP
'taﬁﬁrlﬁ‘f?@igﬁai the ori_ginal netvvork eleme_nts. For example,

SG-VMSC might be physically just the VMSC itseff. ARCHITECTURE: )
Signaling GARREE IRfSrAISARARE L GRTIDERIRIE FPTBP doBigmee diatdgechicve
ong empodiment of the.Rignaing Catewasdunstion i theNtPMNI St be mapped

implemented in two physical Signaling Gateways. Each of the two .
pHYSICAINSTgRAIRHGY 178 b Wale disnEcafto A BIst - Hedgryg dishe SCCP
linksfienhath 95 apiveihasd SR sighatingic@ns epbodimrent iP4les then one
using ISUP loop-b signaling (only ISUP signals are sent to the )
RN A o S R R
handie Iakikvealls fopdutivlg ansheffcorical; This eabidBMRICE truniks way that the
being hauled all the way.tq.the Signaling.Gateway,.and use spar
oGy e o o G e A Tt S SRS e amane
il v ation the onendyiredimeny GFCCh ktonfiGuretibntbf@TS&sdmBPChe traversed

Each. Sigpalin ite Is.assigned; two . Si i odes.One: . Gatewa
) e (o Gaevays.

(ShetandisPERy. Eactoapintelayebtvalds desigied @gisirrguibiang gateway goes
G&Qﬂl%ﬁ@ﬂ&%@f‘%&@&@?ﬁ?%@é’sﬁ -S%&EHQE@Q%Q@&%@H ;EISC, the real

connected to two GMSCs of the HPMN in a cross- connect manner.
HEWBvEidaketevire cersthorshuliee B poRHER BRSO SRS Hiay also

be usedpEagh B ¥afbyill Kaveiuoinks:1RiBRCIR RIGHARAHEAHRWAISC to a non-
There are six different linksets created, linksets 602, 604, 606, 608, 610, .
aiF el SReHeviods ks oBTEINS ke R A IR Ar s dja cHRP ighagpial fail-
p@{?@r(,C@Qﬁ- @)11@9@ Uwﬁgf@éigﬁ@ungrﬁeﬁﬁ@m@y@f&?ts%hpma @i OThe primary
SPC (SPCO), the GMSCI-SPCO can haye a 4-link linkset _acrass t
gé"t‘é’%v&?}s?%gﬁgﬁ"lg%%Tgelﬁté]?efacfﬁ%\}jéfeg ﬁp%%lﬁ%%(#]em%%?s% g’l\gﬁgﬁgway' The
twedeelinkdinkisefnidtth e ach Gigraling Gatewiay’ gaioigyer BRE (BRCIMSPC?2)
respectively. A 20 link can participate n mare than one linkset.. E X
omaing TR a0 e BRI ot T B SE P B3R toopiack,
ndwoibrosgigonnens eonfigoratiendigishown in Figure 7. To achieve an

activelaciye,onchRpIaRcing Made,Man eReaee sPHER0MNG i G@kions work

still be mapped 5 into either gateway via SCCP translation at eac

GMSC e aibliieved 18 S CBsnmgUrativicdsds ronymbsoriivesgerent pools
mode, such.as (A etiyerActiyalUnasaivE. theh Rt cannatcanfigusaied Tdup. The

fall back on the real HLIg when the gateway function goes down.

HWRArowiRejaBlIRtG Erifrgtite aecs HEfarah RV BvisEeiRl EURITE Fdy o reach

thatthedirecicepnnsctad.aateway is the Active SCCP entity, while the
real HLR for the MIMM

ARCHITECTURE: Signaling Gateway Internal Architecture: SCCP Addressing, ISUP
Trunk Routing and Transformation Capabilities

One of the functions of the Signaling Gateway is performing Signaling
Connection and Conﬁol Part (SCCP). (SCCP is an SS7 protocol that provides additional
functions to the Message Transfer Part (MTP). It typically supports Transaction
Capabilities Application Part (TCAP)). An embodiment of a routing configuration
inciuding multiple ISC SCCP gateways is iliustrated in Figure 8. The Signaling Gateway
uses SCCP Global Title based routing to route/re-route messages through the GMSC to
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10 MGTs is the standby/secondary SCCP entity. Since both GMSCs

might be traversed evenly, this effectively achieves the load-balance

between the Signaling Gateways. However this does not completely

sohécthie mMquéTtbﬁngm@y@ms am\mAandeﬁseges (MAP v1, v2
M MAP messa E%RI] rect ted GMSC r

e S P B & L B R R stomea
155 oed8iE I@mpmamteéngfmhﬁdmsls)paﬁlksl[eetmﬁ@dmmfmmm @W86&dnbed in
a ﬂ(a%%%%g%%gﬁg%%g Irﬁo&;{g Via the other GMSC using MTP3 routing. To

support partia over, each GMSC configures two alternate linksets for

its Ioopb%ﬂldﬁﬁqyﬁlscem@ermiiyﬂnﬁ@é‘i@oHeladhedﬂ’S@uglﬂ@eC@m@gures its GTT
ditggtlyrannsated iR Hignalng Catawan JOer altermialinksetizibeirough the
one connected to the other gateway via the other GMSC. 20 The
crosB B fere venfigiFan for MAP is recommended. For ISUP
loopbacks ; hethseestigurationsans etommeand et YWhemstherH Jﬁﬁe MIMM

more than two GMSCs, all the above configurations work well, T

adHRTGRBFE HhaicoRTEsRfAIAd do bttt IS YnSRuRERE i g Oateway.
p%d%fh@ﬁlgmm categayHwiction o Hﬂt@gf&M@&Mé@C@em@'&nth IMSI-F on a
cross t set-up. The 25 MTP3 routing table and G a
OIS drea 8 AGRTEd W AR R iy AT Aty || Fenslon
fumtIIMSIORGHFFE@'ﬂt&REmSTgmaIHTQCG@E@@y dfitéynal AighiteciuCetteways. This
{Q dldres%mgéISUP Té ut %(?rgd Tran%fomaat%orfél e[?abl%%%o‘% .

One of the furictions ¢f't |gna g ateway is performing Signalin
CeuntaeetionValmh (Beihtﬂjg%\mgm@ﬁfﬁy@mﬁ foen, S8Mdigcalthaiber is simply

pr%\é\ﬂf%a %dé:l%g%l Sm%%nls to the Message Transfer Part (MTP). It
typically supports Transaction Capabilities Application Part (TCAP)). An

embodiméht ohesveasing comffigahdfidnHimd] tesny itipd I8 geomted as normal
gHRWAYS I Iustinied R Fouie 8 JMS‘? Fignaling.Gateway auéé%éﬁcﬁat is, they

Global Title based routing to route/re-route messages through the G

tocB SRR 58T 8N O APt @#%iewm)\ﬁ%twp HPM’\? as a
MessaaesUMARM V2 viithhasdacurnepteshin&iphie®M QORRIGMSC-F is

decoded and certain fields transformed (as required on a case-by-case
baERyrerha S pdicitic ahsfbrmations are described in individual scenarios

later in thi doasMman mWith selarentesteMgiie & theNgMSONSnthee routed as

HPMN also confi fun tlo MAP essa s on global
R I e B e R SRRy These
thev S E skhyiduting Mr&{fréoreéaohlﬁ -PPA ™ (ﬁéFairbr}an@mﬁfatheulvuMMthe FPMN

SUDSRIRSS rlp SHY r‘%?@%lr#flﬁ LR r"é’%g%@ o%]ﬁr/%)l bthe thsegs"ba““i%g Gateway

Gateway. owever outing on subsc
regxgsecmgf@m‘h%/]@at:m Bhie Signaling Gateway translates the IMSI-F to IMSI-H and

- forwards the message onto the real HLR. On response from the HLR, the Signaling

Gateway also translates the MSISDN-H to MSISDN-F.

The Signaling Gateway therefore essentially act as a proxy to the real-network
elements in dealing with interactions between the HPMN network elements and the
VPMN network elements. However because the HPMN HILR may perform different
procedures (e.g. SS such as call barring and ODB services in VLR update, subscriber SS
registration etc) based on a MIMM subscriber’s network location, the Signaling Gateway

has two types of GTs. One type is the HPMN GT, which is what the FPMN VLR will
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network will need to go through the Signaling Gateway. The SPC of the
GTT translation on IMSI-F will be the common SPC (SPCO) of both
Signaling Gateways. This effectively achieves an active/active

lolebivalBimcineatchéail-Ower RMPPOIt adrobsis gutenthy SIRAVRGATBBttvill know when
i@gg@g&tﬁ?ﬁ%%?%%%%%ﬁ%@a{%{\é'WMﬁPbSC“bef is simply 15

o0 a normal subscriber. MAP messages on CdPA=MGT-H of the

MIMM INfShaseats rosltideds Adih a1 vehesss sgels Senalnng G atsarae igiivhge its own

IMRLHISHASROHONRIISErR BRMVPHRITNSL iSe 1HEYeRRE 9P 4R HEIRNSNGpend on
ISC providers an_d _get routed in a normal way to the HPMN as a roamin

] | g,
sudsehgetmsy binONTErR. R SPABhPEaRtiGuPstis? GRIEBRGN GT might be

GM&GsE dss %Qallﬁs:ﬁi@%\i@‘y GoPANGERHsHeMvareh MAR HRssa8es @Rl regard
CdPA=MGT-F of the MIMM IMSI-F are routed as normal messages to the
FOMREHREGR SN theilaarEsSsed to register a network. These

AT L ey ——
g %ﬁﬁﬁgﬁg&% @Hﬁ&ﬁhﬁr;gl&eébzgmgé;dg%ﬂitgm&GTs by t;;
e SRR LA LR B R e v
ST A A

30 VPMN network elements. However because the HPMN HLR may
peffoiradifferant Glodeoanssifas r$88ikch as call barring and ODB

services i VR Rdatesultsgilel.RR CQIFHAlPR eI basemonaMIMM if it is

subscriber's network location, the Signaling Gatewa%ﬁ has two types of
G eorrsleddomane Pk arainidicTe WhanEE Ep iR KPRNpipeet GT for the

knnwhaTing atardyRens tediRM S Ihighig what the HPMN HLR will
know when the MIMM subscriber is re%stered at a the FPMN. If thfre are

multiple EPMRRPHY IR BB5E Shialiflg GHEIFE) Wil PR FEBwfse support a
caisespending oPNMMWIG TrongadT FRMMN: IfFihedp igdilies @dbedl Rnction per
o] nd on 5 whether the subscriber is outside the HPMN .
R T hne ST BB Sy ot Sag R VLR, it wil
FRMMNatass|dirg/as (e thhReprasedudeswila PN sucheaihRsdIGK. aghen the
a pamijng GT. If the. HLR procedure nfi

o e B R e O DR SIS T o e
foVERNINY, 36 806igrialihis GateweyHPIIN hE-RRMNIGTEofheSiggidlmgeedure to

Gérgag)g(ﬂyﬁfﬁ‘éﬁ simRhpiageided asdaaming GIshvthe HhLR.paeeduEerpMN GT
configuration. As a result, for a Sighaling Gateway, its FPNLN GT will be

thessegine@ s HPMBN TS Karexarnphs, fMEppBishafiBialtréatimgoresponding
HlS?gﬁ%ﬁng Gateway.

When the subscriber registers with a FPMN network, the MSISDN-F will be used
as the calling party in delivering MO-SMS. If the message is intended for a non-FPMN
country destination, the sending number is modified to MSISDN-H. A special SMSC
address (SMSC-S-H) is used when the IMSI-F is used for registration. The GMSC-H
GTT ftranslates the SMSC-S-H to the SPCO of the Signaling Gateway. The Signaling
Gateway determines if it needs to change the sending number MSISDN-F to MSISDN-
H.
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configured to indicate which address is a roaming GT. The SG GT can be
configured as if it is a roaming GT doing national roaming. 15
Alternatively, if the HPMN network wants to regard a FPMN network as if
itis an Exteaded hWomehndibBrt] thheri aydiR HEYENESHO heED . fOMRemessages will
F Mi%lrw%%e%f GTRLIG, %}%ﬂﬂﬂgmﬁa& %ﬂe@f%@ﬂ%ﬂéﬁhﬁg RMMM subscriber
network. To support the general case, the architecture and system also
supgporta atanfi§ividtichetd emable FiigNaG Taumstsaiop e Sigkalitpwing three
G&}&%@y fraction per 20 FPMN. In this case, when the Signaling Gateway
function imitates a FPDMMN VLR, it will present its FPMN GT that
correspdndsgaatiite FRaeyan HBMISMI He R WINEN thE-15ifaliy>C and SGSN
Gateway fupgtignimmitates a HPMN HLR, it will present its HPMN GT to

the VLR-F or SGSI\i-F. In this way, the HPNIN HLR can then decide the )
right protedifeatieafioly "WhéeR MR IKPMR ALK PEShSHAS 5?%}{%%(@ gnd SGSN

dialog with thedRMN:GHRE assogiatephmitisaiSigoaling Batewayisie the FPMN

GMSC must route it to the coyr ndi ignaling Gateway. Whe :
subscriber ggi&e@%w&iﬁl&ﬁme@g‘?ﬁ%%gﬁ@ ! eﬁiﬁybégﬁsee ReGT for
the calling pavig @ristefiveridg i OPSMSGIf fhe Vildssage idsntendgdifed & be in the

non-FPMN country.destination, the sending.number, is modified to
MSISDN-H.S%nseﬁéﬂg% gﬁ@&%%&r@s‘% %@@%%ﬁr;igﬁsed when the

IMSI-F i8.us&cbfaheegidiGtiornd RE BB @HpGSET translatad e the HPMN HLR
SMSC-S-H tg the SPCQ of the Signaling Gateway. The Signaling

Gateway d&é‘ér%?rﬁgg’ifcﬁaﬁgéds to change the sending number MSISDN-F

to MSISBiNceHhe 3Nfoweont, tvuh S ISENIRar psesiviesed at the Signaling Gateway
SRI-3MMSIRPNH) s eesspass il ipefosvacdaddeivhrreretieside, and

HLR-H indicates; then'when the MIMM subscriber registers at a FPMN,
theosighaftios cmERM ek sl Hrie BewrssofeRiReAirsE 8ptions. 5

1. Signating-GatewaystRMN GIyioia BN R QMM EC apd-SGEN or IMSI-
imitations; 2. Signaling Gateway FPMN GT to a HPMN HLR for VMSC
an M EESR 2R ﬁ%%@%%ﬁw%fﬁ&ﬁé@%ﬁ%ﬁ EEVINSEH® R configured to

translatethe wRM r&ak IMEDRAion e HRMNGTOHMTEBRIIAIMGTT function on

Gateway; the N for C/SGSN and.the FPMN G’

AT S NV 5 G NS ERES A e ERRL S FMGTE

ChinathMahieliag 8iaaTof thecldd S hmand B SNFaartdqpasBadiicld with Routing

transparentl e HLR without.any.change S}

RIS NI 76 ST o thg S s pEa aastiStED sevay
The rest of the SCCP routing is supported by the ISC in the normal way.

In another way, GMSC-F/STP-F simply configures its GTT function on each
MSISDN-F and MGT-F range to set its next SCCP node to the SPC of the ISC SCCP
gateway on the FPMN side. The ISC SCCP gateway has two SPCs. One conforms 1o the
24bit SPC format of the FPMN side; while the other conforms to the 14-bit SPC format
of the TTU-T international standard. In general, both networks use ITU-T format. For
generality, we assume they use different formats. The ISC configures this SCCP gateway
to route the MAP messages on CAPA=MSISDN-F/MGT-F to the ISC SCCP gateway
that corresponds to the HPMN network. The ISC SCCP gateway also has two SPCs. One
conforms to the 14-bit SPC format of the HPMN side; while the other conforms to the
14-bit SPC format of the ITU-T international standard. This gateway configures its GTT
to route the MAP messages on MSISDN-F/MGT-F to the GMSC-H. All routing is done

24



15 on the HPMN side, special SCCP routing is constructed from the |
FPMN side, and possibly from the HPMN side, also (e.g. in the case of
optimal routing). There are at least three ways to route MAP messages on

CurskebpI iAo MVMEN AT MGHY Mste SRS Crileinrsthndnidrpraiation into

exishing d S QR WAR T roste MAB WSS SRISSSOTHOPRS figuration of Figure § at
GMSC-F/STP-F GTT function on 20 each MSISDN-F/ MGT-F (for IMSI-F)

. r%%ﬁranslate the CAPA=MSISDN-F/MGT-F into the Signaling
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Gateway fungtioR{(Gammesled)dad2 ReAhercdRAfiedMAIRIROIINGT-F ranges

Indicator = GT. The GTT,.translation for GTO will be the of ¢

S A R L IR SR SRl B A YR for the
thanavinakwey. To anetiertinayheGiM SCHF/ST RIFBimplyscobéigunes itwid an IDD
GTT fungyi ne 5 MSISDN-F ay GT-F range to set its next i
SCEEEHATS 10 SRS hNSC CEh Baromiy o CEE G ana aase
THe ISGSGRPMaRwapshas two SPEsMHISIBYAFGMAE 6 the 4 BitdBREd leased
format of FRMN side; while-the. oth to the 14-bit.

O o T et Ccald, IS Ol i LB 15 grewors
I TWhilefdhenCRuP Vikate rality ffaeragdugrimdheynlist diffeidheforpiatgnyaigions, the

IS¢ eRpfigures this K6 CH aaleway 0o radls fie MAP messages on
CdPA=MSISDN-F/MGT-F to the ISC SCCP gateway that corresponds to

the HPMIPHEENo R Mt fsereer Fattthay sk FISRydaBIo¢s reall calls on
confonnsdo-thelde pitaR Gfompat et b sRMNsdehilethe.Ries: the MIMM

conforms to the 14-bit SPC format of the ITU-T international standard.

T RSV RN SR SRS TGS Al THER ABSn d bissis dlYsfated in Figure 9.

MEISRN-EME Tohite the GMB Gkl feutiRg S-Hone 24 on global title of
MSISDN-F and MGT-F range. GMSC-H does the final translation into a

roUROFINECAIRE ofi SROIS SN assHawmdh fhehdbove: GSETveenfigla dlipabilities

of Fig““&g@%ﬁ%ﬁg @;X}%Eiﬁ%oﬁ}grr‘g%{@ %V%égé}%”% RoMGSRAVERLs and

on MSI : -Franges 5 over the dedicated leased line used to o
rovidalld benivesd GIEC-Eand ENSG-Hised tHer MIIVPSEicetifg  providing

p%ﬂyéGsr}s?ﬁﬁﬁacw1@gimI@@Ml@{%ﬁt&*@é%@%@%@ﬂ% aypidhan-iRi chards MmiM
HPMN and FPMN set up a dedicated leased line between GMSC-F and

GMBEr-By routing MAP messages on CdPA=MSISDN-F/MGT-F on the

dedicategyeasgghiiinectiedP MiNaR avaid-contioniag & Tkehangasdiding the
the existing ISC gateways. 10 While the ISC providers can offer routing
aﬁ%‘f?umi%‘%}% iisnare <ad e AVardfsS the HPMN also gets an SS7

co ] Ig.leased line. Similar] ISC-F configures its | R
i e BT S SRR e
enoted by

numbers ( J'#h §(fSDN-F) allocated for the MIMM service _
towards An ISOtEmeicb(Hedlidadderlexdstint oar TaF iy istmbstiatéel fpyminate and

Figéi{grzge ﬂsﬁﬁhﬁé&%@fﬁ%&kl}?ﬁ m%S@%EJQW@{&Sﬂ&%%%ﬁs-back voice
ports at the GMSC by controlling circuit allocations at the GMSC.

As illustrated in Figure 10, ISUP loopback circuits are constructed at GMSC-H
by configuring two E1 ports as loopback circuits. For example, in one embodiment, the
1-30 range of circuit [Ds of the first E1 is mapped to the 33-62 range of circuit IDs of the
second E1. That is, the voice path coming in on circuit ID 1 will go to circuit 33 and vice
versa; the voice path coming in on circuit ID 2 will go to circuit 34 and vice versa; and

S0 0On.
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ARCHITECTURE: Signaling Gateway Internal Architecture: Service Node
Capabilities Service Node Capabilities are required to generate CDR for
voice calls and Mobile Terminated SMS. This CDR is used for

approprigitsleatingoiro vitircprdissoanthesnass, hilimg didrseit shasifmaleng path is
bgieen:tie HRMMNERMN anghing MMM SLRSAibv el Passignaliigugh the

Gateway supports at least two types of interfaces, including the 1SUP
|copbaEleirsereE fEKéehe IN interface. ARCHITECTURE: Signaling

Gatewayy|pternali Architesidte: AemniceNasleapabiitiegiatRidPin addition to the

Loopback Interface 25 As mentioned before, the Signaling Gateway has

el SoRmF e teririmaE s dopEerARoPsens sifnaliniHbhelREV igasiber is
nefifrave, VRiCce PS8 ¢ IOARSIBAGKk MAIge: PPKINaidhes M&BE hy subscriber is in

controlling circuit allocations at the GMSC. As illusfrated in Figyre 1Q, .. ..
S50 AN AL VAL AR 6 <ot Bt SECSRFSCIL By, BOHHGRIG i Sinaing
poks-as;laophrckclieitaibo exafmple, gn-@teierGhodimet, the n30ohaBrefix is
range of circuit LDs.of the first E| is ped to the 33-62 range of circuit _
DR BelD E PR 5, T e g G e r s < o
gibloPciropit-3R anldk widk alersa; threughicecpatheddmingfiadiy CirauietDiRinibssible
g%t%g ' Ceu%%c%ngez\/ IGE s all f&r?cﬁ@n %goww&,tﬂ%sv Pégmgﬁe@r?o perform
looped &tween the two £l ports, the signaling path is constructed at

G sustior otfre Sogtaioberionadeceitheslydsog @ashbdubit thrsnplications.

Signaling Gateway: fupction The Slgnahing Caigwan £ARAISA MRSt ough the

calling parameter in addition to the 5 called parameter in some cases for
| SOESdp btk BanalivghinthseSianvimsiBscibie factieneopiasdhrough loopback

subseriber s, faRM N rumiet;is:the R M FouN M eMiBeRHPSEHREEIS 4 pools
the HPMN/VPMN network, the A party number will be modified by the

SRYBIRE B UR R R8T SIS CPBBCIn it Pt M3
thg_ national prefix is stripped (e.g. 0 in China). This allows the called

party to easily call back. Since all the 10 ISUP loopback calls will also go
thr@agi Iide IR Ed Sigeadhgritaay aalrieryitlis possiite c tédovithNSC Capabilities:
carriéitbupefform this function. However, it is recommended to perform

this funcfion,in the Jigopling;Gatewmn AR corts aRdRRSHIYe 1RG ace. An N

complications. Loopback circuits doubfe the circuits used in setting up a
canttodpe danougivthdeamiscianahiSighdraghwektiinsighallngrGatesmalpes not
function, Rertng-throuah. joaphack,ta:cirguits shaulekbe: caretullycAltarad support

The different ranges of numbers from_different pools of the Signalin

=en ing
GRlewAjFhuHCREAPaRe bR ifiFed I8 ElEBID AP Lta!s tHevdijiser ppable to

deploy an IN solution due to possible feature interactions and switch vendor
involvement.

Throughout the document, we will use ISUP loopback as the basis of the
description, since it is probably the most common operator switch. The operator should
be aware of the IN option which is a far more scalable solution than the ISUP loopback
option. For this reason, we briefly describe the IN interface here with reference to Figure
1t

The IN architecture involves defining triggers at the GMSC. These triggers could
be on special prefixed numbers and could even be dynamically armed from HLR. When
the trigger criteria are satisfied, GMSC issues INAP InitialDP (IDP) to the Signaling

Gateway. The Signaling Gateway can issue further instructions such as

26
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ARCHITECTURE: Signaling Gateway Internal Architecture: Service Node
Capabilities: IN Interface 20 As mentioned before, the Signaling Gateway
also supports an IN interface. An IN interface can be more desirable than

aRISerBeppbAER M6inR B Bietin TRt ik tobs YatsinciNddtible (i) to a new

trupking, Qicanyveise trunking. However, the switch must support IN,
which is often not the case. Sometimes an operator is also unwilling or

unaiote tordeploy: anci/sal tiaedyaicpossibleifeature Riérattionsiaid
switchvwensiar 2pJavalvement. Throughout the document, we will use

ISUP Io%pagackc as the basis of the %rsﬁ%rlipii%?th ]%i%ci%étfi&%gggﬁgié@% A typical

1er-grade Systems iﬁg\lllrﬁ (2,45
most common operator switch. The operator should be aware o |
optiptirevinihiis mday Rysterschlabldisohuionitidn phistisoHadegbackS7 links, 587

0 ”%E%%s ,Fa?lﬁt@té%a&%%si%"i%ﬁ’ﬁiﬂ%g%? 9{/'9&1@ Qe%iyéltﬂ{éaa%%iﬁe_{g ;Wm'rm hardware

reference to Figure . The IN architecture involves defining triggers

atitide SEISTs Thessedeiggaibeduldy Bembndspatialfprefd@s nifbdss affgiundancy

CQ&&H@%&%Q%M&%&F@%@%&%&M@%@ﬂeﬁ&g\é\,/p@&eieﬁﬁﬁigaee&&akt@ﬁ&@@ow.
satisfied, GMSC issues INAP InitiaiDP (IDP) to the Signaling Gateway.

The Sighanglense By Serp s i HBh SF et BRI atessges of switched
ReguestRenortBCSM (RRB) to report on call events, CONNECT (CON) to

a new number, and CONTINUE (CUE), ARCHITECTURE: qurgli%g[ nals f
Gatewa N HRARCK iRHHERHIRS IRRERIAUAREG A (BeAb SRGBIRY SP Setbigamynals for

Carigngrada-siystemsrequire extremely high levels of network uptime. A

typical requirement in many, systems is,to eliminate single points of failur
i 557 RRSTSSF b A YR P S5 SO oy StRiALE wiih Joad

regpiaifedhe ability to perform hardware and software upgrades without

system ntime. There are also redundanc yirements OfWRIG ith 1oad
applicat?c%\g?n Ath Stora %? bn rgPtgﬁp%li%agile%eggl%é{)ed@eslow%g I?é iad
Relduimgancy in signaling data links (e.g. nominated reserves or switched

connectiﬁgﬁhg%%ggﬂgg X}f'ggs[gggﬁlgng terminal devices (e.g. a common
I .

pool of termina r the same S|_gna1ing point); Redundancy of signaling
links witfRadanifeaet(Bpleatyspérating with load 15 sharing);

Rgdundmﬁaﬂw@ig&%@%@fcmiggﬂﬁgion (possibly operating
with load sharing); Redundancy in signaling boards;

Redundancy in data storage;

Redundancy in LAN connection; and

Redundancy in watch dogs.

One solution as adopted by HLR/MSC, sometimes referred to as the switch
design, is to build all the above redundancy requirements within the single chassis
completely for the Signaling Gateway function. One advantage of this approach is that a
single global title and SPC can be assigned to the Signaling Gateway. There is no need to
replicate data across gateways since TCAP transactions always return to the same node.
There is also no need to replicate ISUP loopback context and call context. To avoid
memory, disk failure and chassis damage, industry grade hardware components should
be used.

While such a design might be recommended for core telecommunications

services such as voice call and SMS, the design could be overkili for the MIMM service.
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Redundancy in power supplies; 20 Redundancy in software application
instances; Redundancy in data storage; Redundancy in LAN connection;

and Redundancy in watch dogs. One solution as adopted by HLRIJMSC,
soefiiles ridifed BAS e AR IEh T dIsin Yo BYAIS AhaHd ARy bscribers

reduRganeyteaUiremantzwithindha singlaichasaisiggmpletely for the
Slgnallnfgd Gateway function. One advantage of this approach is that a

single globaRtifte AFPIEPEeCH TR RESigh®y BYHS dr5HiHg Babsiny! US dollar

Thee s a@oﬂ@iedﬁ@p@@dicmm@;mr@ss@ate}wxsmge REARmaling Gateway
transactions always, return to the same node. There.is also po need t -
rHTERRE (8P TS BB ORI ST SorteSR 2ol AUgTodcThIdRkR 12 consists

emory,

disk faijusezasithghassisdareages ipdtstnigrate fardiagecoepenintsion and a
should be used, While such g design might be recommended for car ,
R B S SN KA TRV A o A SR i e
could beTowerkittfer fhesiviivtVbssovicefignaasditnretob e Sighertimging on the

Gﬁﬁﬁw%f%%%bﬁ%%@b% rst R ristg M ﬁ%‘ff%ﬁ% CIPRCKHR @ NAFMAh, the

home subscriber service (local or roaming). Given the prohibitive cost
nathre isfhesedsontSinddsigt frnihillione beLsssasfarr rangey, @ndmesed. In the Sun

Proposed implemeniation insludespiacing ihe Slgnaling GRISWaKiR two Netra™

function in a server farm. For example, a basic set up as illustrated in
Figlie wllchesishs GFarls SidHRIMEIC aREGMP B SRRt dhdienitiy thise™ case, two

Signatingre ateyay {uRctinp-antacsRlaRase SN Rt ASs &5-4ive V480 host the
shared memory and shared disk for the two gateways. There are at least

it aAeiE S5l ERbisation 8¥PBrator depending on the NEBS
requiremgRtNARers Tnsed the $an Netvah damlywhkkisMEB3*900Mhz CPU

compliant, the, 10 other is,based on Sun FireTM family. In either cases, .. ..
(oL HLLR, 1L BADLeh i IRVSSEH RANATUR CACE, TR 20 mling
theSigasling Gateviasifunotiomkila e NetwaT Mptiihd Cudl kipost tHE6 GB disk.
Oyacle ith replicat] In the Fi case, tw .
O R R Rt DT ST TS0 28, v i
V480 o sttpabirace T D BrwitPCreplicatioticup potta 18300He thesraTive DB server
has vl IsianAdum e WimaRRETMAL e SaRe CPU and up

t I1s designed to achieve high performance for the Signalin

Gatewaylhsritiohirg Has4RE sarg s sp D pedsib s A s PiggSPARC™

Gﬁld@ifcgmgé@&]yl %ﬂQ%hﬁﬁzuBﬁ%éc’%?M I};r&%sjmu riQ &GnRAMr QUVW@O server
to 4*36 GB hard disk and hot swappable (n+1) AC and DC power options,

NERPAAOBAICAGSER Rormsmenvar DERSERITHGH Felpkb Yy BndRetssor. The Sun
swaRpahladutd ReWaLESERRIESHith a DVD-ROM drive, two hot-swappable (N+1) AC

and DC power options, two hot-pluggable Fibre Channel disks, two integrated dual
10/100/1000 Mbps Ethernet ports, and six PCI slots, all in a 5§ RU, 24-inch deep, rack-
optimized chassis. The Signaling Gateway function server also has up to 16 GB-RAM
and 2*36GB disk. The database server has vp to 16 GB-RAM and 8*36 GB disk.

Each Signaling Gateway has its own memory data to run the MIMM service. The
memory data contains transient information as well as persistent information obtained
from the database or to be written to the database. The memory data is also copied to the
shared memory space in the database server in the case of full redundancy support. The
shared memory can also contain the data from the DB to be accessed by each Signaling

Gateway. The architecture thus forms a hierarchical level of data management.
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The Sun FireTM V480 server is configured with up to 4*900 MHz
UltraSPARCTM 11l Cu processors with 8 MB of cache per processor. The

Sun FireTM V480 server_supports up to 32 GB of memory. All memory is
accessiBbdayasFignatreeSesr Tn e SinlordatrMiES0 Wiy At Lisy Forprigory data.
withsa DMR-ROM drive, e het-swanpahle 4l odfewdi aod RyDawe Signaling

options, two hot-pluggable Fibre Channel disks, two integrated dual .
16/RL00RL 000 S ERHE B RBSHECARIDSRE e QR ESTHNin Hh8 F, Sk fppnd. is

despefagkpimizad chassisa Fhenpigoaling e atesvay fenctiats seeventa into its
also has é%to 16 GB-RAM_and 2*36GB disk. The da@b server hg.sk s al
uPBLE EBIRARILRBBS GBIURK. Balls STy SRy R e 2150

as Its own
meNRREat to rithedMiMMssetvice. fiheal0 mizmbncglatdoentaiguration of

transjent information well as persistent information qhtained from the
dg?é"’rb%‘és gt Eg%@%\}ﬁf@%ﬂ% E%ie{ éfvaatgsoigssg?‘?fﬁe}gn%aé%%?a%ata is also copied

to the sharechrigmdnyepaece iy thedaiapdse sexwertiss tergse ofdpl is made to
redu ncy support. The shared memor; .ﬁl Ffﬂ’i@i@ d?g%g%
tﬁgeDlﬂgftlS ee%i&%%s%&%@pzlé’é‘h?%%‘ﬁgﬁﬁg g?%éw%%ﬁhe ar%gl’%%cture thus S

forimescy hievarchigaitevehofSiatalimafaterarntofsny/ heh besigimligwever. if the
Gﬁ?"sv??\‘ IP 9a|§1$ 1];35 a%ﬁﬁa'ft 1‘}5 looks @t Q&ﬁe ?, MEMAEYHAE- HithGform the other

desired data is not fo in the Signaling Gateway Memory, the Si naling i
Gligwhyd Soke oY itiname ShitfeePRICAIORRENIthe DB Keridic e thitals To aveid

onge faung, is. FREAEAINIBRSIYRAUNg B 8iguva:s Mernanh The RBserehport.

loads the data into its 5 memory if the data is in DB, but not in the

memory WISEMS ISV EPRYINIS s S EHIGUIBEERYE MFRSTCiginto the shared
structidgre ferdatapdundaneyrAne configuraion of udatebagessiyrelaiioBateway,
to Signal Gateways is shown in Figure 13, Wh Signalin G%t%w 'sh dDB
SFOH, RESE FELOTEPAS RARYRA T Gy o tace £ 1K GEPRN A R
iISsap-@ption to support full fail-over if necessary. If the DB server 10

already has a copy.from the Signaling Gateway, nothing will be done .
Howeve?, ﬂri%glgélggr earteréﬂfﬁbﬁgi A %Sp%gﬁgr%%ﬁg%g?%ggge&v%%ﬁ% ypgccessing
seheehwilllinfBrenrtie ﬁﬁm;ecﬁﬁgﬁramygo@@m@&ysmmimlméwmw and is
s copy for enewst This. 0V ald ptential seta coneiptensy, Pioblethsn vaso
in‘a’loa Balancmg fode with Tall aﬁ-over-support.‘Whether ornot
coplyirtghot e Sigrmalih G awwag bl aratanmisthé mafegerysr will also have
mg mglﬁyn%%:w sl?atcg?—% ﬂ%%@@ﬁﬁﬁ&@ RHEG dsatinnsdiate) £ Rays.

Signaling Gatéway, data of persistent type (e.qg. roamin% information,

CDR etcly dre wojielsl 3 9MeostEamIs SSBfvRFIEh&BisarRBE iisay function

faﬂa&%&mﬁét%tgma}sf&aw&{hm@@ai@auwﬁemw BButheIShREeERBp until a DB
server. The redundancy of the DB server is maintained se[ﬁatelyﬁfn [

2OTISEHBIER b SRS EBI HAA e CoH SN AU P18 Sienaling

Sunsizikay MR whieh baved AIandr3ixethet sWiapkahlespdi@rever the shared

Su&%i?eséu'li;gngyBcgg E)Veesruvpygé&!asdob?f%\g%ing another replicated DB server with Oracle™
redundancy/fail-safe and transparent application failure support in stand-by mode.

One embodiment of the architecture uses Oracle™ Net or Net & for transparent
application failure (TAF). The configuration supports transparent fail-over across
multiple instances of DB on different ports of the same machine or across machines.
Connect time fail-over using multiple addresses in a TNSNAMES.ORA configuration is

shown in Figure 14.
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a high memory space 8-32G RAM to support shared memory for both
gateways. In the unlikely event of a database server failure, the Signaling
Gateway function ceases to function (all protocol stacks are automatically

shut and it apps stopientil® BBRBtednakbibn G bedestabliched) axttover as

eﬁﬁ%@%ﬂ)ﬂs? Qg&iwtﬁ @_rgai'l}s!re of the Signaling Gateway function. In this

case, normal HLR function will take over. However the shared data

redundaliicyresmbedsuppo thed bgohdVidg ardensithephiE sttt we dps efyipgerator
Oragle JMispdundancylfail-sateanddransparenh aprlicatiQnrialWe er will render

support in stand-by mode. One embodiment of the architecture uses

ORscIRTERRIRE: GRIBES PEfTSFAraRIc'dy AsplfeatSH P& eAARS. Fhpsen since

configidiRion SUPRst tslranshaient fai-RuelAwass omsitipiaiastansesyofinctions,
DB on different ports of the same machine or across machjnes. Coqgﬁct I this

tiHE e Er BsafgRiatipldBaarseRieH RS AMES IRt S
canfigidrationdscrshpwalii Figieal 4p2S T canfigiiationthlse stippoyt®B server
load-halancing and active/actiye fail-over as. further,illustrated.in Figyr

R T G GRS P S A A R B o

an operatohdractivé Aiandby thopiénameD@arended csmeetthedailtipeddn alarm
the. server will render 5 the Signaling Gateway function c 7 e

g B el e A o R R B1 Yancy
enough Shaothtabcases MWQE@memmwbhg@S@mﬁ@mgm kgcome the
ac(%ﬁz?a@bg%g%“ ggﬁ%%ptfg%?éﬁ@és%ﬁs(%&o&atﬁ&@‘éﬁﬁ%@o!r})émﬁgrm“ted. Oracle™

architecture, each Signaling Gateway opens a DB connection with the
phimtaryrDE adsiiper awkiehlespibite s toftiesafananymBadcpicatys fgil-over
illysirateelin figuigd e dindhig.gvent of failure of the primary DB server

(so connection error and an alarm will be generated), each gateway will
open up‘amwéaq»éhwﬁmﬁé%ﬁawwrg@%ﬁ?wmwfﬁ@?&ﬁ@mﬂﬁgmd

PrMneRBLSRIva M Seornlate horesiarad sitb 6@y RecemMent sy @HAN PR Mmary server).
server again. This process is automatic, Service will not be interrupted.

OFaAHIT e FETSFRPB RSSO SIHRIGR SRR BB oS FRiItagfas™ primary server
trapspasentapplicasioméalionesyiantditeplinaion ihdhussteonimended.no 557

The original standby ser now then rimary server) is manually
céﬁ?ﬁjﬁ%&ﬁv‘? 1%&@8%?8‘&%’%3\'} véffﬁ%q,og]%{ﬁl%%ioﬁrthe new standby server
(the origiftad frilneey sérlieBltduringdheodstortatidny proevesssofifigakes less than

original primary.server, the ne i r I t I
o R T I 50 S8 Al v
messages(wvill kstaccapted) Noengiad bR shakbold PRadaiivenerdrichenly takes

D?DSQPQ%%R%TE thIH{?nﬁtL@thva?&%? rréﬁbﬁ“%%?éalﬁsﬁﬂaﬂetg%l{u server to the

seconds. The restoration of the primary server is only restricted by the
handmete seEcvvery fetakes phratn EEhBOI eith B Hivai byl the IoRHEIETIV 9B be done
reCOMERGI WY Gh: Ml k&,

When both DB servers are down, each Signaling Gateway completely shuts down
the protocol stacks to reject all SS7 messages. The applicétions wiil not proceed until DB
connections are re-established. Only after that, protocol stacks and SS7 connections will
open again.

To support full fail-over, shared memory data is either copied to both DB servers,
or the primary DB server replicates the memory data across the standby DB server.

A full fail-over support for a service is defined as no service interruption being

possible as long as one of the two physical gateways is alive.
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about a couple of minutes. However, restoration of data from the backup
server to the 25 primary server could take about ten minutes. Historical

data replication can be done separately in the background. When‘both .
DB servénsagiel dawoyeachpSiyfalingeCateiwayiomh piatelyrshussrdowmicrruption
e RIRIEQRAdKR RISIES! AR (E93RCPEINE BRPGRIRNRAN Mt a now

procee I'DB connectlons are’re-established. Only after that, protocol
statksendBSEdbn tectidhs!wille@evspen again. To support full fail-over,

shared mematy dain 15 aLhel GapiRddaboth BB SRNQEhe 95 MENIIMARY three 33

DB server replicates the memory data across the standby DB server. A

fOKE)-Svepasinhsen 1or easlsrvids BSdeieies iserAdOtdin et slots. Each

beingpassikle asdopg aseneahtheiwo.rhysisahaaiawaysisalivid3Qni hence
partial fail-over support for a service is defined as a current service

irREifsHRIEN GEELATRG when the gateway initially chosen to handle the

service failerividile:R MewsaSe tyibepighaneiedoyterstitealive gaiewayonnect with
Each Signaling Gateway. has at legst four PCI slots (one 33/66 MHz and .

16 B RS o B ETA 10 MRS AR ST eerrALh A g 15 o
helsseguisiiesekiods THECIGSeET hasdwBldisks:0fBGiGBidach. SHeySPC and
a figured in mirrored mode and hence Vj ighresilienge, .

R S0 B B Qe 6t BNt SR BREP recundancy i
crosvahhectmithirkvotph)sibahSignaling CaewsyesisAstheritviass as mentioned

before, h ga has | distinguishing Global Title (GT)
T e (G ang SPC2). Both |
gatewaylschlse hewecanssiemdh S pdl (BPOwY. hinklisge Degufdaney the fail-over

achieved yusing (orlcaRtswhIC N, SQRIE; 6 AR SRAD @RI8BSHPIM non-associated

gateways as mentioned in the deploymenttopology section above. Let us
néigredngifar s U Bdnaheshsrhaiansganrlseiidinbioirene siteibsd. faen the 4-

reguirementsnelifiprantipis setpnyiibe caphiaysedintibedeMBEHIRISC-H's non-
non-associated_signaling for the ISUP loopback c%léﬁ. For e>§1mple, if f Hl'ni
reARUGETE ARSRetZIARREHE PR iRk HHRRS a5 RRY SRS By Rica . linksets

gatemmyisonipbeatissd feraGMEEH sronyvassatiatadd SUP signaling. If
partial fajl-over is acceptabl the two 2-link lipksets_that do not span
Roross 8 HE AP0 o R GLBH t o CHULE He Ee ppn il be
|Sidkhteaphack citouits; -heFBignalifigs G dieyraysodanatidss bsonmégiedtion.

one GMSC-H, Figure 17 is.a diagram of one ' figurati

ombaok e KB R B PO e O A O S o more
pairs0b EF ports ass|bupbadk Gireiits FRorxsmpipléiaHed?-80gangeivfuit IDs of the
CIEGUITEP$.0 %ﬁgcgr&gr@ %}im?%cﬂ{éejsﬁ@@qﬁ?@é’ 38 heud3rhe sangeefond E1.

S
circuit IDs of second _ . o _
That is, voice the path coming in on circuit ID 1 will go to circuit 33 and vice versa; the

voice path coming in on circuit ID 2 will go to circuit 34 and vice versa; and so on.
There may be many pairs of Els configured at a GMSC-H for ISUP lobpback calls,
depending on dimensioning requirements.

While the voice paths are looped between the two E1 ports, the signaling path is
constructed at GMSC-H for both ports to be non-associatively looped through the
Signaling Gateway function using two alternate links sets with SPC1 and SPC2 as the
adjacent SPC respectively in the case of partial fail-over support, If GMSC is not directly
connected to a gateway as in the non-cross-connect configuration, then the alternate

linkset will be the adjacent GMSC. In the case of full fail-over support, a single link set
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25 That is, voice the path coming in on circuit ID 1 will go to circuit 33 and
vice versa; the voice path coming in on circuit ID 2 will go to circuit 34 and
vice versa; and so on. There may be many pairs of Els configured at a

GuscHorGSISE daplati Ot beepehdifyoredindnsipiirghould be copied to

requiipments Wil the MRICe-RBs A8 'Q%JQQE?%%%WG two El ports,
the signaling path is 30 constructed at GMSC-H for both ports to be

non-assbeiativERdea seBsthraaEHEie tigiathiged Bemey RinbadPusng: obzins
tweghtemnate igks sats Wik wRGlapndiSE G3rR3dheadascemne IR server informs

respectively in the case of partial fail-over support. If GMSC is not directly

cO¥inbete 846 Y R WA B i HHEPON oSS0 Fe SPEBR LN, inghack call,
the-aleipatestinksetowilehe the adiacantvvbSell levthecase B tubated and copied
fail-qver sup , a single link set 31 between the GMSC-H and SPCO .

chi B kot DBEVEF BT BBHIESE SROCIE B Eb AT D TEandpay need to load
menderyof theB senehbyleacth Bignating. Gateway: 30 thasitherdataer must be
consistency, each time a shared memory of the DB server pbtains. a copy. ....
O QAT A 9 T e R By L e R oadiion
infiommshSrhe fastsgatewald teorbmiove s odgyndtgriexampbigedindngtanall context

ISUP lo |, signalj ight firs [ t whe : arali
S ol S A o 0 R P i

g6t anp therlgaatiovayt Wwhichl Wed kepedadat& dontheighireddal eemext from
the shargd DBgepvel, LG LoRY: AfdhieRther senvaraust be A MENLEHIO between

ensure data consistency. However this could introduce a racing condition
16 MnEcHmahE Mesdinge ity & BRI satimd Yl 0y Tasweport. 1SUP

t%ﬂﬁ@l&e@pawtb@@mﬁ%m@ggcﬂgf awickthiswpotaptialrohiemafar Calls are
ISUP signaling, each ggnaling ateway should attem%t to load the latest

dAMH RS tREMnaeRr DBBMHIRE. SHREAISHRBIgHANY RIRRG08 thriFEarfils for
linksaseasoMAPBiIghaknghetreem GaMSE Hhandthe.SignaingiGateway

function, in th f full fail- pport, ISUP 15 signall
e switcHbbhyicaeAEA RIS SigHaig BATSITAYY AR Lg botn fodes and

switgheato fhadeltind SignilingiGaieaywhemthe first :Sigialiny periodically to
Gateway fails for s ason. In this way, calls ¢an confinue as; i .
o RO oK BATR o B RGN BMERO. where X i
urerpectadddiiies wayboth dodssrardn e meverit fralgast SitPogimbdisrglary of X
through the gateways are monitored periodically to 20 produce a

temporal CDR duration every X seconds (e.g. 6 seconds), where X is

configuralsteetshisbiayMéd dznatiohis san Pelavcuprling ATwasy\sirhipegddressed

b%?ﬂ%?&sﬂﬁ‘g%iéﬁﬁg%ﬂébdﬂ%w&\f&f ’SH@%%@L‘%%@Q)WHVM@ Bansaction once
Signaling Gatewr%{qcan be addressed bzi/ its distinguishing global title for
s

I - .
b etfertinte el tiSAsibida AP tFaps detblh diare s fatiifalpldl signaling
chegerina fail-averor fadsealanreinginitiallycihe WRsigraliggeways in an on-

going ISUP call session. This means that if the signaling links from a linkset spans
across both physical gateways, copying of call context into the shared memory data
space of the DB server by each Signaling (Gateway should occur.

If the partial fail-over is acceptable (this 1s recommended for ISUP loopback
signaling due to the possible racing condition mentioned earlier), then when the
Signaling Gateway that accepted the ISUP signaling for a loopback call dies, there will
be no fail-over to the second gateway. The call is simply dropped by the GMSC-H. In

this case, no copy of call context to the DB server is required. The linksets used for the
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interactions for the full fail-over case will span across both physical

gateways in an on- going ISUP call session. This means that if the

signaling links from a linkset spans across both physical gateways,
copyingipfdalkcortesddnGMBE Shanet tne PignsliataGspacy dithedBwill be two
server by each Sjgnaling Gateway sho {go cur. 30 If the.paxtial fail-over _
R S S R D b B e of
theghassitieyr acipgreomditibrenvedtioneddealierd thaatwhentiae aSigreditiye initial
G@Eﬁg@%ﬁ%gﬁﬁmﬁg éﬁﬁeﬁl@%ﬂg%g%&?ﬁ%&%%?ﬁﬁj%wlﬂt?ﬁ45'8 Gk calls,
will "be o fali by

“over to the second gateway. The call is simply droppe

tHbeGMST-Ftdwathisitdseisad copy of call context to the DB server is _
requiredy Jpelinksgls usaAkir he.d2dPURisignaling PeeaGMpGdrt, MTP2

and the Signaling Gateway function will be two alternate linksets (instead

ofyabaatERbbte Gl WY Y erther theabistilg indermgspieder da) — ISUP level

- galswaYiN RRmayardsecapdaryImedeoRR fihedateway hahacermetbntinue

the initial ISUP sié:maljng fails, the current calls is dropped. However for
naWaSUBYoupIRGe Sigralinafiatenash Ay by will be used. Note that
when a linkselassasiate Wit asigrelitcaliicorapleiphofailsyitd Tie2réavelagain to

at GMSC-H o SUP logpback calls will inf he hj level - ISUP

Nt SR Sk s LGEniERe &1l MIMM
cautdcehatindet indatiniely wheniii® Sigaaling Gatéwayd ahe dighaling Ihteway.
Next we consider SCCP sj [ il upport, With .ref '

R e S Al e e U AR A0 on o
the:ﬂ\m:wvgmbhmi@rﬁl&&ge@lm@ﬁ@m’w.éf kit SPHodsimotidad thredgirthen IMSI-
Sp%%H%QW%yis ld%W%\(I?II\rI}I (R-I-S-E’éo Ht@gs%% 7 Eﬁntgf Mém%](‘raieways. This

subscribers registering with | OSI-I_: on a network, goes through the
Siffeating G atevieigs The SPOGthecGIPTdlalatation endIMBI-0BeF gapport across

'II\'/II%é@vP EF@hg}Pme{hﬁﬁg%tgv%P QQ&%&@%@%@W GRIRWRNS:s simply

effectively achieves an active/active load-balancing and fail-over
stppsaddernasrgatsipsyEb¥Wnen both Signaling Gateway break down, the

MIMM sybspribessis sinRly JedHLReMe BN GHN ANBURECRPRIHMAP outed as normal
messages on CAPA=MGT-H of the MIMM IMSI-H are routed as normﬁ{at is, they

DEFTASA i STHMP RARMTAERD WM TS 4P T B B8 T T GRSERIE
nebwerk il it dgisihey |Capeeitethetxisting bl provisiers] and geheolddN as a

in a normal way, to the HPMN as a r. ing subscriper in.a visit .
S RRIRE N Sl AT S PN RO RIE TA g oY OMSC-F s

S ‘required for
Cetighis GT -EilAcvEYEFlIAP messages on CAPA=MGT-F of the MIMM

s used (1o b e R S e rouee
thes el netwarks SpEEBMESigulaio VO FPMNsed to register a network. These
messages are then be redirected to the HPMN network. Special configuration on FPMN
GMSC-F should be made for CdPA=MGT-F to redirect the messages o the Signaling
Gateway irrespective of its location. The Signaling Gateway translates the IMSLF to
IMSI-H and forwards the message onto the real HLR. On response from HLR, the
Signaling Gateway also translates the MSISDN-H to MSISDN-F. ‘
The SCCP routing of messages (e.g. SRI,SRI-SM etc) based on CdPA=MSISDN-
F from FPMN towards HPMN is also supported via an active/active GTT configuration
at the GMSC-H. This again achieves load-balancing and fail-over support by the

Signaling Gateways. Like MGT-F based routing, there is no secondary backup for
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GMSC-F should be made for CAPA=MGT-F to redirect the messages to

the Signaling Gateway irrespective of its location. The Signaling Gateway

translates the IMSI-F to IMSI-H and forwards the message onto the real

HURISDNrespeasecirong Hh Ricthers 30:Rigoaltiy s aﬁ&Way}atsm tfa’ﬁs@t&& MIMM

the MSISDN-H to MSIS g%épe SCCP routln essa

SR P oS B S D AR TR e TR oy SraL RS SIS

issalsonsiip poried wiandarabtivedactiveeGFVISomfigbeation at the GMSC-H.

This ag chi ¢@d -balancing and fail-qver su h K
%n%!t%l\/l§ b mes %L%%C?(Q‘P Iggm{po%f“ as

Gateways aselél%outlng there is no secon ary ba
3843ISDNSE BB sedtiogitiigniysdes ydrecomgridnbokthefomird Iy stemack from a

fafling, 1he MMM\ sBSCHREIRHAN, 35 A0S %wagﬂéﬁggt@agv%reh@@mc H

get home services (calls and SMS etc) on the HPMN number, but not on
tHe ERfredinisarUFHkeb SCTP %thﬁrfgﬂi@f%éééﬁ?@b@\@ﬁ:%‘é@p@ﬁ The primary

MSP-haad MSRN 83 250R thetR GGG LR @(@Hé%@??@ﬁé e HPMN
rom

insertSubData from HLR, or ack from a VLR or forwardSM

stideyslvare8 4 r gﬁ)a/%fl éﬁa@@‘fﬂé&,ﬁy aq-ﬂﬂﬁlélégﬂgéepfayg %ﬁ& ihePignaling
a@ﬁ@w@ siandhyenednminprase ﬁhfeflﬂctado@éepcﬁmﬂgtb HREIPIMAE towards

PC of the translatign in thjs case is the dlstanU|§|¢gg
MV ??FtBW%rréétFﬁ"@y In the
Sigaaling teatgweayd @éﬁ@@d&l edignaling, 10 Gadendaystedie thenseatndaryith the

DPC.is the SPC co t towards VLR-F) or FPMN
(|Pf%&§gt%81§é eh% g}&%l ??)a%q'ﬁo?}i\% otfie Eétg e\R;ay In the event
of the taFgetexhgatewaitigoifigraowne tResecdild gatewdyicpriimuidaies Ack to

with t igin t|n t t | titke of first
SRR R TR LR e s
15\rnxs@rt3@B%i@f@mﬂ*@MNm@MMeVE@(ﬂPéigrﬁaﬂm@wWes HPMN GT1

CM S H.ANICRES (MG I8 P%E&%Qflﬁhﬁélgé‘%!inﬁz%fﬁ\ﬂﬂé’ewhﬁﬁ -F will only

SPCI fals SPC2 assumes HPMN GTI as the calling GT when sending
AetcepiupeisrsiseliocVigR-iF Sined NngriT inihomynciept R tpadbs tpasaction.

Ack if thecalling;faT ds tﬁ’:%s%é%@? eRecs Befaraipthe iranseeionisTAS: based on
routing of messages on GT of a Signali ‘3% Gateway is not based on 20

adlrRRaivE set i Bl Brradr/aistdRas %tuﬂn‘fmsb%%eéb%@%ﬁsm transaction
cuggRkirRNsactaRLEHHEXE lﬁaélrcstc%&lagilﬁiaﬁﬂoatihe\ﬁ}oﬁ%@rﬁﬂmg@ are routed

Gateway when messages are routed thr teway sed on MGT,

o R B S Dt COSTSONE A CeAah oG aopies the
fa&hmatmamme&h@%bpﬁﬂiﬂnem@tl oo Eﬁieh&zastfasglﬁsnﬂaée as fast as the
messa es rou Ilng tewa ich c

TSR TAiGo6 bl T oS Sttt (g T This
sigmalinglk v henatiegm kgt ogatewalismnohehos8h egrthengyrrdiien the original
tr% %s?é%% g%nt&%(ésé eoﬁt'tlhealév?rfglqtg\éngc%%omggeEd]ig L?'ﬁdam% %@%@Way takes

ared memory
longer to load the data from the shared memory.

Therefore even in the case of fuli fail-over support, the transaction still goes back
to the originally chosen gateway as long as it is possible to avoid shared DB server
access. This makes it particularly efficient for some signaling flows (e.g. SRI
messaging). For cases where the switchover cannot be avoided, the extra overhead
introduced is still efficient enough for fail-over handling.

In the event of a failure of the targeted gateway, the second gateway takes over in

a full fail-over support. The second gateway loads the latest data from the shared DB
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Therefore even in the case of full fail-over support, the transaction still

goes back to the originally chosen gateway as long as it is possible to

avoid shared DB server 30 access. This makes it particularly efficient for
semesignainpefiowsi{brgyesRipmetsawgindy. Forseeises whigrplyh&opped, an a new

S%}'aiff ver %ﬁ%é@ﬁlﬁg@g% é[;&t_}gigggsgé{grhead introduced is still

efficient eno ail-over handllng. In the event of a failure of the

targetedyatewa), Yrababondyataciapakes BuaeMSa nan-famsdetnsertSubdData
SURRQH-Ih e pesand @ﬁﬁ%‘/{é@fd&@ﬁ% thedatestidaia fram theshare bR pateway,
“0

34 server. In the partial fail-over support case, the transaction is simply

RS de PRl iFOsaI sy RS BRyNAT dalTh glsetiPPesttit R sdsife e fhared DB
gg&@@l,ﬁ@@d@@ﬂ%%é@&t@h lans(e-0c AuoeMandanmieameashctions is usually the
insertSubdData_etc) on the GT of a Signalin teway. ’A.do n

nEst oY Polek fHHB HRRAIO% SHER (He g%%&eﬁfﬁol}igﬁgﬁga eafaﬁéxﬁri* (g
hayg.alierslyhesnappistkiortheashareddabrser hrtitalve Eipsiliog theteway will
ci%fggen GT .in CdPA of stand-alone transactions is usually the result of a’
IS § o aERalE Based on MGT and MSISDN-F as CdPA (e.g.
updateLnd}, gheisland-dione wanbaciibns tondisnpditicoiay Sighalg? content
Gateway will tively be lgad-halanced. 10 It is.possihl I t

8 T G S ates s NIAB Sy aLE 81 A 8 support
batweendSignalingaCateieayy itv the asagaaséduithibover dipperisimasCT and a

Vé%’g%{“ligmr g‘glﬁﬁe %ﬁﬂegg&ﬁ&‘a ”{vaa? %&PQ%QHQ"E&H@@? Hﬁ%@%ﬁ'@'%mem, the

and’'a common GT. Whille either gateway will have the same GT in
thes s rEshytext, ditedc anity pathe ot eimedshingy i distingtisringos the new
o%%&ﬁ@\{ﬁ}ﬁg%él%? Rev o ArRRsastianJnitigted by IBeign®inthosen Signaling

Gateway. For example, when the chosen Signaling Gateway, say GTI

refRtRE SPUSTELOCEsbagEx Hr hoa RsRRaTC R ARG Win Fllipgrp T will be

byt then VLR ContRNiRiRe i assagadsteplasaddey tedmeonmsnenie GG TA0. This
This approach should achieye slightl beﬁer(i%a -balancﬂ?%th n the ¢ '
aBPPECRAR of o WRStATGIRERING B 1in TREM AP EORIEF RS, Lahd Biof@RpAR? of 8

transaciionsHovarehas2omentiondo: befadeslsinchithe sehobhs. dowever as
stand-along transactions in CdRA.is usyally the result of evenl .
BT RSB BT B MG g AT MR A R sl he
stittdalirlyf evenly Bheritmmipm@Ttisithus Vo heob 330D NHE, (5T Tinal distribution is
configuration at GMSC-H dogs-noj.require t ion from a global title

in 35%6;?%?9%@]%&?&1?% ﬁzﬁﬁéﬁﬁgggﬁﬁﬁﬁmm a global title to a

SPCis 2bsffidient eI ¢ Pl dliclsdoelsTrtizs suniabpy fiew 2 global
”%fﬂﬁ.'%ﬁf&”a%ﬁﬁrogﬁ'&%aﬁfaﬁé!aﬁ?@Maga%ﬁ uspshiRGSERIAG e mIeiRUR a SPC is

definitions of tull fail-over and partial fail-over support, a full fail-over

supBirionsr IheGitd g pargtinga Eiess | SV P RIEE fHEd S nARTaH o tigRe: Only

translation type 0 is used.

Restating the previous definitions of full fail-over and partial fail-over support, a
full fail-over support for a service type (e.g. MAP or ISUP) is defined as no interruption
of current services of the service type as long as one of the (two or N) physical gateways
is alive. A partial fail-over support for a service type is defined as possible interruption
of the current services of the service type when the gateway initially chosen to handle the
service fails, while new services of the service type are handled by the stili-live

gateway(s).
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of current services of the service type as long as one of the (two or N)

physical gateways 30 is alive. A partial fail-over support for a service type

is defined as possible interruption of the current services of the service

type whénrtheagalewidyortiatyphasdhite samateuihef sebigseliagaigiay failure,

NAW RAEWAES Ofihe 3%\4?%?@% are handied e sillHyend deMANS Kignaling
35 For example, if location-update fails as a result of a Slgnallné;élgc‘;lgtewa

| 9”{%1 ateway
stilmlive RignakraxGate wayaS mbarly RHSMSf (e Ml SMSfadsss\aT-sMms)

result of a Signaling Gateway failure, the SMSC-X can initiate another

trARECEh S RIESMDREHAY BiF NMiit-are B4eiRich can then be taken

over by ﬁ'!fﬂ Fs;ﬂmhﬁ@g@nel\effﬁ%, weiswagﬁg@@@d@ﬁal@ wngmatg'maaggaﬁ-over
Gateway fails, with partial fajl-over, supp call simply gets dropped.
TS Mo U b G A e 1 Ao S AL BBy E b the
arghitestureaiswsed, when a Signaling Gateway fails, with partial fail-over

10 supp he call simply gets dropped. New InitialDP requests,can .
e By S TP Ao GNEvay By (L e CHETR oy o fel-over
shapedrDBiacehitcotiyebistiveppetb 2t-bdlanging rgatestays; teeh8idledlimgthe still-

Gateway, function is also able to support fall fail-over depending on the
alive gatew

racing onditions. However due to the possibility of racing conditions, the '
15 follovingrsirg theshameé metwaoP anihsfaibdudp stpertior PsUPcibddikancing

C%Ig’tegg)r/gﬂh@g'{gﬂg{n ROt forMAR transactions, andsRimamaRder depending

standby DB servers with replication. This means that copying of memory,
da feeorgingornECSignafing Catdwalp JeefuietiGHty e @atabaspditions, the

S%‘Ifc‘ﬁ%ﬁ% pRthe.pecssrary in the case of partial fail-over support. In one
embodiment, this copying is an o&tion for the case of full fail-over support.

Even in fifsteh&alorisammpealioey 'S fabask 838:end/completion of a

transactipginyelNinged alaRf-arpexsistentRade {€284 roaming information,
CDR etcg) in 25a Signalin%Gateway, the d@ta is saved into the shared
DB servar i FAESHEARA LA SETSEET YAy EWIEHS"Y transaction is initiated

by a VLRihs(engarS Seagispitionf SencdAvtiientieatiol éiehohbySakHlIMNGateway
S R S S ST SR e
alivggatewaycaamstiidandletthe tansactiornbypsingithetoharsd DRG0 fail-over
SEVSIR- |
Even in the case of partial fail-over support, at the end/completion of a
transaction involving data of a persistent nature (e.g. roaming information, CDR etc.) in
a Signaling Gateway, the data is saved into the shared DB server. This means that at a
later stage where a trapsaction is initiated by a VLR-F (e.g. SS registration,
SendAuthentication eic) or by a HPMN HLR (e.g. PRN query, FSMS etc), even the
Signaling Gateway stored in these registers failed, based on the standby configuration of
GTT, the still alive gateway can still handle the transaction by using the shared DB
server(s).
For example, if a MIMM subscriber MSISDN-H is called when he is registered at
FPMN, the HPMN HLR will query the stored Signaling Gateway (since it is the VLR-F
to the HLR). If the gateway fails for any reason, the still alive gateway can still access

the shared DB server(s) to locate the real VLR-F to get the MSRN information. For SMS

36



10

15

20

25

30

For example, if a MIMM subscriber MSISDN-H is called when he is
registered at FPMN, the HPMN HLR will query the stored Signaling

Gateway (since it is the VLR-F to the HLR). If the gateway fails for any
readdi [ SheNstllcdlv & igdidwalscahestit HEGESs thiad 1SN HIDIBvedirver(s) tloe stored

@%@@M@ﬁ 10,884 NIeMSREN Information; Jah SMR38-1PsMS from the

of a MIMM subscriber at FPMN, the HPMN HLR will return the
StoMRC Sl e Sateinngy 6 1NIS anS OB He st ity pezaspvenyean still use the
f%ﬂ%%@%%%?ﬁ%%d@é%- #hs-glared gateway fails for any

reason, the still alive gateway can still use the shared DB server(s) to _
handle SM3TSRFREAEPS. AlahaAdt ebsrsier reslamm M $Ri686mRbeR When he is
pesfasins .o BroprratiorpnenRis kegigierednatstPMNidingi PV Rbway (since it
VLR-F will query the stared Signaling Gateway (since it is the HLR to the
vistoey e By rails for SHGYRaSUR, e BhIrane diielag tamedfiray can
acaassibe shaskadaB Beprews))to handletbartiaasaction. Therefore

partial faj i

-over really. means ongoing transactions will not be handled, 10
e tha ST sy Tt e O SRR TS IS ovap i D handled
covhpletdd Rignshotiofistefullfaikoveris puppssited i1D&s séfverver for completed
redundancy i : qd here. Referring again to Eigure 3,.in additign to
e TS T B R Spd R PRI Red i Sr W
have bo&efaethgnetmcyontigiredchngaddivay. (Edabh sgamdvwayrdandvodrore across

beard Qa e»?‘%lssl?&s Qﬁot%éiéﬁﬁg%dﬁa%ebe%%sE%M‘é&*ﬂé?%ﬁ&{ﬂ dR Gy, Each
V-480 Tamily: Each board can distribute messages to a pool of userpart
agpicatiosdnstarices ihanbnad Robibl o adrsHashghapul s afsshbdeith the Sun

Whenever.an ingtanceralls, thewvalgh gRgiRlatR MR Osiance, o bNee (fer part

also a UNIXTM cron'that oversees the watch dog and re-starts the watch

dOGRIREIPR dieETHie vatEA RS gopEiRAt I PRttt A pgge gV henever an

WihenRR application stanse-dailsisitis 30-amamatically rerwoyedniomtieon that
configuratign, and further traffic is processed hy other application

inSbaTREss. Rtel 2 i5iiGRflofF HetHh (i ALRBrAR Ay el aitay, e wateh dog

applicaienlinstencssanie redntegiateliontherplaffotasivithistance fails, it is
interrupting traffic. Similarly, new lication instances, CRU, memor i
S BT M e 0 RABL iy P fhfche g by ot
Wieni atiapplicaticasingtincabdorrphy E87 application pudioedkedily, tlestarted, the

watch. kil S a D re it ki .
a0l S5 e A O BEIRS Ul Sy e
GSimGaH tongppiyissTtibasetaonitcidter nRivecniaod 809§ taer(w-starks alqided. as

a%ﬁ@ﬂ??elﬂﬁ?@&%ﬁ?& af 2ll,SS7 application protocols before re-starting

the SS7 stack on each DK card. This whole process may take a couple of

30 minut&&:98 aH ingtHeriETs nge Ao IS fogpriseHyhaiiecheis S watch
MgsgagRs nibiegsed il e PIK hoard withnok heiable IgMistibytaHsces of any
mg%%agp%%cg{gg;egoggé%if This forces the GSMC-H to apply SS7-based switchover. The
watch dog then re-starts all application instances of all 8§87 application protocols before
re-starting the S87 stack on each DK card. This whole process may take a couple of
minutes, If an instance is not dead, but fails to properly handle the SS7 messages
intended for it, the DK board will not be able to distribute its messages. Buffers {e.g.,
64k bytes) will overflow within approximately ten seconds. All links are eventuaily

brought down very quickly. The other Signaling Gateway is then automatically switched

over by the GMSC-H in this case.
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64k bytes) will overflow within approximately ten seconds. All links are
eventually brought down very quickly. The other Signaling Gateway is

then automatically switched over by the GMSC-H in this case. 37 To deal _
with poténtiddak thichretfailar & thwodt thdmet hisBdhemeibasorfigure gadlgured as
f@% I i 19 EAsMAashingcanaue o iB-addressns conRasted rerent
o the r

different segments of a LAN. Under normal operation, traffic is _
shegudisentedriNendeomentallepeattivatfitaidieontbaremis thecrehramingne fails,

Etherngtc The,RDeRg! biuses angalsamiaierably rieonfiatied ieaiso preferably

cross-connect manner with HPMN's IP switches. In normal operation, all
CEAMSEHEIEGT SRS SSTgRRAM dresma WP TR SO JR &R tehsffic. This provides

major a‘iﬂ@mﬁﬂﬁso@Eﬁiﬁ@@ Standenanireache iRiphikhosgai@vay function share
components stand idle until primary components fail, For example, the

SRS Cal I BRI A BRI bS B toPRBANS tlrihich spare
dusingeak twalic pesiotsl hitQradditiponwhetadll Hoe eampneahissaie: capacity

- functioning, their health can be monitored. On the..other. hand, wh .
oAU BT AT 18, g A oFE e Ao priods. In
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mapitohoetien Hoidtle gatewasnslace fiimctionmastlze VW bRxEhtcakibRekd@nded. On the
HLR-H to VLR-F. In the event OF both servers gojn %0 , cords. .
S i R R O SR AN AU BRLIBCR Hiinterance
usinag storedunformation in the signaling gateways, HLR and VLR, using

CSM MARMERsanes n AaMicHlers Iheriapaling Gaieuays RATAIVER-F. In the

periodic tape ackup. Unlike a HLR or a VLR whose corruption or

loseent dateolbilbonirirgpiee denar 2nH IRCPEdtopPativniBe & VIRIPAsiraofignaling

bt RQLROTHe hE ORI OhIsS 952 dpRING A GRIBWRLERIaMIthy gateways,
trlfg[]ﬁfer restoration at both locations. Restoration beglns with a restart.

AfdresdrifRroriBackip! Aff AeBeHIRIS) RS Hat the et tag ateways

andrpitiatesdeseic ViR MaPyngssages to the list of VLR-Fs recorded by
the backup. Normal updatel.ocation procedures will b }rig% ed by the
)

. . t .
VLR-F t&/3tikSh ARy BtaBishors SHmGIeRS e SoRageEr cither a
praviklirga-eoamingamimbesstreni diliRi-ho BoZh SigoatingtGateways of Signaling
forwarding.an SMS to the Sjgnaling Gateway, or SRI/SRI-SM on . .
MSTEORE B b o VA oL T B e A A st
toAlier HeRering dirdvhARckepettoadiiidd- BV Pheserriessagespuitiddeflag and initiate

R AR S St T s O o

30atelditiatiorte regiremetdofiopeieral puting O RafelCaumoriratingstablish
rel%%‘fng&i&t ance, ernformation (marring AsivermEINBRIHI R-H to a

y FTN). Hehce, the in-memory information is shared across the
diffesrsingpiestion 8@%@@%@0%@0 the Signaling Gateway, or SRI/SRI-SM on

MSISDN-F, will not trigger MAP-Restore-Data by the Signaling Gateway to the HLR-

H, or MAP- reset to a VLR-F. These messages will be mapped by the Signaling Gateway
function to the real destinations VLR-F/VMSC-F/SGSN-F, which can then initiate a
restore data process.

In addition, the requirements of optimal routing of Late-Call-Forwarding require
maintenance of state information {mapping between FIN and temporary FTN). Hence,
the in-memory information is shared across the different application servers by copying

“the data into the shared DB server.
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the data into the shared DB server.. 38 LOGISTICS In one embodiment,
the following logistical arrangements between the HPMN and FPMN are
implemented in the deployment of the MIMM service. FPMN reserves one
or prprergegiuential blocks of FPIVEV MSISDN-F and 5 IMSI-F to be used

by HPMN for MINIM, subscribersy MINVserics subiseribsts f3005 teftapy

SIM car 0es no to be i a special range.
Thel FIMM subsgriberstednnstii Ideelp}thﬂ@m@lﬁtww}ﬁ ssigduish. The
MIMM subscribers do not need to change their phone number's

MSISDNBYN gesmseoreisicmig sreertbisbbieckn el FHRSMNRENE) and
(E.214 Neibserheg umdnia \ﬁfb/é%‘fe&@?ﬁﬁa?fﬁtlé@ B%Eéf{ﬁ
on ESTBpgHIsBARES lefé’i'lﬁ%[tﬁ@% grisifg

GatelvayPsHesires WWM@W@@P%F%§ ﬁ %&éé)

GMSEEH wish- ugé‘eelmg/%{aé@%“ﬁﬂ’@lﬁf thengbsgding SB?Rﬁ? L}i’ re’éle
for r&&fﬁ@rl\ﬁéﬁsﬁ%waf GT-F 15 messages), or global title modlflcatlon
or transigli R chfigue 5Ge RS VRIFFGEEdMGifigufed tb genbetite a
MAPPSenaRougInhG (GRY Miesshdélon (edebdsg an BUR Witmbering
MS| DRy Fo alsctRazcaibed Gaieber/Hdbesignalingssdnvey thasighatiig MN,
GatetvayHiTsHike HBISRIbEHaME ISDNgRaftMSL Ao mrPHiier deased
Depémditig tre idrerd e Sigiheting Gatbwhyois Ilsustesd Md Hd
reservesdgen) uniqale RMNIG Ty diitaiea SPGForleith SighalinheCaldiay.
If thé‘/SEihﬁl’@éTa&téW&%BY%éfé@@@HPMI\WIBMh%&ﬂ%s F@s(é#%@
four metepgs PRIENVET 1P BECHISIdRH pavhs crole e AER B Rfdress.
suppbrtesterccdbe ferpingNbameyissidiked THiRi&dhende hatred
Sign&ihg-PE@E&BRly can imitate as a roamer network element. HPMN
needs tRRYIAE ASHBLO MM SR THRIRgRentCededorallBignaliigN
Gateyaysandunapigseveral S1k Sysiem SinbersehSSHalieds8e Wl If
etc) toeschSignaingveatehayed beHRimMbeHMN sthdgetstorespresint
HLRASGR: YERINUMS GISGSNIBSRING MSG/SMBCISBFPRON eaghrtypeiof
GT, theSigaaiPgR0 Gatepviay Visll appehiiabout feusudigitsitaioretitmaling
pool GkBTsytedeinlynanticatyassigaedty comespdidiiy netdroik provide
elemelnts a Thismynafidoabssi§nimeabit thrawdid rasihtairig seite and map
information Stbub LRI\ NeSGeand HIR insarrénf Enaglitirearhnsiaaabps.

GMSGatdwisfinddgoutestior 4sCSPCNMAP) inesyagEahdliiy EEPA AR
VMSC/SGSN/SSP, GMSC/SMSC/SSP. For each type of GT, the Signaling

Gateway will append about four digits to create a pool of GTs to be
dynamically assigned to corresponding network elements. This dynamic
assignment is to avoid maintaining state information about VLR/VMSC and
HIR in current and future transactions.

GMSC-H defines routes for all SCCP (MAP) messages having CdPA as
the GTs assigned above, MSISDN-F, MGT-H and MGT-F corresponding to
reserved IMSI-T range to a Signaling Gateways.

FPMN provides a pool of MSISDN-F numbers to HPMN. These numbers
are used to route calls through the leased line between FPMN and HPMN in
fate call forwarding and call rerouting for MIMM subscribers.

GMSC-F is configured to route calls on this pool of MSISDN-F towards
GMSC-H through the leased line.

GMSC-H is configured to route calls on this pool using ISUP loopback
circuits or IN architecture with signaling through a Signaling Gateway.

GMSC-H is configured to route calls over the leased line for called
numbers that belong to FPMN. GMSC-H is further configured in a primary
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35 the GTs assigned above, MSISDN-F, MGT-H and MGT-F
corresponding to reserved IMSI-F range to a Signaling Gateways. FPMN
provides a pool of MSISDN-F numbers to HPMN. These numbers are
useditd soutedesiisniosih theteabedensrs Btveety RN S AIDRACTH
late s@ll foronrsieifeg ErEeiPterseitiAg for MIMM subscribers. 40 GMSC-F
is configusgphio roitesalison thisipeohat IMSISENFhiowastss GMEGHa
throtw@lﬁlﬁ%&@ﬁ%@ ine, GMRCchilisecanfigures-ias ortercalinBTihispaet
usingiiS4dfsleppaskpsdicuiim or 1N reiitenties withisigigatiigethtovgth aa
Slgnggﬁ@@@g@w@ﬁy GMSC-H is configured to route calls over the leased

line for call berst tbel to F

congu T LN R S e
line is own t% utln can stl roceedo r norma ISC rowders
HPMN afdN prokitiesiee mé«:@fvm Q@NDH urersTpoofpdineba E}BaGMSC -H

SigntlisrpCatealBY to tentishdalereptititg towards FPMN. GMSC-H

routes aisatle opthisipelbsipgdieerlaskvireuils withssignRlingited to
througy ac SINaYRghORIBWEYinS MHCid configuses INFSignalingsotiH WP a
looplgask Gireuitsmhichipeemdsed on reuing @il paolzataumbersividsl SutP
loophagk QE-NARe RiGuifethlarcititeatiienia e ployead | SteriNHtiggprsides
definge atthpeMBCrits 10 psendingialDiP thethenSignalingpGateway e
HPMipfiet @Tagentessesding to FPMN the message is routed to GMSC-F

through}!%ﬁ?ﬁdalslge Onstpe FPMg\IeI%td ﬁgg ? és‘%ﬁ <2ianaling ;s
P

Gate e] 1%513 eEREsary
if theﬁeﬂﬁ Over gd éﬁ%ﬁ A§ {Mggaé%ggrsgggg 15 this
requwement s |s app icable onIy |f the Ieased Ilne tionisto b e
applied b atkifidasades. APMNESS ﬁﬁ) ERpalELy o

mesSaRS INETBS thid1SPE.d6Mdv Eh@?@%@?ﬁliﬁy% PaArs N
a SPEYED Fe}%é‘h@rﬁg@ RSO At sk ol ?éféﬂﬁﬂg
over Fievidetsed haelS50 Arexideiig E}?@?S\/ g QE
SigndiNBT PRI SREN MG G aSH&?@fP& "c‘ﬁsﬁ%“ﬁ ©a
CAPALSRSEBREE/MGT-F in SCCP routing to set the next SCCP
destinatiahcnedi &0 [HEMS C- FifdRde renTiper¢S Gspidvidersacbafigeyalthicier
GTT CarGaRISSUSIBDIG MG dfates finatty (GlRe IR XGMBaphviiichi-
routeSithelfidésahe$HOMVEN network should be able to assign a common GT to
both signal gateways. It is just used logically in the translation to the common
SPC of both signal gateways.

If the leased line is to be used for MAP signaling on CdPA=MSISDN-
F/MGT-F, GMSC-F configures GTT on CdPA=MSISDN-F/MGT-F in SCCP
routing to set the next SCCP destination node to the FPMN SPC that
corresponds to the GMSC-H over the leased line

1SC is required to carry signaling and voice traffic between the HPMN
and FPMN. ISC STP for each side of the participating operators of the
Multiple MSISDN service is configured to route GT on FPMN numbers
(including ported-in numbers) towards the HPMN Signaling Gateway. S87
variant translation (including ISUP and MAP) is performed by a conversion
function.

HPMN assigns a special SMSC address SMSC-S-H to MIMM
subscribers. This address is the SMSC address in the SIM when IMSI-F is
used to register with a network. It is the same for all FPMNs or IMSI-Fs.

The GMSC-H/STP-H GTT translates SMSC-S-H to the SPC of a signal
gateway
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25 signal gateways. Alternatively, GMSC-F/STP-F configures its GTT in
such a way that for CAPA=MSSDN-F/MGT-F translates it to
CdPA=I-IPMN-Common-GT-of- Signal-GW. The HPMN network should be
able to é%%ﬁ@@dﬁwméﬁaefr%%gﬁ%ﬁgwm IS ppRiEar erhEyroute
logicayheeheRanaTidatoMRE c8RImdY) 30 SPEEbdiksigngpn routes
gatewaysemineidiiedliheoety Brsisitf for MAP signaling on

CaBA=MSISBINR HIM@GITVF, GMSC-F configures GTT on

CdPA=MSISDN-E/MGT-F in CCP royting.to se the
destinat E‘ﬁeﬁio% ?o e EskiN R ]ﬁm% @(%%?e%%ogﬁ S tGS%M@CV 18\%}3 feces

thef leasedt [ingo3ndSG isurequitaditd cadyrsignalirg. affdb]rolde beaffie lists roamer
b 2w eenihe PMN, and FPMN, ISC f h
tlonf:% ﬁuﬁtlpr IR/%%S[%}\? m%m%u?ercﬁ t%g?? ntg]?n aﬁ%ﬁWQn the

opera AtoTe 0 service Is con igure rou e GT on
FRINVmgoersriincl idRYPSrisduseh iivibiersp tewmidsattie VNN other than the
Sj ing Gateway. SS7 variant translation (including ISUP and MAP) is
performed by a conversion 40 function. HPMN assigns a special SMSC
defrBEFIMSC-S-H to MIMM_subscribers. This address.is.the SMSC
MR ATRIBAGCH when IMSI-E isTifesmasiondidemeptpFataastodrc 1t is

tHérdatndgertisitFPMNS or IMSI- FSIM% W%Méffpﬁﬂﬁmﬂr frarsmte
SMSC-S-H to the SPC aof a signal 454

adnsm SerrrilfsPAR-MSC is confidihde to b @%%%agegw%
VIAP SRI SM) to GMSC-E that in VPS5 es 1o GMSC-H

1B et e REEOMNE RN EERMATIRIRES B285d on the messagdes
t%ﬁ%ﬁﬁ%‘fﬁh%@@%ﬁﬁmﬁ% Gateway., various-pieces—of roamer

ni%ﬁﬁéﬁ[%@&s &@@F]@éfe roamer

mformatlon elements extracted and maintained by the Signaling Gateway

in the folpuinghseenatiases ARNIMMis ugeghherintewdenetshamn Wl bisider the
other than the HPMN. 10 TABLE | MAP MESSAGE Information Elements

EQIeERe @Wa?‘éeﬁfé%ghdﬁ\ﬁgl Serving MSC Address, Current VLR
AddreSSULMEI r(])ggtlitog lajgg ?Irlls%?{ P%ts%ri bzll\(la%e weenl_i{}l’:qurmﬁ and VPMN;
Mobile Originated Calls from MIMM subscriber in HPMN, FPMN and VPMN;

Mobile Terminated Calls to MIMM subscriber in HPMN, FPMN and VPMN
when called on MSISDN-H;

Mobile Terminated Calls to MIMM subscriber in HPMN, FPMN and VPMN
when called on MSISDN-F;

Unconditional Call Forwarding with IMSI detached for subscriber registered with
IMSI-H and IMSI-F;

Conditional Call Forwarding with IMSI aftached for subscriber in HPMN, FPMN
and VPMN; '

Mobile Terminated SMS to MSISDN-H when MIMM subscriber has IMSI-H;
Mobile Terminated SMS to MSISDN-H when MIMM subscriber has IMSI-F,
Mobile Terminated SMS to MSISDN-F when MIMM subscriber has IMSI-H;
Mobile Terminated SMS to MSISDN-F when MIMM subscriber has IMSI-F;

Mobile Originated SMS from MIMM subscriber in HPMN, FPMN and VPMN;
and '

(1]

S
ne
lar

SMS Redelivery Management.
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Number Information Update Location Response and Error messages, if
any Insert Subscriber Data Response SRI for Short Message
Inter-working MSC address Based on the logistics and roamer information

alboXe] e NRAN WO chifbiderthes fottoining BENr SeeH AT oA detdi:

Update hacatinnang inseshsybseriRerata r%ﬁ\%%\%'ﬂk"tﬁWNFda 2MINMIRG, normal
VPMN; 15 Mobile Orlglnated Calls from MIMM subscriber in HPMN,

FF’S)FRP&E&PWM&PC M BF’@‘T%rﬁarPﬁ‘é(?éfdsCfQﬁéntﬁom’@lﬂh dhibscriber in

HPMN, FPMN and VPMN Ied Q&SDN- bile Terminated
Cé@gﬁmfﬂp%rw%\ﬁ ’f’—"F‘ f—‘g’l\#% ¥hen called on
MSISDN F 20 U all orvvardl |thJ Qﬁ?‘& o
subscrlber regls%gﬁeogﬂﬁma!\}fglsﬁlanofmgf’ %Itl nal C SI%‘g MisL.. Fi sure
Fatidrdingeaith gmshhm@h@d ﬁqr@&ﬂoémﬁmnlrﬁmwwnFWmufaﬁdlure A signal

VP N Mgblke -I(-) n% qlsﬁ{lréctt MSB§%A|_I!‘ W@&@a%@NW@UQEHE'k@MSC -F for
% I\X ile Termlnate SMS to MSISDN-H when
subsphmer Wé@amsﬂ;nmﬁméﬁéﬂﬁmﬁe@ggmsafewslsor\l F when

MIMM syhsepbef Ras Mtk Wopilg -lca%fén.!g@(;?t%§'\4§s N#@SJ?Q%%B&{ MGT-F
when MIMM subscriber has IMSI-F; Mobile Originated SMS from MIMM

suBSdribérsad-p VIS EPNiNedAdovpranclisd S0PEMY RedafdiyT-F. the message

ManagenenEHk EQCARONMIBRATEMINMisUBSaties IGHEMN 0 receipt of
XPMN with IMSI-H When IMS|-H is used.to reglster with any network

(HPNAE QP RPMNT oA AT CaEsS L THOSRImA ety in Table
notigveived at all. LOCATION UPDATE: MIMMsubscriber in FPMN with
IMSI-F 5 Assuming the MIMM subscriber can register with FPMN using
IMSI-F. Figure 20 illustrates a general flow of update location transaction
withapi faflure. A signal gateway is involved in all directions of MAP
messagesipdiaonut EMSEem WL RHAplicity, Viesispedssuntign st Gasteay] |
the signal gateway. VMSC/VLR-FE initiates M/AB WhR4te Location: messaqe
by derivirg KIBTaHed B ¢Er2d4) based on IMSISE(DUgteddulingsdtefined at +
FPMN for this MEIE-F, the meéd6dgE: is‘routed to GMST-H, whichJHMBirH
routes itito the Si§haling Gatéway. On receipt of Up8&h locationtthe
Signaling Gatevﬁé?/ carries out the transformation asETnown in Talle .

SCCP Calhng_Add:ress'-;_:535_ | 'rs ‘ CP c__:;um;_,, Address: .t ;
: 2l COGT SGI-VLR—F

™ 0

- MAP; 1eve1 parameters | ;MAP Ievel pa1 ameters |

?IMSI : _ - IMSI-E. CIIMSL IMS{ H
MSC. address ' VMSC~F L MSC address SGl-VMSOF
| VLR address:» = «:VLR-E' . '/ VLR address: = SGI- VLRuF

Where SG1-VLR-F and SG1-VMSC-F represent the GT of the physically chosen
Signaling Gateway (SG1) that corresponds to the VLR-F and VMSC-F. Thus, in HLR, a
Signaling Gateway GT is stored as MSC and VLR address instead of the actual
addresses, This ensures that all MAP INSERT.SUBSCRIBER DATA messages pass
through the Signaling Gateway, and hence its contents can be modified appropriately (for
example, the MSISDN-H can be changed to MSISDN-F apart from performing routing

level address changes). It also allows easy transaction from the signal gateway GTs to
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2 below. 15 TABLE 2 Update Location from VLR-F Message from

Signaling Gatewayl to HLR1 SCCP Called Address: SCCP Called

Address: GT: MGT-F GT: HLR1-H SSN: 6 SSN: 6 TT: 0 Tl: 0 SCCP

Cﬁlﬁ m@amﬂ%@é%&@ml@alﬁmgwme@sﬂ@ FynnRe BsGTSB1pveIRsAnentioned in
e 7 TT: 0 TT: O MAP level parameters: MAP level parameters:

IMSI IMSI-F IMSI: IMSI-I-I MSC address VMSC-F MSC

address’SH-PMSEIEVIRA addresd VIMEF-T crulitor s PEBIVER:R FPMN GT

\/\4@%@/@%@&%% ARG V’MI%QS%E@H(@&WI%J&%&H&@&&W%&QH%E based

chosen Signaling Gateway (SG1) that corresponds to the VLR-F and

VRESEDECTif e P{E#@Caﬁe}gﬁarﬁga@%%v@s fS1stutaeing QlsCchig roaming

vuma@dm@gn%gag@flﬂgef@omadu%%g@@m&hmﬁfm%@%}ﬁﬁ@Inetwork. If
Mg@\;ﬁSERT S IBER DATA mess a%sﬂg)ass through the Sjgnaling
f

et é@‘& CottERtE M e B Applofiiaay it not roaming.
exaiople, dhﬁlMlSlﬁ%Htﬁﬁ@ bl w&&%&@%ﬁlgﬁmﬂ@\ﬁegzsﬁwon may
p%rforrp ng 1o | level add SS ch lg also allg easklggransactlon hosted
fromihe. S|gna éevﬁ%%“t‘ﬁs 43 ‘% f\lfl)égﬁ?l_l dﬂ?é ggyeway 1s noste
lomkiigvad mecdyhamgnaﬁ@mm:emlbdml asonentoreddrk dhenagisti¢dPMN in this
Note, that SGI-VLR-F and SG1-VMSC-F could be a HPMN GT or a FPMN
GT reserved for the signal gateway. This is because HPMN HLR
procedute sonidhéhbaseerabaarecs abs cribBguetivo kplovativrblddr RN plesupport

Baring @év&ytﬁoé%fﬂﬁ%{‘gﬁ? ;@W will become simply Barring for all
outgom?Hm listo the' VLR in the roaming network. If SG GT were a HPMN

GT, thert iheepRsHtg RSB MHiNRetHe vardertdsrhstaoarhih - Handibaies when it is
exanrle is semstines sathfonyading aaccal ARIKNG SQLYICe S, g&e&rq{'%pw

may be not allowed while roamlﬂgé This problem will not arise if the signal

gdiBwapakastay 4 sheastaucsiicierdienying e aip il be a roaming

netweyk glemen taNRMNIR s caser ersvppRrttaegengral case, one
configyratiesrotivnerables £ PIMMNGHBRPRRIM/MSC imitations in which case, the
FPMN STP is configured to translate the FPMN GT in CdPA to the common
HPMN GT of the signal gateway; or
¢) pass GT of VMSC-F transparently to HPMN HLR without any change.

Lets now look at MAP InsertSubscriberData. The message must come back
through the Signaling Gateway so MSISDN-H can be modified to MSISDN-F, as shown
in Table 3.

TABLE 3
Inscrt Subscx 1ber Data from HLR~H -4 Message from Slgnalmg Gateway
2500 to VLR-Evia GMSC-H o s

SCCP CaI]ed Address . 7 {SCCPCalled Address:, . - -

' GT: L SGL-VLRF TG VLRmF
SSN: bt OSSN Gy T
TT: 0 b LT 0

scep Calhng Address . C .'SCCP Calhng Address

. G _HLRI-H | GT: SGI-HLRI-H @
SSN FITE ' SOTUSSNT L s 6
MAP level pdrdmeters S5 e I MAP level parameters:
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for the signal gateway function per FPMMIN. However, since SMS will be
forwarded to wherever HLR-H indicates when it is 15 queried by
SRI-SM(MSISDN-H), then when the MIMM subscrib isters _
FPMRpseitSsigreriberdiota feam EHeBsH one MeregsIfSwmg antling Siigeay
a) present HPMN GT fa a HPMN HL R for VIMSXLRBashEMPErtbent
FPMRIYEERNa HPMN 1LY RVIBC imitati ich ca
sTP_Ed¥nfigured to tran€lEib the EPMN.G PAto th
HPMN GT of the signal gateway; or %ﬁpass GT of VMSC-F t_ransF,parent!%/ X
to HPMMEILRENRBOUE ARy ehandle LB Iddk 3t Mapalling Party Address is
InsgHQubseibaDa R The GressageMushisofigdack thiougledhBe reply for this
Signaling Gateway so MSISDN-H can be mo ifiedBto MSISDN-F, as

SFRSTAED 1o ¥ o PR Eo st OIS DA Fom HLRH

Message {fenF &igndling Gattea\prtedl R-Fhvidnti SGhid:BEaPaGaltechot of the

ress: SCCP Called.Address: GT: I-VLR-F GT: VLR-F, SSN: 7 SSN:
o S N I S S oS L™ B R per
GPbHSGHHINR-Fbil 1BSNNBBSNPBINT 10 Taousl ARdevesparamistedtng LCF are
ML IR AT telsl S NS RIRSPERRIARAY Wit LMERSAL ment. An

from |gnaﬂng ateway to -F via H MSISDN: MSISDN-H

- MBISDN: SIS TINF isERNvIEPNTIZTIRE HGI-FTN The message is routed to
the FPMiM VLR SCER Grlling Barty, Afdiess 1§ replagedwiihdiesGl fails after

Signaling Gateway GT. This guarantees that when the reply for this )
niesusyd atein seMsdrHEarasu EMIE HevSidhding aiteivayhsirtde 502 in
ForvaidrfioNumbersrpresentin thelpssH-SubacsipatiRata arenatef the

FPMN country (as described in more detail below) then they can also be
modiied as per policy

- # SCCP Called Address: -+« =i

-0
SCCP Calling Address: | SCCP Calling Address: © 11

As shown in Tables 4 and 5, SG2 will continue the transaction from the context
loaded from the shared memory data of the DB server which was copied by SG1 each
time its memory data record has changed. From the context, SG2 will still use the SG1-
HLR1-H and SGI!-VLR-F GT in communicating back with HLRI-H and VLR-F.
UpdateLoc Ack proceeds from HLR1-H to SG1-VLR-F and SGI-HLR1-H to VLR-F as
if nothing happened to SG1 although the physical gateway to handle the transaction now

is really associated with SG2.
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Update Location flow is shown in Figure 21. 10 With brief reference again

to Figure 18, the flow when SG1 fails after insertSubData is shown. In this
case, GMSC-H via its GTT will switch over to SG2 in the full fail-over
cdgeBBIEIS will not be supported in the partial fail-over case. TABLE 4 1SD

ack 1rUdeteFLQﬂS‘/Ieés&enﬁrﬂhISH2 to HLR]| mm%tQ%R—F via
SCCP Called Address: GT: SGI-HLRI:H GT GIMRCH SSN: 6 SSN: 6 TT '
0 TT: $CSECRlicddreddress: SCCP: CallingAdBresde3TdWsR-F GT: -
SG1:VLR-F5N: 7:SSNSGIHVEREFO TT: 0 |15 As shdwn in Tabl‘%ﬁ-éfnd

5, SG2 will doRNinue the transaction from thé contex®Saded front the

shargd membFy datal of tHe DB server which was copled by SGI 8ach -
time |ts memo data record has changed: From the context, SG2 will still =
use the-§8 ’F@I IR sGly R-F GTinle RO with :
HLRA-H andER-F. 20 g&%ﬁ e Ack proteeds R LR RE-H

SGHVLR-F g 5G1-HLRIL-H to VLR-F as if nothinghéppened

althdugh'the Vy5|cal gatvvay to handle the transa B‘n now, is

Message_ from SG2 . VIR-F via G CCP Calle ress CCP
Called AT BESS8F SBIRARFEF 3@% {13 R 5 HHOS 35 0
gg?if Ie?_?a%%%ee% (R:FC o%.%%@a%eﬁddres G-I{hetl lC_(l)?’lFFt(lt 1sTrﬁ1moved f%om the

e méssage ow in'the eve
of SGl failyre is deglct d in Figure Zt
memory atier roamer RESHnaf e Sfact into roamer DB.

One reason that a signal gateway which physically associated with GT, such as
SG1-X, is chosen is that this ensures the transaction (particularly the current transaction)
will go back to the same physical node to distribute the Joad and more importantly to
access the memory context of the physical node since replication across the other
physical node is going to take time. When a physical node fails during the current
transaction, the stil!—alive physical node might fail some fransactions. However new

transactions will succeed.

LOCATION UPDATE: MIMM subscriber in XPMN with IMSI-F

The VMSC/VLR-V generates MGT-F based on IMSI-F in MAP Update Location
message. The message is always routed to GMSC-F first. If FPMN is the hosting
network for the signal gateway, then the message is redirected by GMSC-F to the signal
gateway which will then send the modified message to HPMN. If HPMN is the hosting
network for the signal gateway, the message is redirected by GMSC-F to GMSC-H
which then routes the message to a Signaling Gateway which will then send the modified
message to HLR-H.

Here we assume the operator allows IMSI-F to be used in a third operator, for
example to pool roaming relationships of IMSI-F and IMSI-H (e.g. to achieve extended

national roaming and international roaming coverage for HPMN subscribers). The
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After a successful location update transaction, the context is removed

from the 5 memory after roamer information is extract into roamer DB.

One reason that a signal gateway which physically associated with GT,
soptrasr 86 Hgiisishaggivisichdt this @nsoves te ardnsactiGB {Paniwiey This is
t%ﬁyg@ﬁ%ﬁg@@g@géeﬂ/m%&o the same physical node to

distribute the load and more importantly to access the memory context of

the physibaltingeid dsincd”Mdplicalierd aersissstherethests invphysichyRbgieeii. country
Q%W@W%%ﬁ%wwﬁ aphysicat Waﬂ&d%lﬂ'n&%ﬁu%‘?%e specific IMSI

transaction, the still-alive physical node might fail some transactions. _
Henes Ep el Mahdaisisnganibuct sxtis eOCRTIONpPRRsTERY e FPMN m

suksesiperdXEMN Wit N $br g MMS CIMLR 1Y wenerates M@ Rihigtel is the
based on IMSI-F in MAP Update Location 15 message. The message Is
akbaJS rOlNEE tRratisel P MMEBINGTIS e hBSting SHedabTk 1o g Stngapore
sighal gatevsayeiienihe wessapgeisvadiresentn GMBGFdgtbesigidatan also
gateway which will t send the modified message to HPMN, If H '
Rk O O TGH 1 SIGRETtelitay A FHURRE fs RAFECKEl By bas o
GivksGaE fd GMSGphhvithhichthatordutes. the message to a Signaling

Gateway which will then send the modified 20 message to HLR-H. Here

W?gﬁf%%e&e.gglef%ﬁg:aﬁor ?dlﬁ/lgkﬁh e used in a third operator, for

~DECHL roonntry -prefix "

VM= e H H H
achieve-extended-nationat-roaming-and-internationatroamimng-coverage

for .HPMPLE%?SI‘%ﬂPn%r?}atE@%%a opetalpL it it the.ahp '!80% IOf ¥pVIN/VLR. If
national roaming onfy or in FP N hetwork. This is controlle y the
ForbidelerniXPNINltatykel Rheomoribiddesn XPKIN/ TYhBIdi6 consistsyofiticdridieN, for

i”é’;QJ}HB%)' Mﬁl‘ﬁ{gﬁ&g%ﬁﬁﬁ){lﬁ?‘ws‘{@M%B&%i?ﬁ&ﬁ%% BRIGif tﬁ%{?%ted and

can get discount for one spec MSI 5 range from FPMN, this range wi

nBerestEr odthr SAsPOp-IaTorsl BthSLHLAFPINAY (78 shmbBayuntigride logic to
FRM): FRfgamplediOptugns e HRMN and-gingielisthenk RM&val between

Optus can restrict the MLMM subscribers to use Singtel IMSI when in
StigaPste to avoid registering with StarHub or M1. The IMSI range is a

prefix andtamalsee gicaeWketnardMs tHn isvalldvedtica et FPamoutisrk with

(e.g..where IM{?I-H has a 10 roaming relationship with an operatar ther &(
TR o e RERe AT B PRV GEHSKEANY NS EBFBRE Clolheey 4/ REBPRI © 15
T el Sighaling Gatelay icheckarifithe disesrishab onwvecotergansirther it is nationally
VPMNNLR. If A% e user is.not allowed to roam in thjts VEMNA/LR gin a
or 1 61’11&% O 4 N eVen 1 & Sil Sﬁl cl 1S 111 the Counltr (i as 1ong as there
country wi , for examp ef with the Correspon mﬁ , the
Upddtealp catiomiegudstiwithiye insjestednahdoverage with IMSI-H, the IMSI-F might
be forbidden. For example, an Optus MIMM subscriber visiting Singapore could be

restricted to use IMSI-H (or Optus IMSI). On the other hand, when the Optus MIMM

subscriber is in a Telstra coverage area where Optus has no coverage, Singtel IMSI (or
IMSI-F} can then be used. The Forbidden XPMN tables controls all these different
conditions.

If the user is allowed to roam in this VPMN (in a country with HPMN, for
example, to extend national roaming coverage) with IMSI-F, the Signaling Gateway will
process the message as if MIMM subscriber is 1‘egis‘[eriﬁg at a FPMN network with
IMSI-F. That is, MSISDN-F will be used at the VLR~V and there will be SG1-VMSC-V
and SG1-VLR-V corresponding to the real VMSC-V and VLR-V respectively.
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not forwarded or responded to. The Signaling Gateway can also have a
flexible logic to accept initially rejected VPMN/VLR based on retry
attempts and interval between attempts. 20 Note that the Forbidden
XPMN tHE}E éahostzdritePAPpIigerdhe pond! manfovkihagshnns) i Figure 23.

depending;an.gRaralor fesKements. Fonerample, it theiaeal is sigaly 10

use IMSI-F only when there is no roaming relationship in a coverage
(wheiherivismatiamally corrintemationalyds-ipenievemifihe subscriber is in

the country of FPMN, as long as is already .a rpaming. relationship in

a nationrﬁl?:rg\)éfg)g il iﬂﬂ@ﬁﬂ?ﬁ?ﬁ%ﬁ%ﬁgﬁaﬁ }[g)éc%%ﬁfaden. For

e SGH visiting Si could be

re)is?tnc gg @@Wﬁ%%ﬁ@?ﬁ%ﬁ% rII%t e&c?ﬁ\%?ﬁﬁand, when the

Optus MIMVhesiARANSER TnSABECHEPESR Eradé aresstsdhatOpuscapEom HILR
no coyerpger SIgtel IS dAMSIER) CanHaribe Wses. MsiEpwiddenhe caller

XPMN tables controls all these different conditions. 30 If the user is

allowkd Throathcisad BRiteh issakey AN BUINCIMMaRDIE 3 CLL

extend national roamjng coverage) with. IMSI-F, Sigpaling, Ga

will prodBEdfemReks @Séé‘ﬁ'lﬂl@ﬁﬂﬁ’ﬁl &u%%iﬁ%%&g?%égp§ﬁ%%1t§%¥;ﬁﬁ should
NeVEIKIERA 1M Sife Thial is, IMPBISDN:-FhwikbeduBed dhthewliRR-Mignd could be
there will be SGI-VYMSC-V SG1-VLR-V,carre ing.to.the real. . -
VRS P ARG LS R A ) I e A ORI R s possite
signadinfpflowtis asshovlintaigitk2GallirI0 is postatced BiRMe thered line and
the signaling flow is as.sh 1. Figure 24 :
e
procechmes ithehis ddemaritlS MO B oEMHH BINATEDIg ABLS: variant conversions

MLMM&%%K}E@ %Ha %MN%S%&%&%L@%Q@%& il;@y may desire in

message that was sent from HLR to VLR-F via the Signaling Gateway
wastrioa i hAve KIS bRV Pigs treies ey FRIVEh EShapeaeraiapsiestly. the

thﬂ&%@&%&ﬁi%& BMNLWil send M SIS RN FcRSHe! b nasdeninimakahest HPMN

utilization of the leased line, if possible, GMSC-F should 10 be configured
tof0BsEalls to IIPMN via the leased line. The routing criteria could be

based o GaligeiM ShtanagiansdrstinationnHPber ind FMNNAdgitonaliynel and
it is possible to configure the syst uch that if.the Caller ID.] .
e R s SR R S e SR SR

casighalinyheriheThS D achivertdrool ahel BGdedrvidencan shangecthegBiidred with
frqr ISDN-F to MSISDN-H during ISUP vari Qnversio :

: | - -CS1
O oh BRI SR T oS A oD e Al B, ! iseer
mispdediraimDR b | ttirfgepebmeCatove thah tbie v heck s agaiing e FPNintion number

P%?lrha%ssurgso rﬁo‘x@ﬁ@&r t%tllxyaﬂ}]l%vr&wf%r%%ﬁ@ﬁ NES AN LREPIHZEMBe changed to
called since they are more familiar with the HPMN .
MSISDN-H. Otherwise, if the subscriber calls a FPMN number, CONTINUE will be
issued.
The originating MSC will generate CDR with IMSI-F and MSISDN-F. The
FPMN billing system should be able to rate these CDR in a special way (e.g. via direct
CDR exchanges rather than TAP files). In case there is a Signaling Gateway outage
before an Update Location, the CDR will contain MSISDN-H along with the IMSI-H.

The records are rated by FPMN and sent in TAP files to HPMN in a normal way.
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numbers. For general cases, this requires the both HPMN and FPMN

support Camel and 20 the subscriber has O-CSI. The gsmSCF address

of the O-CSI will be the GT of the Signaling Gateway. The O-CSI| need
oMBE b 4G WHEE thé $LbSchbiéfegibterddrwith TR K alfs thig wasgmail-F or
everyrinméiaherstibberibéerat FPMN makes a call, the O-CSl trigger

issues IRjtIPRLQMENDIgNRIAGLAEMANNRICH e oks @aINSEIPEMN-F number

destination number and issues Connect with a new calling party if the

ciMeAsknBRU DS ArERYE PP s tEbNA. BithdrMsehR il Qissdhpetedicated

callgamRMN nundai CONEINY EavilbBsvdss upel caiheiongnatimgoBGhe signal
will geneéate CDR with IMSI-F and MSISDN-FE. The FPMN billin m

3 system
SHBGTBE HH D At e 88 ORI LLBER Y. Va Sd%&%%eﬂﬁy will add
exehangepdather tharmAPHiedkr|(tgadethermisha GignalidgGatiewal voicemail
outage 0 .b_eftt)ﬁ\% Q‘%Up‘gat&-%&aé&on, the CDR will contain MSISDN-H
a 8ﬁgn\% e IVETEHC FRe'Fecords are rated by FPMN and sent in TAP
files to HRNHEN 1D aviibaivalwayteded MO Bl E DR |GIBWFEDnOALLS NENMMN-H. If

RS T oo AR L o R SRR i s

nathiravistoversokal dmenvoibemailloghichntite &M SC-F will route the call

over thedadicaled 3/prsRdNe 46,10 GSMERMGIENGARIRORIA Miner care,
call signaling through the signal gateway function if billing by the Signal
gatEskiyYiseEsREtE) The signal gateway will add the corresponding

voicemail number (@ﬁ? 19xxx, in the case of CSL internal voicemail
rotfiHe o P VALK LS SIS sehstsids Wil LS ve altered by the
signal gatewimn fidnatienma iISIM PN lfcd 3 catlesdB ishebeiVeMDF thelMSI-H is
voic%{nail system at HPMN, only pin is asked (if set) otherwise voicemail
b&Xfiumber is also prompted. Similar ideas will also be applied to other

SHESRLMITEIR (8B SUSIOEY CRIR diiseiory, ServiseRtc) MOBILE
ORIGINATED CALLS: MlJIMsubscriber in VPMN 15 No chagg;algn normal

GSM précdidirdd A sapyameie r avs]- Elsy sprssiibeisis gaged focal MT call
M@Q%‘TERMINATED CALLS: MIMM subscriber in HPMN Calls to

MSISDN-H are normally routed. The subscriber is charged local MT call
charges(20:Galg3ts MSIE RN bvase vautediviscthenleasers (ne iseGMSgufedsio issue

configwed 1o Spie G fransier a AR SR! RSSO NE IR
SCCP Calied Party Address. Note the word “transfer’ used, this is to accommodate the
case where the originating MSC (e.g. VMSC-F) might directly issue SRI itself although
that will be routed to GMSC-F. The Signaling Gateway transforms the SRI message as

shown in Table 7.
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SCCP Called Party Address. Note the word "transfer' used, this is to
accommodate the case where the originating MSC (e.g. VMSC-F) might
directly issue SR itself although that will be routed to GMSC-F. The
Signaling Gateway transforms the SRI message as 25 shown in Table 7.
SOABITABLE 7 Send Routing Info from GMSC-F Message from Signaling
GatdWayd BLRANRIGMIESSECP CallddsudekersoRiTaieateway
Address: GT; MSISDN-F GT: MSISDN-H SONIH.83ivie GVMSCTH o
SCCPCahifgladdrédssSCCP Calling Addres: @ airsiqrassT:
SG-GMSC-IKBSN: 8 SSNESESHI:-B TT: 0 MAP levefparametersMBADN-H -
level paramé&@s: MSISDN: MSISDN-F MSISDN: M&WDN-:H - The calling
address of tﬂé%lgnal gatéway should be a HPMN SELGT not a FPMN 5.
SG GT since it is imitating-a HPMN GMSC'ih this case, The SRI message '

is hente're QBH@%{%@FF@SP—I LR é rgt has mform%@igﬁ Gﬁu’lﬂ%@%ﬁsﬁ HLR

issues a MAPPRN messdgébitected to VLR-H andiféts MSRN: ﬁ’\? “GMSCE
response. HER ‘returns MSRN-H: in the SRI tespons 1%tck to the
Signaling G Way Signaling Gateway transforms ; message%s

:/lhé)s\,:,% l;r%@? 8&%% eTtASB‘LE‘ 88end Routlnq nfc Respense fqgm

Called A CrToe
a cu I_\MUIL,JJ —OGST vull\,u l—\uUICOO \JI T \JIVI\.)V mOTr. ONVNIoUo™r

el e g%ﬁémléa”'”%wd% G558 AL ot reaey

SG GT since it is imitating a HPMN GMSC in this case.

The SRI message is hence re-routed to the HLR that has information on
MSISDN-H. HLR issues a MAP PRN message directed to VLR-H and gets MSRN in
response. HLR returns MSRN-H in the SRI response back to the Signaling Gateway.

Signaling Gateway transforms the message as shown in Table 8.

TABLE 8

Send Routmg Info Response f om

| Message from Signaling Gateﬂ ay |
| to GMSC-F via GMSC-H .

: HLR H: ' :
SCCp Cailed Address ] SCCRC Called Address: =~
E U EGTI SG GMSC p ] GT GMSC F

©OSSN:

MAP ievel paramebs:rsé L
o MSRNGH

#M'SR& H

Here #MSRN-H is simply a notation that denotes a number whose mapping to
MSRN-H is maintained in the signal gateway function. The actual number could just be
that where the symbol “#° is again a logical notation that can denote “#7,7999” or some
prefixes. The actual number could also be that of the pool of FPMN MSISDN-F that
corresponds to the MSISDN-F called. For example, if the MSISDN-F is a Beijing
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TT: =0 TT: 0 MAP level parameters: MAP level parameters: MSRN:

MSRN-H MSRN: #MSRN-H Here #MSRN-H is simply a notation that

denotes a number whose mapping to MSRN-H is maintained in the signal
gadebity fundtion (Ehpoattsiaind hbeiisweddusriert St ingehotrie number to
symhal s ad '-g_logical notation that can denote "#","999" or some
prefixes. The actual'number could also be that of the pool of FPMN

MSISDN¥fhilaedisiraspendss wofthe mersoNFrEAdunmsbakahplestiahuse of a
MRLERNAFIS ABGIIRGASRMObIle Arabes.ihe nRokishrulds fiteradtRere every

present a Beijing Mobile number to_establish the mapping. While reducing

theMSE df thelPiuriblerasiarmiol RURBEN nate dtlusitLsE 6 3R brefrorde g China
thernaiafign#NMeRNhisuddbailogisticallychallerainy Msasesiwbem figured to

every 5 VMSC (e.qg. for calls originated in FPMN network) can jssue SRI .
qUiRy? (g cBhina Moiierdifes thare gt be PlrEaact 16t totidgndend Wil
okMMSEs willisconfiguvEsTtoifractedh e raicHa tikel feastdilinethble with optimal
FPMN # poo roach on the gther, hand will SRI-issuin
Ut R e ARG s Rty SRS humber from
capapility ol ydoiéShe cathatdehstdedhBoGRIBC iBifertthe dhoserihaueabat line.
from 10 the pool..Qnly GMSEC-F then needs:be configured to ro e.call
over e B R P AP SSRPE SAHBACR: pool
thiztsis! mppprasenthnithenpivlesasé b Mdébm:@, ItHak iknﬁ@kﬁ)_eﬁcfé’éd%oth

MAP a“‘f'f%cl%ﬂg%é%aﬁ%{%{w%&r%ﬁéﬁ?ﬁﬁfﬂﬁ?&{méﬂ%ﬁo GMSC-

then VMSC-F will route the call to SMSC- F. GMSC-F is configured to
rotité S il i ont deresetd veto EMBE Hapdselgased 1me i SRIBH:H based on

GMp&kH.-is. cenfigured {0 ssntiRldPbAMessage o thaRi9palind the Signaling
Gateway based on the destination number. The voice trunks are held at

GRS, BigHafiRg s alewayinapa eetieShRatRifentirbe S thidder) OMSC-H.
MSRN andaautiesthasalhdbaskiatbe GMB&H. GMELHIrMtasdhegall the cail

to the terminating VMSC-H. The signaling gateway also examines the

peh Ay e AT e
GMSC-HH thgnAlpariyaruwmpeallds axaatioaalnumberanautiberSkisattiriging the
n is a FPMN node, then if rty has a national prefix, it.is )
st?r%%f]oo 88}?8% E)ll%ﬁxli%qf g&é@?%éy@&tﬁ/ﬁﬂﬁ% %%ﬁnné}%{ﬁ%l%?e %Pg?al number and
FRN ISRdthenmiseopeefixinGPAVNreotly, with tifethatey matignizd sprefitiofial prefix, it is
FPMN. For example, . ing ERMN.is.Chi ' Mg :
e b Sebairied G el EERADY: otorwise
therefatiosahprefixtithevfifstidigivie suippddrstiand teMest oirAcksupieixassuming
W'iﬂﬁ’m%ig'@iﬁﬁg?‘@&ﬁlQH%%ﬁm\qggaﬁ%éﬁcaﬁons will be performed.

1. If the first digit of the A party is 0 — the national prefix, the first digit is stripped
off and the rest of A is prefixed with +86 (i.e. change address indicator to
international and prefix with 86 as addressing signal digits).

2. 1If the first digit of the A party is 1, A is prefixed with +86 (i.e. change address
indicator to international and prefix with 86 as addressing signal digits).

The signaling trace for the call involving a normal flow of SRI is shown in
Figures 25 and 26. We have not tried to show signaling traces for different failure
points. For example, we have not shown here the case where the signal gateway used to

route ISUP signaling goes down in the middle of a call. This is described in another

example. We have spread the cases of different failure points across all examples.
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international and prefix with 86 as addressing signal digits). 2. If the first

digit of the A party is 1, A is prefixed with +86 (i.e. change address 30
indicator to international and prefix with 86 as addressing signal digits).

The sigitalingrigaeeifor Mt catllingoiving & Ndabid fOieersRIGEBhWASR-H will

'} HIEs:2R A 26, W6 have not fried o shoyy signaling drages dordifferentimim

failure points. For example, we have not shown here the case where the

sighstiae Y Sedt 185 NS TEURIsRinaTHE oS RN ITHI T thidigigignaling

0&%9@!4?@11% éﬁ;g%éﬁ&g?eddﬁ)ﬁriﬁﬁ‘%ﬁll%@ﬁ%@!?b;y\{ﬁeh@mﬁﬁﬁgtbﬁmem in order
a

cases of different failure points across all examples. 50 The originating

M eldipgetlerite BaveBme ettt C BR! ﬁ%”éﬂh%beéér%‘ﬂa%% fg above

CRR280.H56itde campuiaigcahair-time charges fardhedMidNMEPMN, it will be

subscriber. GMSC-F and GMSC-H will generate additional t_E%nf[j# DR e
R SRS R e

SigRERky (GRWE) Whihdd BN ehaSEbR M IRFHS IS
billipg:systenNimeider uie/adechspERiaksoanihg (e RISy dharges:to headdition,
MIMM subscriber's bill over and abave charges,computed usjn SC
P A PR U AN P B CHCEITe oty Py 27 and
FEMNpibe dadl SR bfiginatdensiite ttvelG DRwoafainSRhé (Jhos el Kidin HLR-H.
number and/or the SRI-issue VMSGC- SC-F s. In addition,

HLEH\%I ﬂ%lﬁ%gﬁﬁ?\/lf\ls%)%ns%#fg% Sgr%(t:eig{grmwégﬁl:ﬁ(%%gé?éa the leased line.
Figures Bavandrl 8128 dlepiced e BRifivainhdrSE ThsréBE donmcfeay the data
ﬁj{j%'fg;} ¥ de issurg from HLRH Themianaprace isshown indhe case Sfired DB

ver support. However, at the end of MAP transaction before the

ISePetrahsaetion, smsdlatsiod gr ANrSRia, magraledssobRisn it the gateway in
MAR: HanSaesion, s itien1aihe.abared L Bageryere The s Baiecs because the

period for this data maintained in the transit in the gateway in 15 case the )
ISy TnalspabrretgRdlind R dedrgbisd babicte g sk 4930 Eether server in

begause-thendatais.aispsharerhin thesB:ganweseie. ISUP signaling can
also go to the other server in which ggsg the data W%(I:ﬁ? r.e%d rom the1 tine 1
shared DB"SerVat il S8 PIPHECISE B PartiBrtan vl Widh SupPictne the

diechafiercardpleting thebMAP traiSaetionfhatjustdefite the Shifue to function

Ioopba?\cir case, SG2 can nue,t ﬁﬁf lon eading the data.(e.d.. .
#IWS?% ,iﬂﬁ.éﬁ%}?o@n%e sér]\\//'(f-':-ér. itélr?smlll%l?se% e czllhvelg:ighuﬁrl(les ! ﬁé)%éated -
alBiztirat?the pool of #MSRN-H is shared not split by SG1 and SG2.

Besides, it js assume il - {
number So%e%fgatgé @a%%%&h%@l%\%ﬁi%%%@o R? Eﬂ,é’,v g?;g%&%%(}%
SB¢usieto ibiicsdoabivibie weseribed EMbEdmER doidt wdlgd anplisyP

ory 3R message wikrpalled nuikenE §amedag® of MSISDN-F or
#MSRN-H back to MSC. -
So just to avoid doubt, the described embodiments do not send any ISUP or

SCCP message with called number = same range of MSISDN-F or #MSRN-H back to
MSC.

MOBILE TERMINATED CALLS: MIMM subscriber in HPMN: Location of the signal
gateway

The use of #MSRN is introduced to controi the routing between FPMN and
HPMN network to save cost. Otherwise, MSRN can be used and the location of the
signal gateway will not matter.

To save cost when the signal gateway is bosted in FPMN, #MSRN is also useful.
Here the call on #MSRN will be routed to the GMSC-F first. The GMSC-F can then
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MOBILE TERMINATED CALLS: MIMM subscriber in HPMN: Location of
the signal gateway 30 The use of #MSRN is introduced to control the
routing between FPMN and HP'vM network to save cost. Otherwise,

MSHNIeop Beousbdhandiarid kréanan bifene isigneal Gateivad Rl nGMR&Rrcan be

TO,SAYE:GPR! whenibe signapRteWayRS Rosterkin sEMMN. #MSRN is also
useful. Here the call on #MSRN will be routed to the GMSC-F first. The

G5 qariapns BADSUR gopthrough shersigmak pamwal biefate minated Call
goes,puirasMSRN. GMSC-F can be configured to route the call on

e SR S e MO TEBMIATED G0 S g o
tdlh&S(B@ﬁCH{VWilbesmwmmﬁﬁﬂkﬂnd WMBCEE Riavitte 36480 ¢ diled. Party
paf y%ixl}é\r/esésﬁga%@/lﬁ?ﬁs? cﬂfpﬁn %'9 cig% E&ﬁt}%ﬁq‘éggﬁl\%@”&g message

ote atd Ing the Update Location from
FRMN) e miedsaligrai outevienthéSifnaleg iaatdbred aisastpiethp Renaling

ol % afdiens ofie Senalg CalewanRERMandL iue YRR reques:
address. Hence, the HLR issues a MAP PRN request 10 to the Signaling

GatdwSjesiirating GatevienatinmSrine tRansRIp adsRRAnansiraey Table 9.
TABLE 9 Provide Roaming Number from HLR-H Message from Signaling
Gfmaggto VLR-F via GMSC-H SCCP Called Address: SCCP Called
AJIFESSidE Roamink Rumbdr Vo HLRIN: | Holage FE Tl Ry
Calling Addtess::SCCP Calling Address: GT gblmikiﬁiliamasl@R{H s e
SSNEECPIMIET AlaRstT: 0 MAP-Tevel par_anm@mla J@d@bss i
parameterg; IMSI: IMSISJ@.IM& HMSI-F VM. =;?'--VM81;R
VMSC-F MSISDN: MSIEDN-H MSISDN: M5 __
routed to therFPMN andothe Slgnahng Gateway mod’ﬁ‘es the 15 B’RN
response as shown in, Table 10:. 20 '

SCCP Calling Address: L 'SCCP Caihnv Address:
"G HIRH. Tl SG-HLR-H
(SSN: 6 6

AP Ievel parameters

) AP;]Q;:&}E:I pamﬂiet:eﬂr.s:

TMSI: IMSI H :_:;} T s IMSLE

MSISDN MSISDN-H L MSISDN MSISDN F

The message is routed to the FPMN and the Signaling Gateway modifies the

PRN response as shown in Table 10.
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25 52 TABLE 10 Provide Roaming Number Response = Message from
Signaling Gateway from VLR-F toTILR-H via GMSC-H SCCP Called
Address: SCCP Called Address: GT: SG-HLR-H GT: HLR-H SSN: 6
SSN: 6 TT: 0 TT. 0 SCCP Calling Address: SCCP Calling Address: GT:
VLR-F GT: SG-VLR-F SSN: 7 SSN: 7 TT: 0 TT: 0 MAP level parameters:
W@Bibﬁeﬂbarameters MSRN: MSRN-F MSRN: #MSRN-E 5 Again
aMemﬁxmns?eM .
coulg ﬁ@ﬁfbgaﬂﬁ‘dﬁﬁﬁlﬁﬁthe symbol "# is a(géﬁ(é{)l i ﬁé@é@ﬁ?ﬂ that can
denate "#","699" or someSprEH@dIThe actyial numbekcould alsdBdiebbht -
of thee pool BFBEMN MSISDN-H. While redycing theé®88e of the nfimber of
HPMN numgé';"s the actugl useofa 10: prefix for thqéTnotatlon #MSRN-F

coul ?éb?gd cele ssues to both MAP ar(]aéigll ges smce
: g%ﬁé 65%/!%1 network. Tt % S‘?c 0|
not resent (g th issues does consume:more PMN num ers
|gured to end ISUP IAM message the Slgnahgg

Gat Way based on the #MSRN-F destlnatlcn number. "The voice trunks

SC-H %? Slgnallng Gateway maps 1i0g ﬁﬁﬁ'&ﬁgﬁ“ number
ISRN-F and routes; Ttlge call .back fadli& GMSC-H. Th%MSRN o
signatmggateway afso-exammes the A-=party Tumber after receiving the '

ISUP |09f%g§§ﬁ»§f§ﬁﬁ'@gg rﬁ[ﬂpﬁ?\ﬁ%&ﬂog tﬂ&t RARBLY Q%ﬂgﬁ&'%ﬂose m %mg to

national number and the PRN-issuing node is a HPMN node, then if the
DMBRRGE i aniokangshnthit 55200 caippenbBRR pTERaRyaheuREpFoNld just be

Wit the dterRagansy peefi %MPM&M%M% prefidngiéngireatly yith or some
the international prefix of HPMN. For example, assumi é%’ HPMN is CSL

siPreatRerble el ermhR gl datatrsTarPERe ROR B EHRRIA NSRRI

(i.e. changgiadenasmingicalar &9 tﬁ&em&u@a&lfammefmmﬂm%&a@maz use of a
addressing signal digits). This might not b neressary if GM% h I\\ﬁVM’ and ISUP

aftGatiially 2peE HBERIST SEIhPHRRBra IR ARt ek PO

- messages since MSRN-F is issued by the FPMN network. The HPMN # pool choice

does not present length issues, but it does consume more HPMN numbers.

GMSC-H is configured to send ISUP TAM message to the Signaling Gateway
based on the #MSRN-F destination number. The voice trunks are he.ld at GMSC-H.
Signaling Gateway maps the destination number to the real MSRN-F and routes the call
back to the GMSC-H.

The signaling gateway also examines the A-party number afier receiving the
ISUP loopback signaling from GMSC-H. If the A party number is a national number énd
the PRN-issuing node is a HPMN node, then if the A party has a national prefix, it is
stripped before prefixing the rest of A with the international prefix of HPMN; otherwise
prefixing A directly with the international prefix of HPMN. For example, assuming
HPMN is CSL, since there is no such thing as a national préﬁx, A is prefixed with +852
(i.e. change address indicator to international and prefix with 852 as addressing signal
digits). This might not be necessary if GMSC-H will automatically append +852 for

internationally routed calls.
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53 GMSC-H is configured to route the call via the leased line to GMSC-F
based on MSRN-F being a number in FPMN. GMSC-F then routes the

call to the terminating VMSC-F. Note that GMSC-H here did n
distingiSH SR A-PopBEarséri rauta Tastat oras i oA I é‘?SS%%%Q"F based on

NOISRAIOAMEESI hiERMNi GV SCEHIRIsorfiguad dateaute alhicalistie terminating
FPMN numbers using the leased line. This is to increase the use of the

Ie8¥&¢ tihe to cut down costs associated with IDD charges paid to the ISC
providerset alay ABVEMUR SHeN @it SisppeutstailMorar theeGii8a-#4 a result of
should configure the routing towards ' ing a

: C ! a : 1l
o DAy BT, TR hne Sk 19 SBg8 st g i als
|aagerMiK ejunibites tienseiboridaed StandByis fute intltdasetiiat wethe thxiktingd line to

ISC providers. A signal.floy abile termi | Wi e MIMM
sﬁ%tsgzorl er (i)rsfslff’gﬁ)/@ﬁtﬁo %ﬁfﬁr%?ﬁra%%%pgﬁ %E%Iégltl)%%%%g shown in
Figure 3D Noid atsgdsiaithedvoiupe SRIGEISkh GRS Gal sprivldycadigure the
and G2, Besi A ~ Wi P- i in thi
O BT o
avaie Wb lembsdihiantyddanbe seernrday PEOBBFstsepllbedbaigd hthkisting

cadled,number 2 same ange R ANSRNFRAGk A MSGHRRMNIMMSGbscriber in
generates MT CD using IMSI and MSISDN-F, It is billed aé; special

pFEMOYvakdls Terninweddrall on YRS RN OB yen B died 5y ignaling
Gateway 208 4 8e6:fRrrddireresming cakhiedoutingicbaiyes a8 @DBesides,
has the record of the assigned HPMN # { the HPMN # pool which red rance
indieAnsarsd %?Fowb}}ﬁaﬁw&B%Ué’rﬂfdtﬁé%%]s}ﬁﬁ%ﬁ%%e CEwhig e rane
ingicatek the calbdestgation side. MOBILE TERMINATED CALLS: MIMM
subscriber jn FPMN, Mobijle Teyminated Call on MSISDN-E 25, t

SISO GO 1 T 8 o AR b St oy sage
transfeslise /Al SREgueky rta ghe SiyIHANg Gatk el hith SCCP_ C_alled

Party Aq?q{‘%lﬁ ﬁé%{léss‘%%%’\&% eCEBﬁ VAL IWSJ\%E M’ﬁ@ﬁﬂ'ﬁr .'Sﬂ,t(?,s Rﬂled at a

accommo where the originating MSC (e.g. VMSC-F) might
dispotly! ipsureSRikitsbiftE tdurghtthiat TP bEhedhdt senamsidy Sapaling Gateway

CMQGd {&uéaﬁxﬂéel%%ﬁﬁgg&fp EMRhd which then nasses.andR theord of the
Signaling Gateway SGl via GTT. SGI then forwards the SRI query to the

rezssigne, N HafroMBTIE YR ither ¥hirB Seiessehibesaeyigpation side and

MSLSRN:FAowRrda i MM Sidedviae \eCeapravidanivhishids configured to
route the CAPA=MSISDN-F towards the HPMN side or 54 it is configured

injiiepwE GEA Mol ST RIGMSCaENM b/ trahslate CaRRAMNS IBENITrominated Call
on MSISDN-F

Calls to MSISDN-F are routed to GMSC-F. GMSC-F is configured to issue or
transfer a MAP SRI query to the Signaling Gateway with SCCP Called Party Address as
MSISDN-F. Note the word “transfer’ used, this is to accommodate the case where the
originating MSC (e.g. VMSC-F) might directly issue SRI itself although that will be
routed to GMSC-F.

GMSC-F routes the message to GMSC-H which then passes on to the Signaling
Gateway SG1 via GTT. SGI then forwards the SRI query to the real HLR. Note that
GMSC-F can either route SCCP messages on MSISDN-F towards HPMN side via a ISC
provider which is configured to route the CdPA=MSISDN-F towards the HPMN side or

54



10

15

CdPA=Common-HPMN-GT-of-Signal-Gateway. A successful flow of SRI
is shown in Figure 31. Note that during the Update Location from FPMN,
the message was routed via 5 the Signaling Gateway and the HLR

ciritains fgeredidrdss ot 1Signa g G Aty fiaih Epmslaie thd TABMAIRDN-F to

agdiesschiencs. ia-BissussANMARRRN request to the Signaling
Gateway. The Slgélahng Gateway transforms the PRN as shown in Table
11. TABLECESEigw RbaRiFgSMumbe A @BHeRLR-H Message from

Signaling (aatewavirit: hRehpyie GMatol! RO UalladAdeiess: %@(ﬁited via
Called Address; GT: SG-VLR-F GT: VLR-F SSN: 7 SSN:7 TT. 0T

T:0
sbepignsing Relgress aat e BifingPRatedls addrpp RiHhg pignaling Gateway
Statidk-Rrid &S Nu@ Sﬁk\l a@dr‘EJs Q1Edce0 MHH&Vﬁhmram@MS)MARdmlto the

RS,

B S IRBKHISTSBAE

1S shown n Tabie 11.
e message IS

routed to the FPMN and the Slgnallng Gateway modifies the PRN
repBifide gs shown in Table 12. TABLE 12 Provide Roaming Number

Re

GMSC-H:SCEP Called Address: SCCP Call

GT:

Cal

MA

sawmdd\lhsaag%m&gmimgmﬁdwa Mmgﬂ.ﬁeﬁltﬁlgﬂaﬂng Gaeway

cth Ad RSy I VSG-HLR-H -

$OEREaESIMEBBSN: 6 TTOTT: 0 SCC
ling Addi&ss: GT: VIFGHVER: ISG-VLR-F

P level E)S;Mmeters VAP level paramete
TT Lo ST b

SCCP Callm Address

[S:

__ SCCP Calhng Addrass

IMSL IMSIE’F

 MSISDN: MSISDN-H

| MSISDN: MSISDN-F

BGainglatlddbessCCP +
SSN: 7(§SN 7 TT Y}Iﬂﬂb e
TT o

VMSC: VMSC-E

The message is routed to the FPMN and the Signaling Gateway modifies the

PRN response as shown in Table 12.

TABLE 12
Provide Roammg Number R pons | Message from Signaling Gatew ay
from VLR-F AR to HLR-H via GMSC-H: =i 000
SCCP Called Addrcss SCCPCalled Address: %
T GTE SG-HLR- H s GT: -
SSN 6 SSN:
TT .0 TT _
SCCP Cailzng Address | SCCP Calhng Address: ¢ i 7
SR eyt VLR—F 2 GT: SG-VLR—E- L
CSSN:- 7 SSN: © o T
' TT 0 TT 0
MAP .Eevel parameters . _MAP Ievel para_meters
MSRN: - MSRN-F | MSRN: " #MSRN-F .
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MSRN: MSRN-F MSRN: #MSRN-F 15 55 Here #MSRN-F is simply a

notation that denotes a number whose mapping to MSRN-F is maintained

in the signal gateway function. The actual number could just be that

where thtersyMBORNTis againia grialipoihebrarritcamyeistevioseomgrping to

Of\/Pﬁ@\EF REGHXES I e AeHdal P PRE GV I8 s Per thal aldngReet @buid just be
FPMN MSISDN-F that 5 corresponds to the MSISDN-F called. For.

es&mml@r@fﬁrf?esnm@@bﬁ i realBaijrgcalRpE Ui eSOl shotld b some

filtered.to Presenia Beling Makileigymbeitooeatabish HFGEF}@BDMSJSDN F that
hile reducing the use of the number of FPMN numbers, the actual use

acHiERORsEtie HtAMSHMMSRREELGRY B cIPeRdRENG idS @ YUeijing

cases whergevetye W MRGifee Rieallsorghated iB&RMNVReiOd)mber to
can issue SRI query (e.g. China Mobile) since there might be hundreds if
nEH ARG R EPRIS Cs will is configured to route the call via the leased
line. Th&ﬁﬁMN(ﬁl@@QItﬁbmm mtmmm&rmﬂwcmbeﬁhehe actual use of a

SRI if %&I% elf ln ud| those with t

gB’Pty(S:?(g route he calt Ee 1§ H% 6C‘f@q‘%rlrtihceag C on;grlle evers
nm f(mm fhe qmﬂi@loﬁl@r@n@/ 1B MBI peitivtbrin momi!gm?&i enute-g. China
tkﬁocb Ui]\sler tqﬁér%ar%?% 'Bg il g?ﬂ%rlf; ?g{l a@&stg?@ﬁﬁ qiﬁiaﬁegonﬁgured to
approa that is not p‘%esent In t e poo ase approac at it might

exeeedhsotiIMiaRharcrisUnteridih EBP»@\?Pﬁbmi DRISCIF the sopighed  wall cause

f%é%‘ﬁ?&?dh%@%%&e@%t' iR NESErEL Rageean ANMBRRNHR. optimal routing
GMSC-H is configured to send ISUP IAM message to the Signaling 20

ceapbaipfurctoicsbseallon lrstdedhinsidn GuhipetherriesraissikEsrdhe pool

heldiat@MBG: HaThechossrSignaling@ateway Rapsmihedestination
number to the real MSRN-F and routes the call back to the GM.SC-II.

GMSC-HHFotiteshl oar fraMSeelihhascd fPRFAS T dREHE RiFtEN i the pool-
tesmizatigoY M SCGhk 1l’fh{bﬁt easeact?&eml@ﬂ@m@tewmplmmsf&-pm

information unchanged. A signal 25 flo ile terminate

s M e 0. DR PR OB G ORI hesed on

SHOMBRIN-FigUine S2- EW%MM&@HQW@%SISUPCDMU&H@&MSKHME Signaling

Méa%%%\;': It{s blble ta S x&%gnnrﬁgn ' rat81 e mn%ta\{eahlﬁ at GMSC-
gen ng

The erate%s%y gna ateway IS tséd for a ding roaming
call. reaeouitingnchigngbsg K@@w&em@amec ieginatitomebervMBergal MSRN-F and

V&’(ﬁl‘t g {Miséaﬁ)bg&fﬁ) I\g;lr%rkt?'@ﬁ%@ IPI%&!Q:@QH@Q:&%WS@? which will

Signaling Gateway can also directly issue PRN to VLR-F when receiving
SHESRuSNhecehcohatTERPMNAWSSON-F number under certain

fr?:rgitiOQ§ (8IS E UninCicRIOL 1509l S8k EReXe S RO ARGERHNG CARIDATIATA signal
flow for a mobile terminated call with the MIMM subscriber in FPMN: Mobile
Terminated Call on MSISDN-F is shown in Figure 32.

FPMN VMSC generates MT CDR using IMSI and MSISDN-F, It is billed at a
special pre-negotiated rate and sent via TAP. The CDR generated by Signaling Gateway
is used for adding roaming call re-routing charges.

Since roamer information {e.g. VMSC-F, VLR-F, IMSI-H) at FPMN is
maintained in the Signaling Gateway, the Signaling Gateway can also directly issue PRN
to VLR-F when receiving SRI/SRI-SM query on the FPMN MSISDN-F number under

certain conditions (e.g. CFU indicator is not set, there is no incoming call barring, there

is no T-CSI service) rather than looped back through the HLR-H. However if any of the
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is no T-CSI service) rather than looped back through the HLR-H. However

if any of the 56 special conditions mentioned is true for the MIMM

subscriber, the Signaling Gateway will not have the HLR-H knowledge for
tHpseidoradivine smertignsy willnetbe Be Ay YheubisHAfh e atenalipe Cateway

whan fengiiening as @ MUBJQELR 1y Indhat srngeignat grteway willbe sent to
need to relay SRI to HLR-H and cannot directly issue PRN query to VLR

-F .
5 Boehi Pl RgoalEHEN PREE. TSRS RodtingBf YoldbRdls i that case, Signal
copfiguredangdappicablsfanthenaticHac MSRN iangee araNifhiting VIR-F
arrangement is made, the Signaling Gateway can choose to return the
rSAFRIS BRERYAMEMHRH #MSRN-F based on whether the current VLR-F

is permitteshitrArrRoptingadiy rodtechials Rotfigunitl bedmadeadite ctly tte theticular

terminating 10 VMSC-F from the SRI-issuing,VMSGC-F/GMSC-F. There
TSRS Pt A A T e R Tl i G eoose 0
gasawayhel el SigRRNgBtewray thilh St GEwéT dtsal roamintghecathCDRroft VLR-F is

type (k interrogation HLRI t.that t ' [ I
R AR TS R T IR, Mo i
CORKERR IMBband ISR VIMER-1E3HeCiE! Biing vslhppiiedomie iseMSC-H
WQM?%SH(?%%BQEE%%%llﬁ?l%a{fﬁ'g&i@eﬂ)}@ @?gﬁi%é@%y.d%%tiggﬁkﬁsgag%% will still

generate the Signaling Gateway will'be used to add special charges

forasutiscr taaaneieath FPRIN GnapNiNRdaterremindIERM KEesR! theg there is no

leasedofing, M@g%@gmm@%@@@@;{MlMM subscriber in FPMN:
Location of the signal 20%%atewa§[The use of #MSRN is introduced to

control thelrdeidRg Sasiaeh PeMRIERd MR REERV IO rafingShoPide, When
OEB@EM%H?A§E§Nﬁﬂﬁ_&?@.iﬁ&@ﬁr&mﬁtbe éﬁ@?&m@mgmmiﬁew?ammm, the
not matter. In this particular case, the signal gateway is er hosted in ,
NS EE ol AP DTG0 Lo DAL Ea B Be AL B e idospecial
ofHMSR Rbis@lsatsefuhHeane evedllodnPANS RN Withhé roBddNoothe the ieased
GA\/ISC-F first. The GMSC-F can then ISUP loop through the signal

g 1t%?/\/ay before it goes out on MSRN. This will allow the signal gateway

P&8 ronsrRling Aupction. MEBILE, TERMINATER LAELS: MMM e sionar
su s%rd, eglgallzp VPMN with IMSI-H: Subscriber 30 called on MSISDN-
MOBTLE TERMINATED CALLS: MIMM subscriber in VPMN with IMSI-H;

SubscribBie cifeBloTMASTS DNUE RS 5& etorsral CaR toatiBRigIRaTEE g and
VMBI Qiremeies a2 Girp SR I OaskingeY MSRNFah GMSE- nis ke fodation of
MAP SRI message tQ the Signaling Gateway with

the signal gateway will not matier.

In this particular case, the signal gateway is better hosted in FPMN since optimal
routing and billing can both be achieved. The use of #MSRN is also useful. Here the call
on #MSRN will be routed to the GMSC-F first. The GMSC-F can then ISUP loop
through the signal gateway before it goes out on MSRN. This will allow the signal
gateway performs proper billing function.

MOBILE TERMINATED CALLS: MIMM subscriber in VPMN with IMSI-H: Subscriber
called on MSISDN-H

MOBILE T ERMINA TED CALLS: MIMM subscriber in VPMN with IMSI-H: Subscriber
called on MSISDN-F

This relates to a call that ériginates from VMSC-F or reaches GMSC-F. SRI-
issuing VMSC-F or GMSC-F issues a MAP SRI message to the Signaling Gateway with
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57 SCCP Called Party Address as MSISDN-F. Note that GMSC-F can

either route SCCP messages on MSISDN-F towards HPMN side via a

ISC provider which is configured to route the CAPA=MSISDN-F towards
th‘féZE]P’KZINIeﬂdBamyiﬁé@mf@l&é&ﬁ%bvﬂn@ﬁﬁat(mﬂzt@mwywe SCCP
trﬁ%g?% I\ﬁﬂwm\g QS%P\NQWQ 0%1(—199 wﬁlch is configured to
Signal-Gateway ignaling Gateway tran

storms this request as shown
irrorab el SdPHABI SIS teRea tihg M oGN8 G Foessadénfisnewn GTT

Sigp §W¥R 18 GMSbeit RGERISRIed Add féé?Aﬁ@&EnBﬁ'ﬁﬁMN GT-of-
Address: GT_: MSISDN-F GT: MSISDN-H SSN: 6 SSN: 6 TT:0TT: 0
sSgplEHifPAddress: SCCP Calling Address: GT: GMSC-F GT:
SG-GMSfBi SN &S B b0l 1A MAR VAl parametessiMAP

level parameters: MSISDN: MSISDN-F MSISDN: MSISDN-H 10 The

request is routed to the I-IPMN HLR. It issues a PRN request to VLR-V.

T l.returned-is-routed hnr\l{ o the HL

respoﬁ%”éd Fﬁé‘t% L%%’gfé‘ﬁﬁ e Signaé s
transformed-as chn\m'; in T:\hln AH: TAI'-‘II  ncly

hip &I
Resj allng Gat&gg

CCP Called Add (ads.

GMSC- GT: SGY %‘?ﬁtﬁ
GT: SN: 8 SSN: 8 TT: 0TT: 0 SCCP CAlihg Addresg SCCP
Call & GT: HLRH GT: SG-HLR-H.SSN: 6 SSN: 6 TT 0 TT: 0

MAH
#MS

@&@Wﬁﬁgﬁ@&&%? lével parameter%&%mm SBA&&S'V'SRN i
Cohy GT """ SG- GMSC F
SSN L8

.MAP level parameters
_MSISDN:

level parametels _
MSISDN:.©. MSISDN F

. MSISDN-H

The request is routed to the HPMN HLR. It issues a PRN request to VLR-V. The
MSRN returned is routed back to the HLR and is returned in the SRI response. The

message goes via the Signaling Gateway and is transformed as shown in Table 14.

TABLE 14
' Send Routmg Info Respame fl om : _' e _Message from Signaling Gateway ..
HLR-H Lol to GMSC-F via GMSC-HY
SCCP Called Address i : "SCCP Caﬂed Address: ¢
GT; S_G—GMSC F. GT# GMSC ¥
CSSN: 8§ . 8
AT 0 oY
SCEP Calhng Addressy, . 0 SCCP Calling Address: ™ _
: SS__N._ 6 g SSN- 6
TT' | 0. TT?’: Qf;
MAP 1..6”&’.61 parame’{ers g F MAP lével parameters
MSRN:’ MSRN A% MSRN: #MSRN—

Here #MSRN-V is simply a notation that denotes a number whose mapping to

MSRN-V is maintained in the signal gateway function. The actual number could just be
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15 Here #MSRN-V is simply a notation that denotes a number whose

mapping to MSRN-V is maintained in the signal gateway function. The

actual number could just be 58 thf;\t Wél;re the symbol #é is g@n, 99>
I0RAESER D ANRAPEah deRTHE dI0%Fe “3RESH aE')Feaﬁxeeél.O%e dctgal o Some
nitathes could-alaal hauiat abihie pieoltef RRMIN MMSHISEINFHEN MSISDN-F that

correspongs to the N-F called. For example, if the N-F.is ap, ...
ERRP DI N S Boot SRouTe S A Dotk D ety © Peing
Mdbliigenuimtier.tohs psthblishlthéamEppmdgtoMhitecnedudingintbeMsialof nhmber to
numgfr of FPMN.numbers, the actual use of a prefix for the notation

#ﬁ@ em

cou?g%%glogistically challenging in cases where every VMSC
(e.g. forithils oribitiatethin s MiNsenaohey c2infiBMNE Smikpieripgeagtual use of a

\CA:}#I% Mp 9!&%3%% %&@N!W&&dm@ﬁ@%ﬁx@%}@%gﬁ&% MM ese every

is configured to 10 route the call via the leaséd line to gét the special

r&MBints oy serlsrarizinatinial FEDINORMING &N LYW BRlapifiEdy-¢ China

Tﬁﬁ)ﬁ@?_%#&: Rﬂ%%gﬁﬁ&%}ﬁ@mf hand wilkcause viDe SRIABSY @ figured to
VMSC (if not the GMSC-F itself, including those with o%%f al routing

cEpEbiG Tl routeedrasedilias fodst (arecesi SC DR tHE LIV IGMgal IDD
fremmiie dagdles Qaiy e MGl willdren s copliguiesi de sauke tiecalmvetl] cause
the leased line. 15 Another CFEII éig theiErefixe kgyatfhed ap roa%ht at én

R PrESBRT i IR b BAEE AP pYoRcHE Tt (TG EeSah BB Touing
MAR &g 1SR dengthdar & RRIVIN (GMSGE-Bioorfiguredinuoite fharcdie pool.

via the line to GMSC-H based on. #MSRN-V. GMSC-H is

R s A R PR RSl 1S G i Bt ot e

on. the destihatidrlhumbén THhendics! thasksapredaeldtizt GMSEreReRDIn the pool-
Signaling Gatew:. ps:t tinati gt : nd

S AT b T R L e bl e

terminatiilg SOAS G-orifigersitivalinge ghtewdy @l Soe dseseiinby theCAIparly based on
n Wgﬁﬁ\ﬁ@eréﬁﬁt‘ﬂ'ﬁg igh %oﬁ%glﬁ’elﬁ) agbagki signating, iom GMRCr -tkllfet@gnaling

A party number is a national number and the SRI-issuing node is a FPMN
néeswhEnbistse o phendRdineinatwHBPHrefikeitRIYS Wk etcpRiliert GMSC-H.
prs%gﬁmgf@a@@w%%yimethes{mam@mﬁ@ep refixofaPMdRathiemiseutes the call

prefixing A directly with the international prefix of FPMN. For example,
b SSEin P 18 NS GBI TSR OEREES S Wi b
performethe 3siHnt & firshdigityohidoe Adpsirs isH2 -Ahenationabqrafixy theeiving the

first digit is stripped off and t t of A is prefixed with +86 (i.e..change
o ORI 36 TGl e R v A A o Qg er and

 sigrasRigits)ink Hdhe ifirstiyidohthie, Ahgarty ibel AApistprefixechwitmatggefix, it is

(i.e..change.address .indicator. to intern t'gnalt%n%%% MH} 86 BSVIN: otherwi
a 55%%%(% %efsolae n%lie d]i}é]ilflg) tlﬁe rest ofJ R wﬂﬁ % € nternatior )&) ;. otherwise
prefixing A directly with the international prefix of FPMN. For example, assuming

FPMN is China Mobile, the following modifications wiil be performed.

3. If the first digit of the A party is 0 - the national prefix, the first digit is stripped
off and the rest of A is prefixed with +86 (ic. change address indicator to
international and prefix with 86 as addressing signal digits).

4. If the first digit of the A party is 1, A is prefixed with +86 (i.e. change address
indicator fo international and prefix with 86 as addressing signal digits).

A signal flow for a mobile terminated call with the MIMM subscriber in VPMN
with TMSI-H: Subscriber called on MSISDN-F is shown in Figure 33.
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A signal. flow for a mobile terminated call with the MIMM subscriber in

VPMN 35 with IMSI-H: Subscriber called on MSISDN-F is shown in

Figure 33. 59 VMSC generates MT CDR and bills HPMN normal roaming

rates thirOMGIE BAR ztaage feRt ac DRl lgdtiyRteby Siynaling Gitelyeyigh TAP
WA&&B%&%@W@M &ﬁ&&@&%@%&ﬁ@%{@%ﬁ@%@ 1R feas RN & iber for

HPMN at a special'rate since the call is routed over the leased line. 5

MOBTEE FRRIMIRTEDNGRMIS VIS s epsédlirigPiong rigatis pqed over
Lagation ofithe signal gateway The use of #MSRN is purely introduced to
control the TAP billing between HPMN and VPMN since IMSI-H is used
tovegigterwith MPMNDI T the/SPMN/y allewestiodirestly vomemse Ball.esution of
MSRMhetavBEMNityill be difficult to relate the 10 right rerouting IDD leg

when the, MT TAP. -H is presented to HPMN by VEMN., Jhis;is ‘
especial g}“%b%ew(?'nfe% ere are’ ﬁ%ﬁip gr,g stf)n\?gf\l%é . Srwﬁg %griﬁnc%lg?tween
caEeyithersiyvalgateiray iSViSiHEr locatedtat 14EMN. WitheMENEN siljndle FPMN is
gateway is ho in EPMN, isal | .
o R e s e B G S B AR e
ISigh keoprtneoUgh 15 tkesigralJaleWagnddietitigpeassuedie MBKN by VPMN.
TI?ﬁiﬂQ%%&%ﬁWﬁ‘XeWhW%Q%%Uﬁp@lhmgﬁmvé&hen'MT TAP on
IMSI-H is presented to HPMN by VPMN, HPMN must recognize that the
IMSI-H i8oa Rimnmisulsssapertbeclansbatestibischisisy irestan 2hsHoitelhen the
ISk Lhe call dheadmustiadrcongiied withiherrerruirg (43I PrRsembetall on
by 20 IfPI\/!N or the signal gateway to determine the correct re-rout%D

G\ ERRN & s ERET EeRRRCAIYED AL ISe\mARY 68 AHEY IR WPie troueh
with ISt badubswiase Ralled on MSIBRN:H g relatesteawilishally perform
originates from VMSC-H or reaches GMSC-H. SRI- issuing VMSC-H or

GRISeE HRSEGBs a MAP SRI message to HLR. HLR issues PRN 25 with
IMSI-H, WS PN-H (dptien @) Sihd SCpvMSEIVdhE ISigRabingVGsiswaP MN must

-with SCCP Called P ddres -VLR-V. The Si nalglg Gate
transforms %ag r%lauieﬁéfé ﬁsﬁ shown'in Ta Iéuké(.}lﬁ\éSrG - 1%?. ?SSB%ﬁ%%mhas an

HeReH 4o SIGIIHR ThP RN fromn8E-hLRevhtl i Rity IBCamuEalfdaR presented by
A?QWO&E%%%&?%E@W{? 3§fe§§’1¥h§ﬁé¥5§é¥ GlodERmYD leg charge.

MOBILE TERMINATED CALLS: MIMM subscriber in VPMN with IMSI-F: Subscriber
called on MSISDN-H
This relates to a call that originates from VMSC-H or reaches GMSC-H. SRI-
issuing VMSC-H or GMSC-H issues a MAP SRI message to HLR. HLR issues PRN
with IMSI-H, MSISDN-H (optional) and SG-VMSC-V the Signaling Gateway with
SCCP Called Party Address as SG-VLR-V.

The Signaling Gateway transforms this request as shown in Table 15.
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SSN: 7SSN:7 TT: 0 TT: 0 SCCP Calling Address: SCCP Calling

Address: GT: HLR-H GT: SG-HLR-H SSN: 6 SSN: 6 TT: 0 TT: 0 MAP

level parameters: MAP level parameters: MSISDN: MSISDN-11 MSISDN:
MBASIDN-ES IMSI: IMSI-H IMSI: IMSI-F_VMSC: SG-VMSC-V VMSC:
VMS@RNfrov BRR-IEtorR6dVE.Ryded back RRINGHemrS 6<\ehBuin tio VLR-V
Table SECH CMNigdesa: different country frofEPORlqd dddnesmiational
roaming), théT:5 MSRN Wil-Yathe' modified: This ig&cause rodib4y
MSRN interifgionally will iot be blocked. TABLE 18PRN Respohse from :
VLRV to SG-IPRN Respénse from SG-VLR-V to HLR-H HLR-HUSCCP
Calléd:Address; SCCP Called Address: GT:|SG-HLR-H GT: HLR-H SSN:

6 SSNE- Freahmerd frigeep Calllng Address S§@Eﬁa@%‘|ﬁmﬁ¢¥ﬁﬁﬁ*ess GT: 4
VLR{V GT: $BVLR-V' SENRAESN: 7 TT: 0 TT: 0 kP level” SG-HLR-H
parameters MAp level p?ameters MSRN: MSRN-WSRN MS@EN V10
However if VUMN is in the same country as HPMN (TE use MIMQ/I for

[ then MSRN must be modifi

Rdtimry S

(Las ¢ T\Hgn |r%T§rbIe 17,
sually bigcked DEnFEEH" i
N’ Court Ieltglré:‘[)%

|s IS not the ca§
in 'will not be neg

The MSRN returned is routed back to the HLR as shown in Table 16.

If VPMN is in a different country from HPMN (i.e. international roaming), then
MSRN will not be modified. This is because routing to MSRN internationally wiil not be
blocked.

TABLE 16
PRN Response from VLR—V to SG- 5[ PRN Response from SG VLR-V to
HLR-H = oo HLR-HE :
SCCP Calied Address Cow T L SCCP Called Address
GT ' SG HLR Ho. 0 GT L HLR-H
':SCCP Callmg Address I .:-j'ZSCCP Callmg Address :
o GT e w VLR-V _ GT SG»VLR—V
SSN P/ SNt g :
'__MAP 1evei parameters 1 parameters i

However if VPMN is in the same country as HPMN (i.e. use MIMM for national
roaming), then MSRN must be modified as shown in Table 17, since national routing on
MSRN is usually blocked between operators. Of course if this is not the case for HPMN
country, then the MSRN modification will not be needed.
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SCCP Called Address: SCCP Called Address: GT SG-HLR-H GT: HLR-H
SSN: 6 SSN: 6 TT: 0 TT: 0 SCCP Calling Address: SCCP Calling |
Address: GT VLR-V GT: SG-VLR-V SSN: 7SSN: 7 TT: 0 TT: 0 MAP
leVéilddfabieters: MAP level parameters: MSRN: MSRN-V.MSRN:

#MSRIRY Respenskiismmn NLE i @l(&-:nota&é’ﬂ‘mﬁ“éé%ﬁéﬁa‘ﬁlﬁﬁbgm“v to.

whos ing to MSRN-V is maintained ih Kl R<Hdnal gateway. fnnrnnn

Ioglcal notatfgh:that can tﬁéP# 999" or.some pfl;élffxes The gkt
number could3¥so be thaf of the pool of FPMN MSISEIN-F that --6‘
COITE spondsiig the MSISBN-F called. For example, F‘?he MSISDRI Fis a

Beijin ?Fr the pool should beﬂm%tﬁ? resen aBeulng
St g mapping. 1Q Wil

Mobile: % ﬁﬁ %Z?O{;ni tEeV _

num er_ of FB N numb S, he actual use of a pre
lcases

_S\‘/f

re-rotting-tati TS Lu s T T |
The FP i I )

Vmsc (i ?ﬁ@ﬂfﬁ?&ﬁ%ﬂﬁ% ?*n%?{ J‘ng 0 V%*s%g?v#‘%%?oap%ﬁ”?‘%%%ﬁ?#ga%appmg to
Céééﬁmw to roineiel dalthat Yeast mtheaGMBTom. (Bhaveterosanbsnaimdd just be

%’%ttarﬁc%) ole QHJXO@QSQ All.then beconfigiied QAR dhegalb@yen: some
the leased line. Another challenge for theégﬁeflxed based aerroach that is

norgiseentlin ﬂ@@ﬁo@mfb%fﬁéé alsproadrrisahaetneny et XUt WSS DN-F that

MAR-aRHHIRUR 8RNI Mifle S WS Cethispronfiomedgisoirerthie a Beijing
call via'the leased line to GMSC-F based on #MSRN-V. GMSC-F is

coMnBUFEHBisENE FSRAO! BNIHe 850k 5T SiGHAInG RsHtBe/AJBagerrmber to
onrdheidastipatigningmber. The voice trunks are held at GMSC-F.

Signalin t the de t the | MS
PO s A e o S L MR

teplfﬁ[ﬁballﬂilgﬂ’)él\ﬂ&@t-lhﬁl BRITRE! sigaallddgaiginagnbischelaming sitheséspdrtye every
AWS& adter ;?%:%f%% the I ﬁ%ilmk %%Qf% ngaxflr?srgug Ml%lcqglery Eh China
Mobile) since there might be hundreds if not thousands of VMSCs will is configured to
route the call via the leased line to get the sﬁecial re-routing tariff (otherwise normal IDD
routing charges will be applied). The FPMN # pool choice on the other hand will cause
the SRI-issuing VMSC (if not the GMSC-H itself, including those with optimal routing
capability) to route the call at least to the GMSC-H for the chosen number from the pool.
Only GMSC-H will then be configured to route the call over the leased line.
Another challenge for the prefixed based approach that is not present in the pool-
based approach is that it might exceed both MAP and ISUP length for a FPMN.
GMSC-H is configured to route the call via the leased line to GMSC-F based on
#MSRN-V. GMSC-F is configured to send ISUP IAM message to the Signaling
Gateway based on the destination number., The voice trunks are held at GMSC-F,

Signaling Gateway maps the destination number to the real MSRN-V and routes the call
back to the GMSC-F. GMSC-F routes the call to the terminating VMSC-V,
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the SRI-issuing node is a HPMN node, then if the A party has a national

prefix, it is stripped before prefixing the rest of A with the international
prefix of HPMN; otherwise 5 prefixing A directly with the international
prefix of Hie Min#timg egaenple , 2% errngndd RMNA ShinaiMobilefttheeceiving the

qgogt%gﬁ HQPF% M;Q%R%@rﬁq%gth% égﬁgf %SF%QJL i gtitﬂa%ﬁlﬁ l%lber and

- the national prefix, the first digit Is stripp eresto
pﬂéﬁwmﬂmmg@qﬁe 1thdﬁ§MHdméssthm|eéﬁb¢ t g@tmt@mamﬁah&nnr@ﬁx it is

Pr&fix e '%&@r@%z%ﬂ%ﬁ@%ﬁ@%%&%ﬁ‘k%ﬁﬂh@1ﬂfe§'%§tﬂﬁ§{}({JQEQ mmrgfherwxse

is 1, A'is prefixed with +86 (i.e. change address indicator to international

ameEems Withies s wilrhssintesiaenaligrel ok SRAMow o resamplscassuming

tegpinated@allavibine %W&HQQ%&EE‘ R YRMMNR %F?D}Mc@i. F
Subscriber called on MSISDN-H is shown in Figure 34. MSC generates

MT CDR and hills FPMN normal roamlng rates through T

arramyert} ht Bﬁ%’eﬁéiﬁf Qg &,R}iﬁﬁ%éfﬁs%@ttglgﬂpﬂﬂnpped
subscrib@r fP¢ote g’% @élrﬁp RPtiERTrfiicater o
éeﬁﬁﬁg e gé@ rt e leas

FPM%‘ \33 ﬁ?la?% flanoe address
MIMM subsSEH IeFolrlln\?%N) Wlt !\ng %'?%ségr?ﬁgg é%ﬁ?é%gghgﬂﬁ Eiri@r_"f

line bet
This relajes to a call aat originates fro .
SRI- |ssdl\|‘ngg{}?$§ W?g% lfelssues acl\% “ﬁ%ﬁe‘,@e hélsfﬁl ¢f in VEMN
Slgﬁhllh@SGEtéwWMhth CSEQZ@ldSﬁIE‘dJNaHy%ﬁdV&smisgm@IS@N F. Note
that GM N-

ol SMStabenl Cannelher PHERCHR shesagssanMalaiahie LOWREEH TAP

HPMN ISC provider w IS configure
capmemsISCRPR gsnerds! thie Hipw N sideiordy ividoriiguwdt biltshowsbscriber for

Gl kS4B Bt delianglaipNpdRAT M@%fﬁ)m to VPMN at a special
CdPA=Common-HPMN-GT-of- Signal-Gateway. Signaling Gatewa

tré%ﬁﬁ?%th?lgﬁléw&ﬁeés%ﬁbﬂ%lﬁi‘SFQBl%el@W@@ BN A YBYsend
Routi MSC-F Message from Signaling Gateway to GMSC-H
é@’rﬁ é@% DA A M2 17 NBIGON e G4 Subscriber

MS|§6 EN:6 TT: 0 TT 0 SCCP Calling Address: SCCP
Calling Addsessates to a call that originates from VMSC-F or reaches GMSC-F. SRI-

1ssuing VMSC-F or GMSC-F issues a MAP SRI message to the Signaling Gateway with
SCCP Called Party Address as MSISDN-F. Note that GMSC-F can either route SCCP
messages on MSISDN-F towards HPMN side via a ISC provider which is configured to
route the CdPA=MSISDN-F towards the HPMN side or it is configured in its own GTT
(of STP-F/GMSC-F} to translate CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-
Signal-Gateway.

Signaling Gateway fransforms this request as shown in Table 18.
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GT GMSC-F GT: SG-GMSC-F SSN: 8 SSN: 8 TT: 0 TT: 0 MAP level
parameters: MAP level parameters: MSISDN: MSISDN-F MSISDN:
MSISDN-H The request is routed to the HPMN HLR. It issues a PRN
request to VLR-V as 5 shown in Table 19. TABLE 19 PRN from HLR-H to
STABLER-VBPRN from SG-VLR-V to VLR-V_SCCP Called Address: SCCP
Calle® didRessing TnBGr M REMEFFVLR-V | SBXkag BN $1g’ﬁ'ﬂﬁl§"&a®ewa
SCCP Calling Address: SCCP Calling Addrege: @ ISEHIR-H GT: = =
SG-HERH @8t 688dE: 6 TT: 0 TT: 0'MAPIEwd 16aﬁamétbissss{leP IeveI
parameters:(ISISDN: MMSENNMSISDN: MSISDNTE IMSI: IMGSIDN-H
IMSI; IMSI-FSSMISC: SGH/MSC-V VMSC: YMSC-VS$He MSRN§s "
returned to thd'signal gatéway in the PRN responselhich is 10 fouted - i |
back to the HLR. The HLR returns the MSRN back to the si ynal gateway L
in the S§§P|@ ﬁs’%ﬁéf‘ﬁ% ‘message goes via e8GRt back
to GMSC-F {ifichanged a &Jﬁ in Table 20.15 6$TABLE 208 @WC -F
Routing Infong’é\Sponse fmﬁw Message from Signalin S(Iﬁateway, ﬁiLR Hto :
GMSC-F V|aTC¥MSC H sCEP Called Address: SCCP Ealled Addftss: GT
- T GI\/ISC F SSN:8 SSN" 8 |TT. 0 TT: 0 SCCP Calling -
el o’

RI5nGT HLR- HJMSI?[@N WG %MR?SDN-H

The request is routed to the HPMN HLR. It issues a PRN request to VLR-V as
shown in Table 19.

TABLE 39

| PRN from SG-VLR-V tc VLR—V
1 SCCP Called Address_,
o GTr VLR-V
ITT"‘"; RN

'.SCCP Calhng Address

6o hiH  SGHLRH|

'.;_;MSISDN
IMST,

; _' MSISDN- F'_ |
VMSC L j':_; SG- VMSC v

IMSLE:
 VMSC-V.

The MSRN is returned to the signal gateway in the PRN response which is
routed back to the HLR. The HLR returns the MSKN back to the signal gateway in the
SRI response. The message goes via the Signaling Gateway back to GMSC-F unchanged

as shown in Table 20.
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TT O TT: O MAP level parameters: MAP level parameters: MSRN:

MSRN-V MSRN: MSRN-V Here the MSRN-V is unchanged because

IMSI-F is used at VPMN. A signal flow for the situation of mobile
teFriiakelicalls with the MIMM _5 subscriber in VPMN with IMSI-E:
Subs&éndrRagoginiv BISPsE fsoshown i m@mge&om\ﬁm@méﬁate@m
MT CBRRuH bills FPMN normal roaming ratde SWRgF mapGMSC-H: -
arrangéraBrita ORI generated by FPMNSEAR ellesbaddrpil: HPMN

for the call r&fouting direSG-FUHEBMN. 10. MOBILETTERMINAGMSC-F:
CALLS: MiMMMNubscribeBin VPMN with IM$I-F: Lo&886n of. the Signal
gateway Thdlise of #MSRN (e.g. for national roamihd) is introduled to

avoid the blocklng of MSRN by:competing ¢perators.of HPMN. In many
countries; fopalling Pﬁ annot block MSRR %Hﬁlhmnetwork
since their pg’rTner IDD 0 oés often;use 15 natlohg'trunks to r%ﬁtgl‘f}{’
MSRN calls? Iﬁtls is the dase, then there isino nee j}\ #l\/ISRN6 Calls: . :
can be directly routed from HPMN to VPMN MSRN Assuming thPs is not

the aMe I;tie Si?‘?t alga,[teway is better locateq. . PM - %gthermse ISUP

| 11~ o he fn df FEBMINTS *
R L o dened ol SN X

e QA o
A Aty

the caII uted the GN%(E first. T ﬁ%§c F
can the mrough ga eway e!?ores? gc?es out on
MSRN. I&hetgngha‘lcgatéwa&masﬁtz&&m pﬁ“rfmnhathedaﬂtmgtédm&itm Witthehe MIMM

MT AR, o SRR 10, EEMRL DY NEMN TN o in s
re%lgéhﬁ?grthm {%?@%Ie @I Su SCI’I Ttf:-é:rao IthN ecalusse?t“i%l |lrrt1 1eure

a3pecial 25 range. The MT TAP then must be relayed to HPMN. VPMN

charges GEMN, ERMIN 6§ ehswdgs EN Mp IRMN-cARIgSSerates through TAP

subscriber. The subscriber at VPMN registered with IMSI-F thus incurs

tv@@rmm:ebr{éip%@g\@f genargeed dveRRNBY Y PMVIAS i thid JAREN for the call

CQ%W WrH{}IWITIONAL CALL FORWARDING: IMSI
DETAC he MIMM subscriber has the option of setting a single

CEI@BI@%M@WEE@M@&I LWEQMRRG) e nar g ATo-MumbesTier botation of
M&L\%@I}Jaw@m&&SISDN -F. The FTNis returned in MAP SRI response. If

at the signal ate on, he received FTN.is th
& &5 avoid the blocki
MSISDI\%nIh—? g%ﬁc(; noﬁr% or g’rga%ln mal %ISC?C oseonag(rnerrz)erit’sOC e

redtirhetRl® B’qumgeymg operators of HPMN. In many countries, operators (e.g. D2)

cannot block MSRN from national network since their partner IDD operators often use
national trunks to route MSRN calls. If this is the case, then there is no need for #MSRN.
Calls can be directly routed from HPMN to VPMN MSRN,

Assuming this is not the case, the signal gateway is better located at FPMN
(otherwise ISUP loopback signaling will need be defined from FPMN to HPMN). When
the signal gateway is hosted in FPMN, the use of #MSRN is very useful. Here the cali
on #MSRN will be routed to the GMSC-F first. The GMSC-F can then ISUP loop
through the signal gateway before it goes out on MSRN. The signal gateway can also
perform the billing function.

When MT TAP on IMSI-F is presented to FPMN by VPMN, FPMN must
recognize that the IMSI-F is a MIMM subscriber of HPMN because it is in a special
range. The MT TAP then must be relayed to HPMN., VPMN charges FPMN. FPMN
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10 whether the call is started on MSISDN-F or MSISDN-H. This exception
handling mechanism is assumed in the following discussions and will not

be explicitly addressed any further. UNCONDITIONAL CALL

FORWARPMIG HMBNDREFAS e BulSubisariiér istegitiered VRN M&kteled with

I I\{/IESISDN;H_15 In this situation, the GMSC-H route Bﬁflmt _
STy WAHBLY BUORING e SRty Carena) RC ORI N e sime
CauhtEGRUPMRDING: IMSI DETACHED: Subscriber is registered with
IMSI-H: Calls to MSISDN-F In this situation, the SRI-issuing VMSC-F or -

GMEEU NN AINMAR ISP REGLRBING tHM P SiGhaliHd Gateway function

with SCER: GalledPamy-Address as MelsDN-fuNete thalibMBCdr caNre ECF
either route SCCP messages on MSISDN-F towards HPMN side via a

ISEapoURIEF SRR R difityated tolYButs e CaB AT SN 4ad yini fdN-F- The
therNRMbhsidd af lisrcorfigeyashds. its own GTT (of STP-F/IGMSC-F) to

translate CAPA=MSISDN-F to . . .

CaACoHS, SHPRRE TS g a555) 4T T s 4BIMSISDNF.
TABI:E B3 Sefnal iRouting (iefe. fromeaMIS G-Hhivleasagerfoonn Ségnathgo SRI query
Gateway .to GIY.ISC-H SCCP ed.Ad , P Called Address: GT:
M‘%&l%\%ﬁfkeéﬁl:l MSFSHRE %@gﬁ#%d@%iﬁéf 0'TT: 0 SCCP Calling
AddressTSE€GReSEtiNgpAd tre 5B BMSGRIGTH: I§ GxGMBEHFz E3NsBons and
SSN: O TTx neters: MAP level parameters:
M%%@Oﬁg%ﬂe&l%ﬁ%geg #&%@%M-H 66 GMSC-H now routes this
m@'ﬁ@@ﬁlﬁ?ﬁ@@k@&b WNWkBIW W@ﬁm @HE*E? %Mﬁ%@i‘_)ﬂsf%gismred
thatis movias bagk via @ignaling Gateway and is modified as shown in

Table 22. 5 TABLE 22 Send Routing Info Response from Messagg, from .
Signalingléaféﬁgk}atmn’ the GMSC-H routes the call to the FINTdirectly without
involving the Signaling Gateway.
UNCONDITIONAL CALL FORWARDING: IMSI DETACHED: Subscriber is registered
with IMSI-H: Calls to MSISDN-F

In this situation, the SRI-issuing VMSC-F or GMSC-F issues a MAP SRI request to the
Signaling Gateway function with SCCP Called Party Address as MSISDN-F.
Note that GMSC-F can either route SCCP messages on MSISDN-F towards

HPMN side via a ISC provider which is configured to route the CdPA=MSISDN-F
towards the HPMN side or it is configured in its own GTT (of STP-F/GMSC-F) to
translate CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Signal-Gateway, as

shown in Table 21.

TABLE 21

Send Routing Info from GMSC-H | Message from Signaling Gateway .

e g GMSCH e e

SCCP Called Address: © _ - = | SCCP Called Address: -, - = w7

% GT: 4., CMSISDN-F: oo B 'GT: i MSISDN-H

_____ 0 El TT: S0

SCCP Calling Address:: = SCCP Calling Address: .. . - .

o0 GMSCF & o 7 G 7 8G-GMSC-F -
ssNes s s

MAP level st . MAP level parameters: = f .o ol

MSISDN . MSISDN-F | MSISDN: = MSISDN-H
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HLR-H to GMSC-F via GMSC-H SCCP Called Address: SCCP Called
Address: GT: SG-GMSC-F GT: GMSC-F SSN: 8 SSN: 8 TT:0TT: 0
SCCP Calling Address: SCCP Calling Address: GT: HLR-H GT:
SG-HLR-H SSN: 6 SSN: 6 TT: 0 TT: 0 MAP level parameters: MAP level

parametedS HNroPTNuReR g FRRbaktere e TNRsw PN HoBtisadhte FTN in
SLWHORG ARRIRG 10 & IM s maintainedhinithe SIENA as shown in

ction. The actual number could just be that where 10 the

defotes 2

gateway fu

syri6l23' is again a logical notation that can denote "#","999" or some
prefixes. The actual number could also be that of the pool of FPMN
MBS N-fothat corresponds to the MSISDN-F called. For example, if the

MSIS

presep{arBRiing
FRSSIINMENTsEYY. Made when CFU hagmensaned mdggisiration |

pool

RELICIRRT, e

SV 1% &8 IS
%Ioblle number to establist

DAPLREPM GRS S'ﬂg%ﬂﬂ:g)Gateway
WENREPGiaNieshaythe

15 time. Itisippmediately gf@E@IMg(_erFthe cal

redu
prefi

cing thegsse of the nu;’nber of FPMN nu

SRI-issuing VMSC-F (of hundreds if not'tho

confi
tariff.

gﬁfééi}tﬁaddm&zﬁthérmﬂ via the leased lines
Otherwiga normal IBD.Rotting 20 charges will 6&applied. T$#6-HLR-H -

has begrrforwarded(;ngdBF
mbers, #fnactual usgofa |

K for the"{r[atatlon #FTN could be Iogistlcally chaﬁt&hgmg smc&)everyi |

lisands of VMSCs)willis
GE@dfzthmgmetdr:ﬂsse routing

FPMN # poo‘B&che on the other hand will cause theBRI- issuingdVMSC
(if nc ] .itself, Ynclu se Wwith opﬂm’ﬁ’lfroutmg ca;jhblllty)
to roqulfPelé‘éﬂ PATABAYEES the GMSC-F for thalR

pool. GAN:GMSC-F will tHéRNs: configured to Fale the call over [ tHETN
leased line. 25 Another challenge for the prefixed based approach that
avoided ByrthéF pdolsbasely appioachtistheandenighpakeeetidetmagppe to FTN is
ang. AR RIS AT EMN G/ EMRBE - TiiE GORADHISTHED LoHHE (S 68Nhat where
via the leased line to GI\%SC H based on #FTN. GMSC-H is conflgured to
udbaSEBHAtK Cirs s SAerIR PN HitlsSHy 8P e SigRAliny some prefixes.

Gateway hasgdendhe destinationnimeleding voiosrtiypksravernald abrresponds
GMSC-H. Signaling Gateway maps the destination number to the real

FER Y ROoRES T L AIPh &itB thd BRASCIRPISIS @ Rridtnddqhiedymber, the

togoldY should be filtered to present a Beijing Mobile number to establish the mapping.

Note that the pool # assignment is only made when CFU happens, not in registration
time. It is immediately freed when the call has been forwarded.

While reducing the use of the number of FPMN numbers, the actual use of a
prefix for the notation #FTN could be logistically challenging since every SRlI-issuing
VMSC-F (of hundreds if not thousands of VMSCs) will is configured to route the call
via the leased line to get the special re-routing tariff. Otherwise normal IDD routing
charges will be applied.

~ The FPMN # pool choice on the other hand will cause the SRI-issuing VMSC (if
not the GMSC-F itself, including those with optimal routing capability) to route the call
at least to the GMSC-F for the chosen number from the pool. Only GMSC-F will then is
configured to route the call over the leased line.

Another challenge for the prefixed based approach that avoided by the pool-based
approach is that it might exceed both MAP and ISUP length for a FPMN.
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The MIMM subscriber will be charged for the 1-way reroute IDD (from

FPMN to the Signaling Gateway function) at a certain special rate, plus

the charge for the CF- Leg to FTN, based on the CDR from the Signalin
GatewapMSSidhisl Srovi geredriednaitichrrdan forsadnsg Wigh! C-H based on

defashedane k0 suhseribes eaisteredwith ISk is shawstm Figureidage to
UNCONDITIONAL CALL FORWARDING: IMSI DETACHED: Subscriber

ishe gigesbioe TS RESCE AT s MSTEBROH AP EMEE 1 festisaie g feld at

;@B{ﬁltmégﬁgﬁgl@@ %&W@Eﬁ%i%@%ﬂ&f nigBUestE BN featleTN and routes
ignaling Gateway with IMSI-H, MSISDN-H and SG-VMSC-X. In 15 the

= N"&Qg@f‘]fﬁﬁ @@ﬁ%ﬁg‘éa@ﬂﬁg%ﬁ%@ﬁﬁé Wrﬂlﬁ'ameters with

IMSI-F, W3 ISDMNF anecMMBGHX andhsend the tnodified RRNtoMN® (from FPMN
VLR-X. The response _returns IMS]-detached to.HLR-H yia the signal . -
gAY EaLs f %iw_aﬁ_ﬁqnggﬂ{l eegp%ﬁes?émagggcﬁaot%g’ Bac %Foe t%e Sig for, the CF-
gateway, TiNelsbsotilier S IEC Edil Mailidnel neguiaeddp. GMSC-H. The

FTN is not modified and GMSC-H routes the call to FTN. This is similar 20

to the casesigherefiite siobseriburdisivagistatedaardng|-piixddptltintrked and

PRN.auery, Jrom Ei-Rab gpesaiwouah, e 5:%% ggteway in this case.
UNCONDITIONAL CALL FORWARDING: IMSI DETACHED: Subscriber

ispegisigred il ANMSEE Fealls i MRS ONST D SFHAZS UG WIbSCistr ofistered
GM3Grsissuesa MARBSRNeguest to the 25 Signaling Gateway function

with SCCP Called Party Ad sa DN:-F. Note that G -F .

either routs é}é@%ﬁe‘é f (Si}%fnt %IZVS{%EYE C\%’vae}tg‘g ﬁfgﬁﬁm \lﬁggnzgdlateiy o
|S€SuReop RIS 1w hiehSig e fifig Geedutayrotite INSTHPNSIMBISDNaE. fuwrdilds C-X. In
:Pﬁ}%g&g@g:ﬁhgg@%@ gr&gténwgys ?é:/%/)pac%yrﬁu(g fP%T\Pfa/&M‘?e% F&rittﬂ IMSI-F,
CNPASIDGiFimoh-MPININ-G Tedf-SighdhGaslifzy] SBReferfing i TablEhggesponse
tl‘]r%tgr:%1 M_%%%%?%E@Q%S\m%ﬂ@ﬁ@@'&ﬁe% VS oPN: T BROHSSER sponse

the message to HLR will eventually returns FTN to the signal

gdmway! 68 PABLE B8 Send Ryaway: Ao FOMTERMSEH Mid3sagl hemsturmed to

SigRAiRgCateway 19,GMRfiH? &R valtediAddess: SHGH rGallerhis is simitar
Address: GT: MSISDN-F GT: MSISDN-H SSN: 6 SSN: 6 TT:0TT: 0

SEabecamnyhsEIHs SU BSOS Ca MRS KEd audh IMSI-H except that the PRN query
from HLR-H goes through the signal gateway in this case.

UNCONDITIONAL CALL FORWARDING: IMSI DETACHED: Subscriber is registered
with IMSI-F: Calls to MSISDN-F

The SRlI-issuing VMSC-F or GMSC-F issues a MAP SRI request to the
Signaling Gateway function with SCCP Called Party Address as MSISDN-F.

Note that GMSC-F can either route SCCP messages on MSISDN-F towards
HPMN side via a ISC provider which is configured to route the CdPA=MSISDN-F
towards the HPMN side or it is configured in its own GTT (of STP-F/GMSC-F) to
translate CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Signal-Gateway.

Referring to Table 23, the Signaling Gateway changes the MSISDN-F to
MSISDN-H and issues the SRI message to HLR-H. HLR will eventually returns FIN to

the signal gateway.
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GT GMSC-F GT: SG-GMSC-F SSN: 8 SSN:8 TT: 0 TT: 0 MAP level
parameters: MAP level parameters: MSISDN: MSISDN-F MSISDN:
MSISDN-H GMSC-H now routes this message to the HLR in HPNLN.
HLRBIeNAS the FTN (PRN might be involved too) in the SRI response that

is roifed dRok tire: Sigaditing GVEtellay and M enertifiScd msSieniin ¢ CRAONEY.
24. TABLE 24-Send Routing Info Response|ffofMe&Hge from Signaling

Gate\W&ar HLi4d tolGMSC-E via GMSC-H $SECH Called Addirsss: SCCP
Called Addrésk: GT SG-GMECRE-BT: GMSC-F SST8 SSN: 8 MBISORYH
0 SCCP CallifiyAddress%SCCP Calling Address: GISNER-H GTS
SG-HLR-H EEN: 6 SSN:U6' TT: 0 TT: 0 MAP level pdrameters: MAPlevel
parameters: FTN: FTN FTN: #FTN Here #FTN is simply a notation that .
denctgg%PnthH&m‘%ﬁ ‘mapping ta FTN is 2t nasitiadd fietie signal.
gateNay fungﬁen The actyl %Efnber could ust.be tﬁgt'where the %MC'F

"# i agaln gtcal nota: fon that can denote “#","9 r some prefixes.
The actual i Also bethat of the |poal of w %MI\I! MS}IS N-F that .
ey TG e

Mobile n 0.establish the ma |ng 1
assignm M%&%Iﬂ}(’%é&g%ﬁg a\%SpBens %ﬁ#ln regmtlon ipeads e FIN
inpprediately: fieethviherd the call Has Stk refponsedbat. 14/hileteé ducing ithSignaling

? of the n mberﬁ%{. y st&%ﬂb sbthg actual use of a prefix for the
nota 35#% cou oglstlcallllf/ chaﬁengmg since every SRI-issuing

69 VMSC-F( there might be hundreds if not thousands of VMSCs) will is

coln# I %0 route the call via the leased I|ne to get the speC|al re- routlng
tariff jtat Se hos — T
pool cfgigesph he-  SRCRAg vwémt;ﬂ----= e

- SCCP Called’ Address _

'gsccz) Canmg Address
LGT HLR H

. MAP Ievel parameters _
U FTN: = HFTN. |

Here #FTN is simply a notation that denotes a number whose mapping to FIN 1s
maintained in the signal gateway function. The actual number could just be that where
the symbol “# is again a logical notation that can denote “#7,7999” or some prefixes.
The actual number could also be that of the pool of FPMN MSISDN-F that corresponds
to the MSISDN-F called. For example, if the MSISDN-F is a Beijing Mobile number, the
pool should be filtered to present a Beijing Mobile number to establish the mapping.
Note that the pool # assignment is only made when CFU happens, not in registration
time. It is immediately freed when the call has been forwarded.

While reducing the use of the nuh}ber of FPMN numbers, the actual use of a

prefix for the notation #FTN could be logistically challenging since every SRI-issuing
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5 not the GMSC-F itself, including those with optimal routing capability) to

route the call at least to the GMSC-F for the chosen number from the

pool. Only GMSC-F will then is configured to route the call over the

|e&sECHRe tharothahthallengleefbr theopréfivechinsé apPronehl thatconfigured to
ayoi b I : r [ it migk
O et e She sl TP
viauthes chseddingltbeGMEEH based on #FTN. GMSC-H is configured to

use 'OOH%WU#E&}%%%A%H RAMINEssadRie.theRignalinsuing VMSC (if

Gateway based on the destination number. The voice trunks are held at
oSl G NRGHE g |6 drelvdipaibpee thaly ertimali sor Husrnsertg ithbtremuga e call

apd sutesithe valback 9 dhe (e Slntde GMBGHE putemibesacte &iilNen is
15 The MIMM subscriber will be charged for the 1-way reroute IDD (from

FENREUsdHe SRS BAtehs kisctidnFat a certain special rate, plus

the charggdipetha AbdeartodJitihasedaniietdBfhitarviinal Siomaling-based
Gateway. A signal flow for unconditional c arding wit I

REHE S B Er ) Et FETS T  E it e 37. 20
Since weigBOre theddRNngdesyrotitis tigokd sitaitae loate HlowtwhBidiSIMEIHased on
is d ister with.a VPMN-X. CONDITIONAL CALL F NG:
AT PR e SR S S e R A e o
sdme pnMEISENFayditived thre tefdedtintmbeniabgr.vbicevnait) isskosenheld at
O-QHLQk is returned to-ISUP rth | t

D ST TSR, B MR R R DS B SAPPTN and roues

adsuenBdinkive thelloWihg-Hisoddslonbranis Wit et ted” ERplicitly addressed
any furthgr, RN TINALCAlLLEQRWARRING 1 IMB) ATIAGHERErom FPMN

MIMM subscriber in HPMN: Calls to MSISDN-H_30 The calls to
MS 15D N Gt aoh ey HorV MSCa WRSEIE 6ing throtighrgsefor the CF-

S@!ﬁém&?tﬁw@;mm@mﬂmg@ﬁtkﬁg%@m event triggers
(CFNRc, CEFNRYy and CFB), the VLR contains the FTN for these numbe

and routés tHEHalfsY ther PECTaRR. 7R MEE GERerates CHiP! detached and

FennardisaréRRadihersiiscibenisbiladdorde.CF leg.

CONDITIONAL CALL F DING: IMSI ATTACHED: MIMM .
Subscrigit FEPRIRTCIRC 1o VISHSDAEE B1he et AR g MS 4
rautetidyeSREissiting WHABSCEXE or GMSC-F to the Signaling Gateway

function with SCCP Called Party Address as MSISDN-F. The
CONDITIONAL CALL FORWADING: IMSI ATTACHED

If at the signal gateway function, the received FIN is the same as MSISDN-F,
either the default number (e.g. voicemail) is chosen or error is returned to ISUP query
whether the call is started on MSISDN-F or MSISDN-H.

This exception handling mechanism is assumed in the following discussions and

will not be explicitly addressed any further.

CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in
HPMN: Calls to MSISDN-H

The calls to MSISDN-H are routed normally to VMSC-H without going through
the Signaling Gateway. When a conditional cail forwarding event triggers (CFNRc,
CFNRy and CFB), the VLR contains the FIN for these numbers and routes the call to

the FIN directly.
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Signaling Gateway function transforms the message as shown in Table
25. TABLE 25 Send Routing Info from GMSC-H Message from Signaling
Gateway to GMSC-H SCCP Called Address: SCCP Called Address: GT:
MSISDNHSETeMSIEDINH BnurgiGSNDE i g ueSET s Gdlidgfor the CF
A1 ress: SCCP Calling Address: GT: GMSC-F GT: SG-GMSC-F SSN: 8

:8 TT O TT: 0 MAP level parameters: MAP level parameters:

MZ%%BN 7RI P ONAT MFASRN MFABP NS A SMBErHtbrowies Mesybscriber in

regpigst 1o IPMNASBALILR |ssues a PRN to VLR-H and gets the MSRN

in response. It sends it back in SRI response to, the Si Gat

The medB54alls NGIGIHRE FESHIR NV TiRla 28¢5 e 5 &g F o the

Rﬁgﬂﬂm@f@mmﬁ@mMﬁsmfrdml&lghmpgﬁﬁatwa@s MRISDIN-F. The
- |s uing VMSC:F or GMS F via GMSC-H SCCP Call ess:

e AR R e e SRR PR GRERE BodTs Son: &

TT: 0 TT 0 SCCP Calling Address. SCCP Calling Address. GT: HLR-H

GUABIZEHER-H SSN: 6 SSN: 6 TT: 0 TT: 0 MAP level parameters: MAP

leve smmmmg\nsﬁ KoM SRIBH-MSRN: #MSRMrzm ISWIE@ Gateway ©

#MSRN:H is just a number that represents a m&pYinG# the MSRN-H as-

explafedibefdiel Ahe&SRI-issting VMSC-F ovGMSBHeddukdsshie ISUP - &
IAM |messagd via the Ieak’éﬂﬂ@él’db the Slgnallng G@fEWay The M@%@&H

SCCP Callmg Address
T GT RPN GMSCF
LssNr g
oo 0y

circuit is use%S\Nlth L6 | SN
g 5 g S h TT : . Q
| SCCP Calhng Address

MAP Ievei par .
MSISDN

ers:

. | MSISDN? MSISDN-H

GMSC-H routes the request to HPMN HLR. HLR issues a PRN to VLR-H and
gets the MSRN in response. It sends it back in SRI response to the Signaling Gateway.

The message is transformed as shown in Table 26.

TABLE 26 .

Send Routing Info Response from .. .| Message from Signaling Gateway

: HLR~H L | to SRI-issuing VMSC-F or

: | GMSC-F via GMSC-H

'SCCP Calied Address A ST SCCP Called Adchess A R

GT e SG GMSC F o GT L GMSC- F o

'SCCP Cailmg Add_ress ! L SCCP Calhng Address - -
- GT-". " HLR- H R GT ’ SG-HLR-H
L IT: 3 0 . LT . 0

MAP Ievel parametgrs : S TMAP level parametcrs

MSRN:, 0 1i 7 MSRN-H MSRN: = . - #MSRN-H_~
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signaling going through the signal gateway. The Signaling Gateway maps
#MSRN-H to 5 MSRN-H and loops back the signal at GMSC-H. Call is

routed to VMSC-H. On trigger of a Late Call Forwarding event (CFB,

CFNR, CBNRgt $WRROH rpptssithendat thattrerceseatpondiprjTN the MSRN-H
nympen. il amh e CRR egngtaier abiigsiony ealpyay isp.difireqiup ram

from a’'normal roaming call CDR as'if LCF did not happen, i.e, the B party
angweasd ihdhedraxd CoNDIRON L TR EPER WkbiNGack circuit is used with

IN]; e bhr . TN S . -H to
M S HRRTRNH
SR A B r B YIAROMOS ek B HHS OB Thdate

for MIMMdsubsesiber at RRMMNWith-#M3Ink, ¢he,SigraingriGRevENRAN VMSC-H
change the FTN value based.on the FTV\leal%e, subscriber's FTN flag
arRPihRcaliBe b eraerroadive it DRIBRCRA A2 and the subscriber's

MSISDNEle Thar FzEhbvaaddenwiknoidae o siabakitided bifthenSigmalingormal roaming
Ga when issuing insertSubData tg.a FPMN VLR-FE for a MIMM

SRS MBI APRRE Ve R S RIOA PN I, and

M as r neli i I Infal
Maoutonwiel i el Repp it d i gl
call forwBrarRg WY 2obafieler peifed b g‘f&ﬂﬁiﬂ’io\ﬁ?ﬁ@ﬂn‘gﬂhr%ﬁ%éhe real
signRl JAlRYAY-TARKE AL ThiiNQ-chargeaihE RN MEISRNAGRgMRrKocation

range VLR-F network range ; FTN network range For example, the entry

couRse T MANEAMRSARRROHKELY Y CHiAMGRiderRigRe 9 dsigRgyaen change
FTN sy Ghina dehilennumber Kanil, ngbheishanged Baihe $I9NAEM subscriber’s

gateway. Another example could be that only provincial networks have

R BRER AL e bl THER AR Wgsmé?pé?%m?%islr Bgﬁoh%&e will not be
MiivbiMiiored Beifing WA Kh bOhibeak Tds iampingeRsuig Mabile FBVDEVLR-F for
FIN wi replaced by the si way, T t networ try in th

tabId ISP SHTERS il AT et B it TR Can oo OF. and
prefdRIANFPidMe)k The follovdsigyadithgrhyrfoous dndhié eassintaredHNIPMN or
has been changed.In thi eqforwarding call out o
S A RUTERE R IR0k g il be
CONDIT IONALCAL FORW AR RGN SeATETAGHEDYMIMM

subscriber in FPMN: Calls to MSISDN-H GMSC-H issues a SRI request

toRiYM Rt SGGR CaleshRarty Address as MSISDN-H. The HLR
ii;w ATRNIQIE IGRANG GAEWRY, SHNEs, e Updaiers QG PHWAS
routed via it The PRN"Message 1S transformed as shown in Table 28:

TABLE 28, cxample, the entry could be for all FPMN networks, e.g. China Mobile. Then

as long as FTN is a China Mobile number, it will not be changed by the signal gateway.
Another example could be that only provincial networks have the entries in the table.
Then if the Beijing MSISDN-F is used by the MIMM 1in a Beijing VLR-F but the FTN is
a Guang Dong Mobile number, FIN will be replaced by the signal gateway. The exact
network entry in the table depends on the billing arrangement HPMN with FPMN (and
provincial FPMNs).

The following will only focus on the case where FTN has been changed. In this
case, forwarding call need be routed back to the signal gateway which can then generate

CDR for billing purpose.
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Provide Roaming Number Message from Signaling Gateway from HLR-H

to VLR-F via GMSC-H SCCP Called Address: SCCP Called Address: GTi
SG-VLR-F GT: VLR-F SSN: 7SSN: 7 TT:0TT: 0 SCCP Callin
NIANREISTEP CAlib RARFESSIENG LK G FTEGHOR HIYGh sepriber in
SNE: q"’qﬁkUW@fmfﬁarameters MAP Parameters: MSISDN:

MSISDNAISIS MM SIRDAY fretMS HIPMST HLIMS1tH MSEP OAMB Qarty Address
SG-VMSC-F VMSC: VMSC-F The PRN r respQnse s aI routed back to

8 MSIRINER Vhe the Bigisifng 70 ate B Since e Update
trensfesmedsasiabowa i TablRROmEkAt B ﬁ%ri?f@wﬂé Beamnngd\’liw’mibéﬁ
Response Message from Signaling Gateway from VLR-F to HLR-H via

Gﬁg E CCP Called Address: SCCP Called Address: GT. SG-HLR-H

G

RH-SSN-6-SSN-6-FF “TT_“C‘h \/CI.IIIII Ad Ubbl
Callif ﬁrﬂb’_ %@ %g 2 %;

MAI mnu tet v, l- VSR
M S%@ g% d@‘?'@é‘lte&%’&@f ' %\'

RN-F : ? notatlon hat re; sentsan .
that maps t RN- 15 E5in the signal gateway fung GMSC-H foutes:

the call throtigh the. Ioopchk circuits with signaling: qqmg throughthe
Signaling Gateway Signaling Gateway maps #MSRN- F to MSRN-F and

loops Gaek ttlata%@?dtﬁgswth the voice ports %@@@Qﬂ@h%Q H. 73"
GMSC- H rou@est e call oggRt}pe Ieased I|n ‘Note tlggg the routing.- HLR-H:
criterio to a FPmnumber vglll be.
route: : _

aéeway

MAP Pararﬁéteré

MSISDN MSISDN
IMSL L CIMSLE -
VMSC: SG-VMSC-E LVMSC-F -

The PRN response is also routed back to the HPMN HLR via the Signaling

Gateway. The message is transformed as shown in Table 29.

TABLE 2%

Provide Roammg Number Response e Message from Signaling Gatewav
“from VLR-F o HLR—H via GMSC-H. R
' SCCP Called Address: '

QT - SG- HLR—H

SSN w6

SCCP Callmo _Addt_ess TR B _SCCP Calhng Address A L

' GT: VLR F. s P QT s SG-VLR-F
SSN 7 b SSN T B

MAP Ievel parameters : MAP levei parameters " '

MSRN: . . MSRN-F “ U MSRN: #MSRN-F

Again #MSRN-F is just a notation that represents a number that maps to MSRN-
F in the signal gateway function. GMSC-H routes the call through the loopback circuits
with signaling going through the Signaling Gateway. Signaling Gateway maps #MSRN-
F to MSRN-F and loops back the signaling with the voice ports established at GMSC-H.
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GMSC-F that corresponds to the FPMN number. In order to detect and

handle Late Call Forwarding, Roamware offers the 5 following two

solutions. In both cases, special care is taken to make sure that only one

Uﬁatf&@féfedu@alﬂhie dmllpm@gréﬁia@@dyip@iMdmﬁmetlmmse?@ﬁjhmmgsmh that
ey il pataele o detpuireniieh NaPRInglRd 18 behORRKehe 1o e

e actual F en L F event triggers. To achieve this, a call state
is%@ﬁéﬁe@ torrespshdulosbaAbEMB armingtin FPMN when a call has been

routed throyghyto FRMDNside. Thetr is Asaai Giaddeile alhsiteddlers the
indicates if the call has been handled (connected or forwarded etc) or not.

WhBpvangety ¢ afliSipaedr tRF Gat thepSilih Afifg Gt Ay ferlihaisaimat only one
suhseriberedf shghsasiate Rxists @gd heftagis setiiheraliinme diatelay will

forwarded based on the CFB condition unless optimal roui? takes

PRl T &R RTERS APV AR R P AR RECERTIREE R R B TN when
LCEevRehisthansied:d nathiswathicall waitivgand sanfeteatawalidchl &Fscriber

can be suppgried by the si ewa SRI or eq IS .
rOBRRE &Y the SigHArD &S %@% S §1 SRS R b aiso
regngtereteat2FRMN (ibemd20tfstifs thed SES mb%mmmwmmaebwﬂoewarded
thatr?ets called, then, a) if the optimal routing is not allowed, the request

HIHSE Bereturned with a new #MSRN (no MSRN will be requested by
the Signdfigatewayyy insteasl m&aﬂrmaMngxgma}bg tiigerer With the same
EFvaelftl otmt vajue i
o B e S o s Brvanded
bubaikeit imthe Q@smﬂmp@mﬂeswwwmwngédwlwsm|ﬂag freleared when
regesivillapt Re.erned ity 3 pew SRR MBRNLPE Al waiting and

requested by the Signal gateway), instead early call forwardin will be

trieRyErERNGiteRE OF Mall 637 DR FHOPEFHSP BrinitA 236! tHaiReas. A e itRk or PRN
E¢Gi@iug iReMBY ot Lasesiihe dofaul GE walue can aheohe ugRdriber is

in place of the ECF value (whether it is empty or not). If the subscriber is
reietrEy 4t PEWIN 3R the optimal routing is not allowed, the 35 request
will not be returned with a new #MSRN (no MSRN will be requested by
the iSignal gaIsway), dngieadnenvy aal forvaraingrwilied, tiggered with
ECF value if it is not empty or with the CFB value if the ECF value is
empty) #fkhepdalhstateing copiediiodrd, sharedurremdiynof tee®Bredrveth a new
In the evigriSBINTaitudd S the thbsersigivdl gatbwaigintieteetvp oitiasl early call
ISUP lodipbagkicgllvihéothizpcgedewidy talkesdve e Sigpialingty Theradl| the CFB
state alswahclifdesgerivdiee(s.gmaty; and
b} if optimal routing is allowed, then #MSRN will be assigned; but
if it is the MSISDN-H of the MIMM subscriber that gets called, the request will not be
returned with a new #MSRN (no MSRN will be requested by the Signal gateway),
instead early call forwarding will be triggered with ECF value if it is not empty or with
the CFB value if the ECF value is empty.

Tn both cases, the default CF value can also be used in place of the ECF value
(whether it 1s empty or not).

If the subscriber is registered at FPMN and the optimal routing is not allowed, the
request will not be returned with a new #MSRN (no MSRN will be requested by the
Signal gateway), instead early call forwarding will be triggered with ECF value if it is

not empty or with the CFB value if the ECF value is empty.
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configurable X seconds) duration update. When the call is released, the

call state is 5 cleared after it is used to build CDR in the database. A call

flow is illustrated in Figure 38. Two ways of implementing #FTN

represe itation ] depend copiFd M Nhewitetsd capatities eHaHi sstisdmdggryent of
IR AE ThO R 3:.RO0kIRAAGH YAl fah.SRE SUBRERCL TR other

is SWItCh independent, but Would require a possibly large number 10 of
HETNefrorrkeitheraE PN BeraPnaN . Thee wdlcoiidlss #saderjnissdimeiedic (ce 2

#EIN Joragach QQ&%Q%%W&E '\{/{N‘)@atﬁéoex’\fﬁe‘ﬁe%n@h?iqg RRLQENIRDMI state is
support of both FP_MN and HP One FTN for each LCF value for

rredipleriics auciehrd £ PR ppity surhaen headliBesdyirerasin Figure
(¢§§TN) from a pool and 15 the actual FTN. SG needs to manage this
mapping as follows: a) SG needs to delete this mapplng nd free t .
MSISDN WheHRROk JERIELRRELE dcatiof SRR ORIV R Hhae swich
whpaniigrts anether InserisSighscabEsbatal Ritifemstapdalonewhdsipartlue for
of update lo at| transactl which remoyes the,call 20 forwarding, b
R 1 RN B SR LR it ohclabd! Bumbe
SuibSEﬂ“bBrfamﬁacmhM @ idsued HyMNRmdsmahéns:a@es‘S@weéd&tm #FTN for
Chac <O }}g‘uo apdprw%dlfl Sert bSClaber Ial%téaﬁélﬂﬁ\f glv%xlﬂ; 8% FPMN and
b&fore, the mapping m &lnedl ignaling 25 Gateway I1S'not changed.
OtidviMse, the mapping will be to the new FTN in the Insert Subscriber
Data megsage Wi g%%h%w%'ﬁ@fo?%éﬁﬁ@l@s&?b@@ere are two ways of

creating ne iS 10 populate the pool with home
MSISDNS6 ﬁ@ﬁﬁ@ﬁé@gﬂmiﬁm@t}@% dbpaltreaird HodPWNHEERMN from a pool and

MELIRN:FFBQ embess ] hedermendasihe dvaniage that itis less

resource stressful to FPMN. However every GMSC (e.g. Beijing GMSC) in
FPMN is configured to route the call to the GMSC F . Guang Dong

GMIST theadkdls thlasalit MeRB S /IS éﬁ’ ey It gets Cancel
advah%@@%éf%%gkgll@wwyg \g‘% Vo%ﬁigdaﬁ? {er Data.

1
any CBBUFAGNCBH Belf & S FIRRCHAY fﬁ*@igas %&’Y.%Sethe call
35 cARREEREis conflgured to route the call on #FTN over the leased line.

gteaalso th%t gga 1p%ool FTNs |s sh ? not e’%le't b S Iarﬂld S r{ ub criber Data .
num Saubm WII c nfr If Insert
t? ran %(s)a e% a eu% dsiﬂb Signaling
gt%@% a %}51 ALY, M4y the Insert

Justt V0|a ;sn
ﬁ\r}l és%ggg ch gg ngggamg 480t MSISDN-F or #F TN

back to are Is aken to make sure that only one Unanswered

C@il '%ﬁ@r@rﬁgr%@ﬁﬂrﬁ/f creating the pool of FTN #s. One is to populate the pool with
home MSISDN-H numbers; the other is to populate the pool with FPMN MSISDN-F
numbers. The former has the advantage that it is iess resource stressful to FPMN.
However every GMSC (e.g. Beijing GMSC) in FPMN is configured to route the call
to the GMSC-F (e.g. Guang Dong GMSC) that has the leased line to GMSC-H. The
second has the advantage that LCF calls will guarantee to be routed to GMSC-F

without any configuration on their GMSCs. Only GMSC-F that has the leased line
connection is configured to route the call on #FTN over the leased line.

Note also that the pool of #FTNs is shared not split by SG1 and SG2. Besides, it
is assumed MSC will route all ISUP and SCCP with called number = dedicated range of
MSISDN-F and #FTN to SG1/SG2.

So just to aveid doubt, the Signaling Gateway does not send any ISUP or SCCP
message with called number = same range of MSISDN-F or #FTN back to MSC.
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point in time; otherwise Signaling Gateway will not able to determine

which incoming leg to be connected with the actual FTN when LCF event

triggers. One FTN for each LCF Condition type 5 When the Insert

SubscriberdbatalisntuteskeiathdBignalingy CHpswaycadeCyhtewnprogress at any

g;%ﬁ'iaiqu %i:%é!’%@i&%@ %‘?@’ﬁaﬁﬁé\@é@% ReilY' 20 s h anek iRlibe walies iifoming
FB, CFNR and CFNR, as illustrated in Table 30 and the call flow of

Flegute BomreeE Bthdhn AeHaaFdmg s é MSTSONIEEE forwarding

Call forwaydingMs | SPN-Hr tyBgavaddaHa It then substitutes the original

FTN values with the corresponding value for each Call Forwarding event

type in tREFartfaiearThsdipsstbechii? DhiPietsdgeen aiAR gcway. the
WhenhChaventdrioanis il VIMSeetr, MMSION-HOOKSISPRAE Rfd FTN values for
information from VLR-F and routes the.call to the.corresponding number.
ol B TS 26 TG L S TR e

condition forwarding and GMSC-H is configured to send the calls using
loppiBaGK Mreuitstuvithrgigpnalivlg through the Signaling Gateway. The

Sigraddihy-Gateway fugetion eiﬁia@tﬁlﬁngtl@ﬁbll or Obivardlog frigiFi theN-H
SUP IAM; extracts thgieCF event type baséd:on the number the call was

forwarded to. It then releases the current forwarded leg B (and C) of the

call while gtdhmaintains the @ekdef0f trdveallvifhérorigireboadlitegveiieidor each
t forwarded to the,FTN numbe ieveg.by.jegkingup, the, ¢t
(;@?rlll%rg a@%ﬁ%gﬁ%iw}%ﬁen}j%%b{ags%j%étgﬁgng origin%l FTN %umbergsé Sen' °
Thibxdhisles dgiimalersdtiageof Ata@MEEHEF orVfdiRdotkalen Heddiiedemation

Cﬁo%g?sng!ﬂsaﬁﬁ%%@&h&ﬂ@%amt [RIVBEISREIVING A Reel O MSIBR e calls are

num om HPMN or FPMN. 25 The second implementation is )
reestdntn A IOONIODRF iS5 3 riser 3 oMV wdippond @5 C-H is
Cshand&hinaMabile satishaihispeauirement GhinadMobilenrsas & YRnating

for all core networks but TUP mi%gt be used in interworking. TUP also
i

SUFFBHYOEN Sigrsligs RBioRaYIFEREHRPNTIHIRS: SIERETR et PR MKy rom the
Uniike the/1 CRY - saseathere#inl N s eatynssigret iiom tpodl whethGrited to.

PSP o 0 et e e 1 TSNP AR R B
triggiepest dieneill 7BhE achif MN il (o corfiguiesialepplyienBdf therwo (D leg)
infildentationTCONBETIONA S At FOR YYARBING:MSERg. It also generates a
A-E%q;h%lI%Mosa.%gs&)r@%{omrequire reserving a pool of MSISDN numbers from
HPMN or FPMN,
The second implementation is recommended if OCN/ODN is supported by both
HPMN and FPMN (egg. CSL and China Mobile satisfy this requirement. China Mobile
uses ISUP for all core networks but TUP might be used in interworking. TUP also |
supports OCN although not Redirecting Number or Redirection Number). Unlike the
CFU case where #FTN is only assigned from a pool when CFU happens not at
registration time, the first implementation would require such an assignment from a pool

at registration time whether LCF is triggered or not.
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5 FPMN: Calls to MSISDN-F When the user is called on MSISDN-F, the

SRI-issuing VMSC-F orGMSC-F issues a SRI request to the Signaling

Gateway with SCCP Called Party Address as MSISDN-F. The Signaling

Gatewal/aslodiiedthel SR condissaarbiasshowse ol ble@mplenraBtiengm LCF.

Sﬁ&deﬁ Do, fRem; MR GeFe MASEAAR IRM ARG FALBNAN G while

GMSC-H SCCP Called Address: SCCP Called Address: GT: MSISDN-F

CasIEDRY crrSBKe GEsRL g rfemetpiion SCCP Calling Address:

SCCP Calling Address: GT;: GMSC-F GT: GMSC-F SSN: 8 SSN: 8 TT:
GaVENL) g&éékrﬁ&@?@%ﬁ%véﬂﬁrﬂ&é@%|%MM subscriber in

I\/@é{ﬂNq@ S SBPHIASTSDN-H, The HLR issues a PRN request that is

also routgtevialiheSighalinigdGatevalk BhdFistteaA8ibimeadsas sivdwin o GMSC-F

Table 32. 15 TABLE 32 Provide Roa Number a

Sllasrlilg?ng %%[tev@a E[fr:%omE "pla 0 IBTQQ%NV% e %?éﬁsg% 85[3 ﬂ}% Address as
A8 INSC TR S@I@ﬁrﬂgﬁmwmaﬁ@s\mﬁﬁi@iﬁswgﬂaﬁfi@w 1y 8B 31.
7 TT: 0 TT: 0 SCCP Calling Address: SCCP Calling Address: GT: HLR-H
GT: SG-HLR-H SSN: 6 SSN: 6 TT O TT: O MAP level parameters: MAP
leVaBdafahheters: MSC address: SG-VMSC-E MSC. address: VMSC-F

IMSI; Sorsl Rp tvise Infs fromEVSION MSISDMHWIQW nggas;zg\ﬂaway

Note that MSISDN is an Ootronal---oarameter PR A
with Lo SCCP Caﬂed Addresq _
: GT MSISDN-H'
SSN 6 '

SCCP Calling Address:
; GT: GMSCE

__ GT: "
SSN: -

GMSC' F

MS'ISDN E

The HLR issues a PRN request that is also routed via the Signaling Gateway and

is transformed as shown in Table 32,

TABLE 32
Provide Roammg Numb -} Message from Signaling Gatew ay
from HLR-H 1t VLR-FviaGMSC-H
LSCCP Cailed Address -+ SCCP Called Address :L
’ GT: | VLR—F
S.S.N -

SCCP Calhng Address

GT: HLR-H
SSN ' 6
'MAP Eevd paramel_e_rs _
_MSC address: | - SG- VMSC F
IMSL: IMSI-H. ¢
MSISDN H

MSISDN: *

)

SCCP Calhng Address
Y TGT: : SG-HLR—H
SSN: L6
TT: ' 0
: TMAP level penameters 28
_:MSC ad ress: YMSC-F
' - IMSI-F

- . MSISDN-F -
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F. Signaling Gateway also transforms the PRN response as shown in
Table 33. 5 TABLE 33 Provide Roaming Number Response Message
from Signaling Gateway from VMSC-F to HLR-H via GMSC-H SCCP
Called Address: SCCP Called Address: GT SG-HLR-H GT: HLR-H SSN:
6N88NhE MISIDNTsusqUpdaling Adoredst seent.caiinpaefags MSISDN-
G Sigrakng Gie 8@ AHoRrmsOSN thed S esanse asFhovmAP ke 3.
parameters: MAP level parameters: MSRN: MSRN-F MSRN: #MSRN-F
TRABMSEIN number is returned as SRI response to. GMSC-E or the
SRI- ‘tdﬁ@iﬁge Romoing Yea sk Benips VM.<;MFSW:G&1@€§I’;#&]{%% ﬁ?ée“’ay
call idremSRSEdVer the leased line t6- GMeCHERSHgie &M :
call \}v&ﬁ@é’oﬁéﬁm&‘ﬂt@éﬁ% with S|gnallng 10 ;§ﬁ%§Pﬂ9Wﬁ@%‘i§nal MRt
gateway funetion. The sighatigakelay instructs GM&EH to set dPBdtall
on the real MESRN-F. Whén the. LCF-event triggers, SANSC-F forwards the
call {o the FFN:sent as patt of the Insert Subscriber Eata messaae The

is simjlar to the caII on MSISDN-H iin this case. 1 e detailed :
4 %{gﬁf Q{EONDWDNA%@? ‘%\ér}f '&CVLRF ..
MIMM scriber in VPMN with I4S]:H: Calls éo |
'nor-mal G M procedures agply to t ,sc,enarloufb- :
 WARDING: IMSIATTACHED: LA
E‘E%@' :20 with IMSI-H: & 'gi;%%%me@'ghe caII g
Orf/fs%ﬂlcﬁ FTN |s not : urng Iocgﬂ@@RN R

FORW. SI A]:%Tﬁg g%@eh"é%"ﬁﬁ%§ S%rtm(\!ﬁgﬁ\@ Wftale SRI -1Ssuing

IMSI-F: aEiIs to I%LB e call flow is as described before. If FIN
is\HdSdUifibd SR FintyuoualionS GhtateCMF IV Srupest thrml (eig/iRN-F over the

infernatignal reamindyy. thapsrofmatd-F t}?eopiﬁ‘?%ltKQJ@()be&'&M@fﬁ@l signaling
during location update with IMSI-F at VPMN (e.g. possibly
going through the signal gateway function. The signal gateway instructs GMSC-H to set

up the call on the real MSRN-F.

When the LCF event triggers, VMSC-F forwards the call to the FTN sent as part
of the Insert Subscriber Data message. The call flow is similar to the call on MSISDN-H
in this case.

The detailed trace is depicted in Figure 40.

CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in VPMN
with IMSI-H: Calls to MSISDN-H

The normal GSM procedures apply to this scenario. -

CONDITIONAL CALL FORWARDING.: IMSI ATTACHED: MIMM subscriber in VPMN
with IMSI-H: Calls to MSISDN-F

The call flow is as described before. Since FTN is not changed during location update
with IMSI-H, normal LCF handling applies.

CONDITIONAL CALL FORWARDING: IMS! ATTACHED: MIMM subscriber in VPMN
with IMSI-F: Calls to MSISDN-H

The call flow is as described before. If FTN is not modified during location

update with IMSI-F at VPMN (e.g. in international roaming), then normal LCF applies.
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in national roaming), then optimal routing can be performed on late call
forwarding in a similar way as before. In this case, the LCF number will

be going back to FPMN- network. FPMN network will then issues ISUP )
loopbad ol théssipifiedidwing Jasripnsiadate petfolMSopamal Mttt ossibly

the ﬁ%&mamggﬁ%%e@g%@@ ﬂ&gﬁgi@iﬁ%%’/]‘pgﬂﬁﬂﬁ%&%ﬂ GENDITIONAkNg in a
CALL FORWARDING: IMSIATTACHED: MIMMsubscriber in VPMN with

ISR Ep eSS BNIESTRRS ©albfidi B aueRsschiBbdberdng. eghipid PMN
netwnedifieshauringJesation 4e1pdate Wit INSIbhcat Y PMN;if8g.diteway which

international roaming), then normal LCFE applies. If FTN is modified during
I

|JBEH SR (PR P HRATTAEInE 18 eI 1Yy, possibly in national roaming),

since thegalkwasddieeetly depigediomighir N to VMSC-V without going

through HPMN, FTN will be handled normally, that is, no optimal routing.
MOBVDE TERN I NATERURMS RBINGS eSisdGEdGRAhe/ MM W 3ubgoribart FMN
with e Bl td e baivé/SMBNrrany GSM network irrespective of it being

sent to M@ISENHOMAISRNAp. hemMS eedid Q%%?%Jm@%ring location

SMSC. MOBILE TERMINATED SMS: SMS to MSISDN-H when

SubecEReh BTN QX RMN o WIRMRIdd 20 DigRmE], GRoih Mk 3MEF applics.
operat%o%%ha%y irrespective of whether tfhé Sl\r/IS is sgti,nt by]SMSC-H oafpp “

SMSC-X%s ¥MSE Mt icaMe PR dsesashdareSM® IMSEWarking/IN (e.g. possibly
settlements between HPMN and XPMN. MOBILE TERMINATED SMS:

SMa-NMEISRN:E, whes GubserikardreXRMbuwitlirdM BPRRSINVhaeR e without
MIMM subscriber registers at XPMN with IMSI-F and the VMSC/SGSN

adgreshis R difiedNOrT Sighngatevwiay Gobnkiyy LRt ks, theopignal routing.
gateway is the HLR for the subscriber and it also knows the VMSC-F of

th ri X ARMSC-H, SMSC-F or SMSC-V) issues an
S&ég}@??o}%?g@g%%ﬁ@ has the address of the %igf;naling Gatewag ]
as the sériénisGdribetcdiaid VN SRhssibeBO R disorde IS NFSELX SMS in any

isgla®s AFM 1ndheSionaling,Galeuay, NrerSisnaling patewrPeHONRE could
the translation as shown in Table 34. 79 TABLE 34 MT FSM from

skesenimes4ga¥ém Signaling Gateway to VMSC-X via GMSC-H
\S/&Cﬁ%%%; l%’%i&f\l%c\ifr’ﬁs gb%%PS I%dM%quB?\i% %‘Ln . uB}{:'Mge?}E EIIMN or XPMN
with IMSI-H
Normal GSM MT SMS operations apply irrespective of whether the SMS is sent
by SMSC-H or SMSC-X. VMSC-X MT SMS CDR is used for SMS Inter-working

settlements between HPMN and XPMN.

MOBILE TERMINATED SMS: SMS to MSISDN-H when Subscriber in XPMN with
IMSI-F

When the MIMM subscriber registers at XPMN with IMSI-F and the
VMSC/SGSN address is modified to a signal gateway GT. To VLR-F, the signal
gateway is the HLR for the subscriber and it also knows the VMSC-F of the subscriber.
SMSC-X (SMSC-H, SMSC-F or SMSC-V) issues an SRI-SM to the HLR-H. HLR-H
has the address of the Signaling Gateway as the serving MSC and returns it in SRI-SM
response. SMSC-X issues a FSM to the Signaling Gateway.

The Signaling Gateway performs the translation as shown in Table 34.

79



10

15

SSN: 8 SSN: 8 TT: 0 TT: 0 SCCP Calling Address: SCCP Calling

Address: GT: SMSC-X GT: SG-SMSC-X SSN: 8 SSN: 8 TT.0TT: 0
Map-level parameters: Map-level parameters: IMSI: IMSI-H IMSI: IMSI-F
SMBRPEGA: SMSC-X SM-RP- QA..SG-SMSC-X Note that the recipient
addre¥ FIAMREamPSMBESEd on IMSI-H (or |LMISH -ﬁﬁé"r‘é‘“@‘ﬂ&ﬂé’@oq%feway
worry about swapping MSISDN-H by MQlQ.DF@ EMSGokeviadeMSGHep
Callm@@@’o@éﬂg%éfﬁﬁé been changed anc ﬁ@ﬁgecﬂtt@dfégﬁfﬁtée also
goes througf the Signaling as shown in Téﬁe 35. TABLE

FS Respoﬁ§§from VM8C-x Message fro S|gna BlGateway8

SMSC-X via @MSC H SECP Called Address: SCCP Called AddtOeSS GT:

' C-X SSN: 8 SSN: 8 TT T 'OS Callmg

'CDR for @?ﬁd& .X.

I\‘can be u ed to apply speC| | ¢harg dlscounts MSC-X -
9 settlement SpemaPrates

18 %ﬁée‘ﬁe specific FPMN 'M%r?ﬂ%‘? 9L B MIMM

trace is shown-in Figure,4e we §§ ine the

HLRLE W@f Srgeted SG fails afte S Sidex

depicts '%estﬁ %}ﬁgg %@é%%éﬁ MARMT: §Me% t&ﬁﬁéi SAIBERNISI), there

GMSC- smce PC2 is the backup to SGI. G
fosmardestHe wmsubememmgdﬂ@@@%@@wms&iwm SMS to

VMSC- Woa%tr%ﬁp%eépséaﬂhbaﬁhé&? mE2180 ﬂ@@t@ Eﬁ@ﬁé@&hﬁnd hence the
response back to SMSC-X except {that the calling GT is that of SG1 since

SHBOnxK hlie G+ HranehdhfianAiAhER M PSS9 minkable A Yetailed
trace is shown

TABLE 35
MT FSM Response fro VMSC~X | Message from Signaling Gateway
| to SMSC-X via GMSC-H: = -
SCCP Called Address ) SCCP Called Address :
' GT ‘ G SMSC-X
SSN _ SSN.; ! 8
; T 0
'SCCP Callmg Address: C L i
G GT o SG-VMSC-X

Signaling Gateway generates a CDR for this transaction and can be used to apply
special charges/discounts. VMSC-X MT SMS CDR is used for SMS Inter-working
settlement. Special rates may be negotiated for the specific FPMN IMSI-F range for a
MIMM subscriber. A detailed trace is shown in Figure 42.

Now we examine the case where the initially targeted SG fails after SMSC-X is
told by HLR-H to forward an SMS to the targeted SG. The following generic flow
depicts this siteation, When SMSC-X’s MAP MT-SMS to 8G1 reaches GMSC-H, since
8G1 failed, SG2 SPC2 is the backup to SG1. GMSC-H forwards the MT-SMS to SPC2
of SG2. SG2 will relay MT-SMS to VMSC-F whose response is sent back SG2. SG2
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in Figure 43. Note that this case is supported by partial fail-over since the
MAP transaction 5 between HLR-H and SMSC-X involves no on-going
transaction with the signal gateway function. The signaling trace is

d8pictethyn Bipereense Mo EMERNM maPEDasirsalinsd MAGDRSE1 since

wher Subseriber i ¥RMNWithr WRls BiPinsesMIIRRNA Asdtam & sRecighown
range of numbers, GMSC-F is configured 10 with GTT to route the

CaFASSISDN-F SCCP message (e.g. SRI/SRI-SM) towards GMSC-H

which thegertesiheessagriedhs Sianaling-Gatanry fwetion tigigtion
that GMSC-F can either route SCCP messages on MSISDN-F towards

HISTNGeS GE-Pid erd EMBTOVIHEM NS R o RAGS RS FHRe tethe signal gateway

CARATM SIGDN-Rtewasds ithe:H EEMNnSIdeue 4ttis configured in its own
GTT (of STP-F/IGMSC-F) to translate CAPA=MSISDN-F to 15

CiteREO0 EROIANAR WINSEID: G S gn ALERISNAY iPh & SignalingrGat&iayith 1MSI-
cauld immediately return itself as the VMSC-F or SGSN- F. However to

avoid re%%‘é%@(/jﬂ%ﬁé‘ﬁf ﬁv Rere %@clﬁ%bgg?ﬂm&q}m&ﬁSQOnﬁgured

SGSN address w the signal gateway knowing about it and there may

bavisbHe T Tiridliaterd & el AddSagBE Ak e (BendR1I/SRI-SM) towards

f riEs Qotelaying lebhack.teddlkRebe th
W%?S%ﬁﬁ%ﬁ?gg%%?éq%ﬂg%%l%F will bgﬁ%r}?%rtant. Note htere_that_et «

terthe Sigrarsaashay Mnttioh bdesasts irsE s a 15¢
raRsRAE MR NQIMbeRAqsaHeR tHdae As-sesisOnFhEMMstire BIBREY side or

gateway function always return itself as the VMSC/SGSN res

thid 18 pyngRiueds sy Gh Meh §B&fﬁ%ﬁ€f1€h%ﬁf&fﬁé%%%€§§4§§%$ o
aduressChhimwliratiow-speeiakbillinghevdgwn by the signal gateway

function gn MSISDN-E numbers. Figure 45 depicts the general flo

SMS 15 N1 SERE PSS OGBSV S or sGSN-
firgt Frajass thecineadhiag GRI-Shktiessage HoOR SMI8GaXetohan G tieww LR or

tr tion of SRI-SM.with HLR-H by replacing the I -F e
R e R e B e
SREBNOIMSMS@X SRILSMftmai@idrating Satelvay-TorHeRdnk ). so
Gl!»\é'l%ﬁﬁlg REGE Salled Addiess: T PG GITEaYRAASIr eSS AT NATEBRN: Rvilt be

GT: HLR-H SSN: 6 SSN: 6

important.

Note here that respectively whether the signal gateway function passes
VMSC/SGSN transparently or not when location update is sent from FPMN, the signal
gateway function always return itself as the VMSC/SGSN address when the SRI-SM 1s
issued on MSISDN-F rather than the real VMSC/SGSN address. This will allow special
billing be down by the signal gateway function on MSISDN-F numbers.

Figure 45 depicts the general flow of SMS to MSISDN-F when the subscriber is
at FPMN, |

Signaling Gateway first maps the incoming SRI-SM meséage from SMSC-Xtoa
new transaction of SRI-SM with HLR-H by replacing the MSISDN-F number by
MSISDN-H. The transformation is as shown in Table 36.
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TT: 0 TT: 0 SCCP Calling Address: SCCP Calling Address: GT: SMSC-X
GT: SG-SMSC-X SSN: 8 SSN: 8 TT: 0 TT: 0 MAP level parameters:
MAP level parameters: MSISDN: MSISDN-F MSISDN: MSISDN-H The
AtRBLi¥adsformed as shown in Table 37. 5 TABLE 37 SRI-SM Ack from__
HLR-HRE-4M Bon BMSfo¥ Signaling Gatew&?ltﬁl‘élft%&gna%g/@@fﬂdy ;

SCCP Called Address: SCCP Called Addres
SMSECCBENed S&hess: TT: 0 TT: 0 SCCF
Callihng Addreds: GT. HLRARIEANSG-HLR-H.
MAR level p&f¥eters: MAP level paramete
VMSC: SGWSC-F IMSE IMSI-H IMSI: IM
>a e to th gﬁgadmg Gateway. The message is transformed as :

mes

$o HERsH s (HSC Al

Bafihgadréddiesecp - .
SSN&ESN: 6 TTH®R#10

is: VMSENSG-VMSE-F. ~ .
51-F SMBE-X issuesh FSM

showr? Gﬁgtg l 88 10715 e LE 38 MT FmhbHI SR -‘)?Sﬁllessg/gé
from| Signaling. Gateway tp >-F via GI\/ISC-I3 éc;éé%P Called RGar
SCCP CalleAddress: GIi SG-VMSC-F GT: VMSGE "SSN: 8S§N g
TT: Q:TT: O S CP Calllng Address: SCCP Calling'A ress GT: SMSGX " &
GT: :ﬁ}ﬁlvllevcl parametms B MAP level parameters
"MSISDN: : "MSISDN: = . MSISDN-
The Ack is transformed as shown in Table 37.
5 TABLE 37

_SRI_ SM Ack from HLR—H to the SG

+ Ack from S;gnal;ng Gateway to
| SMISC-X via GMSC-H B

SCCP Called Addrf;ss

| SG VMSC—F_
©OIMSIH

—Tsccp Called Address: .

SMSC-X issues a FSM message to the Signaling Gateway. The message is

transformed as shown [ Table 38.

10

15
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SSN: 8 SSN: 8 TT: 0 TT: O MAP level parameters: MAP level parameters:
SM-RP-OA: SMSC-X SM-RP-OA: SG-VMSC-F SM-RP-DA: IMSI-F
SM-RP-DA: IMSI-F Note that the signaling gateway has a HPMN Global
Title so there is no need to 5 worry about SM-RP-OA being natlonal or
inteyBadodd since the sending SMSC should have take care a

by rﬁdﬁi’ﬁ@" thd édméi‘éﬁ%ator as internatioM S&Eﬁ‘ fﬁéﬂs%ﬁ%éh%ﬁ%fe“ ay
roaming; irrespective of what subscriber numigeY Malsghdisvs¥ading to
SinceYhEBigrkhaddssivay also modifies 1%@@@1%%@@&

Address, thé Eonfirmatioff ¥848Ee is also fouted fakk the samé

shown in TaBE¥39. 10 TABLE 39 MT FSM Respon%h‘om VMSG-F

Mes :.age froﬁTSlgnallng @ateway to SMSG-X via G SC H. SCCE’P Called
Addre (% ? CP Calle Address GT: SG- SIVISC X (Cél SMSC-X SSN: 8 ¢ ﬁ;-i:
SN & 1 ighe b Address:|S€ Al 6

- VMSC-E B5K*8 SSN: 8 TT.:O..T;f- SC“X
ates a CDR if the message was del .__d succes fuIIy

ay .be usegeto apply a special disg prlevélMlMM ubscrlbers

VMSC-F GTYS
Gateway ‘get)

This: Cl‘\? rp

. eV a L
Figup : ]%ﬁ% |gﬂ;§ﬁl§)@/§|agram foir Aa PoaM -VMSC- F |
TERN = IY}& SMS ta MSISDN-F wh RSH er in XP I}%'
IMSI=H uUIICbLIVCIy, Tor .IIC pulpuoca of-this bbCllalIU HPMN=and VI"IVII\I —

f t N. Si
it el R g W?ﬁﬁéﬁ%t R eed o
regoes Rtmwasis-BIMSE Hdinghichchd i dutesatieab s hasaBngighHiaghould
CRIeway WL 3E&E & nfﬁﬁ%%@é&&%&%ﬂéﬁ% Fmem%@mu@aw

Gateway transforms the niessage as shown in table 40. 5 TABLE
SRiESNibbIn mmm%wwggm%@aféwﬁ@e sender is sendmg 0.

Since the Signaling Gateway also modifies the SCCP Calling Party Address, the

confirmation message is also routed back the same way as shown in Table 39.

TABLE 39 ,
MT FSM Resp{mse from VMSC F © | Message from Signaling Gateway
| toSMSC-XviaGMSC-H =

SCCP Caﬂed Address nE e [BSCCP Called Address TR B
GT:" SG-SMSC X GT o SMSC X

SCCP Calimg Adchess JE __;_SCCP Calhng Address di 1R

SOTGT T VMSC B a0 . GT: = . SGwVMSC F
SSN: g | GSSNE 8 3
TS 00 CTT T

Signaling Gateway generates a CDR if the message was delivered successfully.
This CDR may be used to apply a special discount for MIMM subscribers. Figure 46 is

the Signal Flow Diagram for this scenario.

MOBILE TERMINATED SMS: SMS to MSISDN-F when Subscriber in XPMN with IMSI-
H

Collectively, for the purposes of this scenario, HPMN and VPMN are referred to
here as XPMN. Since MSISDN-F is from a specific range of numbers, GMSC-F is
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to HLR-H via GMSC-H SCCP Called Address: SCCP Called Address: GT:
MSISDN-F GT: MSISDN-H SSN: 6 SSN: 6 TT: 0 TT: 0 SCCP Calling
Address: SCCP Calling Address; GT: SMSC-X GT; S gg% E% ) '
sapgrepig T h WWT%%l%ﬁréMéF@&ﬁsm‘fﬂa@%&?% jg0 then routes
M@lﬁabgwlt%I@@M@Mﬁg&ﬁ{&wh@&ﬁﬁ)Mﬂ?@lmaswmpm\msm -F.
routed back to_the Signaling Gateway since the SCCP. Calling Party
Adraedqlag Fyat “E%%?t%* E Shonee T rans‘iw}(lertlzlta}c%i s#@wn in table
41. 10 TABLE 41 SRI-SM Response from HLR Message from Signaling

5 CGA@Nay480 SMSC-X via GMSC-H SCCP Called Address: SCCP Called
Addraégs-SM HonSSAMREXGT: SMSC-X SSNISss8Nran Bigigling Gateway
SCQP Calling Address: SCCP: Calling AddressHGR-Hivia GMSCIE SSN:
6 SSNCEPTIIRIAdEHAR level parameters SUAPJelled paldimseters: 4
IMSIE: IMSIHETMSE IMSI-FWBI-BG-VMSC-X MSGBG- VMSCMSISDN'H
SMS$C-X issifes:a FSM nfessage to.the Signaling Ga¥éWay. The @nessage
is transformel as shownlin table 42. 15 84 TABLE'BD:MT FSMflom':
SM$C-X Message from Sig)

Sighaling Gateway| to VMSC-X via GMSC-H

sce ﬁ@%ﬁé‘@%&r@%@re%cp Called Addres§C<§ﬁ’ C@@ﬂ&l%é@fef@m ir
vmsc-x  GI MIEX | SG-«SMSC-X :

MAP levcl parameters

MSISDN: SISDN-E: . | MSISDN

The SRI-SM response is routed back to the Signaling Gateway since the SCCP

Calling Party Address was modified too. The response is translated as shown in table 41.

10 TABLE 41
SRI-SM Respo

7} Message from Signaling Gateway.
o to SMSC-X via GMSC-H
SCC?P Calied Address '

MAP lcvei pau ameteis
~ IMSL-F.
SG-VMSC X

"\/IAP lcv.c‘ parametexs.
IMST: - IMSI-H= ¢
MSC: 48G- VMSC—X

SMSC-X issues a FSM message to the Signaling Gateway. The message 18

transformed as shown in table 42.

15
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SSN: 8 SSN: 8 TT: 0 TT: 0 SCCP Calling Address: SCCP Calling
Address: GT: SMSC-X GT: SG-SMSC-X SSN: 8 SSN: 8 TT:0TT: 0
MAP level parameters: MAP level parameters: SM-RP-OA: SMSC-X
SM-RP-OA: SG-SMSC-X Since the Signaling Gateway also modifies the

S E4ftin Party Address, the 5 confirmation mpqqag@g_ang_;gmeq.w.__
back Mg‘ Ea?r-r. S may%M%ﬁo%n in table___43;3T 4 ﬁ"?@ Rﬂ?ﬂF%‘ﬁPPé%ﬁﬁ&%" nh
from' CiX-Message: from Signaling . Ga EO-SMEE K

GMS@Q@%@@@@&%@Mdress SCCP Cal&? E&@é‘?é‘i@f
GT: SMSC-%I5SN: 8 SSN8MTC0TT: 0 sccp chiln Addres{r

Calling Address: GT: VMEC-X GT: SG-VMSC-X S :8SSN 8T O TT:
0 Si gnallngHateway gerQerates a CDR if the mess ewas dellvered

su_ccg S ly,: DR may be used. to BgaCsBema}L?éscount for

MIMM substribe |gur Iﬁéﬂg Slgnal Flp! aqra,r%] or
MOBILE.O '-"I \ ATED SE or all practical purpgges, it is ass m
seriber uses one of .the HPM} SMS‘__- ol sendlng énoblle

on IMM.S s ::f-
%ﬁ?e?&@s When:IMSI-H is é% %%H{g{ég otwork, . -

origin; -
the § %ﬁ% 6356 alwaye MSISDN-H aigd] {ha éf%addf%“é Bvsc-x

SMSE=H:
with a n Wor M@@P
asa S %8% B(T% %all%‘ge g%%%f%hia mesgggg??o%t%bgg& §§§§ the
fromniHRAINtoes RN e oG b lighre aste raal (es ghivtie i sebs drber is
roaming in FPMN), MSISDN-H was changed to MSISDN-F. Hence, all

SMS messages originating from such a PMN with IMSI-F registration will

ha EIXSDN-F as the sender address When the MIMM subscribet

registéﬂéroﬁﬁhﬁmﬂmgém@ XMQ%X@ ano hMessage from Signaling Gateway .
: - to SMSC-X via GMSC—H ----- _

' :.f SCCP Called Address: -

SCCP Called Ad_;i_ress

| oen 0 swsex
SR i TT R
" SECP Caumg Address:

SG-VMSC X

Signaling Gateway generates a CDR if the message was delivered successiully.
This CDR may be used to apply a special discount for MIMM subscribers. Figure 47 is a

Signal Flow Diagram for this scenario.

MOBILE ORIGINATED SMS

For all practical purposes, it is assumed that the MIMM subscriber uses one of
the HPMN SMSC for sending mobile originated SMS messages. When IMSI-H is
registered with a network, the sender’s address is always MSISDN-H and the SMSC
address is SMSC-H. Normal MO-SMS procedure applies.

When IMSI-F is registered with a network, SMSC-S-H is a special HPMN SMSC

address to be used as a SMSC address. In the Insert Subscriber Data message routed
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. 5 FPMN country number, the sender address should be changed to

MSISDN-H unless subscriber sets the option otherwise. When IMSI-F is
registered, SMSC-S-H is used instead of SMSC-H when IMSI-H is o
régistdiEY tie SRASS wherad M BT tivatesirvn GRSt/ eiftfishteaning in
to:pygignaligpienet WHeRApdMs Mseostered MMM sNBSarikelseRdSinating
a MO-SMS to SMSC-S-H. The MO-SMS reaches the signal gateway. 10
ThHeRigs gRe A e Yefaireittstine vohhain SERE: Eohoermdgr address.
IMSI-F twiMSlid m%otM SIBENHRAQMSERRNsHIAN SRS nds SigpRISiaw a non-
or this scenario is shown in Figure 48. SMS RE-DELIVERY

VARG EWEN RSP SN eSS tﬁ%dm%%wﬁbﬁu?h%? y'% MAHSENH upless
begausedhe:sighaloffogasewayialwayhdornnagt S M Scdelived, SIIBS-Badkis used
to the SMSC-X, SC-X wi y. need to inf - deliv

rdPOF e(.)g %Biég? %égéeélgﬁé\ég%nigs ég%s)t.e @gbzfgﬁugekgﬁ e'c%c1 ic?ngﬁy that HPMN
regeIsihg/SIET Sen\zla&sf,mter_saglmﬂ @Mw@erW&exCamtéﬂﬁMFbeebietwe@ viIMM
ghﬁ%l)l/)Hcl?n _e:l;l & ?ﬂét %Wﬁod g%'%-glgl; %%n G Fyfunctipn g@%i gateway.

e involve Ivery or re eady-For-SMS ma
niBsssigeabpatMiSiyheorral MEVIND shbseri S A S eftansotverting BighkF to IMSI-H

g%%vﬁglgﬁﬁtjﬁ% HavyerRt.hecausqdle signaloatewan actions ikeBhown in
virtual HLR to the  MSISDN-F number of a MIMM subscriber, when

SRigE 4¥as sent on CAPA=MSISDN-F, the signal gateway function is

the responding entity or HLR to the 25 SMSC-X. This means that delivery
r%ﬁ@@@&@@g%&%@m@@@em by the SMSC- X to the Signaling

GatewayoS Whse quantinterastisrsnegarsing-Alert- SefitscCantecand the signal
Inform-Service-Center will also between SMSC-X and i .
REAEY o S W S0 % B T 1 RGNS T g il ol
transparéntiynhBiidied hy thé signaigaténwaydunctien:30 Thd:Bigaalingubsequent
Gateway first maps the ,incemin j

SO B L DR SRR o b
MBtSTN-H nurhiberShySSISDR:H. The tienwferivianohurbenshaweni be involved

Table A48 JARLE 44 ReportSM from SMSC-X ReportSM from
Signaling Gatéway to'HLR-H via GMSC-H SCCP Called Address: SCCP

Called AderdssocTMlSBDRREge 192 RN SN0 5 IMIMMTIebgesiferp will not

involve the signal gateway function.

However, because the signal gateway functions like a virtual HLR to the
MSISDN-F number of a MIMM subscriber, when SRI-SM  was sent on
CdPA=MSISDN-F, the signal gateway function is the responding entity or HLR to the
SMSC-X. This means that delivery report status due to failure will be sent by the SMSC-
X to the Signaling Gateway. Subsequent interactions regarding Alert-Service-Center and
Inform-Service-Center will also between SMSC-X and the signal gateway.

Ready-For-SMS map message on IMSL-F for a MIMM subscriber will be
transparently handled by the signal gateway function.

The Signaling Gateway first maps the incoming ReportSM Delivery message
from SMSC-X to a new transaction of ReportSM with HLR-H by replacing the
MSISDN-F number by MSISDN-H. The transformation is as shown in Table 44.
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SCCP Calling Address: SCCP Calling Address: GT SMSC-X GT:
SG-SMSC-X SSN: 8 SSN: 8 TT: 0 TT: 0 MAP level parameters: MAP

level parameters: MSISDN: MSISDN-F MSISDN: MSISDN-H The Ack is
trandibdindtl as shown in Table 45, 5 TABLE 45 ReportSM Ack from

HLR: BeparS M &rmmidMie Sgnaling: GatewblRtpopis Erom e H
SCOP Called Address: SCCP Called Addres&ateraydo dihBeHvia EMSC- o
SMYGSCEEled S&kesg: TT: 0 TT: 0 SCCR EaliiihgAlgardddresccp
Callihg Addreds: GT: HLRISIEANSG-HLR-H SSN:8EsN: 6 TTHMHHO
MAP level p§§¥neters MAP level parametefs: LMSEBN-aiert : &

MSISDN-H M5ISDN- alerP MSISDN-H FlguF 49 |sTéfs|gna| Flow

Diagrgrﬁéﬁg i5 seenafio. To HLR-H in this Ogég Gateway

the
that sent't PortsvEbelivery..10 will be h%égﬁl SC. X-
Alert-ServicezCenter whe ready-for SM.is received;’ mllar acti ﬁssf%{ fya
Inform-Servit: -Center will also be performed when § -SM‘ is isstied -

from the S|gna gateway to the HLR-H. This s illustrated in Table 46. 15-

87 TA lertSC fr%m HLR-H:AlertSC 1rm e S nalln Gateway :

Vel Datdlnelel ;. c dl Adioads. . L
10 SV EMEETH SEep Called Adciaas STER CAIEH Adtpssi i
GT SG-SMSC-%-GT-SMSE-X"SSN-8-SSN+B-TT-0 T T-0-SEEP-Calting

Address;SCCR Callng AddIessi G, HHSehl & SO-HLRH

TABLE 45

i Ack from Slgnahng Gatew ay to i
| SMSC-XviaGMSC-H =
{ SCCP Cailed Address .

j'sccp Caﬂmg_ﬁ_tddress ._ Ly “;sccp Calling Address:

HIR-H o0 6Tz 8G- HLR—H

.;MAP 16\1&1 parameters '
MSISDN-alert: MSISDN-H. I MSISDN:alert

MSISD’\L-H

Figure 49 is a Signal Flow Diagram for this scenario.

To HLR-H in this case, the Signaling Gateway that sent the ReportSM-Delivery
will be the SMSC-X to send Alert-Service-Center when ready-for-SM is received.
Similar actions for Inform-Service-Center will also be performed when SRI-SM s issued

from the signal gateway to the HLR-H. This is illustrated in Table 46.
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SSN: 6 SSN: 6 TT: 0 TT: O MAP level parameters: MAP level parameters:
MSISDNAlert: MSISDN-H MSISDNAlert MSISDN-F Figure 50 is a Signal
Flow Diagram for this scenario. Numerous GSM scenarios involving
eihibBdildfts of the Signaling Gateway 5 method and annararuq have

been AdwtRbekamdBtdi-Hiscellaneous inte kS friensiha Sierpling e
Gateway will now be discussed. NUMBER POHT#ILY C-X via GMSC-H ‘
CONSIOERATIGNS drers iumber portability detditeBFEINerEdSs withina
courtry. Sub@i@rlbers Whosﬁ’cﬁi\@i BMIMM service hber to an%%@? X
operator will®Nonger hafe access to this- 10 serV|§§NFhe|r IMSEH, ..
IMSILF and aiifMSISDN- Hto MSISDN-F ma ppings ar& deleted frim ihe :
i ' ﬁg her ‘operations like removyi }? h subsc |ber from b

r Portabilityl Satabade: | _. __
endent oﬁﬁgggnalmg Gaieway Qe the por ﬁ HHR“H' L

i w’ be asso iated with the IMSI of an}lj ;;__ér operato‘ the
MGT] based routrng will never be received at HPMN: 15 However the .~ -

: l}g_%Ceyvm--%Ew eed to perform Numbe\&E}QEta _"%'GO% and

Subs gcaleiie WL MSISON

STTIMICTS Wi ot—a& ea-to |JUIL ||| LIICII C Ibullg ITATTmoeTsS IIUIII oltlrret
operators in the country of the HPMN. Normal operations like adding a
new subBeribers(bi aSeighdifpa DibgmithfoMSiskscandtie. MIMM range) in
the HLR nd asso h It Adding the parte
mumber S R B e e e ol
e@nem@@@ewurhWQWﬂ@&ghﬁmgd@atbway provisioning
interface fis Sl wibbemaphed [ MRISENH AR MPISRN AL e

Signaling Gateway subscriber DB. 88 For signaling messages (Update

Lo@gmjﬁop@)g@mgmg@gmm?ﬁomls subscriber, since the

IMSI-H belongs to HP MSI-F belo 0 FPMN, the mes
will get roBfe B bf%té’ é8pi1381 ﬁOR/f % T i e§a g%%rlbers who .
Insext SuhskribtvRDatasnassdge amhslhiestmﬁedowﬁfhﬂl\ﬂs ISEYNd:FRavhencess to this -

bb 5 MN
S RIS N RN S . e

$d8Ges rout gna
Gétewalyy, Shekl PRIGGMSC wrlrdnamenmenhmrmmwgdhggmﬂm@er from the

avaﬂﬁ%ﬁ{gg@%&% MR EMGT; 66 A€ YATIAUS ORHRRS! independent of

the Signaling Gateway. Since the ported-out MSISDN will now be associated with the

IMSI of another operator, the MGT based routing will never be received at HPMN.
However, the HPMN GMSC will still need to perform Number Portability lookup and
routing of calls to the PMN currently serving the ported-out MSISDN.

Subscribers will be allowed to port-in their existing numbers from other operators
in the country of the HPMN, Normal operations like adding a new subscriber (by
assigning a SIM with IMSI-H in the MIMM range) in the HLR and associating the
ported-in number; adding the ported-in number to the Number Portability database ete.
are outside the scope of Signaling Gateway. Through the Signaling Gateway
provisioning interface, this IMSI will be mapped to MSISDN-H and MSISDN-F at the
Signaling Gateway subscriber DB.
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a) Signaling Gateway routes the messages directly to the HLR by

mapping the MSISDN-F/MGT-F to MSISDN-H/MGT-H and looking up
corresponding IMSI- H/MGT-H range mapping to HLR. b) Signaling )
Gatewalomsipsahit @ SRNERETdRtcoLMSI BDNTH ARl apesdored!d for this
t@ﬁb?l?%%ﬁgﬁr}’é@ the RN GMSCISTRIFIKGNSEISTP isresponsiblevN, the

for looking up the Number Portability database and forwarding the .
sigpsliaes Midsseigeuisig Mg GERewasisHap M SIRNNL G fetgned in the
MRISPNHMGRT -Dadhigdages dedthadvumber-Rartapilitpdatahass: subscriber is

retrieves the routing number and sends it to_20 GMSC/STP for further
rOOHREST His B aeh Ml ireehitd BeMBhe fObr MM AMRS AR g therovied on
NurisenboriabiliRaiahaseid i SISRNHE saporiel ttHPRMNBIMSGill handle
will be responsible for handling the signaling in the normal way for a
pBHBPSHEAber (e.g. don't route messages on 25

CdPA=usitetaiinl SISRN-riowdrds GMSOMHNhe Signalang various options
Gate function) and hence these messages will never reach the

Siiefi "ﬁ%'Gateway. If a number in FPMN s ported-in and needs to be

part of the MIMM service, then the FPMN GMSC will need configuration

to roafe $hmsligoaliagenrassages for thisMSisDiNed e gigridliRgby mapping the
GatewaSIHBNG BiMildr- FoeHd TasinieS TR mbloakipp amerpeonemg IMSI-
a HLR t¢180GhdihengslsRpPing BighHdiing Gateway is the port-in HLR in

this das&iSiialifgl@arenay w%aaa@wwﬁowewsﬁm%w and routes
subscribbe DB:s$2@C AT OR-BRYE SREES Thei LSRR agdrsrensible for
assure thaking MIVIEsdRRes HRTaT B afeibaih BAp S Higifgalthe  signaling

roamingd€Esn-based services when these are rolled out. 3

2 .
LocatioroiasbiassearEy corrisy St Sm-E M e &1 SRHIE REYET gHy dpgerfaces

it deteriiries YeREs Rt AG I ERTRShAHERS NG S AR i RE™ ! ©
based offMESSS He SRR R B o UL THIK o B TS FEERE ™ ©f *°
units ard T E0A € e URISEOEGEXAREPERMLC provides a location
interface for L CS (location service) client request location.information..
zbout & IARISOPVS SRTTESIE 4 LD HSage bEtaeo CNIEC B ine th
HiRndlipperates asriddShandoM s Ehititolocataihe WSS reglesicssages on
locatign informati Jfthem is. 50 -Hxi ction
R 8 TR e S5 G AT T o £ B e S ncion)
if tine MivMisubsoriberesis waistered- o ERN I wlingt R s ey igtrasnn FPMN

al, V%’%’Xa“%%’%a&%@& 833996 1% ANMSISRN- Fhdhan teeigealisc will need
ga%e%vay wﬂl map the message by replacing MSISDN-F by MSISDN-H =~
whenfigetaijing therorisshgestenpliiR-1essages faiuthis teSSGMRI Gatlifay gnaling
'tségt&fé?.eﬁw-igsimﬂar to the case where FPMN ports one number from a HLR to
another HLR. The Signaling Gateway is the port-in HLR in this case. Signaling

Gateway simply adds the ported in number to its subscriber DB.

LOCATION-BASED SERVICES
This section is again to assure that the MIMM service should not affect
subscribers’ normal roaming location-based services when these are rolled out.
Location-based services consist of SMLC and GMLC. SMLC is like a VLR, It
~ determines the positioning method and determines the position of a MS based on MS’s

measurements of LMUs. These location measurement units are to SMLC like a VMSC
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10 PSL (Provide Subscriber Location) is a MAP message between GMLC

and VMSC to request location information of a target MS. It again

operates on IMSI and MSISDN. When the MIMM subscriber is registered

iroF BV P M s ideshg Loaviise i8teshrectin e thieeifafifyice) clients to
Gatgua SBatsalforkii RS ageeitdhasmessage is on MSISDN-H,

R R bbby et G e YT

. GHISDI0 theserl MMSAswhiledfibe messagaisanMBISDNSE Ithee message is

signal gateway will simply relay the message to the real VMSC. The .
SN S b e S CRTANT SRR R A Mg returming 5G
Hewaver thete igiMMapalegybiar SteRi sendam\iRieENaniseshWNET-8 registration at

rg&;ﬁﬁ{f r locatiop js either 20 impligi inist
earlier irﬁé“‘ié‘i)’&réfF%o??ﬁ%%%‘ﬁ@ﬁ[@gg@%%%ﬁ%%? |cea%daé??v%22m? AP th?
VitSGearte) Gk Gy ith SBS-BbersiBE o MStSBN dad naise, mgseasdalto HLR-H.

handling is alsp require W\Q ! qﬁg%é:@lg/@t@gisters at FPMN. In this
cgsags,’ov%%ﬁ%ni%%g}gg%l i%geen%rt]é the Signaling Gateway by VMSC-F on

MSISDN; thecsiigisabuataihery Witatisihde theMBIsomeeephemsisdNg4C and

b%&@cﬁ%&y&[&%&n1&%&@&%&9&9@5@@%@ uesting GMLE dbe rigkeal on TVSI and
requesting GMLC is asklni%;locatlon information on MSISDN-H; while it is

ndtTEReel iethEerigindMethiestvyg dMeessadidhdioditign with IMSI-F, the
infaratign@MSISR N ML LIRLE HRMMNSUPRGQIRT The signad case, if the

gateway function is also able to support multiple HPMNS in additi%n 30to

nTORTEHEF MRS MR PR Ere e RSN DI HE AWl Be Hosgs2ee O
in-gNe: PV ST 0y BN KGSPRtY -$e W -pr oviders Fhesplatfipumdaaieytre GMLC

must have access to . SS7 networks of ea: here there are ... .
T SO Sar EHIE e BT SIRATG ANV 5 LR e i sl
negalhkepesionmed. thertaeViviSe, GTT configuration 90 between the

hosting netwoy th eting networ en e §

essapt LIS AR EB R SR P BRI A0R. Hoveve
CaRR MG TaRMG TEH. Sidicetvink ety eoaty stbhapisanedirethpcation is either

bet P P ssarily. vi r ’
ST s il e R

h&wevs seaicalbgo esroudhStharbiien plisbrabhostsdsh Shal

b%ﬁ&&i{%ﬁﬁﬁ%@?@ﬁ&% REQUIEE wIGENAL NG Bk YA REPOMERY this case,
PROCEDURE When a MIMM subscriber registers at FPMN, the Signaling

GuhsaRHAItINEHHE RfoPABNGH SRR WIS E SR ITRER thetht signal
roamenis SHIrepiy.inpAdditioml-EG.dyismpiniomaationdhainmeadsitohbeoriginal
maintained is between original FTN and th Pgﬂel(ggégoraréi,]isuk?stit,yted.F‘ N i

SFAETNG OV i1 (EeP SR ETB B0 Mcedty gk h 1ocation information on

MSISDN-H: while it is not replaced, if the original requesting GMLC is asking location
information on MSISDN-F.

MULTIPLE HPMN SUPPORT

The signal gateway function is also able to support multiple HPMNSs in addition
to multiple FPMNs. With reference to Figure 31, the platform will be hosted in one
HPMN or by a third party service provider. The platform however must have access to
SS7 networks of each HPMN. Where there are signal protocol variants, special signaling

conversion over leased line will need be performed. Further more, GTT configuration
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data is maintained in memory; and also stored on DB of mirrored disks. It
is also periodically backup into a non-volatile storage. Since the Signal
gateway is a virtual VLR and a virtual HLR, all information 15 maintained

abeheesigt Gatengy i teshsienBIcakisiRDH A KIS by RRPaRREnS pass
withVLR-Foaied & bl Theie will e megnsioatars ebputthe stamacnf-real

VLR stored in the signal gateway. The signal gateway will just map
whateveYdiséofhly Fds<amid t5llihanees destvadshecsdd ShtatdHEPRY. ot
irﬁ@é&\%@&i@p ﬁaawweﬁf Qbtgined &!ﬁ%@'@@@ti@@ld%pﬁ@@bﬁéﬁﬁ Mihhyashe the 1SUP
signal gateway functjon, VLR restoration procedure at the signal 20 .
gft@@ba%grﬁ%@&a%wwgwﬁ%@%{%ﬂ%& Tes oo %lﬁﬂmﬁﬁ’ﬁd in one
sigRaiNoatewaysrigeevesy-precadutgewill be sufficient to automatically

obtain the HLR data. The recovery of signal gateway is a concern, but not

the N BY @ HIER. AN REC O VRRHIRE CHeENARR Kl issue MAP-Restore on

an affecie IMS| kot MARRESILE 908 MMM ’Sti'&ﬁﬁﬂé}@@@{@{v%yamains

simply relays the message to the corresponding HLR- 23 H. Similarly .
wiierinfirRadms o AR-ResSIRIF B 488 UCHRoF tHE IREITGAtEWE hien Aritional
WX@M@&@%&%&&QEW%EERM% Thengateway husdslaysdhel FIN and the

MAP-Reset message to the real VLR-F. Now after a recovery/restart
oFERBtEEY o FHRE SR Aty CathForhitn FRdBRER SHRSEHRYT Phie message. The

systen arRimarkadiasmiabypdateds-aoaliMIMNBSubsaripaes theks3Qt is also
Signaling Gateway issues a SRI-SM using SCCP Called Party Address as
MSTEBIENY PREHLR'Petais HEUINMEPERE MSC address. If the MSC
addressgmpotlis BRMNMtheycarresponding Feeaddan/thesBighaling] information
Gateway is deleted. If the MSC address.is the Signaling G a . .
AL ST B CRRG TEScrt 6 TRE) B Re DA oy pegerions
bedduseRE anlyHigedidlivorrywdbbenividdMasubsbribetsintFEmMRNreal VLR stored
However the SRI- SM.part.could f t -Hs, it ] o
R S DGR ey ot SeloGh A, Lm0 e AR Bazes o
ol R tdgpatnts réderdiiteHboH IR adranstont treateess b bsaisd el fpcation

msﬂ%éé‘ @Wﬁﬁé@kg\m&@&é the RGN erdressaLibstecair iéﬁ AR! signal

It is putin thé set of Reset-SGSN. For each VLR in Reset-VLR, the
SERiHRY Garenrepsiasued i MAGERRssst o rikevierl WithRst by fhe Hiyly signal

NUARBELIR theMAP RS MESSRIS TS C 288 ARSI MUR JodQ I SBUEILR data.
Updatelocation after radio contact is _established. This will alsg cause

HLR-H t8 RSB eSS A s SRRt e Sl afoREs Um0 Yoi @adhe HLR. When

SGEN ReseyEESN! theSighaliRgstoateway istides AWM R-RegatRfere on a

SGSN with SG as the HLR number in the MAP-Reset . This wijll
cA L Sh A B PO EE HSI DAL 1 SHEY [acs COREAER 1 TR

O contactis
edlaktishiatly THisill &l dailcaueP HeR:Hx il insertGubbalta sipthe Sigmaly when the

gakt/ﬁw gllilglsc(::tf%%r registers at FPMN. The gateway thus relays the MAP-Reset message
to the real VLR-F.

Now after a recovery/restart operation of the signal gateway, all roaming records
affected in the system are marked as “Not Updated”. For all MIMM subscribers, the
Signaling Gateway issues a SRI-SM using SCCP Called Party Address as MSISDN-H.
The HLR returns the IMSI and MSC address. If the MSC address is not in FPMN, the
corresponding record in the Signaling Gateway is deleted. If the MSC address is the

Signaling Gateway address, the corresponding record is marked as “Not Updated”. This
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Alternatively for each IMSI of a "Not Updated" record, the Signaling

Gateway 15 issues a MAP-Reset to the VLR if the VLR field is not empty

and issues a MAP-Reset to the SGSN if the SGSN field is not empty. In
bithesagesvsitmdy RER tauvabarabe W INIMrbescriSesontBiRY. tHewest the SRI-
caud e used NhedMAR-fesa! Iessagerchiis WilknGaiRm hR1 does not affect the
VLR-F/SGSN-F to issue Updatelocation/UpdateGPRSlocation after radio
cOneadt is@sEBIBReUThis will also cause HLR-H to insertSubData to the

signal 2g,gatenvaydupetienddii@siraabMuRis URONITRCGRIBSS 8B Record is not
PROVIDE_ROAMING NUMBER indication from a HLR-H for an IMSI that

isTUk oM HTtARe Se & Reittel Hocard HiRe SigRMIGHIERLA] SiristPresgast null, it
ehkof:aGk BRCKACThRGHLIRGENS the M&! 18 RuoRe&inSH Rhetie [ dalstattateway
indicator at the signal gateway, the sig ateway jssues PRN.to the
Rt AR L St o PR B iy GBI TA P Reset
ingieatoe. Management dktielRa (b Ridsutake plackcTihen SGteestadatiarontact is
procedure es updating of -F number..VLR-F number, SGSN .
ORI, T By oo e ey e s By funcion
sUloscrivbr SdNthat Ree: sEFSH intheSignRiEefdiaemins idyathasNdé&rReset to the

&f@vﬁg \Q%ha?‘?easgﬁigaglmﬁg %ﬁﬂpﬁ%ﬁm@sﬁ{%%gﬁ

H%éh%ﬁg?’ \I%'i t@iﬁse the
be achieved. As an imp ementation OptIOI’], a notification can be

fopwardddteol shies VigduselBR Stherdan adish srdis chietiethie prenblindrd gy will also
supplemeptary SEIGESINAL UM §%§§PQQ@G«%{9@&Q input
(MAP-FORWARD-CHECK-SS-INDICATION service). If the VLR-F 92 or
SGSN-FAbesRissin®hesiedibr #bm et Stedpshanvenidarbcvaenaling Gateway

netification A thesdVis tlheifigurenbelow ilstiales e Sdnaing SeIVeNesR eset to
for SG restoration, After a restart, the signal gateway performs the

folfswi Hctiohe RS thefisldhischter A 1BdSIs st AR HELE drougg or HLR
by.ther§Gifaulinbinielond thedlleames data fromaviam-velatiladsaghuhis will

R e S R e o

SSoritadicaiosstatdeshdda VAP WESHESD regusesHDRAE W destOutSBBNs the signal

WQE{% ri&s ESC% are located; 10 The MAP_RESET request contains the SG
nt‘frn%er%n&lop%Onally the HLR Identity List. When receiving a '
MAP-RESHKdndicaltivh Rhapvh RefeiilbderMeA Bl PiROOIVeH_ME4 bfltkat SGMBER

eiﬁ_ﬁ&faf&%ﬁ t%b?nkﬂ-ﬁﬂﬁ%@“i% LigtAtarasend akiom HeRBURBRrEord, the

VLR-F will then mark these MSs with the indicator "Location Information .
Coniehetianai SRt s stoorffrsd taribeiil Bdactivire 15T is known, since

SURSErIREL AR Il 2 dheResMe3- hhevalatys 'WNahConfmedsefdd& N 1o the
indicator "Location Information Confirmed in
real VLR-F if known. After that, normal restoration procedure and status indicator
management at the real VLR-F take place.

The SG restoration procedure forces updating of VMSC-F number, VLR-F
number, SGSN number and, if provided by the VLR-F, LMSI in the SG. Consistency of
subscriber data that are stored in the VLR-F for an MS that has been affected by a SG
fault with the subscriber data stored in the SG for this MS will be achieved.

As an implementation option, a notification can be forwarded to the MS to alert

the subscriber to check the parameters for supplementary services that allow subscriber
controlled input (MAP FORWARD CHECK_SS_INDICATION service). If the VLR-F

92



10

15

20

25

30

35

HLR" forces the VLR-F to invoke the MAP UPDATE LOCATION service

after establishment of authenticated radio contact with the MS concerned.

When the MAP_UPDATE LOCATION procedure is performed, after

reeptof -P oetisey M APs RDATENTOOATHON dokrndviotgeddbatathifetice to the

SAgumber e sialum ol s indieaiolihacalon Inaration canfirmed in
HLR" is changed to "Confirmed" DATE_LOCATION

proceduﬁétrg Uhdasiedsstes foicanl eaissen, mREwmsudhef fRlanineagstions for the
"Losationnferpation %ﬂﬂ&%e&@ﬂ ﬁk%temﬁe%@ﬁwged except for

the case that the IMSI record in the VLR-F is deleted because either of the
5%}?81%} Bﬂkwlﬁﬁégﬁﬁb? D&@"wé%# A6k Allowed" has been

recki IRE-OPIOAT Eeese Ariggpred, mark cach

?% E“‘é}%) hhe pdjegio
ﬁéggﬂ %ﬁﬁ@é{&%ﬁ%&ﬁgﬁ FReERES %ﬁ”ﬂ’ﬁ@aﬁ%@@éﬁsiﬁmd
dd d; d h

Signaling E ooy e 3 GTHE To S s 1 CAHGEE P tgaaby e FILR
log oftall rleieovaemegsagmg aattemme@m reﬂmuadrgstgeﬁéméd will derive all
CQURLAICE heserslamumicons in e BIune sclei o
Qﬂlﬁmb?ﬁﬂ B78LRT ?Y@IPFM@FBTM&WMS OW2B0e06)icasM IOBD@@)H Information
VEISIon 0.8 ReIRASE 1PNMGINHIR yersion JchQ\ﬂ '§ﬁ‘§ Qr??eﬁéMngs for

03.40 version 7.4.0 Release 1998/3GPP TS 03.40 V7. 5 (2001
GB#e0¥ I8 version 6.6.0 Release 1997/3GPP TS 23.018 V3.10.0

(2002-01), QFTA SREE @2A%IRR040 T e Ay PerRRAMS RIS Migse ™t bh firmed in

the current implementation due to unforeseeable considerations. These

willge' nraredas YaRdF the eekipdiadd ARIUTD Sdpp&Pfn thiON service after

MaRIRARCA CaNtacdhe sighal saiawayihandlesstbe.napeing between
MSISDN-H stored in HPMN HLR and MSISDN-F stored in the sgnal

gateway TUHEHSH. hbrd Bt &nd dara SO RO LeH it SRATENTIS S8y, receipt of
GRRS)ArhichrMSIS DN May et E&Mw@: Aﬁ@tfﬁf@tﬁé@@%&ﬂ[ﬁi@ﬁgamm of

vice whlch hall re HPMN real n to IMSI In
i ot ot nlestar Bateib e bl e T
destlnatﬁfn&caﬁ\ﬂ?é’ﬂtsfﬂ}@ﬁgh@@&ﬂﬁﬁéquemdme is unsuccessful for any reason,

the status of the indicator "Location Information Confirmed in HLR" remains unchanged

except for the case that the IMSI record in the VLR-F 1s deleted because either of the
errors "Unknown Subscriber” or "Roaming Not Allowed" has been received from the SG
in response to a MAP_UPDATE LOCATION request. A signal trace for this scenario is
shown in Figure 52.

For “Not Updated” records, if Signaling Gateway receives an Update Location
message, the MSC and VLR address are extracted; stored in the Signaling Gateway and
the record status is changed to “Updated”. A log of all recovery messages attempted and

received is generated.

COMPLIANCE
The signal gateway complies with the following specifications:

3GPP TS 09.02 v7.7 R1999/3GPP T$29.002
Q711-716 SCCP
Q761-764 Q767
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interactions will be directly between the two parties without further

participation from the signal gateway; or 20 2. maps them to the real _
destination by initiating a new transaction and subsequent iterations will
gOGERBLGR IO SYA& YW ayotunction. For example, all the procedures

sk (A Tapiesiwn e IhBeidiedl 1P The signal gateway. 25 TABLE 47

MeShhge SmPGerd Réwliganf¥or SM request
N@@é@ﬁ(ﬁoﬁéﬁﬁmy-ﬂa@&{?ﬂ%?s@lﬂ% 3 & 03.40 V7.5.0 (2001-12)
I\/@M\%Wgﬁéﬁ%@&@§ ML JiS 23.018 V3.10.0 (2002-01)
W¢W@9%W-_Message MO-response

MAP-Forward-Short-Message MT-request MAP-Forward-Short-Message
MT-respbbfe NIRRT SN Befisiyd StanUse réififest MEP TR Bmdue Lo
Delingrycaiples sesponssMARReady bomaMikgoueparMAPReady ub@fade and
SM response 94 MAP-Alert-Service-Centre request

MAPLAIEH- S RREENTS P é5bnse MAP-Activate-Trace-Mode request
MAP-Actisatdshrhearddagehaegotigemapping between MSISDN-H stored in HPMN

HLR and MSISDN-F stored in the signal gateway function. There are many data service
(circuit switch, HSCSD, GPRS) which MSISDN may not be involved. And there are S8
and USSD service which shall reach HPMN real HLR according to IMSL In all these

situations, the signal gateway function:

1. either relays them to the real destinations at the first interaction. Subsequent
interactions will be directly between the two parties without further participation
from the signal gateway; or _

2. maps them fo the real destination by initiating a new transaction and subsequent
iterations will go through the signal gateway function.

For example, all the procedures shown in Table 47 are handled by the signal

gateway.

TABLE 47

Message
MAP_Send Routing Info_For SM
request

MAP_Send Routing Info For SM
response

MAP Forward Short Message
MO-request

MAP Forward_Short Message
MO-response

MAP_ Forward Short Message
MT-request '
MAP_Forward Short Message
MT-response

MAP_Report SM_Delivery_Status
request
MAP_Report SM Delivery Status
TESPOnSE

MAP Ready For SM request
MAP Ready For SM response
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MAP-Deactivate-Trace-Mode request MAP Deetiva-te Trace Mode
response MAP Purge MS request MAP Purge_MS response
MAP-Send-Authentication-Info_request MAP-Send-Authentication-Info

réépBngdemArrDeteteeSitscriber-Data request
M#ReBlelete-Subscriber-Data response MAP Register SS request

MARP RegitieprsBadspititse MAP Activate SS request MAP Activate SS
résponse MAP_Deactivate SS request MAP Deactivate-SS response
MABP 1 dtetiveimatbrass Maflfest MAP Interrogate SS response MAP Purge

Sikstfuest MAP Purge MS response MAP-Reset request MAP-Restore
rédO8sWiapcRBEwMedponse MAP-Forward-SS Check indication
2PoOHdateGPRSI ocation MAB-Register-CC entry MAP-Erase-CC

eMAP NPsEEibraicedst98 Sitdtuest -UssdRequest MAP
APSSSInvokeNotify _etc

MAP_Dectivate_Trace Mode
response

MAP Purge MS request
MAP Purge MS response

MAP Send Authentication_Info
request

MAP_Send Authentication_Info
response

MAP Delete Subscriber_Data
request

MAP _Delete Subscriber Data
response

MAP Register SS request

MAP Register SS response

MAP Activate SS request

MAP Activate SS response

MAP Deactivate SS request

MAP Deactivate SS response

MAP Interrogate SS request .

MAP Interrogate SS response
MAP Purge MS request
MAP Purge MS response
MAP-Reset request
MAP-Restore request
MAP-Restore response

MAP-Forward-SS Check indication
MAP-UpdateGPRSLocation
MAP-Register-CC entry
MAP-Erase-CC entry
MAP-processUSSDrequest
MAP-UssdRequest
MAP-SSInvokeNotify

ete

In summary, all MAP messages going through the signal gateway will not be
affected by the signal gateway for the normal services.

For ISUP messages, the signal gateway is compliant with OFTA-2202-3 and
2204.
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In summary, all MAP messages going through the signal gateway will not
be affected by the signal gateway for the normal services. For ISUP
messages, the signal gateway is compliant with OFTA-2202-3 and 5
286495 GPRS If the MINIM subscriber uses IMSI-H registration in an

operatofy P RB\ServigRdsbeomEl elehl e Samenas & RarsRalsutysTFekervice is
However when IMSI-F is used, although RS map, Si Ing_of the

MR SGBsEROEEV BSUPHoM: %%%3@0‘(?&%& ﬁ%ﬁ%?@ gfewa%?eda although
fureRSNmizRRS Matadfans poravillsiequite:- additionakippctien dfrdm therent signal
signal eway. T ignal gateway will then need.be data relay router .
O S o S ATy S o GO Rr g Rl e signal
UpdateG ARSkioaaltintewith WISh&niscolite d atathe By RAtMGT -Bfel B 4ddress the
b SGSN-X, when sage reaches at GMSC-F, possibly

G%%Sﬁn 13’% (’(i%ftv%ﬁ)l%s‘ﬁg%rtethe message to a signal gateway. The
Signal g&ﬁmméipdﬂtbﬁﬁﬂﬁ&%@g%dﬂﬁ}%sﬁd@@d%@WéﬁM@i’&OHMSI*H
CePAlatheT offhe _ﬂﬂé%@sﬁ&ér?@%@%@ﬁq}%é@F%géﬂ}l%’@Qg, the GTT

issuing a new transaction between the signal %?teway and the HLR- H. In
pariicdizect 96 pesterty thelSBISNptmbertd MerlgatrRasHy-podify the CePA

intghagts Wit 10 S&andiSE Wit R GSNeXerkzaauently (8- Sorresponding to the

insertSubData, acks etc) with their 15 corresponding transaction contexts.

WHET ehRdeiBaisauiassaney By saRon iR eeidhe signal gateway and the HLR-
gﬁd@?qﬁ%ﬁwm@ec&% ABRBSNSE N the HIgs3agehwillbR $BMteracts with
irectly to the SG which will then maps to the real S -F by issuing a . .
4 SR, Whed R ST P RS S S GRAEY KBt their

SMaespordlR thibatialscostpports GPRS, then SG will be returned as the

20 SGSN node to the SMSC, which.will rward th SS the. i
S0 whiV it A Terar i ReL R L0 SURFRREPRE dhltion from
Gatetvay S8t des hiltingaedirts sast divéntorcephorHerehitheBetiavioraph to the
GP ignaling will be very similar. i ' i -
o R e e S S A oo
25sgablvay W0 ub Els-thehsGEN wheertthe idhitbestafiom e gisteramed as the

Wilh GPRIAL TRMNsORIMBWRragistiatian we wilbonb ilusiratedhen wil then
case of updateGPRSLocation by SGSN-X and SRI-SM by a SMSC that

suppeHe BrRS:S&eE M1§SM1i§§}/§©ﬁ-ﬁl%§i%‘ﬁa]é%§@E§WPﬁiETEQ‘é@?sbﬂﬁng records
illystratadinfapleA8. 30 35

The behavior of GPRS MAP signaling will be very similar to the voice and SMS
signaling except that SGSN plays the role of VMSC or VLR and hence the signal
gateway will double as the SGSN when the mobile station registers with GPRS at
FPMN.

On IMSI-F registration, we will only illustrate the case of updateGPRSLocation
by SGSN-X and SRI-SM by a SMSC that supports GPRS. SGSN SSN is 1001-0101 or
93 BCD. This case is illustrated in Table 48.
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96 TABLE 48 updateGPRSLoc from SGSN-X to the Message from
Signaling Gateway signal gateway function via GMSC- to HLR-H via
GMSC-H F/GMSC-H GTT SCCP Called Address: SCCP Called Address:
GHARIET4E GT; HLR-H SSN: 6 SSN: 6 TT; 0 TT: 0 SCCP Calling

Addr
SSN:
SG

arpl RESRShfinty ol dYESN-ETto SBSN
sSenafgapway fuppipdaie Pl meters
N/EMEN-H 6EEN: SG-SGSN-X_IMSI:

M@spgstsostﬁsmbnsé}at@say :
mm%déw&a@ﬁ‘éﬁ‘eﬁ o
IMSIEEAMSE IMSIEEH: Nntp

howevéiEincdlsMsldisse forwarded to wh

retur
subg
prese
HPM
SGS
the ¥

not bie

sincé

HLRrk
way, S’%GSI

n Whenqiﬂfecelves a WITSH\/I(MSISDN I
criber régidters at 5.& FPMN via SGSN,
ent at least one of thé)followmg options:

Wﬁ%% or SG N imitations;.or b) Its;

e FPMN $

A RVEP fadl e MIESER will

KilCdPAtO Ee N GT of-the :sign g
ji ISFm if FPMI osts the S|gnal g|ateway

: the dafa session set up also involves MSISDN; M:

Qgé%g{flgeg to MSISDN-F. SImHWPtpave PMNe
gd mggggg)go their correspongi BgSR INEL
SSN an set up the PDP context, ot

), then$dien MIMMHLR”}.I

the si gateway: &an
' 4) Its HPMN GT to &
"gé/lN T to a: P%N HLR for ”_
5 o rgn§
ateway. T Rﬁﬁ%‘"‘“

signat-gateway-(not here yet Luuay) Also—-ot IVI.IIVIIVI stubscribet b IIdlIUbb‘L

when IMSI-F is registered, subscribers must use APN-F 15 instead. This .
case is iNestratocimTabie 50120vIPShOToTnBIE 49 Wivdey SubsdhibieiN-HLR wilt

oM REENESsage. Tom RIgaaing GAIEWRY. MIRIRARNG

GMSC H SCCP Called Address: SCCP

Called Address:

%@registers at

a FPMN via SGSN, the signal gateway can present at Jeast one of the following options:
a) Its HPMN GT to a HPMN HILR for SGSN imitations; or

b) Its FPMN GT to a HPMN HLR for SG

SN imitations in which case, the FPMN

STP is configured to translate the FPMN GT in CdPA to the HPMN GT of the
signal gateway. This will not be a problem if FPMN hosts the signal gateway.
On Insertsubdata, since the data session set up also involves MSISDN, MSISDN-

H from HLR-H must be modified to MSISDN-F. Similarly, the HPMN based APN-H

need be mapped to their corresponding special APN-F. In this way, the SGSN-X can set

up the PDP context through the data enhanced signal gateway (not here yet today). Also

on MIMM subscriber’s handset, when IMSI-F is registered, subscribers must use APN-F

instead. This case 1s illustrated in Table 49.
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GT SG-SGSN-X GTi SGSN-X SSN: 95 SSN: 95 TT:0TT: 0 SCCP
Calling Address: SCCP Calling Address: GT: HLR-H GT: SG-HLR-H
SSN: 6 SSN: 6 TT: 0 TT: 0 MAP level parameters: MAP level parameters:
MSISDN: MSISDN-H MSISDN: MSISDN-F The trace is illustrated in
F*ﬂkfﬁ%ﬂ‘}s Note that F- SG is not used to represent the SGSN at the

" SIS BRI '5 %)Gatew G
@%&@ﬂ'}!"%‘%&f@@' _
SM n&;\‘ .!nn‘“.".‘.e!ﬁﬁn HSES 'V"'. DE -lﬂ O foute

if SGSN is F=5G; and by. \é@?‘s@@j@eﬁs is stlil F SG V\(I;}{leh reaIIy |n§@g§\c9§
the ir sertSutha paramegters while; roaming. This prgklem doesgiot arise -

if the signal 730 ‘gateway ig hosted at FPMN network]smce F-SG will not -

be needed in this case. For GPRS service, there may also be combined

IMSI; GE’(E{SCaﬂa@mﬁmmvolvmg combined Igg@p@@n@lgmu&ﬁgsarea
update Howgver since thifiRvdlves two, separate uggates from YGRAIR-H
SGSN to HLSENEspectlvelg' ‘the'signal gate Jay can digtiguish whento - -
swap the MSIBDN-H by MSISDN-E when the MIMMIgubseriber is ~* =+ =+
registering 15'in FPMN. The’ ‘combinéd update is achieved by an

ass (Mﬂéﬂmm@hﬁm.me .SGSN and: MS WE%telmmﬂetefm' :

i . | SCMBHHANISC/VLR. THISERBNciation is. CMS@])N-F
when the VLR stores the SGSN number and the SGSN stores the VLR
number Tiheaas sodiationds msed doe ﬁh—coordlnatlng MSs that are both
GPRS- attac Sl- 20 attached. T fo

following act?gr(tjts% 1’étct)%auc e {J‘dr e&’é’?ﬁ% via gé%ﬁt IS m3<tﬁ mﬁen the signal
cambirediGRRS N Sisattatsh HhB-Holmbimedh CPIES LiviSbaetduh is because: a)
PagsiRley iR SaYIRgd %9'Qwﬁﬁ%tgsaap}g%@s%@ﬁsttﬂwﬁaﬁca&dstﬁ@%u not be

RA update, including periodic updates, thus saving 25 radio resources. A

cohipived el BASIpeate 35 serd hbMlRaddstd el ESIV. sighveally influence
fomards the bR @%&%@%M%mﬁﬁ%ngﬂerﬁc%xﬁ%@mw@ thehe signal

SGSN; 98 - Alert procedures for non-GPRS services; - Identification
pr%f’é‘é‘ﬂﬁfés ]é?ﬁiﬁ at FPMN network since F-SG will not be needed in this case.

For GPRS service, there may also be combined IMSI/GPRS attachment involving
combined location and routing area update. However since this involves two separate
updates from VLR an SGSN to HLR respectively, the signal gateway can distinguish
when to swap the MSISDN-H by MSISDN-F when the MIMM subscriber is registering
in FPMN,

The combined update is achieved by an association created between SGSN and
MSC/VLR to provide for interactions between SGSN and MSC/VLR. The association is
created when the VLR stores the SGSN number and the SGSN stores the VLR number.
The association is used for co-coordinating MSs that are both GPRS-attached and IMSI-
attached.

The association supports the following actions:

- IMSI attach and detach via SGSN. This makes combined GPRS / IMSI attach and
combined GPRS / IMSI detach possible, thus saving radio resources;

- Co-ordination of LA update and RA update, including periodic updates, thus saving
radio resources. A combined RA / LA update is sent from the MS to the SGSN. SGSN
forwards the LA update to the VLR;

- Paging for a CS connection via the SGSN;
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- MM Information procedure. 5 The SGSN - MSC/VLR association is

created at the following occasions: - Combined IMSI / GPRS attach; -

GPRS$ attach when the MS is already IMSI-attached; - Combined RA / LA
uptied RS RSB IWTStitach and is already GPRS-

attlSHEE cai PEPcCBifiiRed RA / LA update when an IMSI and

GRS IaieEmdieMEOeFhiiges from an area of network operation mode 11

or Il to an area of network operation mode |. The assqciatign is initiated

by the SGSROTHe MESR LAt H S SErl by oda AN S5 SaRP
messagm&bMSIniogRSpatticylar MS to the VLR. To get the VLR 15

nuGies, iheSGRN flahshiesithel clkShaahtd;a VLR number via a
traOslatibrdable/ DAringiaCSeonnedti®nednrMSIM HassdB mdde dfeady GPRS-
operéiian .eannot perform GPRS attach nor routing area updates, only
MSoimidlasis R mdde aidpe retion calMid rfodnGiidSetprbeddie shifhges from an
GRR $fattaehrivasemtdedoding ar 0Steennestiohn¢hecdssoetationmsidall-be
initiated by a combined RA / LA update after the CS connection has been

20 releabed aFhelzEzpidtisrisdupd e FEA e FsISWNY ereeissignsissociation by
When, .a'\/lh%%?@%éséﬁ%'@ ;cbxwgfﬁfhg% MAchaRaas gEENyand TB%@ the VLR
association is not updated during a CS connection. 25 When the MS isin

inembst eSSBS MrpY 2o R userchatibiris TpdaiERithvihe translation table.

combined RA uAupdatas RGCRALIRA SIGNRl HasEeis SO WM I FIgHERM GPRS
54. Now consider the MT SMS example to MSISDN-H wh?n the

SABAEHBAF KU st RIS SR With Mg Siiets- R QRfgeopy can perform
SMSEErREEMSGF V) (3RS 9t B0HaR S Rl SMIMSIS P Rwith &RR $he association

support to the HLR-H with GPRS support. HLR-H has the address of th
SRRy Ebbine PSRN DL AR A R o aaRegion has been
SMIR&eX.issues a FSM to the Signaling Gateway. Signaling Gateway

performﬁékhse fé)ll%{'g as sﬁ?%nogntleagléowh 3050 cQ%LTABLE 50 MT FSM
from SMSER R/?essage oM igna]hng a evgay {56'SESN-X via GMSC-H

SCER:LatlddSAddngss VEBCP Called Address: GT: SG-SGSN-X GT:
SGENeXan MS changes SGSN; and
The association is not updated during a CS connection.

When the MS is in idle mode (see GSM 03.22), the association is updated with
the combined RA / LA updates procedure. A signal trace is shown in Figure 54.

Now consider the MT SMS example to MSISDN-H when the subscriber is
registered at SGSN-X with IMSI-F. SMSC-X (SMSC-H, SMSC-F or SMSC-V} 1ssues
an SRI-SM MSISDN-H with GPRS support to the HLR-H with GPRS support. HLR-H
has the address of the Signaling Gateway as the SGSN and returns it in SRI-SM
response. SMSC-X issues a FSM to the Signaling Gateway.

Signaling Gateway performs the following as shown in Table 50.
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SSN: 8 SSN: 8 TT: 0 TT: 0 SCCP Calling Address: SCCP Calling
Address: GT: SMSC-X GT: SG-SMSC-X .SSN: 8SSN: 8 TT:0TT: 0
MAP-LEVEL Parameters: MAP-Level Parameters: SM-RP-DA: IMSI-H
SM RP DA IMSI-F SM-RP-OA: SMSC X SM-RP- OA SG-SMSC-X The

Chifesagsie ﬁaglalé%é@ﬁ“ ay
Icn nnnd*mlu SJH-KA’IQ‘ o

Vla GMS%TISIN"X

SGSN X Me@gage from'S
SCQP Calleg>Atdress: S CP Called Address: GT SG-SMSC- Xg
SMSC-X SSN: 8SSN 8UTT: 0-TT: 0 SCCR Galling tdress: SCCP

teway to SM

SG-SGS

Callin GSN XG
T‘Ia'l:l( §fgfgj gﬁ)lallnﬁg ateeS W qu&e

be used to apgly: .special arges/discounts
used for SM&inter- worklrég settlement. Speci

for the sReSific HP MM MBI range for Multiple, MSISRI B%ﬁ&?&f A
signatstl(@(@ngthmq@ano is shown in Fig JM%P% f?‘%ﬁ@bl«“
AUTHENRICARIGN; 465D AND SUPPLEMENTARYMAR SERAGES
ON IMﬁﬁWPvmgmmmmmvmmW
Servmesﬁ@%&'ﬁﬁﬂg%@%ﬁégaﬁﬁdﬁ@% lekheM,cRN:ReHPINAIGH RYssage are
MS, e.g. a MO call'can trigger for authentication service. These services
arbseshagsdd between VMSC and VLR, between 20 VLR and HLR, and

betweenfikRiande WeGneg il siongt gatewayss oy aniibadl Q0 hence the

response also goes through the Signaling Gateway as shown in Table 51.

nsactlog z

5 -ég?t Iz}h g S&dﬂre%s T 0

TABLE 51
MT FSM Response from SGSN—X - _Message from S}gnalmg Gateway
: i oo to SMSC-X via GMSC-H -

SCCP Called Address . SCCP Called Addresst:

Lol 6T SG SMSC~X GT = SMSC-X
SSN; gl &
T 0,

SCCP Caihng Address .

: aT: SGSN~X

SSN 8

Signaling Gateway generates a CDR for this transaction and can be used to apply special
charges/discounts, SGSN-F MT SMS CDR is used for SMS Inter-working settlement.
Special rates may be negotiated for the specific HPMN IMSI range for Multiple
MSISDN subscriber. A signal trace for this scenario is shown in Figure 55,

SEND AUTHENTICATION, USSD AND SUPPLEMENTARY MAP SERVICES ON IMSI-
F

All MAP messages on Authentication services, supplementary services and ussd
services are based on IMSI. They can be initiated by MS, e.g. a MO call can trigger for
authentication service. These services are conducted between VMSC and VLR, between

VLR and HLR, and between HLR and SCF. Since the signal gateway is only a virtual
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HLR/VLR/GMSC/'VMSC, the only time the signal gateway will be involved
is between VLR and HLR communication. When the MAP messages on
Send-Authentication, supplementary services and USSD services are

rSU S GRIDISE W Eetha Wi riseshesianehericpR YV g iRECdndetveen

otewayq they ars.rsdiregtsd to the signal gateway function based on GTT
on MGT-F at the GMSC-F and GMSC-H. The chosen signal gateway

relays e H#k4aa 44 PLPRIsrE AT P ERirALSHES P the MBIl Y Services and
repiagingthie.calledMeT ol withTtiFeh@aasponding MGIPNISI il REERGT via the
Subsequent interactions will be proxied through the Signaling Gateway.

O R R S B R HESS SevEeS KR B G Rk B T T on
it3AEPAMNat S GTIRT theaidl BMESeHhdheatresposighial ddlcR rodegurbs messages
mi erformed. For example, | scriber is nat allowe € 1 ¢
oo R B ety o SRS T it e
theFRMNIGE dGIL-R-b: HoBtidgihe Sibsal gatenascaoBPRIN wipnasted through
hgvedthis problem. 15 This is illustrated in Table 52 using RegisterSS as
a%lee%?ﬁﬁ%.g?%tﬁw&?‘sz RegisterSS from VLR-X with IMSI- Message from
Signalinf@atevays & pooRERISSCRIGalieth Atldieds SSoer Ganegents its FPMN
AQEIess BT SR RHRHGT B SN RSN B AT 96 RRmed. For
Calling Address: SCCP Calling Address: GT: VLR-X GT: SG-VLR-X SSN:

7 SSRPIZ. T2 qubyuribarte noAsBlo st i rmbmchener 6 salintrotordipggumbers
beaauseHRMN HLR @ REpcedws cauldmeagedioning SUbsEHERE the signal

network location. For example, sometimes call forwarding and call barring

s%ﬁ%@&gﬁgﬁﬂlmlﬁ@%@ﬂ%ﬂmgglwhile roaming. If the HLR

procedumggsGamn heweaniiguresi bssac:onéLR IS rangescdhgie there  will
not be a need to assign two types of GTs: HPMN and FPMN, to a signal

signal gaﬁgéve S _

. aq 1 : :
which adér%gg :t% .::go§é,ﬁg@s

roaming SSN- .
SCCP Caﬂmg Ad dress - Sccpcallmg Address : |
L SSN: SSNo v T
0

The reason that a FPMN GT of SG is introduced is because HPMN HLR
procedure could be based on the subscriber network location. For example, sometimes
call forwarding and call barring services registration may be not allowed while roaming.

If the HLR procedures can be configured based on VLR GT ranges, then there
will not be a need to assign two types of GT's: HPMN and FPMN, to a signal gateway.
The HPMN GTs of the signal gateways are simply regarded as roaming GTs by the HLR
procedure configuration. As a result, for a signal gateway, its FPMN GT will be the

same as its HPMN GT. For example, to support national roaming, a HLR is configured
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GT as ifitis a roaming GT in national roaming. Alternatively, if the HPMN
network wants to regard a FPMN network as if it is an extended home

network, then again there is no need for the FP N type of GT for the 5
sigredigaewhisuddnes Tor EEPMN oK. ThicshnsRbtEcH iggeoaming

S8 1 A BLE O3 BagisteriSdramuh RskhiMgssage from Signaling Gateway',

to VLR-X via GMSC-H SCCP Called Address: SCCP
SG-VLRMeefivalR ik ths P Mhs agivoricangsriy.reg

lled Add GT:
g e})égmr{é%%gtk as if it is

A@ﬂé@@ﬁd&ﬂ@&@&hﬂ@rﬁdﬂéﬁ&%&mﬁl@% Gt Sor HieFEﬂwswe &f GT for the
SSN:6 TT: OTTOT% eiss
v Ny e
MAP-REGISTER-SS IMSI Subscriber identity MAP-ERASE-SS IMSI
Sohstibasidentity MAP-ACTIVATE-SS IMSI. Subscriber |dent|ty

MAR-REAGFBSATEmIH IR E] Su
SS IMSI Subseriber identity MAP-REGISTH

Sub
Sub

P EgE 36 A TABLE S

ibscriberide

nMyssNEkaFHmTEWﬁeway
RoPASSMORONMGHH .

sEER Cehtih\ddii:PROCESS-UNST]
<>cr|ber idéhtity REQESVTLRAR- UNSTH

RECTUREE 88diS|
RUCTURHD-SS-REQUHESX

IMSI Subscrié¥:identity MAP-UNSTRUCTURED-SSNOTIFY IMBI .+ &
Subscriber idéntity:- MAPEORWARD-SHORT-MESSAGE | LMSIONOTE)
Subscriber identity 102 MAP-REGISTER-CC-ENTRY IMSI Subscriber -
identi§C MARRERASEICEENTRY IMSI Subs8RE: Galinay\ NoTE: only
wheh the IMSTand the LNESfsté received together ﬁ%ﬁ‘l the HLRWtﬁ@R’H
mobile termﬁ%{e_d short. ﬁr’lessage transf [
Loop e e 0 .._ : 0
The signal trace is shown in Figure 56.
TABLE 54
MAP Service Reference Use of the Parameter
Type

MAP-REGISTER-5S IMST Subscriber identity

MAP-ERASE-SS IMSI Subscriber identity

MAP-ACTIVATE-SS IMSI Subscriber identity

MAP-DEACTIVATE-SS IMSI Subscriber identity

MAP-INTERROGATE S8 IMST Subscriber identity

MAP-REGISTER-PASSWORD IMSI Subscriber identity

MAP-PROCESS-UNSTRUCTURED-SS- IMSI Subscriber identjty

REQUEST

MAP-UNSTRUCTURED-SS-REQUEST ] IMST Subscriber identity

MAP-UNSTRUCTURED-SS-NOTIFY IMSI Subscriber identity

MAP-FORWARD-SHORT-MESSAGE IMSI (NOTE) | Subscriber identity
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Table 54 is a supplementary list. USSD MAP services from GSM9.02.
MAP- 5 Process-USSD request is the only request for which content may
be modified where the optional MSISDN-F parameter in the MAP
mMessagEsEt PR is changed to MBISDN-H whe thecrihes sduyéis
oing through t is is because MSISDN-H may be

1 3¢d 18 a8 eE Sbscriber data in g3RSBF if the Us‘élfgsf'ii.fiﬁfﬁtlif?rn%gént by
niTabl
5731(?’?& Sovshert

e 55 10 TABLE |
§ G M%ﬁ@%“e@ﬁ&é‘lﬁ%ttrérﬁfﬂéttﬁn%d?eft}\?a&}"b“e
SIS e‘“\it%tﬁ/“tﬁ?t&ﬁ%ﬁat} *GMSC-F/H to HLR-H via GMSC-H GTT

SCCr AP AT SRE Sl g RNaLs "G ot e

Aﬂmes&t@“mmqwetesﬁhsetvtre}uess@t\lwm@swmmtma@ ttérmecwrme where the
Iev ar e l: IMSI- [ o
R R R oA Aty S e & etanged o
sééﬁmgismn 1h¢1§@ﬁ@$7158mm§r®ﬂwménﬂeen%§%ﬂ%4¥ﬁwtedf psgpbecause
(BRINONPRAGVEILIIPNAIY Kibia$entby the stk dingcHy (PWa¥ds further

a signal gateway which is treated as the VLR of the MIMM subscriber
mféﬁhﬁégléﬁbt@o%ﬁﬁe‘%%gfewrgc&t%swtlwlmﬁtpd fhd &hihal- gateway
will not only modify the CdPA from the signal gateway to the real VLR-X
but also the CgPA to the S|gnal gateway ina new transaction. The

gate Aé’ttpﬁe%&ltéﬁﬁ’efwmw Xdpth
UsS¥e 3@t%fetﬁ‘wmﬁl‘ﬂﬁ&%‘e

ZEI.SCCP Cailmg Address . - -SCCP Calhnn Address

GT: . 7 VIR-X o ‘GT: SG-VLR- x
o T SR SSN LT --
:;;:MAP_I_evel parameters R e T _;:MAP fevel patameters
IMSL . IMSLE. o0 0 IMSI: . IMSLH
MSISDN:¢ ‘0 "MSISDN- P . UMSISDN: ©  MSISDN-H.

A Signal Flow Diagram for this scenario is shown in Figure 57.

Similarly, when a network-initiated USSD (e.g. USSDRequest, USSDNotify) is
sent by the HLR directly towards a signal gateway which is treated as the VLR of the
MIMM subscriber when the subscriber registers at XPMN with IMSI-F, the signal
gateway will not only modify the CdPA from the signal gateway to the real VLR-X but
also the CgPA to the signal gateway in a new transaction. The response from VLR-X to
the signal gateway will be relayed by the signal gateway back to the HLR-H. This is
shown in Table 56.
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SSN: 7SSN: 6 TT:0TT: 0 SCCP Calling Address: SCCPCalling
Address: GT: HLR-H GT: SG-HLR-H SSN: 6 SSN: 7 TT:0TT: 0

the

cha =2 Wi-be-same-as-a-harmal supseriberfor- Miviv—
subscribers; 2SS R?R%Agl\—%%@%) 3G ON NISECT g@ﬁiﬁi\mﬁﬂx
These serviggs, are sameas normal when IMSI-H iggeistered with an
opetator. Hgre we are only concerned withl these ices whergIMSI-F is .
registered with an 10 operator. This is outside the scope of this document

and ig Fiention %Q@F'C@eggrely for diScdsSio1§@&gégﬁilﬁgrﬁll\‘ggp‘§5:MMS PR Y
roaring Is gsge ially thggameg as GPRS roaming: diywill in gen@@'HLR-H ‘

require:MMg@ata sessiog to be relayed through thgf§j@nalggat_evﬁay to Y
reach the HPMN network. However MMS interworkifg will introgyice
furtharomplcasissA3sFor IN/Camel, during fegigiralign - sxdiange on
Canmeliqggergsdifferent HPMN gsmSCF aflsivesp yaiidierdynamically
mapped-to different FPMN"GTS aliocated from a pool of special FPMN

GTs. Algng, CageldN;signaling rrauestsaagiinstiugtions will be proxied

by the sighal gateway. Tt is not anticipated to have any problem here. For

- theyS 57y part of 3G, additional parameters will require further changes. 20

LOGGING AND REPORTS Th e logging lon in, real-ti

on SS7 %Fﬁ?%é%ﬁ&ﬁﬁgfgrfl?yo%%@j%s ors,iS par%gvi%?oré%%ﬁﬁgxnggcat%ng %’%m got
Eaehedntbestumeid enioff rased an coofigalratiooribption /1 Ml systenbers.

will generate the following reports: 25 104 a) List of IMSI, MSISDN-H to

MEISDRAE #ddBpindy Are sihet stibEdtBerdatd/Fe¥N FPMN configured in
system by Number.of fe (amessagsmhenaledvith defalspriadividuah operator.

message statistics (number of Update Location, Insert scriber, Dat
SReTSRE-3M @fg}bépncerned with r:’)these services when IM%%— ?s registere%’ with an

operator. This is outside the scope of this document and is mentioned here purely for
discussion purpose.

For MMS, MMS roaming is essentially the same as GPRS roaming. It will in
general require MMS data session to be relayed through the signal gateway to reach the
HPMN network. However MMS interworking will introduce further complicacies.

For IN/Camel, during registration exchange on Camel triggers, different HPMN
gsmSCF address will be dynamically mapped to different FFMN GTs allocated from a
pool of special FPMN GTs. All the Camel/IN signaling requests and instructions will be
proxied by the signal gateway. It is not anticipated to have any problem here.

For the SS7 part of 3G, additional parameters will require further changes.

LOGGING AND REPORTS

The system has logging function in real-time on SS7 transaction history, roamer
history, provisioning transactions etc. Each can be turned on/off based on configuration
options.

The system will generate the following reports:
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5 FPMN) c) Roamer statistics at FP_VN such as average number of

roamers in FPMN (can be divided down to provincial networks) at any

time, average number of #FTN assigned at any time, average # of calls

made) ahdsreEaMSH MDISIARE tsi SIS Bt 7R &bk clltsarsebren begylata per
Traffic rEPNswel agddil siatfitland signaling message traffic e) Current
numberSENbaPaf Sishetsreanbasilse walls vl prRHErGahRsasage statistics
transactits e adholp#pie S DRI FT Al SRS AIREF I5efted ith retlsth oftc per
failure. Th&Mllure may be due to MAP signaling (e.g. error mess is .
returfed B SRiSdcsantigO] Ry raslere@e L ShERATEH, AR (o be
subscrltfté‘r’lﬂﬁ‘eéiﬁ‘fb’f‘a?ﬁswg?’@féﬁ‘ g‘ bl Y BRSo RGeS et of #F TI\{
weekly ARUERGhEh| wraegara%a@re S TBEDH Y BESAY O M N EniRF Sien

req uwerﬁ@’ﬁ 0T GRS ly port oarnware illprocess the
dally%g S&H S'if%?; % Iﬁh 1 e§sa etyr\r/ %I%]Ea% £ these
daily2ta gﬁgé " AHTBRSS f&te " mén Sctonal oo

ate monfﬂly statls%cs ransacton

L84 ‘? H{&R%E%qcbn each

e In both transaction history

histo gﬁ%ﬁﬁ RB/IU P tran%actj[ ns Sr{(})ag}%ll? ueéor%elr% %’i{}@iﬁ% )be due
will b nsu i (f\ra% gls r%r me e 1 r QNE QTG MNELR) or
perform r‘%‘% %

other's drive %5‘%8%‘3% d SRI- ogsw

data angy QE Redlaiap Nben.theyals InGRR dridJheyyusesdiitiamdts can
although a different call-type from the other call types (ROAM, FORW,

SM@MW@%@? oTHEPIlcAISE R A Separate DB table from other call

types CRR- Lheraiilhalsms coriigwaliancetan @M@Eﬁé@tmﬂw@lﬁtes rather
whether ISUP/SMS 30 unsuccessful calgq gre Ioé?%ed or not.in the
I

ddkan bRiiiegdhel PRt B AdaERtIE ShsTat W%g to caleulate

transastionahistesy data. Transaction logging based on transaction type
(e.g. SendParamet rs no date es, ISUP
SRI IoggTﬁﬂl%B/O é@r‘%ﬁb%é#g H%%Iy ransa 10115 roame)f%létory

ransactions, maifitenanc
traﬁsa@ams) etil) bamggsd hfsepamﬂel mmmmmmm tGEtmmtlmérive—write

RO TERAGINE), TR EBR L AN OV R ey drive.
system éilﬁranrd:SBﬂeS'Mlbmmgﬁr}hﬁe&ﬁad@t(mmd@ﬁgObrb\ﬁ@er dafel g TPCARR data.
texhfilg tgégta@ & ciredpraggdwesinr RR-slchwhere at'&?fﬁgéﬁt%irﬁpﬁ&é from the

can configure 105 System configuration, Global Titles, Participating
baxsedt @dhf@gﬁdWAMﬁE%W SMS-MT etc). They will also have a separate DB table

from other call types CDR.

There will also a configuration option ON/OFF to control whether ISUP/SMS
unsuceessful calls are logged or not in the CDR data. However all transaction data will
be logged separately in the transaction history data.

Transaction logging based on transaction type (e.g. SendParameters no need to
log, Location update yes, ISUP yes, SRI logging only OR-routed, provisioning
transactions, maintenance transactions etc) can also be turned on/off based on switch
options. |

OAMP (OPERATION, ADMINISTRATION, MAINTENANCE AND PROVISIONING),
ACCESS CONTROL AND OVERLOADING

The system supports provisioning interface (including browser and HTTP API,

text file, XML file, stored procedures for DB ete) where the administrator can configure
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pools of #s, OR-allow tables etc. Mapping between MSISDN-H and
MSISDN-F will also be maintained using this interface. It will also be
possible to define network capabilities and specify the various FPMN that
abe terrticoptngiivnhislebi it & . diplsypaene. TMhebastsserduspierodi frent
the SeTyise, Gﬁ@é.lﬁﬁw%91@&15E€.%ﬁkhsg%fb§k%eﬁ%ms@yﬁﬁaﬁgmﬁwl hwitl

be able to keep the same HPMN DN (where number. portability
appfiés) mri PP minSISONSHAred Gl alstrisposiijg tatdepnr g vork
quaantingifdarpnermanthinsieadafnarmat thierinenis diessigaal
gateway provides a webh interface for administrator to define user. 1

0.
gf5alss BREE tHehaubseriterPRErRY S trsaitoiaratbredr teeatsh dretr SIM
gadenvayccanfigurationsiiOrlytasmirisl atorailHTa el SIS INaEdess number

directly. the signal gate f jon via a. unix system console. Signaling

S e B BT Bl N L R T oo ot
Th@MﬁBxﬁlM@u&mﬁ&rﬁEﬁM@@f SixivHP threthoalgia retrieve_z and set
nm-time, 45 information, Systerm. cande, shuidown [smatel I rediedycc
The systemm TTONItors the eritical processes o the system. If any process
faitoutendrbeessiscditomaticatly défspaneesdaorshd Syestmrabgritehes

over o Anether it e o
e P By
uSetk i morrraltoshs é_é@@b‘* switchover, the new 20 node can take

over thednial ipad; Jhere 15 measriepdisriaythecactivecsiangd by slalus

of the system components. There are also means to display the status of

ditfereinep i Thaksdaeesorthectind gsc ey bB Betheds e fstrisigAadsgt run-time

links, fRf.88R NG AN fe 6 IMINISRY rBReSSRYES thfikRUP loopback
signalinggand the external database. In case of major breakdown of thesg,
f

25 interfhBeSY HFEIWABE HI8THEHERRERETRLEE SR hATYRISETIdats. the
signRabagidinks isadonnrdhere sbouidiayrinarsalaches ifalt of theteanede (if it is
down, there should be Critical alarm. The sjgnaling links carry both MAP
T AR R P Sl R RS TR IR (8 SRS ARG e
fadltiteu glatabase? s hutbonin hethe:dystenmmis] ablddolnesasstdbhishcbloeer, the new
database connectign when th tabase is up. Al il be t
SRR OTE o e TS SRR A oS ESIA Susof
cap@mmela@edamdmations such as CPU, _memory, MAP transaption rate,
BHCA a%&%%g@ﬂ%&& SR ALRLQD lengRr hap SONIaRIR. The
timer, (e.g. 1 hour) will be specially” handled. It can be continued with an
aliierHees o veldbesaidapuaertigeoirksdontiding atloscrhangytid meange. the
bgq0ieaied Wity R ORRNVicw environment. Rromsioning@tbakdown of these

maintenance transactions can also be logged via ON/OFF swijtch, . = .
interfaces, there will be alert to the maintenance staff. [f any in-service signaling links is

down, there should be minor alarm. If all of them are down, there should be Critical
alarm. The signaling links carry both MAP and ISUP messages. If the database
connection fails (e.g. due to LAN failure, database shutdown), the system is able to re-
establish the database connection when the database is up. Alarm will be generated to
indicate DB connection is down. |

There are also other performance and ecapacity related indications such as CPU,
memory, MAP transaction rate, BHCA and 887 loading ete.

Any call duration longer than a configurable timer, (e.g. 1 hour) will be specially

handled. It can be continued with an alarm flag or released depending on a control flag.
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The signal gateway function also tracks the transaction loading of the
system. Alarm will be generated when memory, CPU, and transaction

rate exceeding certain 5 threshold, say 80%. In this case, the signal
gateway! bafy EpBGaR i psEetedetBiftypecY IS5 HERE Y es, e.g. SMS so
that the sendingnt M3 GLapsgueuaiitatiissentlaIhe: signal vgateW@Fcarich.
also reject messages basgd on FEMN. The, signal W, n

Choose M SR TORRa CUR ety SR BT o
hanahed:dl mogemalatahwiens menifotiye Sityhaingdtevsastfumetio nxfsitdeh dlusigain
(RSB0 AR T IR 10940 UM RHSYEI5Mect certain type of
o%%ﬁ%gg clihéa}y )ﬁ)Lg}E)ﬁAIL%&égg n%@ %aDR agr)e generoated ?g}rel%ﬁ% clgllt%?e °
SMS ansdstigesr agsObiateel thanprarendingidMs Crapyiuree dtGide pdhel he signal

d%& Aaffer63 &%éﬁ%@ﬂ%&ysﬂtmu%e%@qm%wpga&gngfso choose
C are

R in pB also takes place. Duplicated and missing CDR are 1
saderiuaiera By & segaente M oecriesaarin dilisdg normal

sapmSsavense AuRbesbuhsing;additionatinermediateSaqRARsed on
numbers to relate them. CDR records are converted to files of any switch

(& GMIOIA) ISR DSBS THE2HBK 1 format of the switch CDR.

Transmissj files to external systems can be physically
dg@nﬁf% .20 A separate billing related document will be

prepared Rhequstomiddtiotbpideelis With g8thddesisijst Nddhtmrsagtions.
Kexdotarplon TNt caRbLedln, e R detalBeRILINEASINR ! updare
elements fisted in Table 57, TABLE 57 Informafion Element Information
Ekfrfiéht icRBppetsSigning Benbwdsdimdsrastinatd D eronicyarpsedby 2

Tipe, [HE MM SSH GAll SeiuR Ruration MM Effestive. GallPurations
[HH'MM SS| SS] Incoming Group/Trunk Id Outgoing group/Trunk Id

CafliidoralriyipeedisicamugrpanyDstaiie 'gakdizid Call Indicator

ForwardGall jadicator-CallRefargnsrAdditionalilalled Rary Istails belt on the
End Reason IMSI-X MSISDN-F MSISDN-H Or‘i:c%]}??_'ng SRI-issuing MSC

T&ﬁ%ﬂh{ﬂ@@@ﬁﬁ s ighiddr NraErRi et C HeS(R &I’fé%g?ﬁftems can be
nymherOfiginateallingpart number

A separate billing related document will be prepared in the customization process
with CSL. Here is just a summary, Key information elements captured in the call detail

record include the elements listed in Table 57.

TABLE 57
Information Element Information Element
Call Type Signaling Gateway [D
Start Date [DD MM YY] - Start Time [HH MM S§]
Call Setup Duration [HH MM Effective Call Duration [HH MM
SS] . SS]
Incoming Group/Trunk Id Outgoing group/Trunk Id
Calling Party Details - Called Party Details
Backward Call Indicator - Forward Call Indicator
Call Reference . Additional Called Party Details
Call End Reason  IMSI-X
MSISDN-F ' MSISDN-H
Originating SRI-issuing MSC - Terminating VLR
MSRN #MSRN
FTN , #FTN
- Original called party number - Original calling party number
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107 SMSC Message length Terminating VMSC Call Forwarding Reason
Intermediate Sequence # Sequence number Delivery time etc The call
vpe will indicate different CDR type, such as Roaming call forwarding
cAMSRI, SRI-SM. Only MTC (catles@MBratiuding call forwarding, call
ragrsteraidagl \dId6uting due to rdariliRgItypsEB20R¢edrds are genkrated.
Movarshas CeirersMS), 5 SUPSIEsuppebatary services) and USSD
sEIRCETIEEHRIS are not the respéifsihilities.of the Signaling Gatelvay
function. The original called party number will indicate whether MSISDN-F

or MSIDNualaspernglhiificeiteeieresniSst typhesbeiyns dtigor cadk dpsgyarding
M2 @‘ﬁk,i @@@%ﬁ“@}!ﬁ? W@{Qﬁlﬂ GMPAS issUeEe RI-QURIY SQAQ transfer, call

determine where the call originates from 10 FPMN or HPMN. The

affdToHAL aRdE JarngeBinesHbrenesl psptarstRitRdQ ARoeselgeSMS),
Theferwasdiog dngisalors g coein chargedndicatarsof e fdpbamllities of

Call Forwarding Reasagn fields will indicate whether call

foRRardigREHEIEF RABRSRER place or not and whether it is
early/untaadiiginal tsaiasfentealhforerarding dcdatebaldoMBIRINGF ha1SIDN-H

U] VH SR e VIR A BT N o bl i

alsavbe taGHEd” AluedlitsidR Irgcandsocaniatso:be gererttedafooriginates from

u S es.as | as successful s. depending Qn_ . . :
N e R e e T
med:ia@t'gm-@Stéﬂmwa@in@mémg?rmigh@@i@ia@hgr@é@va@@D RS might
need to bg mapped f&ﬁ??&lﬁg&ﬁ%@%@g%@ (&9 RQRW.fonforyarding,

I
ROAM for roaming, MO, transit, , LOCA for location update,
HigRy ol atngf s o crlisarrdaey of 19 FPMNCCDR typedy(angonibrpaal/ transfer

CQAB)fOIQ/g?QfHE' BM%QQR"&Q\%?Hngp Qﬁ%ﬁ@é@éﬁ-&ﬁ%@f&&lﬁgﬁr%@%%n only
e

zone, charging type, call type etc) might also need be deduced from t
SIFHEiNG ey e eeVitPPERaiso be many fields that the signal

gatewayamilhnop knawsilieh asdiMER ealkiRiochoeatigRAeReNRRd] call/sms
Camel related etc. These will be filled with blanks when converting to the

HERAS SRRSO RGP PO R ROR OGP TN RO NS 18 pE&Eible

todaglehptivrat Reigingi Suppdrhdor voice routing when the Calling 30 and

Called part ]@1{: forward-to party. are in th coyntry. An example

case is v@fg‘gré ot 1&1\:\(@%%1{] Fﬁgl g%y Eésﬁé] %%%Ieﬁd%%ir f |r11ah1¥en &hine! ﬁ%ﬁmem'

néfiectkeriblids Gateway CDRs might need to be mapped to the different call types (e.g.
FORW for forwarding, ROAM for roaming, MO, transit, MO-SMS, LOCA for location

update, HLRI for locating subscriber etc) of fhe HPMN CDR types (e.g. Nokia CDR).

Other HPMN CDR specific parameters (e.g. tariff class, charging zone, charging type,
call type etc) might also need be deduced from the Signaling Gateway CDRs. There will
also be many fields that the signal gateway will not know such as IMEI, Cell 1D,
Location Area, IN and Camel related etc. These will be filled with blanks when
converting to the HPMN specific CDRs.

SUPPORT FOR OPTIMAL ROUTING
It is possible to add Optimal Routing Support for voice routing when the Calling
and Called party / the forward-to party are in the same country. An example case is when

both the calling party and called party in the same FPMN network.
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There are several cases of optimal routing which will be described below.
One case of optimal routing occurs when a FPMN network user (local or
roamer) calls MSISDN-F of a MIMM subscriber when the subscriber is on

FPMN AétaoeketeverThigsies ifeptimalimorfngurdisb vgl] benieseaked brtow.

signal e lﬁﬂ @Mﬁ?ﬁ@&&?ﬂ@ém PRUIRGARMSRN1RAHor roamer
ECF/C?:@é%\gg%éard-to %%amber by maintaining a table of OR-allowed :

recbra4SED N oW MiMbieBeyeaerErnie RS AR M ¥PNgEwork too.

bR R EMIGs FrusRe issuing VMSC-F number, and a destination
number which can be MSRN, FTN, VMSC numbers, The .va%g of each

N
field canqjiipBass tAnaiens Sy PHoR Al BRokISISHREF AU B g MSRN
rqutec franrthe, GMIG mNMEG el aMSTRIN/BEBN thaiisSatisfieddoyda (as
record in the FPMN-OR-allowed tahle, t Il can be aptimpall
rSUREE 1 R APISES Of&h‘ﬁ Ig?lif;?él?lsﬁlgﬁgil hal @%a?gwgﬁrfﬁn%neﬁlpr SRI-
redsimmghe\idBRNIRbEdised tydte the GRLsbuIvg MMSE He/BMEC-FITThEMSC
Signaling Gateway will not.be able to generate a_duration CDR in b a
) eéﬁhﬁﬁgﬁ%ﬁe%%ﬁg% i %qrg%grg%%%rn%%%ggﬁéh? I}%ﬁLEQé%SISDN :
FRMNeORralldwedMSIBON-F 8RB Ediing MSEMNFDshatiiontisiedievthascord
the@%%@-@ﬁ% anLRqallfar ?14&"&%&%&“@@89&%1‘!} ONBeRaE B call is OR
FB WOr ané

ne Isallow an OR call in anothéer part'when MSISDN-F is
catlgabéyaherphelvigrghaitevenliBmigion il mime P MRRIVIEN ety to the

C%ﬁﬁs&%%@%f@%’@—% syRsgubatwith.aBelingMahile:prmbesisate a

registere eijing network. A call originated from a Beijing network
céutatisa 6RRiaIRpHbcRees Mthradubs e st AR IR 8ARfAa%table

allows such a case. While the same MIMM subscriber with a Beijing
MpRilg puspbepiaiercraisisked in Shanghai network. A call originated from

AR BHDG NEtwork might Nok PR QpiNaikCreuted to thesubscober since

the"OR-allowed tablé does not have a supporting record. As illustrated in

Figure 6Quit isa'8R ROSSBIE thabthe SREBTINgWISH0NbMSIEDNohdpart of
not allowed for optimal routing to a VMSC-E/MSRN but ?-.F fO{
thi I gﬁ- s ca led even

M IDINSETS T I B SEFFEP B St A FAtHA G S TR 3ig Y

ateway
capvigiuiiethel 30 osiginakMBISENINoackdo itheoBRkxissLitng dwiS G atidV IMM

canSehious e el b SUSCEA sap Isnispl SBlen

canighencolitain MBRNEN-andcreddrbeivpliresily totd @ IS Sbpcvibit hecause

B

niiwibie Whénl¢hewhtiekisireSsijirng ahahanskuosenber id rebistiiagted from a

GH@@&E&Q&D& might not be optimally routed to the subscriber since the OR-allowed
table does not have a supporting record.

As illustrated in Figure 60, it is also possible that the SRI-issuing MSC on
MSISDN-F is not allowed for optimal routing to a VMSC-F/MSRN but the GMSC-F for
MSISDN-F is allowed for optimal routing. In this case, the signal gateway can return the
original MSISDN back to the SRI-issuing MSC which can then route the call nationally
to GMSC-F which can then issue SRI on MSISDN-F to the signal gateway function. The
signal gateway function can then obtain MSRN/FTN and return it directly to the GMSC-

¥ which can then optimally route the call to the destination MSRN or FTN.
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even though a direct optimal routing is not allowed, it is possible to route

the call to Guang Dong first. Afterwards, GMSC-F at GMCC can route the
call to the VMSC-F at 5 Beijing rather than routing the call through
GMSC-Frnitadpoabrgidiraiing Mroilgertierecallsribe SHRdhhsubaridhaes GMCC

CASGIRE QRUM Al Ui QRS RN petwoio ueekd Iacaldig Dong,

roamer) calls MSISDN-F of a MIMM subscriber when the subscriber is on

HPmIhavalwoRie s 0oPtime isomiaer et il pYiishd 61 Pat eig g dhe call to

G:Mé%-ﬂo%%@ﬁg@ﬁ@g@dgs@m%@w envion the MSISBN-HI te the BiIghalF at
gateway. The signal gateway function maintains a list of M%IS_DN-Fst at b
R e FuYrsalatble e SMSCptiH) (S BRTS St iie e Hif oue
ferdRR.casRtMYReN a SRI query is received at a signal gateway, as shown

in Figure 62, the gateway checks if the SRI-ﬂssgirgg) T is &Hr I\élslélr%géaif or
it is, it chOOKETITa Il SRS T RS YE&R Adainst the < ™
HBMN:-ORHalosshiabler f MBvBVsebmeaben vthenrdalsMSRINGF ENH(aHEVIN
findin _{'{t) is returned; otherwise the original MSISDN-F is returned. Note
tﬁlﬁmﬁé I\t)ﬁ?{il 1843 lystrated in Fign

subscribers can ggt BR ¢alls from either a local or a
roamer lintkiPd4¢, ThESKHNIN aediving toasspnfighidvertieargedvibISDN-F to the

subscription fee.or a. , imal o
S A S AR o

Sifjnalidd Gatemale wiitidtbe ablectyirndraRiric BR cribeter i

service %ﬂ%&%@ﬂ%ﬁ&%ﬁqg%@ﬁ&z SUDEHRLONCSEHYiEe B APHEFENS: BB dhe
charge, then the S I,S%:J];ry record will be sufficient. The MTC record for

treatkmrm sl fibe Sihisretael S G ORTG{tEE: EaPsriir ti ASFSDN-F
hiﬁlhﬁrc{NdE’ N-ausberiadhesr caliedd 2 {EABLESS: HRMMOR-allowed

MSISDN-F The simple HPMN-OR-allowed table (Table an be
| fMﬁM@ﬂé@&f&i%%F}ﬁ%@ﬁﬁé%Pé%?‘é‘éi‘%%&?s%%ﬁ%&?i%ﬁa@i%ﬁigr‘\sﬁemmed'

can be R MR WMSGALRiFerdQdiapgeSRasishtwn dtkable &0 .or a roamer
TABLE 60 ﬁ{\AN-’g@-allowed MSISD -tF Sgléiaso% in ! SSCg-J[ﬂorli)?e%tiélagi%n U
#0 FOMOWE e MRS ARERORE PR  PEUB RSB HREE (sed 457 <"P
thier stthsetihbos MSESHN-bigiealleduviden the subscriber is registered at
FPMN n,OR is. allowed. This is illustr i gjg&r o??fhasé lar .o Gateway
CFU/EC grewtg?(f'llﬁaag A4l gélllzlﬂ) Yr%g%%d&é% sgeger when tE%e EfRisa
5 FEMN heirblbero Thesigribt §RBwWEY produbesCDR shnitidhes theléusd as a
a%dggggption service or a one time fixed charge, then the SRI query record will be
sufficient. The MTC record for the MIMM subscriber that received such an OR-routed

call will be as if his/her HPMN number had been called.

TABLE 59 HPMN-OR-allowed

[ MSISDN-F

The simple HPMN-OR-allowed table (Table 59 above) can be further extended to
cover more [ine-grained cases where destination # can be FTN, MSRN, VMSC/VLR #

ranges, as shown in Table 60.

TABLE 60 HPMN-OR-allowed

, MSISDN-F | SRl-issuing MSC-H : E Destination #
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subscriber's MSISDN-H is called when the subscriber is registered at
FPMN except that the CDR indicates it is the MSISDN-F that is originally
called. In this way, HPMN can choose to charge a mark-up if so desired.

This is Hesteaesdindergiure oy ExCEPMONATClagiback Will be used as if the

IMBLEMSI RPN IR N QT ARUNRIN OB LR Abthesedsi ad-@ratiBPVN even OR is
Update/processUSSD request/SS related messages (routed by MGT-F)

réBewet Byt Sestetie MEsre4t is not found in the DB. This may

happengihgs thersulscribendansubscihesdhedhiMMasarvicedbuiseths @I N is a
to go to the operator shop to replace the SIM . There will Ee a .
¢ to the case ag if the

cORBUrABRSptidiTot HBMVRES Ve RISEBRE of the RNB'BISWING SetioRe:
15 8Gitereject o Nequestiliod SGepabsestiieime ssagestodhatHIPRINycjuspt that

modifying.the SCCP. calle ress to.HLR and keep the VLR-

1B ST Aty R B e AT Mo 06 Sy can
rahgestacdhaacgeresponding kHLRsikthe IS iHidoae Do Kigumabdh with, it

can map to a default HLR. In both actions, an error log will be generated.
[fEREBIEIRISE firhBlioRGdds M adWnY-dI M STBSEYIBEM AR no longer

have Spﬁct!l?éé%vcjtcﬁﬁﬁﬂﬁloﬂgdgﬁfﬁ@ée%@@g% rEFRIR NS 2OnVRKES (routed
embodiments of a Signaling Gateway method and apparatus. in Iuiﬁg .
VMBI 95408 B At S DBy bR AT BB AT i A ma
giveRdervillustrative RUPASESs sandraie Rt WERMNtediniktbarsedpesofithe to the
invention. Unless the contgf{twclearlyéréequir otherwige, throu%hg(l)th1 1[h

e
JEREHIHOHARHY HhR GRS B d e o PSS BB AL P An frairMN to
likeraerte betsonstrfigibiniansd@dnclusive sense as opposed to an

exclusive or exhaustive sense; that is to say, in a sense of "including, but

not “mitﬁ%tto'; V(\J//{(:)tr%%3 yésiggstt,h&singular or plural number also include the
plural or gL RSt fespeively. o HNEAEL e MO PR ey
nereynfct. 'abaVE, RO oD Narch SLeTURE ARG VRIS cre i
hereln, Shall, feler tsot%@ﬁ\‘?ﬁ-%n}aﬁ AYholE, ARd, DALY, FVEPAFYELIRRST -Hdoes
port'%&{?\i/t 1I%‘Zﬁﬂf péal\(\(%g;hae Yorg for" is used in reference to a list

of two or more itefns, that word covers all of the 111 following

interpretatigns of-thawarde a5y 1ok theriteinscinthedists alkofHieitemsuittion goes

the list and any combination of the items in the list. The above description .
ofiiBuatd BN EYh BURRFHERES S ARl SIgHAING ERstdthay ATetnBY gpy normal services
apparatysineluding a MIMM service is not intended to be exhaustive or to

5 limit the invention to the re(_:ise_f%r#] disclosed. Whg%fs eﬂﬁific s including a
e mbodin BRI FTAPRH BREHILE FOEH S GPITIY COSLEONE T BRREH A l2cine
appavRiLscReid ding:aobdiVidssebeite Details of particular embodiments are given for

illustrative purposes, and are not meant to limit the scope of the invention.

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 {o say, in a sense
of “including, but not limited to.” Words using the singular or plural number also
include the plural or singular number respectively. Additionally, the words “herein,”
“hereunder,” “above,” “below,” and words of similar import, when used herein, shall
refer to this patent as a whole and not to any particular portions of this patent. When the

word “or” is used in reference to a list of two or more items, that word covers all of the
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are described herein for illustrative purposes, various equivalent
modifications are possible within the scope of the invention, as those

skilled in the relevant art will recognize, The teachings of the Signaling .
Callewigintrar NANerlits providey Hefsidatsdatisdigpphe s st n the
cREmMURIcAtignS ayatAAS ABdasiwOksIiot only for those
communications systems and networks descyibed abpve. The elements
and actd ot #heVGARStIRPEbOSRILed & éaﬁaﬁo?fgﬁlbea%%?“&&ﬁ%}ﬁ‘é’ay
tonprvdda duibenembedimentsMTpdeandothesichendestodr behmaiie: tar to
the embodiments described in light .of the detailed description. 1.
FPE RS IRE F0  d S TSP B pe A st B and

Sftgﬂl&kbﬁ@ iﬁatﬁm&igmﬁﬂgdﬁla&mhﬁp@l%ﬁ&dﬁﬂiﬂ@iﬂgsalwﬂndhﬂgge}v@lb@@service
applicanls,1g prbodimaents., o2 Multele L%%&%'&glw{é%{%%&ﬁw%}{@ are
service’in a smgfe V' t6r mul\{lplljerj?oanﬁmg partners. In the case of the
lagttessigi| Sivis eroismypon§/HFEMEPMBI SDRoMBISD A Fip it leyaer wtainthe

C%lél ndlz%l.g%é: qgﬁ%ﬁl%@%@tﬁé %é%%hkg @W%"%%_M'@M@M\m{ed herein
mu u&fé roaming partriers, the MISM Service for multiple roaming _partners

also natybisdHP MM MSIIMSREpNa ARV NESROTN SRFDE S5ihgrs

SIV HOWEYRR VAR IMSHE ds: srgistaradivth-8oretwork, instead of
MSISDN-F being” sent to the network, only MSISDN-H is sent to th

network [irnelaments aadviels fbihaumnesoRRtg pafAeie Btk fﬂ?@“ be

rQAMING:AQYSHRYRIZNPAAlBEIHhe ko arning ielaliaastlipsgel partiemade to the
networks. This can be limited tg natipnal roami on% .Or per country per
SR O

nERNORIERE ARRSNPEHHbE o RnIAPIY S Hter€ provides a local
IMS! at the paiingk nevRHkFhis aptiopican beeasilyrenalidinendisabRignaling

based on operator requirements. Howev atter where ,the MISM . _ ..
SR R HHSFE € SRUES AL e BT AT AIBON g ociments
associatetiihiN30tHenaih SEREEDNA MISM ¥amitycof isohutionseisShMiltfon multiple
top of a common Signaling Gate ich Si

VOHEIESASIGER (SR SN G e MO iy SIS
witHisi §iNsBmis opetatorbribetedendifferehilopsrators MMEFSBNdiffsramntioned.
SRR A AE I BLANUHPIREIMS:cHR-TRE Midhhie roaming

service for multiple roaming partners allows roamers to make cheaper

|opatozfisalashiles kg SR RIS HERN Bt 167 PEBe ST IEMIg NSa single
TRengopmupicalingsigtant descrifedharaindncludes ansethod fos1oRile being

communication in multiple mobile communications networks, comprising
arREER HifeervSkinerhiNg B SObEEHEERI R Hif Tietite (SIM) in a mobile
communigationsessgewvheraimine SiMhinglpdeseas leasidnge roaming coverage

international mobile subscriber identjty (IMSI) and  at least one mobile :
S BB RE P T OL BIGAl e %W%B%rl%ﬁ%@m&ed to ational

roaming only, or per country per network. The MISM service for multiple roaming

partners provides a local IMSI at the partner network. This option can be easily enabled
or disabled based on operator requirements. However no matter where the MISM
subscriber is, there is always a single phone number (i.e. MSISDN-H) associated with
the subscriber.

A MISM family of sotutions is built on top of a common Signaling Gateway
which_also supports Single IMSI Multiple MSISDN (SIMM) and Multiple IMSI
Multiple MSISDN (MIMM) within the same operator or between different operators

(across different countiries) and within a single SIM or on multipie SIMs.
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and facilitating calls received by the user and calls placed by the user
using the SIM while in the user's home network and while roaming in

another network, and further 10 using one of a home MSISDN and a local
MSISDNhTAESiboi i Embodimlenteomp eascasrmilis cormsnsatiorle cheaper

MOLIR SHOSEERAL AL IM B MV, WhRESN A0 IMBY Ihaggegiated

with a network, and wherein the user uses an IMSI of the network the

user is UK SATIHNTAHEOS RYSEIaAcetnbed et BelHlsH seuharipne mobile
MahaRNgadisniRedheinedahan embagimentiuther tQmnBrsesiatk 18ashst one of:

one of hosting a foreign public mobile network (FPMN) IMSlanda |
MBisiRe AR tEtTo deniv e gt ibbila 1RRbEBRCPBMN2LoRS dSHits:
HﬁMMigtﬁefmm.' e Rtes e bke) i‘%ﬁéﬁrﬁﬂﬁhﬁﬁiiﬁﬁﬂﬂ@ gﬁ&%ﬁ@fd&’é}ﬁ@ IWMSI) and
of an embodiment comprises a single home MS|SDN. 20 The metho )
afil SHBSARHRR RS CBrh BHERE TSRt g%@@%‘g{%@u POt DN
netweikmapp g dhecbioaebVBSaN iadckibapMEdSH Ménuthesthgrthe SIM
network. -The method of an embogdiment further comprises hosting a

BVIR (LR CA RSN R FIETR S TSR o i SRS e
furthey cempea sestdeibising thé akenlddstdriNg 25 with a HPMN IMSI.

The SIM_of odiment.further supports iRle MSls o
tiple B SN L T S M e subsrive
MSIBDNG e etidbd oethie SHlA DA Shivmisoientfia aﬁwv@_frrmé-éziwein the
(QIA)LteHages TGS R tAN SIBOdIMANLIUNeE COMPHSES cmbodiment

determining whether a new home IMSI is needed when 30 the location of
themivbite eofmenicaibis device changes. The method of an

embodimgptiuHbeLEomRHsss fasilitating nanmalselestion ot apiMSI DY foreign

the user. The method of an embodiment further comprises providing

séHhbes Pl eiaurinFEMABANER AP HEEIo6R At aRig gblic mobile
rQRIINE: IMPAIRIN the SSNIGEENBMpIRe IR adeneEatRaokEt ragdiouseiviketing the
(GPRS), an unstructured supplementary service data 113 (USSD) service,
afftFa short message service (SMS) service. The method of an

embodirmaatintbes-contpsiiesnotsingridsS I Diméskage MEI&RBgnaling

gateway,.wherein . the signali ateway acts as a home lgcation.register .
(HLR) of i TGP R RS CT e TRt t0 B b S g o
furthérecamprsesraplaagttionkoofadd SN tthe H5dISEHI Thds sagesdsr network.
necess in S t Ignaling
i e U e R
(HiRc#Rd PadilitaiNg calls received by the user and calls placed by the '

user of Fhe %9&9%%%%%85%&&‘&&%& I&QﬂbﬁX&%ifﬁﬁﬁﬂg bile user registering
communication (GSM).
with a HPMN IMSI.

The SIM of an embodiment further supports multiple local IMSIs and multiple
local MSISDNs. Additional local IMSTs and additional local MSISDNs are added to the
SIM of an embodiment via an over-the-air (OTAj interface. The method of an
embodiment further comprises determining whether a new home IMSI is needed when
the location of the mobile communications device changes. The method of an
embodiment further comprises facilifating manual selection of an IMSI by the user.

" The method of an embodiment further comprises providing services to the user in

an identical manner whether or not the user is roaming, wherein the services comprise a

general packet radio service (GPRS), an unstructured supplementary service data
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Facilitating calls received by the user and calls placed by the user of an
10 embodiment comprises using code division multiple access (CDMA).
Facilitating calls received by the user and calls placed bﬁét{he user of an

efhib6BIrent cormplsskooeratieg SupsARRE Y seaviey thit RAbdAEHs a

virual bRy uvidualvisited Jocation segisiek (R, A Nirtkahgaleway, wherein

mobile switching center (GMSC), a virtual short message service center

(M siylirgiaornadersiesvpriocrinTsaiseHol-Bf ahaiodniém FPMN

fUiRer. coMpLises caMITisi Be SEArNEh{ TRANRG HMFRatiaN. RDOM dTendaeking the
at a FPMN. The communication ra/st.em described herein includes
el

a .
SIgRSIEGEtERY B5RAEHY GRS IRTBHAE Lo niCaRIH HetiBH frinaling
syatem samprisitgrat leasicore ofratileEsRone Sighalinghgateneayork (HLR-H).
configured 1o operate as a. SCCP node and a service node, and further 20
configurbtFte B SIS ARTBIECHME ﬁfﬁf)@?\/@ IBHIQCE@I%%I{% Eé%fé%an
applicatiasnfarompuitisleseaiistg partreer foetworkoperatans;adnd difddst
one gateway mobile . switching, ,center (GMSC) coupl one
signalin%v%cé g\l%%,c\% Ser%ﬁﬁ“ﬁw%ébgt €as 6%%% &%SS%QICE gcé%t}ig%}%%?g\%oute
Ve edessaigesor seiosogherds: tdidsitiviniseleigs abrdugly e at least

one Sigr}@”%ﬁg%ﬂ la%cf U&? %ﬂlgiéf &%ﬁ}slﬁ?a%glﬂg&fe%éém an

multiple o5 to a single subscriber identity module (SIM), assign at
leesbodiembbilemitss onbeiitate sietelinsenivsey At Arivs g Auibet HLR.

(MSISPMNto e SIM and dpellitats alisuiegaived Bythe ysekand caller

placed by the user using the SIM while in the user's home _network and

R RS 2ty i B ERRERACHICY MR P TOR &P YSing BiePofidbEyice node. The
MRLERNARd a.l8sahMs! SRl 38 A hesSI M ohanembodineatcagpfisesaon

multiple international mobile subscriber identity (IMSI) SIM, wherein each
IMBPUs hedseiatedWithYa network, and wherein the user uses an IMS| of
the netwprk thessardaicursantly fbsiieShvahancrubatiipeding gateway system
comprises multiple MSISDNSs. The signaling gateway of an embodiment is
RGBSR AL ST S SO R SR (B I et e
IMShahtha MSISDAtriitd s hemeapebi S GObitedretorisdRdmdcam further
use HPMN, authentication ¢ AUG) for, authenticaring the user, The .+
i ) tion f
sﬁ\%“olﬁﬁﬁ%?ﬁé88ur%lé‘ﬁ?9é%%%%§§§“§ s)llﬁgle home I\ﬁgggﬁ The sig%lglir?g%on 'or
gatelmeobaniegpodimeavisriupiirertoon figdréderstrmapatievtorebile switching
MARENCR %%We%l 2L I AAAHBRE REANREK gﬁﬂ@@ash & HSRIASHOMNAG one
in the other 5 nhetwork. The signaling gateway of an embodiment is further
calibifrds confiorastéogorP MR RISTSBee o mSHPRIRCIT e Ssh i gervice through
oWy 2 %He%%%ﬁ%@agufmﬁﬁmw st-tadaciitaie e fussin multiple
registering with a HP IMSI. . : .
IMSIs to a single subscriber identity module (SIM), assign at least one mobile subscriber
integrated services digital network number (MSISDN) to the SIM, and facilitate calls
received by the user and calls placed by the user using the STM while in the user’s home
network and while roaming in another network, and further using one of a home
MSISDN and a iocal MSISDN.

The SIM of an embodiment comprises a multiple international mobile subscriber
identity (IMSI) SIM, wherein each IMSI is associated with a network, and wherein the
user uses an IMST of the network the user is currently in. The SIM of an embodiment
comprises multiple MSISDNs. The signaling gateway of an embodiment is further

configured to allocate a foreign public mobile network (FPMN) IMSI and a MSISDN to
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10 The SIM of an embodiment further supports multiple local IMSIs and
multiple local MSISDNSs. The signaling gateway of an embodiment is
further configured to add additional local IMSIs and additional local

MSIBBNS o SivneRy e GVRMNe-and wermaAl MibtsbentiaosgadaintuC) for
gﬂﬁl‘éﬁ%}’c%ﬁ%‘tﬁéﬁﬁ&di'Tiﬁé‘*siMfHﬁQ?érﬁQHﬁﬂ%ﬁﬁ%ﬁ%&f%ﬁ%wh@ﬁk@mBDN.

new home IMSI is needed when the location of the mobile 15

commuricatisnalisesats wAnAGER sThe kI JUGREwaY g to map the home

embpdiRentis it genfigyrechto feliateymantak selectiomafan iMkher
by the user. The signaling gateway of an embodiment is further configured

t83FRHe services to the user in an identical manner whether or not the
user is ropmiggamvaeretihe el viebsaampristualgenendignacket daskiate a

seryi an tructured 20 supplementary service data (USSD)
sgﬁ\@g,@ﬁﬁﬁg‘%ﬁ lﬁ%@&ge service (SMS) service. The signaling
gatewayroé aieiihodiment fuff themdomipnises s Guting ts8SMmtassagésate the
a signaling gateway, [ signaling gateway acts as a home
|0CALiOf ?%%ﬁ%&%%ﬁﬁ?%gmgl of the FPMN (IMSI-F). The signaling
gatewayloé &ivémibadimentiisdutrthehec onfippne dhidtini ddest dMS bfambuiftiple
e HSPEIPRRSARES ARG ARSI I AR SRR MesaA0RR 10 aad
a ay 1o

from the signaling gat a "redl" HLR, wherein a "real" HLR is a

HidiBearhlonié PEBRarmd(pdiiens! fealiMERYIEAN fordsc vy Ahe g &he-air
apg el piaged %é@%ﬂ%%@%%%@ﬁ%&ﬁ%ﬁ@%%@mm Bald 1o
| .

system for mobile communication ( Facilitating calls received b

titsiegRingthetIs prceaBytRdtisemsrdd whearisdansian ddhfinerde
usingnsade.divisien mulliple access SCRINHY chacilijaling ealisaaceivediyher
the user and calls placed by the user of an_emhodiment comprises
oﬁ%?ﬁﬁﬁ&%@i&?%ﬂﬁ%&é%&%\%ﬁﬁ%%ﬁéﬁ@@@ PVUSHLR, a virtual

visited logatiopneeisterdvaR)f avifiiatigatewaymbhilesijicbing pentek
(GMSQ), a \grtual short essage servic C%nter (S %Czl and a Virtu@lwherein
SSROTE P S FRE 118 <A S S S B ek e S
canfiguréck i@ sigréscaagamgpinfarkaatialio abottc HBIUSS: at ankRIMNeAL

least one GMSC is.couple e at least o i i -
BBty g R e OB IR A PR pervice
cOimpsigeslmgleasrone birchibRiimev! RitheS MBI VIISDEARPR messages (o a

LGB A S e s o
15 urther

applioddor patheMRHENHR4Shde trhnstermiornEATEH R
elemepi-angd a:'RRNUSeF BRIAI|SLIPY SSTY BhekARICMaRt WO el the.flhe

least onhe signaling gateway. ) ) . .
USSD messages from the signaling gateway to a “real” HLR, wherein a “real” HLR 18 a

HLR of a home network (HLR-H).

Facilitating calls received by the user and calls placed by the user of an
embodiment comprises using global system for mobile communication (GSM).

Facilitating calls received by the user and calls placed by the user of an
embodiment comprises using code division multiple access (COMA).

Facilitating calls received by the user and calls placed by the user of an
embodiment comprises operating a signaling gateway that functions as a virtual HLR, a
virtual visited location register (VLR), a virtual gateway mobile switching center

(GMSC), a virtual short message service center (SMSC), and a virtual service node. The
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The communication system described herein includes a computer
readable medium having instruction stored thereon which, when
executed, cause at least one processor in at least one mobile

comnmimEDIRHeRRorbORsaN dsdupberisatiderddp oameERApfaEation

mahilecommupications device, wherein the SIM-includes at least one 15
international mobile subscriber |dent|t}E/*FelMSI) and at least one moblle

subscribit lanteeia e SerincasiRg it retveAR IR BEPINNG N fHdn

fa&ﬂgm%{@ggwﬁg@ the user and calls placed by the user using the
SIM while in the user's home network and while roamln in anothé

network | A & RS G OREBFP AOTHETASTERRISSH A" S RSEATM
ZQJEReaSs;IMg@@rV@ms@dm@m}mmprlses a multiple international moblle
subscrlbie Idgmtj,ty (IMSI) SI Whe eachl Slis assomat thth a.ra
network,' 3h& SRHEIe R EN Ef‘nu%’é Iqiﬂéful e NeRvOTK T eaﬁsgP is
ctgtb%ﬁllytla(GWEtW@mmmemmmmhm@@M@&DNassage
Thel tructions of an e iment, when execut he .
6?%%%%%1} fn A egas?Pne Sr%%ﬁﬂé ec%lfﬁl}ﬁﬁﬁgca%}%ﬁég\ﬁ to:%%ﬁé%%%tr
fmb@mpuuhﬂmommwonke(ﬁWMEIMSWd a MSISDN allocated to a
home_ Puple AR AR M aad s HEMINAbeRIEaOR.o1c

center (A'UC) for authenticating t ser. The SIM of an embodiment
comprisebaisinylehone NSIS DR eThe Mt o e ielerabdihiet, one

WHERLXGAY B e I R HAMRE BHIEARE ANE PR RIBE B AistAI B LoBRY AR identity

mobile communication network to map the home MSISDN to a local

MSSBNGHM) Stfer it er R wHRRAI b SeY IR rSARTHE thethEvbipdpdes at least one
Netak: o b e BbsiEueHRS of iaBner) ng@meﬁﬁdwn@as%@@mwhd‘@ﬁmﬁber

cause at least one processor in at least one ile co m,unlca
SRRBTRS 1SRRI TSSO B A 10 S HPNE TS A tched b

ofmembadisnensiwbenyaxecutedsiyl therscausaildfn ideast oheme network and
processor in at least ne mob| e co nication network to f $ the
i 4 LRI

ude ?é@?é?é?%ﬁlmgrﬂﬁw&ﬁﬁ CEIN6t An embodiment furt earnd‘%liocal
suppwtsNnultiple local IMSIs and multiple local MSISDNSs. The
InStrUC“OI%S g&l@[”o? m1l:)e91'1 m gl?ﬁlOBC1eHQ%?f§‘>%SC %{ %1‘[ #fmg{e?r?al{%%ﬁ%olﬁf’esgubscrlber

one processor In at east on ommunication network to ad
addhtmma;[IM(Sé] IS IstandreciditiBAS] TocabMSISDN e thevsii aid wherein the

OV&E Jﬁl?e? ﬁ)OWJ tr?eﬁ?%orﬂ-lﬂ?e INSLY %m&%&% eﬁﬂ@%‘ﬂ}\%ﬁéﬂ\é’&%dlmm

executed er cause at least one processor In at least one mobile
cmmmwam@hm@twme@@mwérm@me@f@%wwﬁx@w@% executed,

negded whep iheacation Rtiae: mq@@%mws&@mm@a@&hmk to:

The 10 instructions of an embodiment, when executed, further cause

(Ao 285 o TGHET ST FROBIS Y Sh oAl NSt GHE s o & bome
fagiltatenppmiiatselactiomaRaniNIHOYRREN authentication center (AuC) for

authenticating the user.

. &

The SIM of an embodiment comprises a single home MSISDN.

The instructions of an embodiment, when executed, further cause at Jeast one
processor in at least one mobile communication network to map the home MSISDN to a
local MSISDN in another network when the user is roaming in the other network, .

The instructions of an embodiment, when executed, further cause at least ong
processor in at least one mobile communication network to host a FPMN MSISDN

allocated to a HPMN. The instructions of an embodiment, when executed, further cause
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user. The instructions of an embodiment, when executed, further cause at
least one processor in at least one mobile communication network to
provide services to the user 15 in an identical manner whether aor not the

LB IStroRRINg S WhTSReRh a9t sBRfeds e SRIpHIB seRaraN pacielaritifye the user

Seryi RRS) ed supplementary service data (USSD)
RIvier a B PG HGIH
service, and a short message service (SMS) service. The instrgctions of

an embbRAMBYito heredEnta R ereRe BRI 3t plobeasb P tipe
atd@eﬁsvllgmgb ii@le@ﬁ%l%ﬂi@l@ﬁém @_@iﬁ%@lﬁ&mwmenug&amesme&m at

a signaling gateway, wherein the 20 signaling.gateway acts as a,hame

IJEti SRS SRSESTYHER) 574 %@Pél&ﬁé%ﬁﬁ)ﬁ%l%ﬁwfl )V.Velrtﬁéoi G idilioat loca
ohasembhodimentaiben psisiEd (dulhsMNdauserat teastcarie(PT@cessoface.

in.at least one mobile cqmmunication network, t least one of maodi e
SR 20 FRRRCAR i G P R e e S et ssor
Siig%l]ﬁ@;tgﬁ@mayi]&naﬁmficbﬁ@,qmﬁimoaiélte_aﬂmfmﬁlftﬁlerHLlEMdﬁ(an@ IMST is
nonz el HERA: shEaalining aalaearived e e HsRr apfcalls
pf}ice y theuser of an em odiment comprises using global system for
mokitectonsmiimicatibnl{GSM yhEachienind catibarctainey lspstraeBercargr in at

C‘?‘é'%t%!%%%%@ﬁé?ﬁﬂ‘ﬁ%% f A0, EONDOiment;coMAHSES: IR RRAS FMIRIM by the

multiple access (CDMA). Facilitating calls received by the user and calls
plaead by the user of an 30 embodiment comprises operating a signaling

gatewayiaf fUncons &s:8 vikbRkELR whafirtual Misitad-lnsationeregisiarone
(VLR), a virtual gateway mobile switching center (GMSC), a virtual short

ﬁ@%ﬁﬁ@@@r@}i&amﬁ’@mﬁ%al%ﬁ}%tg ; E%}H‘BHQ? Fgpices to the user

instrsclivng Qi anembraiment: WhanRaxeeuesa fifthercatisehatdaaionemprise
processor in at 117 least one m%%ile communication network to staore

RGBT A RSB U EHE LRS- 4t AT E BAINE BRI B the et Vice data
cousslicatiar systershdasadbagdehereite ity desdnmplenEntédtastions of an
functionality prqgrammed i ny of a varjety of circuitry, includin :

o SOANTEIS BIOREILCHA0 L A S S R o A Aol
antaysn{FREAS) npregriammaind) S¥Ryiogig¢Prls) tsvibes celecticallierein the
programmable logic and memor ' ( ' -
Aot 111%55%\%15&@5 18 e %A i??es%;%%q (ffﬁ‘ﬁ%f% ?ﬁﬂé’f’é‘ﬁ?@ EPMN (IMS]

& ces, s application specific integrated circuits (ASICs). Some

otRer Possisilititiofe oimpmiedimenaspestseictiecc Sphni sl oh18ystens

in%ﬂggs:sowﬁ ragonirallers it memanerth-eseleatanicalbhatasalifify the
programmable read only 10 memory (EEPROM)), embedded

michSE seesseers afifpRraTe Y sovaley Be USHhBITERSS AgPetie Betfdne sateway
copnyRigation systemmayhe emRadiet iR PRIREasSRI% (IAVINGD).

software-based circuit emulation, discrete logic (sequential and
combinaldriifatiagdtn Wetitet byubs i ﬁ%iﬁaﬁgehﬁ'tf%ﬁ HEL R
angBybrigsotanprobingiabewshal system for mobile communication (GSM).

Facilitating calls received by the user and calls placed by the user of an
embodiment comprises using code division multiple access (CDMA).

Facilitating calls received by the user and calls placed by the user of an
embodiment comprises operating a signaling gateway that functions as a virtual HLR, a
virtual visited location register (VLR), a virtual gateway mobile switching center
(GMSC), a virtual short message service center (SMSC), and a virtual service node. The

instructions of an embodiment, when executed, further cause at least one processor in at
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device types. Of course the underlying device technologies may be

provided in a variety 15 of component types, e.g., metal-oxide

semiconductor field-effect transistor (MOSFET) technologies like
clasblamarntily snembpiRiiosasRteRdaSerERIBY, IBIRENSH R cRAI Hiieser at
like-gxpigter-coupled logic (ECL), polymer technologies (e.g., silicon-
conjugated polymer and metal-conjugated polymer-metal struct%ihe%?g,

mixed ahEsgSPidDERATAMSHCHIOURRERS HraCOrtbRT APy iy ipeémented as
otsrmdsethpevaheuidhendeseriptionand thecietains, ittunapdsogrammable
"comprise,” "comprising,” and the like are tq be construeq‘%é%gl) inclusive bl
L TPt R SR R TSP g to g el

L8y ana
sense |aficincudiagyibed, rbicliftid peotdtortdladingthadsingutay dephesaind

number alsg _include the plural or singular.number respectively.. .

I e e o Y e
wesds oflsinpibasitiipiest fuvien ssedtingthigectp plichtionmrefaidgitisystem include:
applicatio a whole and not to an rticul i i
R S B B Pt e e o
mnammgﬁﬂmmbrdrpm@@_iaw@fom-ecﬁsﬂgwﬁm@rpf_é@mg fcthe
Wﬁlrlgg}%%?g ) g}%&?{qﬁ fﬂe?@@rxﬂ%‘ﬁn@ét%&@?s{%é? E@%ﬂﬂﬁ;oﬁﬁ‘a #HWhicroprocessors

combination of the items in the list. 30 The above ‘description of illustrated
ebbindhrerefurstommitpiedabans jisrie o sisdrmisady fydeombinatorial),

expaystiye, preiodini me systemda;ihenresisgdarmdiaciaschs WhilE the above
specific embodiments of, and examples for, the communication system )
arevipesEARe dHSRIFFTORSIRRdPERE SiSHiRSSES MOGITBIFS BgNiDaIRAIded n & vanety
mocificalings: Arg-passibigithinthe srepeRkihe danmunieationsyMaISFET)

as those skilled in the relevant art will 118 recognize. Th ings of the
cd?ﬁh‘?ﬂlrﬂ%‘ﬁﬁéﬁ%ﬁ%‘ﬁ&#’ﬁﬁﬁ\%&%Hlﬁ%]r'é’u%‘f%%?%’éCB’ﬂé‘f%Sft@:mg}p? é’g%rsing

SystaRasansd KRAmmMuURicatiopl &y e G OD), gl forr thehvotnpienieaticilicon-

system descriped aboye. The elements and acts of the varigus .
oS SRS AR S WA T5S BB Plo BT gy anelog and

emigpalinaents. These and other changes can be made to the

communialian SEm I IO oLl A0aNe AR dRReURHOBeiprion and the
general, in the following cﬁalmg, ﬁ1e_t(_erms used should not be construed to
limitithe demmmdsitatioprsysténvmepthngpetifidienibe ditisnts epselosedirmn

the RRAGIMCALON, %BQJJ%% glaims. v shauldibe garsiced dodnelddgall o sense

processing and 10 communication systems that operate under the claims

togfrondieding bahneidimitaion. syYasHT JaBEoRfngIgu N E BIHALHER S ALsC

SX%@EB&%H&%M%%&% M?%@e@ﬁ%-ﬁst%@ﬁhﬁl%ﬁﬁﬁeﬁ@?@s “herein,”

Syfk}e?rglul%etro,”b“eagoex}g ,[’rn“ll)ne?gwe,’r’]teltlr’}%h\/wglydghoef gilgllirﬂl? m]i%grt(?\l?vﬁjely}'{l Esed in this
application, 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, that
word co?ers all of the following interpretations of the word: 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 communication system
is not intended to be exhaustive or to limit the system to the precise form disclosed.
While specific embodiments of, and examples for, the communication system are
described herein for illustrative purposes, various equivalent modifications are possible

within the scope of the communication system, as those skilled in the relevant art will

118
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What is claimed is: 1 1. A method for mobile communication in multiple

mobile communications 2 networks, the method comprising: 3 installing a
subscriber identity module (SIM) in a mobile communications device, 4
V\zlaemgilﬁzthemlvbmhiugtesfahwmmn@imﬁ@matmm@iﬁté Besserisepe applied
igen MRl shoserberinearaier B MERunicat
d|g|t ré%w%éri%%mio }E‘?%%S%QII\% 6 and17 f%iéﬁltatmg callga1 received bytﬁtlaCa o
usetandwatiSgsiabedkby the user using the SIM 8 while in the user's

home nefaik.andwhile LRAPiNg B-Aneiirs aetark jand fuithes e bsing

one of a home MSISDN and a local MSISDN. 1 2. The method of claim 1,
wanerbincthio SINY ids pthse sanrimBs2 TeshabeiPHIaBRRes RRERBRde Lo the

ideptitHMBbnIMeMhe 16 ach: MSHda asnegiatadipdwith a network,

and wherein the user uses an IMSI of the network the user is %errently

in. 1 3. ThESREM0A Bedalinene FoitthdielfRe e RO HRRERS RIS 420

' M§1!§tQN%oilnﬁuﬁﬁ@ﬁ@@ﬂ?@@rﬁf’a@mé@ﬁ@:ﬁfcthﬁlw&@%ﬂﬁglﬁlﬂm furttaer

comprising: 2 stln a for mobile n twor IMSL and
yelist kT s R R S
usmﬁiﬁ%mﬂh&aﬁeaﬁmpmﬁem(ﬁu@ha‘caﬂamﬂmaﬁoaiﬁagﬁheommﬂsamn
The meth 0 e of clalms 1 to 4 hereln t 0 rse

sw?@ &PioMme Wg@%r\?ﬁli%}%e %isgﬁe of ol lél\glg sﬁﬁ ?urt r% but
cimerisithg sweipe o fitee yseter? nstcdatﬁmgl‘mmh%mbebwﬁrkplwappmg the
home MSISDN to a local MSISDN in the 3 other network. 1 7. The method
of any one of claims 4 to 6, further comprising hosting a 2 FPMN

MSISDN allocated to a HPMN. 120 1 8. The method of claim 7, further
comprising facilitating the user registering 2 with a HPMN IMSI. 1 9. The
method of any one of the preceding claims, wherein the SIM further 2
supports multiple local IMSIs and multiple local MSISDNs. 1 10. The
method of claim 9, wherein additional local IMSIs and additional 2 local
MSISDNSs are added to the SIM via an over-the-air (OTA) interface. 1 11.
The method of claim 10, further comprising determining whether a new 2
home IMSI is needed when the location of the mobile communications
device changes.
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1 12. The method of any one of claims 9 to 11, further comprising

faciliignrg 2 manual selection of an LMSI by the user. 1 13. The method

of any one of the preceding claims, further comprising 2 providing services

to the user in an identical manner whether or not the user is roaming, 3

whereinWiesenlices&damprise a general packet radio service (GPRS), an

unstructured 4 supplementary service data (USSD) service, and a short

message servige (SMIrseniste doithEhematiod afislaimtd. (Whshmications

comprising routing USSD messages to a 2 signaling gateway, wherein

tHECBYGHEN RS GRERRAY APRE HESA home location register (HLR) 3 of an IMSI

gf thed ?Mléﬂgl ljsssb%c;igé 13&?@@%&@%%{&%5?%6&%&%&%&15 device,
modifying the U messages as necessary; and 3 relayjng the |

Gy S T EUN é?é%ﬁ&?‘ﬁ&aﬁo“i‘&]a‘?lqlitﬁz?uh%?&FéFs}‘&“}’ei]l“[sn and

HiRelsaohRoblia ivd e ivedsAeld Rivikel digitIhemethadobanvSieDN);

of the preceding claims, wherein facilitating calls 2 received by the user

c4it§ and calls placed by the user comprises using a global system 3 for

mobile clapirinthigatibn fGSMY. Hy 1 Tdee mmeéthdd whemybgnkeofsetaimgltte SIM

15..wherejn facilitating calls 2.received by the user and calls. placed hy-t

AR B T R G A I R SR P P

Theirpetocf efianmye 0AS BPN ainds: [leoal 6/ WHErSIn facilitating calls 2

received by the user and calls placed by the user comprises operating a

signaling gateway :thad bingions asmarvirted kbReanfrual Vs
location register (,\/LR%isa virtual 4_%(atewa§ mobile switching center

(NSRS RIS B HHRSE M B e Beritel BPEERAeS! NP b Vit ated
sapvice haderd 1 Jhedethocef @aimmlBifudhercempiising steriiGurrently
roaming information 2 about the user at a FPMN. 1 20, A signaling

galeway system for a mobile communication network, the 2 system
comprising: 3 at least one signaling gateway configured to operate as a
SCCP ndde antha metmdicechdae, | and furdserie Sridleep ephiset multiple
mittipieyIMSI, multiple MSISDN 5 (MIMM) service application for multiple
roaming partner network operators; and 6 at least one gateway mobile
switching center (GM C?é@u led to E‘I at least one .7 signaling gateway,
herein tho at ESPETE RISE (LS PG 1 B Ron D B EE e

on subscribers to aMIMM service through the at least one signaling
gatewaylisstirgrrefosepmfigiiethdile network (FPMN) IMSI and a MSISDN aliocated

to a home public mobile network (HPMN); and

using HPMN authentication center (AuC) for authenticating the user.

5. The method of any one of claims 1 to 4, wherein the SIM comprises a
single home MSISDN.
6. The method of any one of claims 1 te 5, further comprising, when the user

is roaming in another network, mapping the home MSISDN to a local MSISDN in the

other network.

7. The method of any one of claims 4 fo 6, further comprising hosting a
FPMN MSISDN allocated to a HPMN.
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10 assign multiple IMSIs to a single subscriber identity module (SIM); 11
assign at least one mobile subscriber integrated services digital network
12 number (MSISDN) to the SIM; and 13 facilitate calls received by the
user ang calls placed.b ser the 14 SIM hl & J guse .
home ngtwork atvd W WH‘%{ Poh%r%}ﬁng i anoet er'n rtlvsvltt)i ac:1 Eggfurt eré ﬁgﬁﬁmwmg
onéttoh AIABAYEMEISDN and a local MSISDN. 1 21. The signaling gateway
system of claim 20, wherein the SIM comprises a 2 multiple international

mobile syibscripgg 1{4&%%@%%@%%@&@& AMShin 3 asspcitaturther

with a network, and wherein the user uses an IMSI of the network the user
|§‘@Mﬁéﬁﬂ&}%€ iped Tieds sipmanHgRiate W&N of claims 20 or 21,
wherein the SIM 2 comprises multiple MSISDNSs. 1 23. The signaling
gatewayi8yste ﬁ’h@fm‘ﬂﬂi&d Bch\M'IneEeiwhh&isigdéiﬁimg@éﬂ;ewawszasﬁdl rithdrional

c nfl 23to at ubllc ohile MN) IMSI
gﬁﬁ%?g%%l\f?r 0a %§m§ Sém mo l|I%Vﬁ]re{[li\}iveozl? r&@?ﬁ%\]) an% 5 use

HPMN authentication code (AuC) for authenticating the user. 1 24. The

signaling Gatew&y syétefrbeiaam Qo carpss IvcEs misiRe e betber a new

sipgie: hree: MebelNehE 2 e TheSigNating SRieWaY Sysiemhobalame23hanges.

24, wherein the signaling 2 gateway is further configured to map the

home M SDN%E[O a loga(!l N%S&{}SDNCI rC}.fﬁCTa%EQE?B % n?t\fl?’{gﬁ\i{vpoenrl] gpsemu?g& ?Latmﬁ
roaming in the therhetwork. 1 9% the S|gnaI|ng dgateway sy
onexofidatingi2’d nﬁ&ﬂMﬂiémmetrmeezz signaling gateway is further

configured to allocate a FPMN MSISDN to a HPMN. 1 27. The signaling

gateway;systermQf a0y NG S SRS AR 1920 dwheIeim eI A §10pAIRGIng
gateway is further configured to facilitate the user r%%sterlng with a HPMN

3 PUSId B iRes SREINSE HamWasPEGAtETBRARPSHY OF BRI 6T FPpming.
whereinthe 2SiMsfuthensuppatisanpatinierloeakiMls ape g iinleseealired

MSISDNSs. 1 29. The signali teway system of claim 28, where

SO By 50 e h S G REar deh GERECHAT e I gy

additional local MSISDNs to the 3 SIM via an over-the-air (OTA)

interfacel4l 30.THeersigndlinglgaeliafusysternnafieiaiar Qginghévein trssages to a
S'Q{&%ﬂﬂgggﬁas WQ¥ WS dH R*ﬂ@rsﬁ%ﬂ%r&‘?e%‘}%é@é%%&ﬂ@ﬁ%@ét&u@%]ster (HLR)

home M neéded when thelocation 3 of the mobile communications
daeviee E\thg%@e FPMN (IMSI-F.
15.  The method of claim 14, further comprising:

modifying the USSD messages as necessary; and
relaying the USSD messages from the signaling gateway to a “real” HLR,

wherein a “real” HLR is a HLR of a home network (HLR-H).

16.  The method of any one of the preceding claims, wherein facilitating calls
~ received by the user calls and calls placed by the user comprises using a global system

for mobile communication (GSM).

17.  The method of any one of ciaims I to 15, wherein facilitating calls
received by the user and calls placed by the user comprises using code division multiple

access (CDMA).
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1 31. The signaling gateway system of any one of claims 28 to 30,
wherein the 2 signaling gateway is further configured to facilitate manual
selection of an IMSI by the 3 user. 1 32. The signaling gateway system’ of
any one,qf claimg g0.19,5 1 WRETRIN 6,7, SIPRAIAG dRtewax s et
configured to provide services to the user in an identical 3 manner
wikethaddryribt theruodre Iraarapdd,wihe s taeBeEpviceeEbitphisierling gateway
OanerahABACKSL At SRMCE (FRES)sRAUNSHIH Ied SURRIERLN B Y ual
service data (USSD) service, 5 and a short message service (SMS)
seplteeay RIS SVITHENS §PIERN (DAt was Y8 R SRERTREDSFRfTeneT
COMPLISINGHPHLINGA HdSRP hessages to a signaling gateway, wherein
the signaling gateway acts as a home 3 location register (HLR) of an IMSI

of the FPMN (IMSI-F), 1 34. The signali ateway system of claim 3 -
wherein ]t%/‘le sigﬁ%ﬁiﬁﬁ)%% é)vf\‘/g\)?'l ?sgfﬁf%r%gn éhgr{rel@/ St%c()):r @“‘rﬁ%ﬁﬂiln' & rmation

USSh thessages &8Metessary; and 4 relay the USSD messages from the
signaling gateway to a "real" HLR, wherein a 5 "real" HLR is a HLR of a

home nefyvork ({HER: L300 IDe SIaRAING Gaisass sy sterm.abAR¥ AReO e

claims 20 to 34, wherein 2 facilitating calls received by the user and calls
pEAEEERPIARGEEE comprises using global 3 system for mobile

communjcaiionsife Sihaik36.the;signalinggataway cyste I oPanyonel of
claims 20 to 34, wherein_Zf cilit tin%calls rc‘eifei e the usfﬁ%ﬂsfﬂl}s
pIEREE B e BELHEGRSHEE IS BOdé B HNALTON MaliBia™Ae :

(GO @7 icEhesigaalinthortevigly systeng olany ossvofclaimso2d sod

34, wherein 2 facilitating calls, received by the us calls placed by the
et CoRE BRI T o RGO ESE e gt one
HEkiRnAinirtmd wisitechtocatibn segisterd (WIRY, a wvntlighgdtewayteidBilemessages
switching center (C ,avirtual short me servige ce : h
R B B o M i, e
ofcoleliiguBE, wwherein the signaling gateway 2 is further configured to store

roaming infonnation abaubine\esrnah 3 AMN: 38 TG BI9RAIRGe (STV);

gateway system o_fbany one of claims 20 to 38, wherein at 2 least one
GMSC is couplatiigs #ideasiepsrsid siyhatingey iisrairdis s Aigggenarvork

40, Fhesignatinengatawayisysiem of any one of claims 20 to 39, wherein

the 2 at least one signaling gateway comprises: 3 a HLR.; 4 a VLR; .
facilitate calls received by the user and calls placed by the user using the

SIM while in the user’s home network and while roaming in another network, and

further using one of a home MSISDN and a local MSISDN.

21.  The signaling gateway system of claim 20, wherein the SIM comprises a
multiple international mobile subscriber identity (IMSI) SIM, wherein each IMSI 1s
associated with a network, and wherein the user uses an IMSI of the network the user is

currently in.

22.  The signaling gateway system of claims 20 or 21, wherein the SIM

comprises multiple MSISDNs.

23.  The signaling gateway system of claim 22, wherein the signaling gateway

is further configured:

122
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5a SMSC; 6 a VMSC; and 124 7 a GMSC. 1 41. The signaling gateway

system of one of claims,20 to 39, wherei t one,si i
ntenay e LB BENES GRaB R e e S SR o
almessahé apphdatictvpakt(PAR) nwedsage transformation element; 5 a

VAP SeveA SRl and 8,8 BN s pag (SUR) senehelpment

wherein the at least one signaling way. 1 42. A computer readable
medium havin% instruction stored thereon which, 2 when executed, cause

at least &fe prodESHIMPETERELE SO KET HuMESHoh B GAERFses a

4 ipstalhasyReSEIRY identity module (SIM) in a mobile communications
device, 5 wherein the SIM includes at least one international mobile

subscriber identity (IMSH) and 6 at least one mobile.subscriber integrated ..
Services Aigal NEOHE ROrRREr TSN, 7 AR § Abmats Eall L Sighling
regedvey bylthbosengdredlis phacéd bynthAE8PhsIng theaSELDRhiteairpther

t ; iler ing.i th twork, and
A T on 1 & e TS Al SISO, 1 43, The

computer readable medium of claim 42, wherein the SIM comprises a2

multiple HternatiSraEbBaELenas TP RIShAR ARFSH SRS WAL eir SRGHD the

IMZhigiscasseciatediwith-acoetiwerk andivderainiheussTsnes:an HISNof
the network the user is 4 currently in. 1 44. The computer readable

medium.of claims 42 or.43, wherein ! o [ YHipIB « 1 crein th
MSISDNS. 1 45. ﬁé%%}%’b%%‘?%‘eﬁé%i%ﬁ rhhg i rﬁ%ggn%/ggﬁ(g"c%%léfjrh&efem ©
tosiphaliegeiav2ytirelindtructiohs rwheriaxbiidts isheetaase dtibadt PMN
ORgypfocessor in at least one 3 mobile communication network to: 4 host a
foreign public mobile network (FPMN) IMSI and a MSISDN allocated to a

5 home public mobile network (HPMN); and.6 use HPMN authentication .
center (AUC) fot HUTIFEALEESAL Hg aei m PHERY 4B ?ﬂ%la&m%%%fsr’- > Wherein the

residaigthaedigoat elaidpi3ovehevestn thel SiM@ponipesed SISPSingle
home MSISDN.

29.  The signaling gateway system of claim 28, wherein the signaling gateway
is further configured to add additional local IMSIs and additional local MSISDNs to the

SIM via an over-the-air (OTA) interface.

30,  The signaling gateway system of claim 29, wherein the signaling gateway
is further configured to determine whether a new home IMSI is needed when the location

of the mobile communications device changes.

31. The signaling gateway system of any one of claims 28 to 30, wherein the
signaling gateway is further configured to facilitate manual selection of an IMSI by the

user.

32. The signaling gateway system of any one of claims 20 to 31, wherein the
signaling gateway is further configured to provide services to the user in an identical
manner whether or not the user is roaming, wherein the services comprise a general
packet radio service (GPRS), a unstructured supplementary service data (USSD) service,

and a short message service (SMS) service.
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1 47. The computer readable medium of any one claims 42 to 46, wherein

the 2 instructions, when executed, further cause at least one processor in

at least one mobile 3 communication network to map the home MSISDN

to a local,MSI in h t ser.is roaming.in the. ..
other netiork, L S e ine
claffiB 4216246, WhetehrlinglsetivsyuptorsnWivencerbea ek Farhes gaademe
aidearh e BOGRSSOr Al IeR3eRR. 3 meligampunication network to

host a FPMN MSISDN allocated to a HPMN. 1 49. The computer readable
medium _of claim 48, wherein the instructions, 2 WFen xecuted, further

cause at feast OR® HrORLSSRHAY I@é&%ﬂg HoBite C%%WHHE%@R& & gateway
nelvptictadacititate the user registering with a I-IPMN IMSI. 1 50. The
computer r;gda}pl?{ ium of ang%one of claimg 42 to 49, wherein 2 the

SIM furth& Eiﬁp%r s‘mulﬂ.%fi%a 5¢a Iﬁ%ﬁ%saéﬁd%ultiple local MSISDNSs. 1

51. The etmputéideBdablspediomtbé elaialib0 gwhergitothérmgtrdEfond)erein a
2 when Gut rther cause at | rocessor in at least one

mobile (}:?gr}gﬁ%uaﬁ%%%gfg '%%Fv&gﬁ?cﬁg%gﬁa@' ditional local IMSIs and

additional local MSISDNSs to the SIM via an_4 over-the-air (QTA) .
interface 51 52 Thp & sptHpa @ suan aptemabinm Br Qhrss e rin'theren

INSLEUGHORS cA1WhRB: XEBVIed Lirther GaSeREIERSERNBPIQEESSAitsaly global
least one mobjle communjcation 3 network to determine whether a new

hSHIETAE] SOREE GEEHERAHE 1$&3tBN of the 4 mobile communications

device changes. 1 53. The computer readable medium of any of claims 50
or 51, wRérein the sindingctionsa wieirexd cuteondwihinad8acatieaberein

one BIORES 39NN AL l%?&%rggiﬁe%%?iéﬁd%aﬁ@ MRUIERURD PEIVOHGIAes using code

facﬁﬁta_te rﬁ’anpal selectio an IMSI by the user. 1 54, The computer
redigishle mdtimeotean (A 8l claims 42 to 51, wherein 2 the
instructions, when executed, further cause at least one processor in at

least ong8 molile GoRAMNiGatioy RedwerktarRrenids’ sRiviees to Hewisatin

in an idenptical manner 4 whether or not the user is 5 126 5 roaming, .
T LR CER S e S APl RSP I SR 8 (B egne &
unstradivg edisupplaméntaryyservicei datb{UB SDjisenViceiiahid@tshore gister

m e service 7 (SMS rvice. 1.55, The r readable medium,
i e e oGl eSS s

leastvoreprecéShtidn atfeagtronbsmobieecdnmunication 3 network to
route USSD messages to a signaling gateway, wherein the signaling

gateways4 actsras adname losalion segister (iR )30f aiMsh eldhrRNN-ateway
IMSI-F).
( is furtlzer configured to store roaming information about the user at a FPMN.

39.  The signaling gateway system of any one of claims 20 to 38, wherein at

least one GMSC is coupled to the at least one signaling gateway via a SS7 node.

40. The signaling gateway system of any one of claims 20 to 39, wherein the
at least one signaling gateway comprises: -

aHLR;

a VLR,

a SMSC;

a VMSC; and
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1 56. The computer readable medium of claim 55, wherein the

instructions, 2 when executed, further cause at least one processor in at

least oneéngigﬁl;e communication 3 network to: 4 modify the USSD

messag@ ecessary; and 5 relay the USSD messages from the

signaling gateway to a "real" HLR, wherein a 6 "real" HLR is a HLR of a
home nétwork Tt Rerplinesaichiy eprsputderaadalsie vdaedivii of dhyvberin the

i@é %I{QSL ﬁﬁ@ﬁg@;&%ﬁ%@p%&g&%@gs received by the user and

placed e user comprises using global 3 system for mobile
commu@itgélhﬂhfé@l@)r)ff%fméﬁﬁi@ﬂ@?eadable medium of any one

of claimg ﬂa%géa&ﬁamhﬁrﬁ Bn 2dRGHI NG calls secaived by dhe usrhand

calls placed @é}/ ‘the user comprises using code 3 division multiple access
(CDMA)2 V8¢’ sehetalsipeibrafdhdable medium of any one of claims 42 to

56, wheteinDR faeiifatingialls Jaceivesdey thenusel aallx and: calsplacee

by the user comprises 3 operating a S|gnallng gateway that functions as a
V&R, a virtual visited location 4 register (VLR), a virtual gateway
mobile switching center (GMSC), a virtual short 5 message service center
(SMSC)42and aivirughserviedahbowedigo [Ehmg owiputerretdeabibaredivhick,

Of“ﬁléf{@é%mvev@%fa%&tmé sthuetions. when rxacied, JUithelcaust alon

least one procéssor in at east one mobile communication 3 network to
sto¥evgkming information about the user at a FP,MN. 127

install a subscriber identity module (SIM) in a mobile communications device,
wherein the SIM includes at least one international mobile subscriber identity (IMSI) and
at least one mobile subscriber integrated services digital network number (MSISDN);
and

facilitate calls received by the user and calls placed by the user using the SIM
while in the user’s home network and while roaming in another network, and further

using one of a home MSISDN and a local MSISDN.

43, The computer readable medium of claim 42, wherein the SIM comprises a
muliiple internationai mobile subscriber identity (IMSI) SIM, wherein each IMSI is
associated with a network, and wherein the user uses an IMSI of the network the user is

currently in.

44, The computer readable medium of claims 42 or 43, wherein the SIM

comprises multiple MSISDNs.

45.  The computer readable medium of any one of claims 42 to 44, wherein
the instructions, when executed, further cause at least one processor in at least one
mobile communication network to:

host a foreign public mobile network (FPMN) IMSI and a MSISDN allocated to a
home public mobile network {HPMN); and

use HPMN authentication center (AuC) for authenticating the user.
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46.  The computer readable medium of claim 43, wherein the SIM comprises a
single home MSISDN.

47.  The computer readable medium of any one claims 42 to 46, wherein the
instructions, when executed, further cause at least one processor in at least one mobile
communication network to map the home MSISDN to a local MSISDN in another

retwork when the user is roaming in the other network, .

48.  The computer readable medium of any one of claims 42 to 46, wherein
the instructions, when executed, further cause at least one processor in at least one

mobile communication network to host a FPMN MSISDN allocated to 2 HPMN.

49, The computer readablie medium of claim 48, wherein the instructions,
when executed, further cause at least one processor in at ieast one mobile communication

network to facilitate the user registering with a HPMN IMSIL

50.  The computer readable medium of any one of claims 42 to 49, wherein

the SIM further supports multiple local IMSIs and multiple local MSISDNs,

51. The computer readable medium of claim 50, wherein the instructions,
when executed, further cause at least one processor in at least one mobile communication
network to add additional local IMSIs and additional local MSISDNSs to the SIM via an

over-the-air (OTA) interface.

32, The computer readable medium of claim 51, wherein the instructions,
when executed, further cause at least one processor in at least one mobile communication
network to determine whether a new home IMSI is needed when the location of the

mobiie communications device changes.

53.  The computer readable medium of any of claims 50 or 51, wherein the
instructions, when executed, further cause at least one processor in at Jeast one mobile

communication network to facilitate manual selection of an IMSI by the user.

54, The computer readable medium of any one of claims 42 to 51, wherein
the instructions, when executed, further cause at least one processor in at least one
mobile communication network to provide services to the user in an identical manner

whether or not the user 1s
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roaming, wherein the services comprise a general packet radio service (GPRS), a
unstructured supplementary service data (UUSSD) service, and a short message service

(SMS) service,

35.  The computer readable medium of claim 54, wherein the instructions,
when executed, further cause at least one processor in at least one mobile communication
network to route USSD messages to a signaling gateway, wherein the signaling gateway

acts as a home location register (HLR) of a IMSI of the FPMN (IMSI-F).

56. The computer readable medium of claim 55, wherein the instructions,
when executed, further cause at least one processor in at least one mobile communication
network to: |

modify the USSD messages as necessary; and

relay the USSD messages from the signaling gateway to a “real” HLR, wheremn a

“real” HLR is a HLR of a home network (HLR-H).

57.  The computer readable medium of any one of claims 42 to 56, wherein
facilitating calls received by the user and calls placed by the user comprises using global

system for mobile commumication (GSM).

58.  The computer readable medium of any one of claims 42 to 56 wherein
facilitating calls received by the user and calls placed by the user comprises using code

division multiple access (CDMA).

39.  The computer readable medium of any one of claims 42 to 56, wherein
facilitating calls received by the user calls and calls placed by the user comprises
operating a signaling gateway that functions as a virtual HLR, a virtual visited location
register (VL.R), a virtual gateway mobile switching center (GMSC), a virtual short

message service center (SMSC), and a virtual service node.

60. The computer readable medium of claim 59, wherein the instructions,
when executed, further cause at least one processor in at least one mobile communication

network to store roaming information about the user at a FPMN,
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