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SIGNALING GATEWAY WITH MULTIPLE 
IMSI WITH MULTIPLE MSISDN (MIMM) 

SERVICE IN A SINGLE SM FOR MULTIPLE 
ROAMING PARTNERS 

RELATED APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Patent application Ser. No. 60/495,202, filed Aug. 13, 
2003, which is hereby incorporated by reference in its 
entirety. 

TECHNICAL FIELD 

0002. The disclosed embodiments relate to mobile com 
munications networks and devices, and more particularly to 
providing services for roaming mobile communications 
device users. 

BACKGROUND OF THE DISCLOSURE 

0003 Mobile communications device users are increasing 
dependent on the ability to use their mobile communications 
devices all over the world. Mobile users who travel out of 
their “home network” are called roamers. There are many 
different mobile communications network operators through 
out the world, each having its own territories, technical sys 
tems, and business systems. Currently, roamers are typically 
notable to travel freely and have a seamless experience in any 
operator's network. There are currently disadvantages for 
both the roaming user and the network operator. 
0004 For example, roamers who roam frequently between 
two countries often have a need for a local phone number in 
each network; either to enable local users to call them at a 
cheap rate without worrying about international direct dial 
(IDD) calls, or to present 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 HPMNSIM 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 roaming revenue. 
It 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. 
0005 Mobile communications network operators facetre 
mendous challenges in growing their revenue streams in the 
face of increasing competition and pricing pressures. Roam 
ers are an attractive source of revenue for operators some 
times constituting as much as 8% to 40% of an operator's total 
revenue. It is thus desirable to be able to influence or control 
the roamer's network choices in order to maximize the ben 
efits to the operator and to the subscriber user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 Embodiments of the invention are described with 
the aid of the drawings, which are not intended to be limiting. 
In the drawings, similar reference numbers identify similar 
elements or acts. 
0007 FIG. 1 is a block diagram illustrating an embodi 
ment of a Signaling Gateway. 
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0008 FIG. 2 is a block diagram illustrating an embodi 
ment of a Signaling Gateway for supporting a MIMM service, 
including a connection to GMSC-H for signaling with Voice 
loop-back at the GMSC-H. 
0009 FIG. 3 is block diagram of an embodiment of a 
Signaling Gateway that consists of two or more Signaling 
Gateways. 
0010 FIG. 4 is a diagram showing various persistent data 
and transient data. 
0011 FIG. 5 is an illustration of transaction mapping 
according to one embodiment. 
0012 FIG. 6 is an illustration of one embodiment of a link 
configuration of GT and SPC. 
0013 FIG. 7 is a block diagram of an alternative non 
cross-connect configuration of one embodiment of a Signal 
ing Gateway. 
0014 FIG. 8 is a block diagram of an embodiment of a 
routing configuration including multiple ISC SCCP gate 
ways. 
(0015 FIG.9 is a block diagram illustrating GMSC-F con 
figuration of ISUP trunk routing tables in one embodiment. 
0016 FIG. 10 is a block diagram illustrating the construc 
tion of ISUP loopback circuits at GMSC-H with two E1 ports 
configured as loopback circuits in one embodiment. 
0017 FIG. 10 is a block diagram of an embodiment of a 
Signaling Gateway including an IN interface. 
0018 FIG. 12 is a block diagram of an embodiment of a 
Signaling Gateway including two Signaling Gateway servers 
performing the Signaling Gateway function. 
0019 FIG. 13 is a block diagram of an embodiment of a 
configuration of databases in relation to Signal Gateways in 
one embodiment. 
0020 FIG. 14 is an illustration of connect time failover 
using multiple addresses in a TNSNAMES.ORA configura 
tion according to an embodiment. 
0021 FIG. 15 is an illustration of load balancing and 
active/active fail-over according to an embodiment. 
0022 FIG. 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. 
0023 FIG. 17 is a diagram of the configuration of one 
embodiment in which multiple Signaling Gateways can be 
connected to one GMSC-H. 
0024 FIG. 18 is a block diagram of a configuration show 
ing Update Location Transaction flow upon SG1 failure. 
0025 FIG. 19 is a block diagram of a Signaling Gateway 
embodiment including two Ethernet buses. 
0026 FIG. 20 is a block diagram of a configuration show 
ing the flow of Update Location Transaction without SG 
failure. 
0027 FIG. 21 is an illustration of an Update Location flow 
of one embodiment. 
0028 FIG. 22 is an illustration of message flow in the 
event of SG1 failure in one embodiment. 
0029 FIG. 23 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. 
0030 FIG. 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. 
0031 FIGS. 25 and 26 show a signaling trace for a mobile 
terminated call (MIMM subscriber in HPMN) for a call 
involving a normal flow of SRI. 
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0032 FIGS. 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). 
0033 FIG. 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). 
0034 FIG. 30 shows a signal flow for a mobile terminated 
call with the MIMM Subscriber in FPMN: Mobile Terminated 
Call on MSISDN-H. 
0035 FIG.31 shows a successful flow of SRI in the case of 
MOBILE TERMINATED CALLS: MIMM Subscriber in 
FPMN: Mobile Terminated Call on MSISDN-F. 
0036 FIG. 32 shows a signal flow for a mobile terminated 
call with the MIMM Subscriber in FPMN: Mobile Terminated 
Call on MSISDN-F. 
0037 FIG.33 shows a signal flow for a mobile terminated 
call with the MIMM Subscriber in VPMN with IMSI-H: Sub 
scriber called on MSISDN-F. 
0038 FIG.34 shows a signal flow for a mobile terminated 
call with the MIMM Subscriber in VPMN with IMSI-F: Sub 
scriber called on MSISDN-H. 
0039 FIG. 35 shows a signal flow for the situation of 
mobile terminated calls with the MIMM Subscriber in VPMN 
with IMSI-F: Subscriber called on MSISDN-F. 
0040 FIG. 36 shows a signal flow for unconditional call 
forwarding with IMSI detached and subscriber registered 
with IMSI-H. 
0041 FIG. 37 shows a signal flow for unconditional call 
forwarding with IMSI detached and subscriber registered 
with IMSI-F. 
0042 FIG. 38 shows a signal flow for conditional call 
forwarding with IMSI attached: MIMM subscriberin FPMN: 
Calls to MSISDN-H. 
0043 FIG. 39 shows a signal flow for conditional call 
forwarding with IMSI attached: MIMM subscriberin FPMN: 
Calls to MSISDN-H: One FTN for each LCF Condition type. 
0044 FIG. 40 shows a signal flow for conditional call 
forwarding with IMSI attached: MIMM subscriberin FPMN: 
Calls to MSISDN-F. 
0045 FIG. 41 shows a signal flow for conditional call 
forwarding: IMSI attached: MIMM subscriberinVPMN with 
IMSI-F: Calls to MSISDN-H. 
0046 FIG. 42 shows a signal flow for mobile terminated 
SMS: SMS to MSISDN-H when Subscriber in XPMN with 
IMSI-F. 

0047 FIG. 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. 
0048 FIG. 44 shows a partial fail-over 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. 
0049 FIG.45 shows a general flow of SMS to MSISDN-F 
when the subscriber is at FPMN in the case of mobile termi 
nated SMS: SMS to MSISDN-F when Subscriber in XPMN 
with IMSI-F. 
0050 FIG.46 shows a signal flow for another case of SMS 
to MSISDN-F when the Subscriber is at FPMN in the case of 
mobile terminated SMS:SMS to MSISDN-F when Sub 
scriber in XPMN with IMSI-F, including successful message 
delivery and Signaling Gateway generation of a CDR when a 
mobile terminated SMS is delivered successfully. 
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0051 FIG. 47 shows a signal flow for another case of SMS 
to MSISDN-F when the Subscriber is at FPMN in the case of 
mobile terminated SMS:SMS to MSISDN-F when Sub 
scriber in XPMN with IMSI-H, including successful message 
delivery and Signaling Gateway generation of a CDR when a 
mobile terminated SMS is delivered successfully. 
0.052 FIG. 48 shows a signal flow for a mobile generated 
SMS. 
0053 FIG. 49 shows a signal flow for a case of SMS 
re-delivery management. 
0054 FIG. 50 shows a further signal flow for a case of 
SMS re-delivery management. 
0055 FIG. 51 is a block diagram of a Signaling Gateway 
that supports multiple HPMNs in addition to multiple 
FPMNS. 
0056 FIG. 52 shows a signal flow for an embodiment of a 
Signaling Gateway recovery procedure. 
0057 FIG.53 shows a signal flow for an embodimentofan 
update location procedure. 
0058 FIG. 54 shows a further signal flow for an embodi 
ment of an update location procedure. 
0059 FIG.55 shows a further signal flow for an embodi 
ment of an update location procedure when the MS is in idle 
mode. 
0060 FIG. 56 shows a signal flow for an embodiment of: 
Send Authentication, USSD and supplementary MAP ser 
vices on IMSI-F. 
0061 FIG. 57 shows a further signal flow for an embodi 
ment of: Send Authentication, USSD and supplementary 
MAP Services on IMSI-F. 
0062 FIG. 58 shows a further signal flow for an embodi 
ment of: Send Authentication, USSD and supplementary 
MAP Services on IMSI-F. 
0063 FIG. 59 is a block diagram of an embodiment in 
which optimal routing occurs when a FPMN network user 
(local or roamer) calls MSISDN-F of a MIMM subscriber 
when the subscriber is also on FPMN network. 
0064 FIG. 60 is a block diagram of an embodiment in 
which 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. 
0065 FIG. 61 is a block diagram of an embodiment in 
which optimal routing occurs when a HPMN network user 
(local or roamer) calls MSISDN-F of a MIMM subscriber 
when the subscriber is also on HPMN network. 
0.066 FIG. 62 is a block diagram of an embodiment in 
which an SRI query is received at a Signal Gateway, and the 
Signal Gateway checks if the SRI-issuing GT is a HPMNGT. 
0067 FIG. 63 is a block diagram of an embodiment in 
which a HPMN-OR-allowed table is extended. 
0068 FIG. 64 is a block diagram of an embodiment in 
which CFU/ECF forwarding is optimally addressed when the 
FTN is a FP 

ACRONYMS 

0069. Following are a list of acronyms used herein. 
0070 APMN: Associated Public Mobile Network for 
SMS Inter-working: 

(0071 AuC: Authentication Center; 
0072 BCSM: Basic Call State Model; 
0073 CALEA: Communications Assistance for Law 
Enforcement Act; 

(0074 CAMEL: Customized Applications for Mobile net 
work Enhanced Logic; 
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0075) 
0076 
0.077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 

CAP: CAMEL Application Part: 
CDMA: Code Division Multiple Access; 
CdPA: Called Party Address; 
CDR: Call Detail Record; 
CFB: Call Forwarding in Busy; 
CFNRc: 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; 

0086 DB: Database: 
I0087 D-CSI: Dialled Services CAMEL Subscription 

Information; 
I0088 DDF: Digital Distribution Frame; 
0089 DP: Detection Point: 
0090 DPC: Destination Point Code: 
0091 DTN: Deflected To Number; 
0092 E 1: Wide Area Digital Transmission Scheme used 
predominantly in Europe; 

0093 ECF: Event Charging Function: 
0094 EDP: Event Detection Point: 
0.095 FPMN: Foreign Public Mobile Network who 
intends to partner with HPMN for Multiple MSISDN Ser 
V1ce; 

0096 FTN: Forwarded-To-Number typically used in Call 
Forwarding: 

0097 FTP: File Transfer Profile or File Transfer Protocol; 
0.098 FSMS: Fixed Line SMS: 
0099 Ga: Charging data collection interface between a 
CDR transmitting unit and a CDR receiving functionality; 

0100 Gb: Interface between an SGSN and a BSS: 
01.01 Gc: Interface between a GGSN and an HLR; 
0102 Gd: Interface between an SMS-GMSC and an 
SGSN, and between an SMS-IWMSC and an SGSN: 

(0103 Gf: Interface between an SGSN and an EIR: 
0104 GGSN: Gateway GPRS Service Node: 
0105 Gi: Reference point between GPRS and a packet 
data network; 

0106 GMLC: Gateway MLC; 
01.07 GMSC: Gateway MSC: 
0108 GMSC-H: GMSC in HPMN; 
0109 GMSC-F: GMSC in FPMN; 
0110 GMSC-V: GMSC in VPMN; 
0111 Gn: Interface between two GSNs within the same 
PLMN; 

0112 Gp: Interface between two GSNs in different 
PLMNs: 

0113 GPRS: General Packet Radio Service: 
0114 GPRS-CSI: GPRS CAMEL Subscription Informa 
tion; 

0115 
0116 
0117 
0118 
0119) 
0120 
0121 
0122) 
(0123 
0124 
0125 
0126 

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/VLR; 
GSM: Global System for Mobile Communications: 
gsmSCF: 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: 
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0127 HPMN: Home Public Mobile Network who intends 
to provide MSISDN Service: 

I0128 HSCSD: High Speed Circuit Switched Data: 
0129. ID: Identification: 
0.130 IDD: International Direct Dial; 
0131 IDP: Initial DP; 
(0132 IE: Information Element: 
0.133 IF: Information Flow: 
I0134). IMSI: International Mobile Subscriber Identity (of 
HPMN); 

0.135 IMSI-H: HPMN IMSI: 
0.136 IMSI-F: FPMN IMSI: 
I0137 IN: Intelligent Network: 
I0138 INAP: Intelligent Network Application Part: 
0.139. IOSMS: Inter Operator SMS within HPMN: 
014.0 IP: Intelligent Peripheral; 
0141 IPLMN: Interrogating PLMN: 
0.142 IREG: International Roaming Expert Group; 
0143 ISC; IP Multimedia Subsystem Service Control 
Interface; 

0144) ISDN: Integrated Service Digital Network: 
(0145 ISUP: ISDN User Part message from SS7 stack; 
0146 Iu: Interface between the RNS and the core network; 
0147 IVR: Interactive Voice Response: kbit/s: Kilobits 
per second; 

0148 Ki: Authentication Key; 
0149 Kc: Ciphering Key; 
0150 LAN: Local Area Network: 
0151 LCF: Late Call Forwarding: 
0152 LCS: Location Services: 
0153. LMU: Location Measurement Unit; 
0154 LSA: Localised Service Area: 
(O155 MAP: Message Application Part (from GSM 09.02 
GSM Standards); 

0156 Mbit/s: Megabits per second (Mbit/s); 
(O157 M-CSI: Mobility Management event Notification 
CAMEL Subscription Information; 

0158 MF: Mobile Forwarding: 
015.9 MGT: Mobile Global Title (derived from IMSI): 
(0160 MIMM: Multiple IMSI Multiple MSISDN Service; 
(0161 MISM: Multiple IMSI Single MSISDN Service; 
(0162 MLC: Mobile Location Center; 
(0163 MMS: Multimedia Messaging Service: 
0164 MMSC: Multimedia Messaging Service Centre: 
(016.5 MO: Mobile Originating: 
(0166 MSC: Mobile Switching Center; 
(0167 MSISDN: Mobile Subscriber ISDN Number 
(phone number); 

(0168 MSISDN-H: MSISDN of the Multiple MSISDN 
Service allocated by HPMN in HPMN numbering plan; 

(0169 MSISDN-F: MSISDN of the Multiple MSISDN 
Service subscriber in the FPMN (Co-operating VPMN) 
numbering plan; 

(0170 MSRN: Mobile Station Roaming Number; 
(0171 MT: Mobile Terminated: 
(0172 MTP: Message Transfer Part: 
(0173 NA: North American; 
0.174 N-CSI: Network CAMEL Service Information: 
(0175 NNI: Network Node Interface: 
0176 OAM&P: Operations, Administration, Mainte 
nance, and Provisioning; 

(0177) O-BCSM: Originating Basic Call State Model; 
(0178 OCN: Originally Called Number (same as ODN); 
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0179 
tion; 

0180 
0181 

O-CSI: Originating CAMEL Subscription Informa 

ODB: Operator Determined Barring: 
ODN: Originally Dialed Number (same as OCN); 

0182 OM: Outreach Messaging: 
0183 OMAP: Operations, Maintenance, and Administra 
tion Part (SS7); 

0184 OR: Optimized Routing: 
0185 OSS: Operator Specific Service: 
0186 OTA: Over-the-Air: 
0187 PCI: Peripheral Component Interconnect; 
0188 PDA: Personal Digital Assistant; 
(0189 PDP: Packet Data Protocol; 
0190. PIC: Point In Call; 
(0191 PLMN: Public Land Mobile Network: 
(0192 PMN: Public Mobile Network: 
(0193 PRN: Provide Roaming Number MAP message; 
0194 PSL: Provider Subscriber Location: 
(0195 R: Reference point between a non-ISDN compatible 
TE and MT: 

0.196 RAID: Redundant Arrays of Inexpensive Disks; 
0197) SCP: Service Control Point: 
(0198 SCCP: Signal Control Connection Part: 
(0199 SG: Signal Gateway; 
(0200 SGRF: Signal Gateway Relay Framework: 
0201 SGSN: Serving GPRS Service Node: 
(0202 SIM: Subscriber Identity Module: 
0203 SIMM: Single IMSI Multiple MSISDN Service; 
0204 SLPI: Service Logic Program Instance; 
0205 SLR: Subscriber Location Report: 
0206 SM: Session Management; 
0207 SME: Short Message Entity: 
0208 SMF: Service Management Function: 
0209 SMLC: Serving MLC; 
0210 SMP: Service Management Point: 
0211 SMPP: Short Message Peer to Peer; 
0212 SMS: Short Message Service: 
0213 SMSC: Short Message Service Center; 
0214 SMSC-A: SMSC in APMN; 
0215 SMSC-F: SMSC in FPMN; 
0216 SMSC-H: SMSC in HPMN; 
0217 SMS-CSI: Short Message Service CAMEL Sub 
Scription Information; 

0218 SMTP: Simple Mail Transfer Protocol; 
0219 SNMP: Simple Network Management Protocol; 
0220 SPC: Signalling Point Code: 
0221 SRI: Send Routing Information MAP message; 
0222 SS: Supplementary Service: 
0223 SS7: Signaling System 7: 
0224) SS-CSI: Supplementary Service 
CAMEL Subscription Information; 

0225 STK: Synthesis Toolkit in C++: 
0226 STP: Signaling Transfer Point: 
0227 T1: Wide Area Digital Transmission Scheme used 
predominantly in the United States; 

0228 TAF: Transparent Application Fail-over; 
0229. TAP: Transfer Accounting Procedure: 
0230 TADIG: Transfer Accounting Data Interchange 
Group; 

0231. T-BCSM: Terminating Basic Call State Model: 
0232 TCAP: Transaction Capability Part: 
0233 TCP/IP: Transmission Control Protocol/Internet 
Protocol; 
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0234 T-CSI: Terminating CAMEL Subscription Informa 
tion (in the GMSC); 

0235 TDMA: Time Division Multiple Access; 
0236 TDP. Trigger Detection Point: 
0237 TIF-CSI: Translation Information Flag: 
0238 TPDU: Transfer Protocol Data Unit; 
0239 TT: Translation Type (SS7 parlance): 
0240 U-CSI: USSD CAMEL Subscription Information: 
0241 UG-CSI: USSD General CAMEL Service Informa 
tion; 

0242 Um: Interface between the mobile station (MS) and 
the A/Gb mode network; 

0243 UNI: User Network Interface: 
0244 USSD: Unstructured Supplementary Service Data; 
0245 Uu: Interface between the mobile station (MS) and 
the Iu mode network; 

0246 VHE: Virtual Home Environment: 
0247 VLR: Visited Location Register; 
0248 VLR-H: Serving VLR in HPMN: 
0249 VLR-F: Serving VLR in FPMN: 
(0250 VLR-V: Serving VLR in VPMN (VPMN is not 
HPMN/FPMN); 

0251 VPLMN: Visited PLMN; 
(0252 VPMN: Visited Public Mobile Network (other than 
HPMN or FPMN); 

(0253 VMSC: Visited Mobile Switching Center; 
0254 VMSC-H: Serving VMSC in HPMN: 
0255 VMSC-F: Serving VMSC in FPMN: 
0256 VMSC-V: Serving VMSC in VPMN (VPMN is not 
HPMN/FPMN); 

(0257 VT. Mobile Terminating in VMSC: 
(0258 VT-CSI: VMSC Terminating CAMEL Subscription 

Information; 
0259 WAN: Wide Area Network; 
0260 WAP: Wireless Application Protocol; and 
0261 WiFi. Wireless Fidelity. 

DETAILED DESCRIPTION 

0262 Embodiment of the invention include an improved 
Signaling Gateway method and apparatus for mobile com 
munication across multiple mobile networks operated by dif 
ferent 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 worry 
ing about international IDD calls, or to present a multi-na 
tional appearance. The particular embodiments described 
focus on a Multiple IMSI Multiple MSISDN (MIMM) ser 
vice 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 multiple roaming partners 
as described herein extends roaming coverage by pooling the 
roaming relationships of partner networks. This can be lim 
ited 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. 
0263. Embodiments of the method described may be 
offered as a service, or services, in collaboration with a par 
ticipating operator in a foreign country (referred to as 
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FPMN). The HPMN should have bilateral roaming agree 
ments with this operator for Voice and SMS services. 
0264. The Multiple IMSI Multiple MSISDN (MIMM) 
service allows users, or subscribers, to receive calls on both 
numbers (HPMN and FPMN) without swapping the SIM 
card. Subscribers can also receive SMS messages addressed 
to either of these numbers. 
0265 Another target market for this service is subscribers 
who desire extended roaming coverage, whether national or 
international. When the HPMNIMSI does not have coverage 
or a roaming relationship with another operator, FPMNIMSI 
could be used instead. As far as the other operator is con 
cerned, the roamer is coming from the FPMN rather than the 
HPMN. 
0266 Users do not have to do anything in order to use 
embodiments of the MIMM service other than obtaining a 
new SIM card. Users can retain their HPMN number, but will 
receive a new FPMN number. It is possible for a HPMN to 
enter into agreements with multiple FPMNs in various coun 
tries and offer a “set of numbers’ on a set of IMSI-Fs. There 
are no additional changes for the subscribers after they ini 
tially change the SIM (if OTA is used and the STKapplication 
Supports dynamic IMSI replacement). Hence, Subscribers can 
choose to later add local MSISDN numbers and IMSIs for 
countries that they visit most frequently. 
0267. 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. 
0268. The MIMM solution does not impact the subscrib 
er's GPRS, USSD and SMS services. In most cases, the user 
appears to these services as a normal user. 
0269. 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. 
0270. 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: 

0271 a) The two operators co-operate and build a Dual 
IMSI SIM card and use the IMSI of the country the user 
is currently in. This approach can include multiple 
IMSIs with multiple MSISDNs, or multiple IMSIs with 
a single MSISDN-H; and 

0272 b) The two operators co-operate and map the 
HPMN MSISDN on the network side to a local 
MSISDN in the partner foreign network. 

0273 Embodiments of the invention include a common 
Signal Gateway Relay Framework that supports the Multiple 
IMSI Multiple MSISDN (MIMM) service. The common Sig 
nal Gateway Relay Framework is also referred to herein as a 
Signal Gateway, or a Signaling Gateway (SG). The Signaling 
Gateway is applicable across GSM and CDMA technologies. 
Illustrative examples shown in this document involve GSM 
technology. 
0274 Embodiments of the Signaling Gateway described 
herein have the capability to impersonate various GSM net 
work entities in order to provide Value-Added-Services. One 
embodiment includes a Signaling Gateway platform that is a 
pure SS7-based solution. The Signaling Gateway functions as 
virtual HLR, virtual VLR, virtual GMSC, virtual VMSC, 
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virtual SMSC and virtual service node depending on interac 
tions with various SS7 network elements. The Signaling 
Gateway is virtual in the sense that it does not store subscrip 
tion data as in a HLR; it does not have Switching Support as in 
a GMSC; and it does not have trigger mechanisms. Neverthe 
less, the Signaling Gateway can store Subscription informa 
tion about the Signaling Gateway MIMM service and roam 
ing information of MIMM subscribers at an FPMN. 
0275. The Signaling Gateway supports both the “a) 
approach described above, and the “b) approach described 
above. In both cases, the Signaling Gateway functions as a 
virtual HLR for the users, or subscribers. In the case of a), the 
Signaling Gateway serves as host for the FPMN IMSI and 
MSISDN allocated to the HPMN and uses HPMN AuC for 
authenticating subscribers. In this way, the Multi-IMSI SIM 
needs only the HPMN Ki and algorithms, eliminating the 
logistical complexity of security management. The a) solu 
tion also makes it easier to bill a user as a local Subscriberat 
an FPMN, since there is a local IMSI involved. Some com 
plexities may be introduced to GPRS and Camel services as a 
result. 
0276 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. “XPMN” is used hereinto denote any 
VPMN other than the HPMN. The SCCP signaling part of 
Camel and GPRS on IMSI-F at XPMN can be handled via the 
Signaling Gateway; however for GPRS data sessions, this 
could introduce complexities in the contexts set-ups APN and 
PDP. The Signaling Gateway also relays the data session 
through to the HPMN. SCCP (Signaling Connection and 
Control Part) is an SS7 protocol that provides additional 
functions to the Message Transfer Part (MTP)). 
0277. In the rare event of failure of the Signaling Gateway, 
a subscriber under approach a) will not be able to register at 
the FPMN as a local subscriber. More intelligent SIM appli 
cations can register the subscriber as a roamer at the FPMN. 
0278. To avoid confusion in billing at a third party opera 

tor, both the Signaling Gateway and the SIM application have 
the option to disable and reject the FPMNIMSI at the VPMN. 
However, sometimes the FPMN IMSI provides an extended 
roaming relationship in the third party operator. In this case, 
if an automatic solution is used in the SIM, the SIM applica 
tion is switched back to the FPMN IMSI when the HPMN 
IMSI cannot register with the visiting network. The automatic 
switch of IMSI may cause some confusion to the user, since 
the SIM application will not be able to distinguish whether it 
loses coverage in the FPMN or needs to swap in another home 
IMSI for registration, unless there is a registration of a net 
work. 
0279. There may a possibility of confusion if the user's 
home IMSI in the user's SIM has the value of the FPMN 
IMSI, and the subscriber briefly registers as a roamer at a 
home network. HPMN home operators can be rejected. It is 
possible, however, to control which home IMSI is used 
through a STK application on the HPMN network side. 
0280 Furthermore in the case of a), the service includes a 
new type of SIM with an STK application on it. When mul 
tiple IMSIs are introduced or extended, the HPMN updates 
the local IMSI list in the SIM (either via OTA or with a new 
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SIM). In addition, at each location change, the STK applica 
tion checks to determine whether it is in a network that 
requires another home IMSI. The STK application also sup 
ports manual selection of a network IMSI. 
0281. In the case ofb), the Signaling Gateway only hosts 
the FPMN MSISDN allocated to the HPMN. The Subscriber 
always registers with the HPMN IMSI. This simplifies the 
user experience, as the user need not be concerned as a roamer 
or a local subscriber when registered with the FPMN net 
work. An intelligent SIM application is not required to auto 
matically detect the FPMN network, which reduces power 
consumption and associated costs. It is simple for Subscribers 
using the MIMM service to use home services despite having 
a local phone number. This makes it easier to transparently 
support GPRS and USSD services in the case of b). The 
HPMN should gain more roaming revenue under approach 
b). However, because the subscriber's IMSI is still a HPMN 
IMSI, a slightly more complex billing solution may be 
required than under than under approach a) if the FPMN and 
the HPMN want to make subscribers calls on par with local 
calls when subscribers roam in the FPMN. 

0282 Both approaches a) and b) are attractive depending 
on an operator's specific requirements. Solution b) also 
allows the home operator to offer a service with which the 
frequent roamer can get MSISDN in more than one country 
without the need for a new SIM or OTA process to change the 
SIM values. The roamer is always a HPMN subscriber, which 
implies that calls (including international calls and roaming 
calls) made by the subscriber will contribute revenue towards 
the home operator no matter where the subscriber is. Solution 
b) has a relatively simple user interface and does not require 
a change of SIM when a new partner network is added. 
Solution a) however, can simplify billing (since the FPMN 
IMSI is used in FPMN network), and extend roaming cover 
age including international and national roaming, since the 
roaming relationships are pooled together by the multiple 
IMSIs or networks. 

Architecture: Physical Location of the Signaling Gateway 

0283. In the following description, numerous specific 
details are introduced to provide a thorough understanding of 
and enabling description for, embodiments of a Signaling 
Gateway method and apparatus with a MIMM service. One 
skilled in the relevant art, however, will recognize that the 
Signaling Gateway method and apparatus can be practiced 
without one or more of the specific details, or with other 
components, systems, etc. In other instances, well-known 
structures or operations are not shown, or are not described in 
detail, to avoid obscuring aspects of the Signaling Gateway 
method and apparatus. 
0284 Embodiments of the method and apparatus include a 
Signaling Gateway, or Signaling Gateway function. In one 
embodiment, the Signaling Gateway function is a combina 
tion of a SCCP node and a ServiceNode. Referring to FIG. 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 require 
ments, the Signaling Gateway 100 is shown at the HPMN. 
0285. The Signaling Gateway 100 includes an HLR, a 
VLR, an SMSC, a ServiceNode, and a GMSC. The Signaling 
Gateway 100 has access to a database 106 which stores infor 
mation including information, including MSISDN-H. 
MSISDN-F, out-roamer information, and GT mapping per 
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FPMN. The Signaling Gateway 100 also communicates with 
multiple SS7 nodes such as SS7 nodes 102 and 104. 
0286 Whichever entity, or network operator partner, is 
hosting the Signaling Gateway 100 carries most of the logistic 
loads. For those partners that do not host the Signaling Gate 
way 100, routing configurations are used to send ISUP calls 
(possibly over dedicated leased lines) to the HPMN network 
and to direct MAP and TCAP (e.g. INAP) signaling to the 
Signaling Gateway 100 across countries. 
0287. In various circumstances, it may be desirable for the 
FPMN to hosta Signaling Gateway 100. The Signaling Gate 
way 100 is involved when the IMSI-F is used to register a 
network, or when the MSISDN-F is queried. Hosting the 
Signaling Gateway 100 at the FPMN seems a natural choice 
because the Signaling Gateway 100 emulates a FPMN net 
work element when the IMSI-F is used to register a network. 
In this situation, an explicit agreement of the FPMN facili 
tates checking of billing records by the HPMN or the FPMN. 
(0288. The objectives of the MIMM service can affect the 
location of the Signaling Gateway 100. For example, if an 
important objective is to increase roaming coverage (national 
or international) by leveraging partner networks, then the 
Signaling Gateway 100 is better located in the partner net 
work that has the largest roaming relationships. However, if 
an important objective is to provide local phone number Ser 
vices that involve minimal logistics of partner networks, the 
HPMN should be the entity hosting the Signaling Gateway 
100, since HPMN is the entity that offers the MIMM service 
to its own subscribers. 

0289. In a group environment, MIMM services can be 
offered centrally at a headquarters. For example, to offer 
MIMM services for SingtelTM group, Sing telTM can host the 
Signaling Gateway 100, although its partners have their own 
administration interface for their own MIMM subscribers. 

0290 For the example embodiments described herein, it is 
assumed that the Signaling Gateway 100 is hosted at the 
HPMN unless otherwise indicated. The basic signaling of the 
architecture is similar irrespective of the location of the Sig 
naling Gateway 100. The responsibility for logistics, how 
ever, shifts more towards the hosting PMN when hosting 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 

0291. An embodiment of a network architecture 200 for 
Supporting a MIMM Service, including a Signaling Gateway 
100, is shown in FIG. 2. As shown in FIG. 2, a Signaling 
Gateway 100 connects to GMSC-H for Signaling with Voice 
loop-back at the GMSC-H. The GMSC-H is also connected to 
the FPMN through a leased line that is provided by an ISC. 
This leased line is used to carry SS7 signaling as well as voice 
traffic for Multiple MSISDN subscribers. The Signaling 
Gateway is also responsible for generating Call Detail 
Records (CDRs) that are used to enable special billing of calls 
and SMS messages for the Multiple MSISDN subscribers. 
0292. Due to the possible SS7 version differences on the 
leased line, the HPMN might need to arrange with a vendor 
and/or an ISC to provide a SS7 converter. The leased line is 
used to route calls, and their associated ISUP signaling, that 
involve a call path between FPMN and HPMN. The leased 
line also provides the signaling path for SCCP routing on any 
MSISDN-F Global Title (GT). 
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0293. The Signaling Gateway function is present only in 
the HPMN, and need not be installed at FPMN or any other 
VPMN. Hence, the Signaling Gateway imposes minimum 
operations load on the FPMN. 

Architecture: Signaling Gateway Internal Architecture 
0294. In one embodiment, as illustrated in FIG. 3, the 
Signaling Gateway 300 consist of two or more Signaling 
Gateways. In one example configuration, each Signaling 
Gateway is implemented on a Sun SolarisTM platform. Each 
Signaling Gateway hosts up to four DataKinetics SeptelTM 
boards, or DK boards 302, each of which has four E1 inter 
faces. 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) is for processing ISUP loop 
back messages. 
0295) A watchdog process 308 oversees the states of each 
of the application instances 304 and 306. Whenever an appli 
cation 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 stop 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 first restarts the application instances of all 
application protocols before restarting the SS7 stack on each 
DK board 302. 
0296. 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 transient, 
information 312. 
0297. The Signaling Gateway 300 also includes an SNMP 
agent and MIB (not shown). The Signaling Gateway 300 
allow SCCP GTT configuration interface 314 and include an 
MTP3 routing table. An OA&MP interface 316 is a web 
interface that allows operators to provision new customers 
and to perform other maintenance functions. 

Architecture: Signaling Gateway Internal Architecture: Per 
sistent and Transient Data 

0298 Persistent data 310 and transient data 312 are further 
illustrated in FIG. 4. There are many types of persistent data 
which are maintained in memory before they are written to an 
OracleTM database (DB). In one embodiment, for high-avail 
ability, redundancy Support, and best performance, the 
OracleTM DB best resides in a separate physical box from the 
Signaling Gateways. 
0299 The memory further acts as a cache for a Signaling 
Gateway database (e.g., database 106 of FIG. 1). A database 
server may also have another level of cache which hosts a 
copy of the memory data in the Signaling Gateway and acts as 
a shared memory to the Signaling Gateway. 
0300 Subscriber Data 402 in the Signaling Gateway is 
provisioned by an operator via a web interface or stored 
procedures. The Subscriber Data 402 includes an HPMN 
MSISDN-H number, an IMSI-H, an IMSI-F, and any FPMN 
MSISDN-F number. The Subscriber Data 402 also includes 
several flags. An MSISDN-Fi forward call flag is to enable/ 
disable call-re-routing when the subscriber is called on the 
MSISDN-F but is not registered in the FPMN network. The 
MSISDN-Fi CF flag enables/disables call-re-routing to any 
call forwarding value (e.g. Voicemail) when the Subscriber is 

Nov. 27, 2008 

called on the MSISDN-F but not registered in the FPMN 
network and not reachable for 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 # for 
ward default number flag enables/disables call-re-routing to 
an operator controlled default number (e.g. FPMN announce 
ment 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 subscribers so as to avoid paying IDD call-rerout 
ing. Also in all of these cases, CFU for MSISDN-F is disabled 
when any of the three flags is set. 
0301 An FTN-no-change flag allows a subscriber to have 
the option to directly route the late call forwarding call to the 
FTN without being replaced by a virtual FTN to cause the call 
to be routed through the Signaling Gateway. 
0302 Roamer information 404 for a subscriber is created 
when the MIMM subscriber successfully registers with a 
FPMN network. Roamer information 404 includes a VMSC, 
aVLR and other information (e.g. forwarding values) that are 
collected from both the VLR during updateLocation and the 
HLR (e.g. Camel and GPRS info) during insertSubscriber 
Data. In particular, roamer information 404 contains the 
assignment of a FTN-F pool it to each conditionally for 
warded FTN value. The roamer information data 404 is ini 
tially maintained in the memory and/or disk before it is sent to 
an OracleTM DB (in one embodiment) only after a successful 
registration. 
0303. The roamer information 404 is removed upon 
receipt of a cancellation from the HLR. However, before this 
is carried out, a copy of the information is sent to a roamer 
information history DB 406. This is used to examine the 
MIMM subscriber roaming behavior, etc. for reporting pur 
poses. 
0304. An Optimal Routing DB408 contains the network 
information relating to whether calls on the MSISDN-F num 
berranges can be optimally routed based on the interrogating 
MSC/GMSC address, and the destination VMSC address. 
This information is maintained by the HPMN operator via a 
web interface or stored procedures. 
0305. A Call Context DB 410 maintains the current ISUP 
loopback call (including forwarding) context of a MIMM 
Subscriber. The context is maintained in the memory and is 
cleared as soon as a call is released/aborted. There is also a 
flag set to indicate when 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. 

(0306 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 map 
ping of a dedicated HPMN number to the current assigned 
MSRN-F number obtained by the Signaling Gateway from 
VLR-F to establish the call. The GMSC-H sets up the call to 
MSRN-F over the leased line through GMSC-F. 
(0307. The FPMN # pool 414 contains the pool of dedi 
cated FPMN numbers assigned by the Signal gateway func 
tion to ensure the call from the FPMN will be routed over the 
leased line to GMSC-H, which will then loopback the call 
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through the Signaling 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/ 
VLR-F to establish the call. 
0308. The FTN # pool 416 contains the pool of dedicated 
FPMN numbers assigned by the Signal gateway function for 
a conditionally forwarding value for a MIMM subscriber in 
the FPMN to ensure the late forwarded call will be routed over 
the leased line to the GMSC-H which will then loopback the 
call through the Signaling Gateway when the subscriber is 
registered in the FPMN and called by the MSISDN-F/ 
MSISDN-H number. 
0309 The FPMN# pool 414 and the FTN # pool 416 can 
share the same dedicated FPMN numbers. The FTN # pool 
416 can be eliminated if the FPMN supports OCN capability. 
0310. The CDR data 420 contains the call detail records 
for all the ISUP calls that have been looped through a Signal 
ing Gateway. Other than the standard parameters, a CDR 
record will contain which VMSC/GMSC the call originated 
from, what destination VMSC/VLR/MSRN for the call, and 
what pool type and number has been used for the set up of the 
call. 
0311. The transaction mapping 418 contains the mapping 
of the TCAP transactional dialog of the Signaling Gateway 
function with the calling GT on one side and the TCAP 
transactional dialog of the Signaling Gateway function with 
the called GT on the other side. This is further illustrated in 
FIG. 5. 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 cor 
responding 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 called 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. 
0312 However if there is a unique SG GT for each calling 
GT from the initiating operation of the transaction, the trans 
action can then be relayed across the called side. Therefore 
the transaction ID mapping is understood as a logical map 
ping. Depending on the actual implementation choice, the 
physical mapping might involve the same transaction ID 
(since the calling GT could be made unique with a unique SG 
GT that corresponds to initiating entity of operation of a 
transaction). 
0313 To make the description clearer, we have used a 
different logical SG GT to correspond to each different net 
work element in the call flows, or signal flows, shown herein 
to represent a signal gateway global title. The actual physical 
SG GT used varies according to the implementation choices. 
It can even be just the original network elements. For 
example, SG-VMSC might be physically just the VMSC 
itself. 

Architecture: Signaling Gateway Internal Architecture: 
Deployment Topology 

0314. As stated, one embodiment of the Signaling Gate 
way function in the HPMN is implemented in two physical 
Signaling Gateways. Each of the two physical Signaling 
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Gateways is connected to a GMSC-Husing SS7 links for both 
SS7 as well as ISUP signaling. One embodiment involves 
using ISUP loop-back signaling (only ISUP signals are sent 
to the Signaling Gateway while Voice trunks are looped back 
at the GMSC-H) to handle ISUP calls for billing and call 
control. This avoids voice trunks being hauled all the way to 
the Signaling Gateway, and uses the spare port capacity 
already provisioned on the Switch. 
0315 FIG. 6 is an illustration of one embodiment of a link 
configuration of GT and SPC. Each Signaling Gateway is 
assigned two Signal Point Codes. One (SPCO) is common 
across both gateways and one is unique to itself (SPC1 and 
SPC2). Each gateway is also assigned a distinguishing Global 
Title, GT1 and GT2 respectively. 
0316 The 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. 
Each 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 Gate 
ways also have a common SPC (SPCO), the GMSC1-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 link can participate in more than one 
linkset. Each signaling link can contain both MAP and ISUP 
signaling. 
0317. An alternative non-cross-connect configuration is 
shown in FIG. 7. To achieve an active/active load-balancing 
mode, map messages routed on MGT can still be mapped into 
either gateway via SCCP translation at each GMSC-H. How 
ever if the SCCP configuration does not support nested mode 
Such as (Active/Active)/Passive, then one cannot configure 
GTT to fall back on the real HLR when the gateway function 
goes down. However, it is possible to configure the GTT at 
each GMSC in such a way that the direct-connected gateway 
is the Active SCCP entity, while the real HLR for the MIMM 
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 solve the fail-over case since if one 
gateway goes down, and the MGT-based MAP messages 
reach the direct connected GMSC, the real HLR will takeover 
even though the other Signaling Gateway is still alive. 
0318 For ISUP loopback signaling it is possible to loop 
through the GMSC to a non-direct connected node via the 
other GMSC using MTP3 routing. To support partial fail 
over, each GMSC configures two alternate linksets for its 
loopback circuits. The primary link set for each GMSC is the 
one directly connected to a Signaling Gateway. The alternate 
link set is the one connected to the other gateway via the other 
GMSC. 

0319. The cross-connect configuration for MAP is recom 
mended. For ISUP loopback, both configurations are recom 
mended. 

0320 When the HPMN has more than two GMSCs, all the 
above configurations work well. The additional GMSC is 
configured to route calls on numbers from different pools in 
the Signaling Gateway function to the two GMSCs in the 
cross-connect set-up. The MTP3 routing table and GTT trans 
lation on different GMSCs are also modified to reach the 
Signaling Gateway function. 
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Architecture: Signaling Gateway Internal Architecture: 
SCCP Addressing, ISUP Trunk Routing and Transformation 
Capabilities 
0321 One of the functions of the Signaling Gateway is 
performing Signaling Connection and Control 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 including multiple 
ISC SCCP gateways is illustrated in FIG. 8. The Signaling 
Gateway uses SCCP Global Title based routing to route/re 
route messages through the GMSC to which it is connected. 
TCAP (ITU-T Q.773 compliant) and MAP messages (MAP 
v1, v2 and v3 as documented in ETSI GSM 09.02) are 
decoded and certain fields transformed (as required on a 
case-by-case basis). The specific transformations are 
described in individual scenarios later in the document. 
0322. With reference to FIG. 8, the GMSC-H in the 
HPMN also configures its GTT function to route MAP mes 
sages on global titles of the MIMM subscribers through the 
Signaling Gateway function. 
0323. At the GMSC-H, routing on GT for each E-214 
MGT-H range of the MIMM subscribers that correspond to a 
HLR will not go through the Signaling Gateway. However, 
GTT routing on MGT-F of MIMM subscribers registering 
with IMSI-F on a network will need to go through the Sig 
naling 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 load-balancing and 
fail-over Support across gateways. When both Signaling 
Gateways break down, the MIMM subscriber is simply 
reduced to a normal subscriber. 
0324 MAP messages on CdPAMGT-H of the MIMM 
IMSI-H are routed as normal messages as HPMN roamers 
when IMSI-H is used to register a network. That is, they can 
go to the existing ISC providers and get routed in a normal 
way to the HPMN as a roaming subscriber in a visiting net 
work. No special configuration on FPMN GMSC-F is 
required for CdPAMGT-H. 
0325 However, MAP messages on CdPA=MGT-F of the 
MIMM IMSI-F are routed as normal messages to the FPMN 
first when the IMSI-F is used to register a network. These 
messages should then be redirected to the HPMN network. 
Configuration on the FPMN GMSC-F enables the 
CdPAMGT-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 HLR. On response from the HLR, the Signaling 
Gateway also translates the MSISDN-H to MSISDN-F. 
0326. The Signaling Gateway therefore essentially act as a 
proxy to the real-network elements in dealing with interac 
tions between the HPMN network elements and the VPMN 
network elements. However because the HPMN HLR 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 Signal 
ing Gateway has two types of GTs. One type is the HPMN 
GT, which is what the FPMN VLR will know. The other type 
is the FPMN GT which is what the HPMN HLR will know 
when the MIMM subscriber is registered at a the FPMN. 
0327 If there are multiple FPMNs involved, each Signal 
ing Gateway will have its own corresponding FPMN GT for 
each FPMN. If the procedures at the HLR only depend on 
whether the subscriber is outside the HPMN or not, a pseudo 
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non-HPMN GT might be used by a Signaling Gateway for all 
FPMNs as long as the HLR procedures will regard such a 
pseudo GT as a roaming GT. 
0328. If the HLR procedures can be configured based on 
VLR GT ranges, then there is no need to assign two types of 
GTs (HPMN and for FPMN), to a Signaling Gateway. The 
HPMN GTs of the Signaling Gateways are simply regarded 
as roaming GTs by the HLR procedure configuration. As a 
result, for a Signaling Gateway, its FPMN GT will be the 
same as its HPMN GT. For example, to support national 
roaming, a HLR is 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. 
0329. 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 FPMN type of GT for the 
Signaling Gateway function for the FPMN network. 
0330. To support the general case, the architecture and 
system also support a configuration to enable FPMN GT 
support for the Signaling Gateway function per FPMN. In this 
case, when the Signaling Gateway function imitates a FPMN 
VLR, it will present its FPMN GT that corresponds to the 
FPMN to the HPMN HLR. When the Signaling Gateway 
function imitates a HPMNHLR, it will present its HPMNGT 
to the VLR-F or SGSN-F. In this way, the HPMNHLR can 
then decide the right procedure to apply. When the HPMN 
HLR responds or initiates a dialog with the FPMN GT asso 
ciated with a Signaling Gateway, the GMSC must route it to 
the corresponding Signaling Gateway. 
0331 When the subscriber registers with a FPMN net 
work, 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-HGTT 
translates the SMSC-S-H to the SPC0 of the Signaling Gate 
way. The Signaling Gateway determines if it needs to change 
the sending number MSISDN-F to MSISDN-H. 
0332. However, when the HLR-H receives SRI-SM 
(MSISDN-H), SMS messages will be forwarded to wherever 
the HLR-H indicates; then when the MIMM subscriber reg 
isters at a FPMN, the Signaling Gateway can present one of 
the following three options. 

0333 1. Signaling Gateway HPMN GT to a HPMN 
HLR for VMSC and SGSN imitations: 

0334 2. Signaling Gateway FPMN GT to a HPMN 
HLR for VMSC and SGSNimitations in which case, the 
FPMN STP is configured to translate the FPMN GT in 
CdPA to the HPMN GT of the Signaling Gateway; the 
FPMN GT for VMSCFSGSN and the FPMN GT for 
VLR might also be required to be in the same prefix in 
some FPMNs (e.g. China Mobile); or 

0335 3. GT of the VMSC-F and SGSN-F are passed 
transparently to the HPMNHLR without any change. 

0336. Since the IMSI-F and the MSISDN-F are provi 
sioned at the Signaling Gateway on the HPMN side, special 
SCCP routing is constructed from the FPMN side, and pos 
sibly from the HPMN side, also (e.g. in the case of optimal 
routing). 
0337 There are at least three ways to route MAP messages 
on CdPA=IAM-F or IMSI-F/MGT-F and MSISDN-F. The first 
two use the existing ISC. 
0338. One way to route MAP messages configures 
GMSC-F/STP-F GTT function on each MSISDN-F/MGT-F 
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(for IMSI-F) range to translate the CdPA-MSISDN-F/ 
MGT-F into the Signaling Gateway function (common GT) 
GTO as the CdPA field with Routing Indicator-GT. The GTT 
translation for GTO will be the SPC of the ISCSCCP gateway. 
The rest of the SCCP routing is supported by the ISC in the 
normal way. 
0339. In another way, GMSC-F/STP-F simply configures 

its GTT function on each MSISDN-F and MGT-Frange 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 to the 24 bit SPC format of the FPMN side; while 
the other conforms to the 14-bit SPC format of the ITU-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 CdPA-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 
on global title of MSISDN-F and MGT-F range. GMSC-H 
does the final translation into a routing indication on SPC/ 
SSN as shown in the above GTT configuration of FIG. 8 at 
GMSC-H. 
0340 Yet another way involves routing MAP messages on 
MSISDN-F/MGT-F ranges over the dedicated leased line 
used to route calls between GMSC-F and GMSC-H for the 
MIMM service. To provide the special tariff for MIMM sub 
scribers and avoid an IDD charge, HPMN and FPMN set up 
a dedicated leased line between GMSC-F and GMSC-H. By 
routing MAP messages on CdPA-MSISDN-F/MGT-F on the 
dedicated leased line, the HPMN can avoid configuring GTT 
changes on the existing ISC gateways. While the ISC provid 
ers can offer routing and trunking as well as SS7 conversions, 
the HPMN also gets an SS7 conversion over the leased line. 
(0341 Similarly, GMSC-F configures its ISUP trunk rout 
ing table to route all calls on the special range of FPMN 
numbers (denoted by HMSISDN-F) allocated for the MIMM 
service towards an ISC carrier (dedicated or existing one). 
This is illustrated in FIG.9. The ISC carrier routes these calls 
towards the GMSC-H. 

Architecture: Signaling Gateway Internal Architecture: Ser 
vice Node Capabilities 
0342 Service Node Capabilities are required to generate 
CDR for voice calls and Mobile Terminated SMS. This CDR 
is used for appropriate rating, providing discount/rebate, bill 
ing and settlement etc. between the HPMN, FPMN and the 
MIMM Subscriber. 
0343. The Signaling Gateway supports at least two types 
of interfaces, including the ISUP loopback interface, and the 
IN interface. 

Architecture: Signaling Gateway Internal Architecture: Ser 
vice Node Capabilities: ISUP Loopback Interface 

0344 As mentioned before, the Signaling Gateway has the 
capability to terminate and generate ISUP signaling. How 
ever, it does not have Voice ports, and loops-back Voice ports 
at the GMSC by controlling circuit allocations at the GMSC. 
(0345. As illustrated in FIG. 10, ISUP loopback circuits are 
constructed at GMSC-H by configuring two E1 ports as loop 
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back circuits. For example, in one embodiment, the 1-30 
range of circuit IDs 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 so on. 
0346 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 Signal 
ing Gateway function. 
0347 The Signaling Gateway can also modify the calling 
parameter in addition to the called parameter in Some cases 
for ISUP loopback calls. When the MIMM subscriber is 
called by the subscriber's FPMN number in the FPMN coun 
try when the subscriber is in the HPMN/VPMN network, the 
A party number will be modified by the Signaling Gateway to 
add an international prefix (e.g. +86 in China) after the 
national prefix is stripped (e.g. 0 in China). This allows the 
called party to easily call back. Since all the ISUP loopback 
calls will also go through the leased line of an ISC carrier, it 
is possible to for the ISC carrier to perform this function. 
However, it is recommended to perform this function in the 
Signaling Gateway to avoid costs and possible ISC compli 
cations. 
0348 Loopback circuits double the circuits used in setting 
up a call looped through the GMSC-H with signaling via the 
Signaling Gateway function. Routing through loopback cir 
cuits should be carefully filtered. The different ranges of 
numbers from different pools of the Signaling Gateway func 
tion are configured to use loopback circuits at the GMSC-H. 

Architecture: Signaling Gateway Internal Architecture: Ser 
vice Node Capabilities: IN Interface 
0349. As mentioned before, the Signaling Gateway also 
supports an IN interface. An IN interface can be more desir 
able than an ISUP loopback, since the IN interface does not 
incur double Voice trunking, or any voice trunking. However, 
the switch must support IN, which is often not the case. 
Sometimes an operator is also unwilling or unable to deploy 
an IN solution due to possible feature interactions and switch 
vendor involvement. 
0350. Throughout the document, we will use ISUP loop 
back 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 FIG. 11. 
0351. 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 RequestReportBCSM 
(RRB) to report on call events, CONNECT (CON) to a new 
number, and CONTINUE (CUE). 

Architecture: Signaling Gateway Internal Architecture: 
Redundancy and Availability of Service 
0352 Carrier-grade systems require extremely high levels 
of network uptime. A typical requirement in many systems is 
to eliminate single points of failure in SS7 links, SS7 boards, 
and system chassis. Furthermore, systems require the ability 
to perform hardware and Software upgrades without system 
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downtime. There are also redundancy requirements on Soft 
ware applications, data storage, power Supplies etc as listed 
below. 
0353 Redundancy in signaling data links (e.g. nominated 
reserves or Switched connections); 
0354 Redundancy in signaling terminal devices (e.g. a 
common pool of terminals for the same signaling point); 
0355 Redundancy of signaling links within a link set 
(typically operating with load sharing); 
0356 Redundancy in signaling routes for each destination 
(possibly operating with load sharing); 
0357 Redundancy in signaling boards: 
0358 Redundancy in power supplies; 
0359 Redundancy in software application instances; 
0360 Redundancy in data storage; 
0361 Redundancy in LAN connection; and 
0362 Redundancy in watch dogs. 
0363. 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 com 
pletely 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 rep 
licate 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. 
0364 While such a design might be recommended for 
core telecommunications services such as Voice call and 
SMS, the design could be overkill for the MIMM service. The 
failure of the Signaling Gateway function at worst reverts the 
MIMM subscribers back to a normal home subscriber service 
(local or roaming). 
0365 Given the prohibitive cost nature of the switch 
design (in millions of US dollar range), another proposed 
implementation includes placing the Signaling Gateway 
function in a server farm. For example, a basic set up as 
illustrated in FIG. 12 consists of two Signaling Gateway 
servers performing the Signaling Gateway function and a 
database server that acts as the shared memory and shared 
disk for the two gateways. 
0366. There are at least two basic configurations for an 
operator depending on the NEBS requirement. One is based 
the Sun NetraTM family which is NEBS compliant, the other 
is based on Sun FireTM family. In either cases, four servers can 
be used. In the Sun NetraTM case, two NetraTM 20 run the 
Signaling Gateway function while two NetraTM T 140 will 
host the OracleTM DB with replication support. In the Sun 
FireTM case, two Sun FireTMV480 run the Signaling Gateway 
function and two Sun FireTMV480 host the OracleTM DB with 
replication Support. 
0367 The NetraTM20 has four PCI slots and up to UltraS 
parcTM III 2*900 Mhz CPU and up to 16 GB RAM. It is 
designed to achieve high performance for the Signaling Gate 
way function. It has AC and dual DC power options and up to 
2*36 GB disk. NetraTM 1405 has up to 4*440 Mhz CPU, up to 
8G RAM but up to 4*36 GB hard disk and hot swappable 
(n+1) AC and DC power options. Netra 1405 is chosen for DB 
server for its high reliability and hot swappable n+1 power 
Supplies. 
0368. The Sun FireTMV480 server is configured with up to 
4*900 MHz. UltraSPARCTM III Cu processors with 8 MB of 
cache per processor. The Sun FireTMV480 server supports up 
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to 32 GB of memory. All memory is accessible by any pro 
cessor. The Sun FireTMV480 server also comes with a DVD 
ROM drive, two hot-swappable (N+1) AC and DC power 
options, two hot-pluggable Fibre Channel disks, two inte 
grated 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*36 GB disk. The database server has up to 16 
GB-RAM and 836 GB disk. 

0369 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. 
0370. When a Signaling Gateway looks for data, it first 
looks at its own memory data. If the desired data is not found 
in the Signaling Gateway Memory, the Signaling Gateway 
looks for it in the shared memory on the DB server. The data, 
once found, is cached in the Signaling Gateway's memory. 
The DB server loads the data into its memory if the data is in 
DB, but not in the memory. The DB server's disk is also 
configured in a mirrored disk structure for data redundancy. 
One configuration of databases in relation to Signal Gateways 
is shown in FIG. 13. 

0371. When a Signaling Gateway's memory data record 
has changed, a copy is made to the DB server. This is an 
option to support full fail-over if necessary. If the DB server 
already has a copy from the Signaling Gateway, nothing will 
be done. However, if the DB server last had a copy from 
another gateway, the DB server will inform the other Signal 
ing Gateway to remove its copy or mark its copy for renewal. 
This is to avoid potential data consistency problems in a load 
balancing mode with full fail-over support. 
0372. Whether or not copying of the Signaling Gateway 
memory data into the shared memory occurs, at the end of a 
transaction (e.g. location update) of a Signaling Gateway, 
data of persistent type (e.g. roaming information, CDR etc.) 
are copied to the shared DB server. 
0373) If one Signaling Gateway fails, the other gateway 
can still function by accessing the shared DB server. The 
redundancy of the DB server is maintained separately and is 
implemented on a high-availability machine such as NetraTM 
T 1405 or Sun FireTM V480 which have 3 AC and 3 DC hot 
swap-able power supplies. The DB server will also have a 
high memory space 8-32 GRAM to support shared memory 
for both gateways. 
0374. In the unlikely event of a database server failure, the 
Signaling Gateway function ceases to function (all protocol 
stacks are automatically shut and all apps stop until a DB 
connection can be established) and essentially constitutes a 
failure of the Signaling Gateway function. In this case, nor 
mal HLR function will take over. However the shared data 
redundancy can be supported by having another replicated 
DB server with OracleTM redundancy/fail-safe and transpar 
ent application failure Support in stand-by mode. 
0375. One embodiment of the architecture uses OracleTM 
Net or Net 8 for transparent application failure (TAF). The 
configuration Supports transparent fail-over across multiple 
instances of DB on different ports of the same machine or 
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across machines. Connect time fail-over using multiple 
addresses in a TNSNAMES.ORA configuration is shown in 
FIG 14. 
0376. This configuration also supports load-balancing and 
activefactive fail-over as further illustrated in FIG. 15. 
0377. In one embodiment, the OracleTM fail-safe with TAF 
architecture for an operator in active/standby mode is recom 
mended, since the failure of the DB server will render the 
Signaling Gateway function completely useless. Standby 
mode is chosen since replication might not be fast enough for 
normal cases of Signaling Gateway functions, although it is 
acceptable for exceptional cases (e.g. a fail-over Switch). In 
this architecture, each Signaling Gateway opens a DB con 
nection with the primary DB server which replicates data to 
the standby DB server. This is illustrated in FIG. 16. 
0378. In the event of failure of the primary DB server (so 
connection error and an alarm will be generated), each gate 
way will open up a DB connection with the standby DB 
server. When the original primary DB server is completely 
restored, it can become the primary server again. This process 
is automatic. Service will not be interrupted. OracleTM Enter 
prise edition, or similar, which Supports fail-safe, transparent 
application fail-over and replication is thus recommended. 
0379 The original standby server (now the new primary 
server) is manually configured to synchronize with, or repli 
cate to, the new standby server (the original primary server). 
If during the restoration process of the original primary 
server, the new primary server also goes down, then the whole 
system fails. There is then another alarm, and no SS7 mes 
sages will be accepted. Normal HLRs take over. 
0380. The fail-over of the DB connection to the standby 
server usually takes less than thirty seconds. The restoration 
of the primary server is only restricted by the hardware recov 
ery (e.g. system reboot) rather than by the OracleTM DB 
recovery, which only takes about a couple of minutes. How 
ever, restoration of data from the backup server to the primary 
server could take about ten minutes. Historical data replica 
tion can be done separately in the background. 
0381. When both DB servers are down, each Signaling 
Gateway completely shuts down the protocol stacks to reject 
all SS7 messages. The applications will not proceed until DB 
connections are re-established. Only after that, protocol 
stacks and SS7 connections will open again. 
0382 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. 
0383. 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. 
0384 Apartial fail-over support for a service is defined as 
a current service interruption occurring when the gateway 
initially chosen to handle the service fails, while a new service 
is handled by the still-alive gateway. 
0385 Each Signaling Gateway has at least four PCI slots 
(one 33/6.6 MHz and three 33 MHz) for peripheral 10 cards. 
The SS7 interface cards are housed in these slots. Each server 
has two disks of 36 GB each. They are configured in mirrored 
mode and hence provide high resilience. 
0386 Referring briefly again to FIG. 6, two GMSC-H are 
used to cross-connect with two physical Signaling Gateways. 
As mentioned before, each gateway has its own distinguish 
ing Global Title (GT) (GT1 and GT2), and distinguishing 
SPC (SPC1 and SPC2). Both gateways also have a common 
SPC (SPCO). Link-level redundancy is achieved by using 
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linksets which in Some cases span across both gateways as 
mentioned in the deployment topology section above. 
0387 Let us now consider ISUP call fail-over handling. 
Depending on the fail-over requirements, different link sets 
will be configured at the GMSC-H for non-associated signal 
ing for the ISUP loopback calls. For example, if full fail-over 
is desired, then the 4-link linkset that spans across 2 physical 
gateways will be used for a GMSC-H's non-associated ISUP 
signaling. If partial fail-over is acceptable, then the two 2-link 
linksets that do not span across the two physical gateways can 
be used. 

(0388 To reduce the cost of ISUP loopback circuits, the 
Signaling Gateways can all be connected to one GMSC-H. 
FIG. 17 is a diagram of one possible configuration. 
(0389 ISUP loopback circuits are constructed at GMSC-H 
by configuring two or more pairs of El ports as loopback 
circuits. For example, the 1-30 range of circuit IDs of the first 
E1 is mapped correspondingly to the 33-62 range of circuit 
IDs of the second E1. 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 loopback calls, depending on dimension 
ing requirements. 
0390 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 Signal 
ing Gateway function using two alternate links sets with 
SPC1 and SPC2 as the adjacent SPC respectively in the case 
of partial fail-over support. IfGMSC 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 between the GMSC-H 
and SPC0 can be used. However, call context should be cop 
ied to the shared memory of the DB server by each Signaling 
Gateway. 
0391 To ensure data consistency, each time a shared 
memory of the DB server obtains a copy from a Signaling 
Gateway that differs from lastgateway, the DB server informs 
the last gateway to remove its copy. For example, during an 
ISUP loopback call, signaling might first come in one gate 
way where call context will be created and copied to the 
shared DB server. It might later go to another gateway which 
would need to load in the call context from the shared DB 
server. The copy of the other server must be removed to 
ensure data consistency. However this could introduce a rac 
ing condition since the next message could go back to the 
original gateway faster than its call context being removed. To 
avoid this potential problem for ISUP signaling, each Signal 
ing Gateway should attempt to load the latest data from the 
shared DB server. 

0392. Since ISUP signaling runs over the same linksets as 
MAP signaling between GMSC-H and the Signaling Gate 
way function, in the case of full fail-over support, ISUP 
signaling can also be Switched physically between two sig 
naling gateways. Calls are Switched to the second Signaling 
Gateway when the first Signaling Gateway fails for some 
reason. In this way, calls can continue as if nothing had 
happened. 
0393. In both cases, however, to protect against unex 
pected failures on both nodes and to prevent fraud, ISUP 
signaling through the gateways are monitored periodically to 
produce a temporal CDR duration every X seconds (e.g. 6 
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seconds), where X is configurable. In this way, call durations 
can be accurate at least within the boundary of X seconds. 
0394 However, unlike MAP signaling in which a Signal 
ing Gateway can be addressed by its distinguishing global 
title for subsequent interactions of a MAP transaction once 
the gateway is chosen in a fail-over or load-balancing initially, 
the ISUP signaling 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, copying of call context 
into the shared memory data space of the DB server by each 
Signaling Gateway should occur. 
0395. If the partial fail-over is acceptable (this is recom 
mended 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 ISUP signaling between GMSC-H and the Signaling 
Gateway function will be two alternate linksets (instead of 
one across both gateways) using the distinguishing SPC of 
each gateway in primary and secondary mode. So if the gate 
way that accepted the initial ISUP signaling fails, the current 
calls is dropped. However for new ISUP loopback calls, the 
second gateway will be used. 
0396 Note that when a linkset associated with a circuit 
call completely fails, MTP2 level at GMSC-H of the ISUP 
loopback calls will inform the higher level ISUP level 
which will bring the circuit down. This avoids the case where 
a call could continue indefinitely when the Signaling Gate 
ways are all down. 
0397 Next we consider SCCP signaling fail-over support. 
With reference again to FIG. 7, at GMSC-H, routing on GT 
for each E-214 MGT-H range of the MIMM subscribers that 
correspond to a HLR does not go through the Signaling Gate 
way. However, GTT routing on MGT-F of MIMM subscrib 
ers registering with IMSI-F on a network, goes through the 
Signaling Gateway. The SPC of the GTT translation on 
IMSI-F and MSISDN-F is the common SPC (i.e. SPCO) of 
both Signaling Gateways. This effectively achieves an active/ 
active load-balancing and fail-over Support across gateways. 
When both Signaling Gateway break down, the MIMM sub 
scriber is simply reduced to a normal subscriber. 
0398 MAP messages on CdPAMGT-H of the MIMM 
IMSI-H are routed as normal messages as HPMN roamers 
when IMSI-H is used to register a network. That is, they can 
go to the existing ISC providers, and get routed in a normal 
way to the HPMN as a roaming subscriber in a visiting net 
work. No special configuration on FPMN GMSC-F is 
required for CdPAMGT-H. 
0399. However MAP messages on CdPAMGT-F of the 
MIMM IMSI-F will be routed as normal messages to FPMN 
first when IMSI-F is used to register a network. These mes 
sages are then be redirected to the HPMN network. Special 
configuration on FPMN GMSC-F should be made for 
CdPAMGT-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 HLR. On response from HLR, the Signaling 
Gateway also translates the MSISDN-H to MSISDN-F. 
(0400. 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 configura 
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tion 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 MSISDN-F 
based routing. In the rare condition of the entire system fail 
ing, the MIMM subscribers roam as normal HPMN users and 
can only get home services (calls and SMS etc) on the HPMN 
number, but not on the FPMN number. 
04.01 Unlike the SCCP routing of messages based on 
MGT-F and MSISDN-F as CdPA, the SCCP routing of mes 
sages (e.g. insertSubData from HLR, or ack from a VLR, or 
forwardSMS from a SMSC) towards a GT of a Signal gate 
way at the GMSC-H is configured in an active-standby mode 
in the case of full fail-over support. The primary DPC of the 
translation in this case is the distinguishing SPC correspond 
ing to the HPMN (if towards VLR-F) or FPMN (if towards the 
Signaling Gateway) GT of the Signaling Gateway; while the 
secondary DPC is the SPC corresponding to the HPMN (if 
towards VLR-F) or FPMN (if towards the Signaling Gate 
way) GT of the other gateway. In the event of the targeted 
gateway going down, the second gateway communicates with 
the originating global title using the global title of the first 
gateway. 
0402 For example, with reference to FIG. 18, on receiving 
the VLR-F's Ack to insertSubData from HPMN GT1 of the 
SPC1 Signaling Gateway, GMSC-H switches over to the 
SPC2 of the Signaling Gateway when SPC1 fails. SPC2 
assumes HPMN GT1 as the calling GT when sending Ack to 
updateloc to VLR-F since VLR-F will only accept the update 
Loc Ack if the calling GT is the same one as before in the 
transaction. 
0403. The routing of messages on GT of a Signaling Gate 
way is not based on active/active set up but on active/standby 
setup. This is because the current transaction context is first 
established at the chosen Signaling Gateway when messages 
are routed through the gateway based on MGT and MSISDN 
F. Even if each gateway copies the transaction context as fast 
as it can over 100Mbps Ethernet, it might not be as fast as the 
messages routed on GT of a Signaling Gateway (which could 
be milliseconds). This could create a racing condition (similar 
to the ISUP signaling). When the original gateway is not 
chosen on the current transaction context, the still-alive gate 
way takes longer to load the data from the shared memory. 
04.04 Therefore even in the case of full fail-over support, 
the transaction still goes back to the originally chosen gate 
way 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. 
0405. 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 
server. In the partial fail-over Support case, the transaction is 
simply dropped, an a new call by the original calling SCCP 
entity is issued. 
0406. In general, stand-alone transactions (e.g. PurgeMS, 
non-framed insertSubdData etc) on the GT of a Signaling 
Gateway as CdPA do not need to go back to the gateway, since 
the context from the gateway will have already been copied to 
the shared DB server. However since the chosen GT in CdPA 
of stand-alone transactions is usually the result of a load 
sharing transaction based on MGT and MSISDN-F as CdPA 
(e.g. updateLoc), the stand-alone transactions towards a par 
ticular Signaling Gateway will effectively be load-balanced. 
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0407. It is possible to always set the GT of the Signaling 
Gateway in the MAP content as a common GT between 2 
Signaling Gateways in the case of full fail-over support. This 
would require each gateway to be associated with both a 
distinguishing GT and a common GT. While either gateway 
will have the same GT in the MAP context, the calling party 
or called party is the distinguishing GT of the gateway for the 
new transaction initiated by the Signaling Gateway. For 
example, when the chosen Signaling Gateway, say GT1, 
relays the updateLoc messages to a HLR-H, the calling GT 
will be GT1 but the VLR content in the message is replaced by 
the common GT, GT0. This approach should achieve slightly 
better load-balancing than the approach of a distinguishing 
GT in the MAP content for stand-alone MAP transactions. 
However as mentioned before, since the set of GTs of stand 
alone transactions in CdPA is usually the result of evenly 
distributed transactions on MGT and MSISDN-F, the final 
distribution is still fairly even. The common GT is thus not 
necessary. 
0408. The GTT configuration at GMSC-H does not 
require translation from a global title into another global title. 
The translation capability from a global title to a SPC is 
Sufficient. The GTT configurations does not assume any new 
translation type. Only translation type 0 is used. 
04.09 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 still-live gateway(s). 
0410. For example, if location-update fails as a result of a 
Signaling Gateway failure, the MS/VLR can do a retry which 
will be handled correctly by the still-alive Signaling Gateway. 
Similarly for SMS, if the MT-SMS fails as a result of a 
Signaling Gateway failure, the SMSC-X can initiate another 
transaction (SRI-SM followed by MTSMS) which can then 
be taken over by the still-alive gateway. 
0411 For ISUP loopback calls, when a Signaling Gateway 

fails, with partial fail-over Support, the call simply gets 
dropped. New ISUP loopback calls can be handled by the 
still-alive gateway. 
0412. If IN architecture is used, when a Signaling Gate 
way fails, with partial fail-over Support, the call simply gets 
dropped. New InitialDP requests can be handled by the still 
alive gateway. 
0413 By using the shared memory and shared DB archi 
tecture between load-balancing gateways, the Signaling 
Gateway function is also able to support full fail-over depend 
ing on the racing conditions. However due to the possibility of 
racing conditions, the following are recommended: 
0414 Partial fail-over support for ISUP loopback call; 
0415 Partial fail-over support for MAP transactions; and 
0416 Primary and standby DB servers with replication. 
0417. This means that copying of memory data records 
from the Signaling Gateway function to the database server 
will not be necessary in the case of partial fail-over Support. In 
one embodiment, this copying is an option for the case of full 
fail-over Support. 
0418. 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 
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Gateway, the data is saved into the shared DB server. This 
means that at a later stage where a transaction is initiated by 
a VLR-F (e.g. SS registration, SendAuthentication etc) or by 
a HPMNHLR (e.g. PRN query, FSMS etc), even the Signal 
ing 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). 
0419 For example, if a MIMM subscriber MSISDN-H is 
called when he is registered at FPMN, the HPMNHLR 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 to 
MSISDN-H of a MIMM subscriber at FPMN, the HPMN 
HLR will return the stored Signaling Gateway as VMSC/ 
SGSN where it will receive the forwarded SMS from the 
SMSC. If the storedgateway fails for any reason, the still alive 
gateway can still use the shared DB server(s) to handle SMS 
forwarding. 
0420. As another example, if a MIMM subscriber per 
forms a SS operation when he is registered at FPMN, the 
FPMNVLR-F will query the stored Signaling Gateway (since 
it is the HLR to the VLR-F). If the gateway fails for any 
reason, the still alive gateway can still access the shared DB 
server(s) to handle the transaction. 
0421. Therefore partial fail-over really means ongoing 
transactions will not be handled when the Signaling Gateway 
that was processing it fails. However for completed transac 
tions, full fail-over is supported. Data server redundancy is 
assumed here. 
0422 Referring again to FIG. 3, in addition to the signal 
board redundancy across both gateways, it is also possible to 
have board redundancy within each gateway. Each gateway 
can host one board per PCI slot. Up to six boards are possible 
with the Sun FireTMV-480 family. Each board can distribute 
messages to a pool of user part application instances in a 
round robin load-sharing and fail-safe mode. Whenever an 
instance fails, the watch dog restarts the instance. There is 
also a UNIXTM cron that oversees the watch dog and re-starts 
the watch dog when it dies. The watch dog periodically moni 
tors app instances. When an application instance fails, it is 
automatically removed from the configuration, and further 
traffic is processed by other application instances. After the 
application instance is automatically restarted, the applica 
tion instance can be re-integrated in the platform, without 
interrupting traffic. Similarly, new application instances, 
CPU, memory, and SS7 board(s) can be added as capacity 
requirements increase. 
0423. When all application instances for any SS7 applica 
tion protocol die, the watch dog kills the SS7 stack on each 
DK board before it kills all application instances of any SS7 
application protocol. This forces the GSMC-H to apply SS7 
based switchover. The watch dog then re-starts all application 
instances of all SS7 application protocols before re-starting 
the SS7 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., 
64 kbytes) 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. 
0424. To deal with potential Ethernet failure, two Ethernet 
buses can be configured as shown in FIG. 19. Each machine 
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can have two IP addresses connected to the different segments 
of a LAN. Under normal operation, traffic is shared between 
them. If one fails, all traffic is routed onto the remaining 
Ethernet. The Ethernet buses are also preferably configured in 
a cross-connect manner with HPMN's IP switches. 
0425. In normal operation, all components of the Signal 
ing Gateway function share traffic. This provides major 
advantages over the "standby' approach, in which spare com 
ponents stand idle until primary components fail. For 
example, the spare capacity configured into a platform can be 
used to handle traffic during peak traffic periods. In addition, 
when all the components are functioning, their health can be 
monitored. On the other hand, when spare components stand 
idle, monitoring and preventive maintenance may not occur. 
0426 Each gateway also functions as a VLR-F to HLR-H 
and HLR-H to VLR-F. In the event of both servers going 
down, and records becoming corrupted in the signaling gate 
way, the information is rebuilt using stored information in the 
signaling gateways, HLR and VLR, using GSM MAP mes 
sages. In particular, the Signaling Gateways perform a peri 
odic tape-drive backup. 
0427 Unlike a HLR or a VLR whose corruption or loss of 
data will only trigger either a HLR restoration or a VLR 
restoration but not both, the corruption or loss of Signaling 
Gateway data will trigger restoration at both locations. Res 
toration begins with a restart. After restoring from backup, all 
affected IMSI records set the purged flag and initiate reset 
VLR MAP messages to the list of VLR-Fs recorded by the 
backup. Normal updateLocation procedures will be triggered 
by the VLR-F to automatically establish roaming data in the 
gateways. However, providing a roaming number from 
HLR-H to a Signaling Gateway, forwarding an SMS to 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 desti 
nations VLR-F/VMSC-F/SGSN-F, which can then initiate a 
restore data process. 
0428. In addition, the requirements of optimal routing of 
Late-Call-Forwarding require maintenance of state informa 
tion (mapping between FTN and temporary FTN). Hence, the 
in-memory information is shared across the different appli 
cation servers by copying the data into the shared DB server. 

Logistics 

0429. In one embodiment, the following logistical 
arrangements between the HPMN and FPMN are imple 
mented in the deployment of the MIMM service. 

0430 FPMN reserves one or more sequential blocks of 
FPMNMSISDN-F and IMSI-F to be used by HPMN for 
MIMM subscribers. MIMM service subscribers change 
their SIM cards. The HPMNIMSI-H does not need to be 
in a special range. The MIMM subscribers can still keep 
their old IMSI-H if they wish. The MIMM subscribers 
do not need to change their phone number's MSISDN 
H. 

0431 GMSC-F is configured to route IMSI-F based 
MGT(s) (E.214 Numbering Plan) and MSISDN-F based 
Global Titles (GT based on E. 164 Numbering Plan) to 
the Signaling Gateway. If the Signaling Gateway is 
hosted at HPMN, the MGT-For MSISDN-F based rout 
ing to GMSC-H can use either leased line (if the leased 
line option is required for routing MGT-H and MGT-F 
messages), or global title modification or translation 
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types. The GMSC-F/STP-F/GTT is configured to gen 
erate a MAP Send Routing Info (SRI) message on 
receiving an ISUP with MSISDN-F as the called num 
ber/address. In essence, the Signaling Gateway acts like 
a HLR to the MSISDN-F and IMSI-F for FPMN. 

0432) Depending on where the Signaling Gateway is 
hosted, the hosting PMN reserves four unique PMNGTs 
and one SPC for each Signaling Gateway. If the Signal 
ing Gateway is hosted at HPMN, HPMN should also 
reserve four unique FPMNGTs for each Signaling Gate 
way for each FPMN supported in case the FPMN GT 
option is set. This is to ensure that the Signaling Gateway 
can imitate as a roamer network element. HPMN needs 
to provide also a common Signaling Point Code for all 
Signaling Gateways and map several Sub System Num 
bers SSN-(e.g. 6, 7, 8 etc) to each Signaling Gate 
way. The number four is chosen to represent HLR/SCP. 
VLR, 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 infor 
mation about VLR/VMSC and HLR in current and 
future transactions. 

0433 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-F range to a Signaling Gateways. 

0434 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 late call 
forwarding and call rerouting for MIMM subscribers. 

0435 GMSC-F is configured to route calls on this pool 
of MSISDN-F towards GMSC-H through the leased 
line. 

0436 GMSC-H is configured to route calls on this pool 
using ISUP loopback circuits or IN architecture with 
signaling through a Signaling Gateway. 

0437. 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 and second 
ary mode such that if the leased line is down, the call 
routing can still proceed over normal ISC providers. 

0438 HPMN also provides a pool of MSISDN-H. This 
pool is used by a Signaling Gateway to control call 
rerouting towards FPMN. GMSC-H routes all calls on 
this pool using loopback circuits with signaling through 
a signaling gateway. 

0439 GMSC-H configures IN signaling or ISUP loop 
back circuits which are used on routing all pools of 
numbers via ISUP loopback or INAP IDP. 

0440. If IN architecture is deployed, then IN triggers is 
defined at the GMSC-H to send InitialDP to the Signal 
ing Gateway 

0441. In HPMN, for GT corresponding to FPMN the 
message is routed to GMSC-F through leased line. On 
the FPMN side, if the GT is that of a Signaling Gateway, 
the message is routed via the leased line. This is not 
necessary if the requirement of not changing normal ISC 
routing supersedes this requirement. This is applicable 
only if the leased line option is to be applied to all 
messages. 

0442 FPMNassigns a SPC representing GMSC-H. All 
messages towards this SPC go over the leased line. 
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HPMN also assigns a SPC representing GMSC-F. All 
messages towards this SPC also go over the leased line. 

0443) If existing ISC providers to be used for MAP 
signaling on CdPA-MSISDN-F/MGT-F, GMSC-F con 
figures GTT on CdPA=MSISDN-F/MGT-F in SCCP 
routing to set the next SCCP destination node to the ISC 
providers. The ISC providers configure their GTT on 
CdPA=MSISDN-F/MGT-F to finally route to the 
GMSC-H which routes the messages to a signal gate 
ways. 

0444 Alternatively, GMSC-F/STP-F configures its 
GTT in such a way that for CdPA=MSSDN-F/MGT-F 
translates it to CdPA=HPMN-Common-GT-of-Signal 
GW. The HPMN 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. 

0445. 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 

0446. ISC 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 Sig 
naling Gateway. SS7 variant translation (including ISUP 
and MAP) is performed by a conversion function. 

0447. 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. 

0448. The GMSC-H/STP-H GTT translates SMSC 
S-H to the SPC of a signal gateway 

0449 If IW-MSC is not same as GMSC-F, then IW 
MSC is configured to route messages (in particular MAP 
SRISM) to GMSC-F that in turn routes messages to 
GMSC-H through leased line. 

Roamer Information 

0450 Based on the messages that get routed via the Sig 
naling Gateway, various pieces of roamer information are 
extracted and maintained. Table 1 below lists roamer infor 
mation elements extracted and maintained by the Signaling 
Gateway in the following scenarios. XPMN” is used herein 
to denote any VPMN other than the HPMN. 

TABLE 1. 

MAP MESSAGE Information Elements Extracted 

Update Location IMSI, Serving MSC Address, Current 
VLR. Address, LMSI 
IMSI, MSISDN-H, Forwarding 
Number Information 
Error messages, if any 

Insert Subscriber Data 

Update Location Response and 
Insert Subscriber Data Response 
SRI for Short Message Inter-working MSC address 

0451 Based on the logistics and roamer information 
above, we shall now consider the following GSM scenarios in 
detail: 

0452. Update Location and Insert Subscriber Data 
between HPMN, FPMN and VPMN; 
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0453 Mobile Originated Calls from MIMM subscriber 
in HPMN, FPMN and VPMN; 

0454 Mobile Terminated Calls to MIMM subscriber in 
HPMN, FPMN and VPMN when called on MSISDN-H; 

0455 Mobile Terminated Calls to MIMM subscriber in 
HPMN, FPMN and VPMN when called on MSISDN-F: 

0456) Unconditional Call Forwarding with IMSI 
detached for subscriber registered with IMSI-H and 
IMSI-F; 

0457 Conditional Call Forwarding with IMSI attached 
for subscriber in HPMN, FPMN and VPMN: 

0458 Mobile Terminated SMS to MSISDN-H when 
MIMM subscriber has IMSI-H; 

0459 Mobile Terminated SMS to MSISDN-H when 
MIMM subscriber has IMSI-F: 

0460 Mobile Terminated SMS to MSISDN-F when 
MIMM subscriber has IMSI-H; 

0461 Mobile Terminated SMS to MSISDN-F when 
MIMM subscriber has IMSI-F: 

0462 Mobile Originated SMS from MIMM subscriber 
in HPMN, FPMN and VPMN; and 

0463 SMS Redelivery Management. 
Location Update: MIMM Subscriber in HPMN or XPMN 
with IMSI-H 
0464 When IMSI-H is used to register with any network 
(HPMN or XPMN), normal signaling takes place. The signal 
gateway is not involved at all. 
Location Update: MIMM Subscriber in FPMN with IMSI-F 
0465 Assuming the MIMM subscriber can register with 
FPMN using IMSI-F. FIG. 20 illustrates a general flow of 
update location transaction without failure. A signal gateway 
is involved in all directions of MAP messages. We omit 
GMSC-F for simplicity. We also assume HPMN hosts the 
signal gateway. 
0466 VMSC/VLR-F initiates MAP Update Location 
message by deriving MGT-F (E.214) based on IMSI-F. Due to 
routing defined at FPMN for this MGT-F, the message is 
routed to GMSC-H, which in turn routes it to the Signaling 
Gateway. On receipt of Update location, the Signaling Gate 
way carries out the transformation as shown in Table 2 below. 

TABLE 2 

Update Location from VLR-F 

SCCP Called Address: 

GT: MGTF 
SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

IMSI: IMSI-F 
MSC address VMSC-F 
VLR address VLR-F 

Message from Signaling Gateway1 
to HLR1 

SCCP Called Address: 

GT: HLR1-H 
SSN: 6 
TT: O 
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TABLE 2-continued 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

IMSI: IMSI-H 
MSC address: SG1-VMSC-F 
VLR address: SG1-VLR-F 

0467. 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 gate 
way GTs to the real VMSC/VLR address by looking at the 
dynamic assignment pool as mentioned in the logistics. 
0468. Note that SG1-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 procedure could be based on 
Subscriber network location. For example, Barring for outgo 
ing calls while roaming will become simply Barring for all 
outgoing calls to the VLR in the roaming network. If SG GT 
were a HPMN GT, then the HLR might still think the roamer 
is not roaming. Another example is sometimes call forward 
ing and call barring services registration may be not allowed 
while roaming. This problem will not arise if the signal gate 
way is hosted at FPMN since the signal gateway will be a 
roaming network element to HPMN in this case. 
0469 To Support the general case, one configuration 
option enables FPMN GT support for the signal gateway 
function per FPMN. 
0470. However, since SMS will be forwarded to wherever 
HLR-H indicates when it is queried by SRI-SM(MSISDN 
H), then when the MIMM subscriber registers at a FPMN, the 
signal gateway can choose one of the following three options. 

0471) a) present HPMNGT to a HPMNHLR for VMSC 
imitations; 

0472 b) present FPMN GT to a HPMNHLR for VMSC 
imitations in which case, the FPMNSTP is configured to 
translate the FPMN GT in CdPA to the common HPMN 
GT of the signal gateway; or 

0473 c) pass GT of VMSC-F transparently to HPMN 
HLR without any change. 

0474 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 

Insert Subscriber Data from HLR-H 

SCCP Called Address: 

GT: SG1-VLR-F 
SSN: 7 
TT: O 
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TABLE 3-continued 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 
FTN: FTN 

Message from Signaling Gateway 
to VLR-F via GMSC-H 

SCCP Called Address: 

GT: VLR-F 
SSN: 7 
TT: O 

SCCP Calling Address: 

MAP level parameters: 

MSISDN: MSISDN-F 
FTN: SG1-FTN 

0475. The message is routed to the FPMN VLR. SCCP 
Calling Party Address is replaced with the Signaling Gateway 
GT. This guarantees that when the reply for this message is 
sent, GMSC-H can route it to the Signaling Gateway. 
0476. If the Forward-To-Numbers present in the Insert 
Subscriber Data are not of the FPMN country (as described in 
more detail below) then they can also be modified as per 
policy defined for the particular FPMN. The various mecha 
nisms for handling LCF are described in the logistics and 
Conditional Call Forwarding section of this document. An 
Update Location flow is shown in FIG. 21. 
0477. With briefreference again to FIG. 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 case. 
This will not be supported in the partial fail-over case. 

TABLE 4 

ISDack from VLR-F 

SCCP Called Address: 

SCCP Calling Address: 

GT: VLR-F 
SSN: 7 
TT: O 

Message from SG2 to HLR1 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 
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0478 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 SG1-VLR-F GT in commu 
nicating back with HLR1-H and VLR-F. UpdateLoc Ack 
proceeds from HLR1-H to SG1-VLR-F and SG1-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. 

TABLE 5 

Update LOC ack from HLR-H 

SCCP Called Address: 

SCCP Calling Address: 

GT: HLR1-H 
SSN: 6 
TT: O 

Message from SG2 to VLR-F via 
GMSC-H 

SCCP Called Address: 

SSN: 7 
TT. O 

SCCP Calling Address: 

SSN: 6 
TT: O 

0479. The message flow in the event of SG1 failure is 
depicted in FIG. 22. 
0480. After a successful location update transaction, the 
context is removed from the memory after roamer informa 
tion is extract into roamer DB. 
0481. 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 load 
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 still-alive physical node might fail 
Some transactions. However new transactions will succeed. 
Location Update: MIMM Subscriber in XPMN with IMSI-F 
0482. 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 net 
work 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. 

0483. Here we assume the operator allows IMSI-F to be 
used in a third operator, for example to pool roaming rela 
tionships of IMSI-F and IMSI-H (e.g. to achieve extended 
national roaming and international roaming coverage for 
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HPMN subscribers). The operator can limit the application to 
national roaming only or in FPMN network. This is con 
trolled by the Forbidden XPMN table. 
0484. The Forbidden XPMN Table 6 consists of records 
involving IMSI-prefix, country and VPMN prefixes. For 
example, if HPMN can get discount for one specific IMSI 
range from FPMN, this range will not register with any opera 
tors other than FPMN in the same country as FPMN. For 
example, if Optus is the HPMN, and Singtel is the FPMN, 
Optus can restrict the MIMM subscribers to use Singtel IMSI 
when in Singapore to avoid registering with StarHub or M1. 
The IMSI range is a prefix and can also indicate whether 
IMSI-F is allowed or not in a country (e.g. where IMSI-H has 
a roaming relationship with an operator there). 

TABLE 6 

Logical Table: Forbidden XPMN 

IMSI-prefix Country VLR-prefix 

0485 The Signaling Gateway checks if the user is allowed 
to roam in VPMN/VLR. If the user is not allowed to roam in 
this VPMN/VLR(in a country with FPMN, for example) with 
the corresponding IMSI, the Update Location request will be 
rejected and 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. 
0486 Note that the Forbidden XPMN table can even be 
applied to FPMN network with IMSI-F depending on opera 
tor requirements. For example, if the goal is simply to use 
IMSI-F only when there is no roaming relationship in a cov 
erage (whether it is nationally or internationally), then even if 
the subscriber is in the country of FPMN, as long as there is 
already a roaming relationship in a national coverage 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. 
0487. 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 registering 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. 
0488. If SG is hosted at FPMN, then the signaling flow is 
as shown in FIG. 23. 
0489. If SG is hosted at HPMN, then the signaling flow is 
as shown in FIG. 24. 

Mobile Originated Calls: MIMM Subscriber in HPMN 
0490 There is no change in normal GSM procedures in 
this scenario. 

Mobile Originated Calls: MIMM Subscriber in FPMN 
0491. The MAPINSERT SUBSCRIBER DATA message 
that was sent from HLR to VLR-F via the Signaling Gateway 
was modified to have MSISDN-F as the caller Id. Thus, all 
calls and SMS that originate in FPMN will send MSISDN-F 
as CLI. 
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0492. In order to make best utilization of the leased line, if 
possible, GMSC-F should be configured to route calls to 
HPMN via the leased line. The routing criteria could be based 
on caller IMSI range and destination number in HPMN. Addi 
tionally, it is possible to configure the system such that if the 
Caller ID is guaranteed over the leased line and the destina 
tion number is a HPMN country number, the SS7 converter of 
an ISC carrier can change the CLI from MSISDN-F to 
MSISDN-H during ISUP variant conversions between 
FPMN and HPMN. This provides the subscriber the privacy 
they may desire in not letting people know that they are 
roaming in FPMN. Perhaps more importantly, the HPMN 
recipients can recognize who called since they are more 
familiar with the HPMN numbers. 
0493 For general cases, this requires the both HPMN and 
FPMN support Camel and the subscriber has O-CSI. The 
gSmSCF address of the O-CSI will be the GT of the Signaling 
Gateway. The O-CSI need only be loaded when the subscriber 
registered with FPMN. In this way, every time, the subscriber 
at FPMN makes a call, the O-CSI trigger issues InitialDP to 
the Signaling Gateway which checks against the destination 
number and issues Connect with a new calling party if the 
caller ID need be changed to MSISDN-H. Otherwise, if the 
subscriber calls a FPMN number, CONTINUE will be issued. 
0494 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. 

Mobile Originated Calls: MIMM Subscriber in FPMN: Calls 
to a Voicemail-F or any Other Special Number 
0495. When the MIMM subscriberis in FPMN country, he 
can call a FPMN-F number to check home voicemail which 
the GMSC-F will route the call over the dedicated leasedline 
to the GSMC-H which can loopback the call signaling 
through the signal gateway function if billing by the signal 
gateway is desired. The signal gateway will add the corre 
sponding Voicemail number (e.g. 19XXX, in the case of CSL 
internal voicemail routing) to route back to the GSMC-H. 
0496 Caller ID will also be altered by the signal gateway 
function to MSISDN-H. If caller ID is received by the voice 
mail system at HPMN, only pin is asked (if set) otherwise 
Voicemail box number is also prompted. 
0497 Similar ideas will also be applied to other special 
numbers (e.g. customer care, directory service etc). 

Mobile Originated Calls: MIMM Subscriber in VPMN 
0498 No change in normal GSM procedures is necessary 
whether IMSI-F or IMSI-H is used. 

Mobile Terminated Calls: MIMM Subscriber in HPMN 

0499 Calls to MSISDN-Hare normally routed. The sub 
scriber is charged local MT call charges. 
0500 Calls to MSISDN-F are routed via the leased line. 
GMSC-F is configured to issue or transfera MAPSRI request 
towards the Signaling Gateway using MSISDN-F as 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 SRI itself although that will be 
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routed to GMSC-F. The Signaling Gateway transforms the 
SRI message as shown in Table 7. 

TABLE 7 

Send Routing Info from GMSC-F 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to HLR-H via GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

0501. The calling address of the signal gateway should be 
a HPMN SG GT not a FPMN SG GT since it is imitating a 
HPMN GMSC in this case. 
0502. 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 Sig 
naling Gateway. Signaling Gateway transforms the message 
as shown in Table 8. 

TABLE 8 

Send Routing Info Response from 
HLR-H 

SCCP Called Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSRN: MSRN-H 

Message from Signaling Gateway 
to GMSC-F via GMSC-H 

SCCP Called Address: 

GT: GMSC-F 
SSN: 8 
TT: O 
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TABLE 8-continued 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 6 
TT: O 

MAP level parameters: 

MSRN: HMSRN-H 

0503. Here HMSRN-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 “if”.'999' or some prefixes. The actual number could 
also be that of the pool of FPMNMSISDN-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. 
0504. While reducing the use of the number of FPMN 
numbers, the actual use of a prefix for the notation#MSRN-H 
could be logistically challenging in cases where every VMSC 
(e.g. for calls originated in FPMN network) can issue SRI 
query (e.g. China Mobile) since there might be hundreds if 
not thousands of VMSCs will is configured to route the call 
via the leased line. The FPMN if pool approach 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 then needs be configured to 
route the call over the leased line. 

0505 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. 
0506. If VMSC-F is the SRI-issuing node, then VMSC-F 
will route the call to GMSC-F. GMSC-F is configured to route 
the call via the leased line to GMSC-H based on HMSRN-H. 
GMSC-H is configured to send ISUP IAM message to the 
Signaling Gateway based on the destination number. The 
voice trunks are held at GMSC-H. Signaling Gateway maps 
the destination number to the real MSRN and routes the call 
back to the GMSC-H. GMSC-H routes the call to the termi 
nating VMSC-H. 
0507. The signaling gateway also examines the A-party 
number after receiving the ISUP loopback signaling from 
GMSC-H. If the Aparty number is a national number and the 
SRI-issuing node is a FPMN node, then if the A party has a 
national prefix, it is stripped before prefixing the rest of A 
with the international prefix of FPMN; otherwise prefixing A 
directly with the international prefix of FPMN. For example, 
assuming FPMN is China Mobile, the following modifica 
tions will be performed. 

0508 1. If the first digit of the Aparty 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 inter 
national and prefix with 86 as addressing signal digits). 

(0509 2. If the first digit of the Aparty is 1, A is prefixed 
with +86 (i.e. change address indicator to international 
and prefix with 86 as addressing signal digits). 

0510. The signaling trace for the call involving a normal 
flow of SRI is shown in FIGS. 25 and 26. We have not tried to 
show signaling traces for different failure points. For 
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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. 
0511. The originating MSC will generate a Mobile Origi 
nated CDR. VMSC-H will generate a MT CDR and use it to 
compute local air-time charges for the MIMM subscriber. 
GMSC-F and GMSC-H will generate additional transit CDR. 
Signaling Gateway will also generate CDR that will be used 
by the HPMN billing system in order to add special roaming 
re-routing charges to the MIMM subscriber's bill over and 
above charges computed using VMSC MT CDR. If there are 
multiple FPMN, it will be possible to identify which FPMN 
the call is originated since the CDR contains the chosen 
FPMN number and/or the SRI-issue VMSC-F/GMSC-F 
address. In addition, HPMN and FPMN may settle charges 
for calls routed via the leased line. FIGS. 27 and 28 depicts the 
SRI flow when SG1 breaks down after SRI-ACK is issued 
from HLR-H. The signal trace is shown in the case of full 
fail-over Support. 
0512 However, at the end of MAP transaction before the 
ISUP transaction, the data (e.g. iiMSRN, MSRN) associated 
with the MAP transaction is written to the shared DB server. 
There is a grace period for this data maintained in the transit 
in the gateway in case the ISUP loopback signaling indeed 
goes back to the gateway. However because the data is also 
shared in the DB server, the ISUP signaling can also go to the 
other server in which case, the data will be read from the 
shared DB server. 
0513. Thus even in the case of partial fail-over, when SG1 
died after completing the MAP transaction but just before the 
ISUP loopback case, SG2 can continue to function by reading 
the data (e.g. #MSRN, MSRN) from the DB server. This is 
illustrated in FIG. 29. 
0514) Note also that the pool of #MSRN-H 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 HMSRN-H to SG1/SG2. 
0515 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 HMSRN-H back to 
MSC. 

Mobile Terminated Calls: MIMM Subscriber in HPMN: 
Location of the Signal Gateway 

0516. The use of HMSRN is introduced to control 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. 
0517. To save cost when the signal gateway is hosted in 
FPMN, HMSRN is also useful. Here the call on HMSRN 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. 
GMSC-F can be configured to route the call on HPMN 
MSRN over the leased line. 

Mobile Terminated Calls: MIMM Subscriber in FPAN: 
Mobile Terminated Call on MSISDN-H 

0518 Calls to MSISDN-H will be routed from GMSC-H 
to VMSC-F via the leased line. GMSC-H will issue a MAP 
SRI command to the HLR with SCCP Called Party Address as 
MSISDN-H. Note that during the Update Location from 
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FPMN, the message was routed via the Signaling Gateway 
and the HLR contains the address of the Signaling Gateway 
rather than the true VLR address. Hence, the HLR issues a 
MAP PRN request to the Signaling Gateway. Signaling Gate 
way transforms the PRN as shown in Table 9. 

TABLE 9 

Provide Roaming Number from HLR-H 

SCCP Called Address: 

GT: SG-VLR-F 
SSN: 7 
TT: O 

SCCP Calling Address: 

GT: HLR-H 
SSN: 6 
TT: O 

MAP-level parameters: 

IMSI: IMSI-H 
VMSC: SG-VMSC-F 
MSISDN: MSISDN-H 

Message from Signaling Gateway 
to VLR-F via GMSC-H 

SCCP Called Address: 

GT: VLR-F 
SSN: 7 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

MAP-level parameters: 

IMSI: IMSI-F 
VMSC: VMSC-F 
MSISDN: MSISDN-F 

0519. The message is routed to the FPMN and the Signal 
ing Gateway modifies the PRN response as shown in Table 
10. 

TABLE 10 

Provide Roaming Number Response 
from VLR-F 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-F 

Message from Signaling Gateway 
to HLR-H via GMSC-H 

SCCP Called Address: 

GT: HLR-H 
SSN: 6 
TT: O 
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TABLE 10-continued 

SCCP Calling Address: 

GT: SG-VLR-F 
SSN: 7 
TT: O 

MAP level parameters: 

MSRN: HMSRN-F 

0520 Again iMSRN-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 the symbol "#" is again a logical notation that can 
denote “if”.'999' or some prefixes. The actual number could 
also be that of the pool of HPMN MSISDN-H. 
0521. While reducing the use of the number of HPMN 
numbers, the actual use of a prefix for the notation iMSRN-F 
could introduce length issues to both MAP and ISUP mes 
sages since MSRN-F is issued by the FPMN network. The 
HPMN if pool choice does not present length issues, but it 
does consume more HPMN numbers. 
0522 GMSC-H is configured to send ISUPIAM message 
to the Signaling Gateway based on the iMSRN-F destination 
number. The voice trunks are held at GMSC-H. Signaling 
Gateway maps the destination number to the real MSRN-F 
and routes the call back to the GMSC-H. 
0523 The signaling gateway also examines the A-party 
number after receiving the ISUP loopback signaling from 
GMSC-H. If the Aparty number is a national number and the 
PRN-issuing node is a HPMN node, then if the Aparty 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 prefix, 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. 
0524 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. 

0525. Note that GMSC-H here did not distinguish 
MSRN-F generated as a result of MIMM roamers from nor 
mal roamers in FPMN. GMSC-H is configured to route all 
calls to FPMN numbers using the leased line. This is to 
increase the use of the leased line to cut down costs associated 
with IDD charges paid to the ISC providers. 
0526. To avoid congestion and to support fail-over, the 
GMSC-H should configure the routing towards FPMN side 
using a primary/secondary setting. The primary route in this 
case will be the leased line; while the secondary standby route 
will be that of the existing ISC providers. A signal flow for a 
mobile terminated call with the MIMM Subscriber in FPMN: 
Mobile Terminated Call on MSISDN-H is shown in FIG. 30. 

0527 Note also that the pool of #MSRN-F 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 
HMSRN-F to SG1/SG2. 

0528. So just to avoid doubt, embodiments do not send any 
ISUP or SCCP message with called number same range of 
HMSRN-F back to MSC. 
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0529 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. The CDR 
has the record of the assigned HPMN # from the HPMN # 
pool which indicates the call origination side and the desti 
nation MSRN-F which indicates the call destination side. 

Mobile Terminated Calls: MIMM Subscriber in FPMN: 
Mobile Terminated Call on MSISDN-F 

0530 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 accom 
modate the case where the originating MSC (e.g. VMSC-F) 
might directly issue SRI itself although that will be routed to 
GMSC-F. 

0531 GMSC-F routes the message to GMSC-H which 
then passes on to the Signaling Gateway SG1 via GTT. SG1 
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 it is 
configured in its own GTT (of STP-F/GMSC-F) to translate 
CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Sig 
nal-Gateway. 
0532. A successful flow of SRI is shown in FIG. 31. 
0533. Note that during the Update Location from FPMN, 
the message was routed via the Signaling Gateway and the 
HLR contains the address of the Signaling Gateway rather 
than the true VLR address. Hence, the HLR issues a MAP 
PRN request to the Signaling Gateway. The Signaling Gate 
way transforms the PRN as shown in Table 11. 

TABLE 11 

Provide Roaming Number from HLR-H 

SCCP Called Address: 

GT: SG-VLR-F 
SSN: 7 
TT: O 

SCCP Calling Address: 

GT: HLR-H 
SSN: 6 
TT: O 

MAP-level parameters: 

IMSI: IMSI-H 
VMSC: SG-VMSC-F 
MSISDN: MSISDN-H 

Message from Signaling Gateway 
to VLR-F via GMSC-H 

SCCP Called Address: 

GT: VLR-F 
SSN: 7 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 
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TABLE 11-continued 

MAP-level parameters: 

IMSI: IMSI-F 
VMSC: VMSC-F 
MSISDN: MSISDN-F 

0534. The message is routed to the FPMN and the Signal 
ing Gateway modifies the PRN response as shown in Table 
12. 

TABLE 12 

Provide Roaming Number Response 
from VLR-F 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-F 

Message from Signaling Gateway 
to HLR-H via GMSC-H 

SCCP Called Address: 

GT: HLR-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-VLR-F 
SSN: 7 
TT: O 

MAP level parameters: 

MSRN: HMSRN-F 

0535. Here HMSRN-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 the symbol "#" is again a logical notation that can 
denote “if”.'999' or some prefixes. The actual number could 
also be that of the pool of FPMNMSISDN-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. 
0536 While reducing the use of the number of FPMN 
numbers, the actual use of a prefix for the notation iMSRN-F 
could be logistically challenging in cases where every VMSC 
(e.g. for calls originated in FPMN network) can issue SRI 
query (e.g. China Mobile) since there might be hundreds if 
not thousands of VMSCs will is configured to route the call 
via the leased line. 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. 



US 2008/0293408 A1 

0537. 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. 
0538 GMSC-F is configured to route the call via the 
leased line to GMSC-H based on HMSRN-F. GMSC-H is 
configured to send ISUPIAM message to the Signaling Gate 
way function based on the destination number. The voice 
trunks are held at GMSC-H. The chosen Signaling Gateway 
maps the destination number to the real MSRN-F and routes 
the call back to the GMSC-H. GMSC-H routes the call to 
GMSC-F which will then route the call to the terminating 
VMSC-F. 
0539. In this case, the signal gateway leaves A-party infor 
mation unchanged. A signal flow for a mobile terminated call 
with the MIMM Subscriber in FPMN: Mobile Terminated 
Call on MSISDN-F is shown in FIG. 32. 
(0540 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. 
(0541. 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 FPMNMSISDN-F 
number under certain conditions (e.g. CFU indicator is not 
set, there is no incoming call barring, there is no T-CSI Ser 
vice) rather than looped back through the HLR-H. Howeverif 
any of the special conditions mentioned is true for the MIMM 
subscriber, the Signaling Gateway will not have the HLR-H 
knowledge for those conditions since they will not be sent to 
the Signaling Gateway when functioning as a VLR to HLR 
H. In that case, Signal gateway will need to relay SRI to 
HLR-H and cannot directly issue PRN query to VLR-F even 
if it knows the VLR-F. 
0542. If Optimal Routing of voice calls is configured and 
applicable for the particular MSRN-F range, and if billing 
arrangement is made, the Signaling Gateway can choose to 
return the real MSRN-F rather than HMSRN-F based on 
whether the current VLR-F is permitted for an optimally 
routed call. Route will be made directly to the terminating 
VMSC-F from the SRI-issuing VMSC-F/GMSC-F. There 
will be no route to GMSC-H and no loopback signaling 
through the signal gateway. The signal gateway will still 
generate a roaming call CDR of type (HLR interrogation 
HLRI) except that there is no duration, no trunking and no 
MSRN-2 in the CDR 

(0543 MT CDR generated by VMSC-F will contain IMSI 
and MSISDN-F. When special billing is applied, the user will 
be charged FPMN local airtime. In addition, the duration-less 
CDR generated by the Signaling Gateway will be used to add 
special charges for routing the call from FPMN to HPMN and 
HPMN to FPMN over the leased line. 

Mobile Terminated Calls: MIMM Subscriber in FPMN: 
Location of the Signal Gateway 

0544 The use of HMSRN is introduced to control the 
routing between FPMN and HPMN network for billing pur 
pose. Otherwise, MSRN can be used and the location of the 
signal gateway will not matter. 
0545. In this particular case, the signal gateway is better 
hosted in FPMN since optimal routing and billing can both be 
achieved. The use of HMSRN is also useful. Here the call on 
HMSRN will be routed to the GMSC-F first. The GMSC-F 
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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 Terminated Calls: MIMM Subscriber in VPMN with 
IMSI-H: Subscriber Called on MSISDN-F 
0546. This relates to a call that originates from VMSC-F or 
reaches GMSC-F. SRI-issuing 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 oritis configured 
in its own GTT (of STP-F/GMSC-F) to translate 
CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Sig 
nal-Gateway. 
0547. The Signaling Gateway transforms this request as 
shown in Table 13. 

TABLE 13 

Send Routing Info from GMSC-F 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

(0548. The request is routed to the HPMNHLR. 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 1.4 

Send Routing Info Response from 
HLR-H 

SCCP Called Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 
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TABLE 14-continued 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSRN: MSRN-V 

Message from Signaling Gateway 
to GMSC-F via GMSC-H 

SCCP Called Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSRN: HMSRN-V 

(0549. Here HMSRN-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 that 
where the symbol "#" is again a logical notation that can 
denote “if”."999" or some prefixes. The actual number could 
also be that of the pool of FPMNMSISDN-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. 
0550 While reducing the use of the number of FPMN 
numbers, the actual use of a prefix for the notation#MSRN-V 
could be logistically challenging in cases where every VMSC 
(e.g. for calls originated in FPMN network) can issue SRI 
query (e.g. 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 special re-routing tariff (other 
wise normal IDD routing charges will be applied). The FPMN 
it pool choice on the other hand will cause the SRI-issuing 
VMSC (if not the GMSC-F itself, including those with opti 
mal 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. 
0551 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. 
0552 GMSC-F is configured to route the call via the 
leased line to GMSC-H based on HMSRN-V. GMSC-H is 
configured to send ISUPIAM message to the Signaling Gate 
way based on the destination number. The voice trunks are 
held at GMSC-H. Signaling Gateway maps the destination 
number to the real MSRN-V and routes the call back to the 
GMSC-H. GMSC-H routes the call to the terminating 
VMSC-V. 
0553. The signaling gateway also examines the A-party 
number after receiving the ISUP loopback signaling from 
GMSC-H. If the Aparty number is a national number and the 
SRI-issuing node is a FPMN node, then if the A party has a 
national prefix, it is stripped before prefixing the rest of A 
with the international prefix of FPMN; otherwise prefixing A 
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directly with the international prefix of FPMN. For example, 
assuming FPMN is China Mobile, the following modifica 
tions will be performed. 

0554 3. If the first digit of the Aparty 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 inter 
national and prefix with 86 as addressing signal digits). 

0555 4. If the first digit of the Aparty is 1, A is prefixed 
with +86 (i.e. change address indicator to international 
and prefix with 86 as addressing signal digits). 

0556. A signal flow for a mobile terminated call with the 
MIMM Subscriber in VPMN with IMSI-H: Subscriber called 
on MSISDN-F is shown in FIG. 33. 
0557l VMSC generates MTCDR and bills HPMN normal 
roaming rates through TAP arrangement. CDR generated by 
Signaling Gateway will be used to bill the subscriber for one 
way reroute IDD from FPMN to HPMNat a special rate since 
the call is routed over the leased line. 
Mobile Terminated Calls: MIMM Subscriber in VPMN with 
IMSI-H: Location of the Signal Gateway 
0558. The use of #MSRN is purely introduced to control 
the TAP billing between HPMN and VPMN since IMSI-H is 
used to register with VPMN. If the FPMN is allowed to 
directly route the call on MSRN to VPMN, it will be difficult 
to relate the right rerouting IDD leg when the MT TAP on 
IMSI-H is presented to HPMN by VPMN. This is especially 
true when there are multiple FPMNs involved. 
0559 For this particular case, the signal gateway is better 
located at HPMN. When the signal gateway is hosted in 
FPMN, the use of HMSRN is also useful. Here the call on 
HMSRN 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 will simply perform bill 
ing function. 
0560. When MT TAP on IMSI-H is presented to HPMN 
by VPMN, HPMN must recognize that the IMSI-H is a 
MIMM subscriber because the subscriber has an associated 
IMSI-F. The call then must be reconciled with the rerouted 
CDR presented by FPMN or the signal gateway to determine 
the correct re-routed IDD leg charge. 
Mobile Terminated Calls: MIMM Subscriber in VPMN with 
IMSI-F: Subscriber Called on MSISDN-H 

0561. 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 Sig 
naling Gateway with SCCP Called Party Address as SG 
VLR-V. 

0562. The Signaling Gateway transforms this request as 
shown in Table 15. 

TABLE 1.5 

PRN from HLR-H to SG-VLR-V 

SCCP Called Address: 

SSN: 7 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 
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TABLE 15-continued 

MAP level parameters: 

MSISDN: MSISDN-H 
IMSI: IMSI-H 
VMSC: SG-VMSC-V 

PRN from SG-VLR-V to VLR-V 

SCCP Called Address: 

GT: VLR-V 
SSN: 7 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 
IMSI: IMSI-F 
VMSC: VMSC-V 

0563. The MSRN returned is routed back to the HLR as 
shown in Table 16. 
0564). 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 will not be 
blocked. 

TABLE 16 

PRN Response from VLR-V to SG 
HLR-H 

SCCP Called Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: VLR-V 
SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-V 

PRN Response from SG-VLR-V to 
HLR-H 

SCCP Called Address: 

GT: HLR-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-VLR-V 
SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-V 

0565. 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 modifica 
tion will not be needed. 
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TABLE 17 

PRN Response from VLR-V to SG 
HLR-H 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-V 

PRN Response from SG-VLR-V to 
HLR-H 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: HMSRN-V 

0566. Here HMSRN-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 that 
where the symbol "#" is again a logical notation that can 
denote “if”.'999' or some prefixes. The actual number could 
also be that of the pool of FPMNMSISDN-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. 
0567. While reducing the use of the number of FPMN 
numbers, the actual use of a prefix for the notation#MSRN-V 
could be logistically challenging in cases where every VMSC 
(e.g. for calls originated in FPMN network) can issue SRI 
query (e.g. 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 special re-routing tariff (other 
wise normal IDD routing charges will be applied). The FPMN 
it pool choice on the other hand will cause the SRI-issuing 
VMSC (if not the GMSC-H itself, including those with opti 
mal 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. 
0568 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. 
0569. GMSC-H is configured to route the call via the 
leased line to GMSC-F based on HMSRN-V. GMSC-F is 
configured to send ISUPIAM message to the Signaling Gate 
way 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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0570. The signaling gateway also examines the A-party 
number after receiving the ISUP loopback signaling from 
GMSC-H. If the Aparty number is a national number and 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 prefixing A 
directly with the international prefix of HPMN. For example, 
assuming HPMN is China Mobile, the following modifica 
tions will be performed. 

(0571 5. If the first digit of the Aparty 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 inter 
national and prefix with 86 as addressing signal digits). 

0572 6. If the first digit of the Aparty is 1, A is prefixed 
with +86 (i.e. change address indicator to international 
and prefix with 86 as addressing signal digits). 

0573. A signal flow for a mobile terminated call with the 
MIMM Subscriber in VPMN with IMSI-F: Subscriber called 
on MSISDN-H is shown in FIG. 34. 

0574 VMSC generates MT CDR and bills FPMN normal 
roaming rates through TAP arrangement. CDR generated by 
Signaling Gateway will be used to bill the subscriber for one 
way reroute IDD from HPMN to FPMN and then from FPMN 
to VPMN at a special rate since the call is routed over the 
leased line between HPMN and FPMN. 
Mobile Terminated Calls: MIMM Subscriber in VPMN with 
IMSI-F: Subscriber Called on MSISDN-F 

(0575. This relates to a call that originates from VMSC-For 
reaches GMSC-F. SRI-issuing 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 oritis configured 
in its own GTT (of STP-F/GMSC-F) to translate 
CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Sig 
nal-Gateway. 
0576 Signaling Gateway transforms this request as shown 
in Table 18. 

TABLE 18 

Send Routing Info from GMSC-F 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 
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TABLE 18-continued 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

(0577. The request is routed to the HPMNHLR. It issues a 
PRN request to VLR-V as shown in Table 19. 

TABLE 19 

PRN from HLR-H to SG-VLR-V 

SCCP Called Address: 

SSN: 7 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 
IMSI: IMSI-H 
WMSC: SG-VMSC-V 

PRN from SG-VLR-V to VLR-V 

SCCP Called Address: 

GT: VLR-V 
SSN: 7 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 
IMSI: IMSI-F 
VMSC: VMSC-V 

(0578. The MSRN is returned to the signal gateway in the 
PRN response which is routed back to the HLR. The HLR 
returns the MSRN 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. 

TABLE 20 

Send Routing Info Response from 
HLR-H 

SCCP Called Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: HLR-H 
SSN: 6 
TT: O 
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TABLE 20-continued 

MAP level parameters: 

MSRN: MSRN-V 

Message from Signaling Gateway 
to GMSC-F via GMSC-H 

SCCP Called Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

MSRN: MSRN-V 

0579. Here the MSRN-V is unchanged because IMSI-F is 
used at VPMN. 
0580 A signal flow for the situation of mobile terminated 
calls with the MIMM Subscriber in VPMN with IMSI-F: 
Subscriber called on MSISDN-F is shown in FIG. 35. 
0581. VMSC generates MT CDR and bills FPMN normal 
roaming rates through TAP arrangement. CDR/TAP gener 
ated by FPMN can be used to bill HPMN for the call rerouting 
directly from FPMN. 
Mobile Terminated Calls: MIMM Subscriber in VPMN with 
IMSI-F: Location of the Signal Gateway 
0582 The use of #MSRN (e.g. for national roaming) is 
introduced to avoid the blocking of MSRN by competing 
operators of HPMN. In many countries, operators (e.g. D2) 
cannot block MSRN from national network since their part 
ner IDD operators often use national trunks to route MSRN 
calls. If this is the case, then there is no need for HMSRN. 
Calls can be directly routed from HPMN to VPMN MSRN. 
0583 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 call on HMSRN 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. 
0584) 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 charges HPMN. HPMN charges the subscriber. The 
subscriber at VPMN registered with IMSI-F thus incurs two 
international legs of charges even though VPMN is in the 
same country as HPMN. 

Unconditional Call Forwarding: IMSI Detached 
0585. The MIMM subscriber has the option of setting a 
single CFU or CFNRc ECF (Early Call Forwarding) For 
ward-To-Number for both MSISDN-H and MSISDN-F. The 
FTN is returned in MAP SRI response. 
0586. If at the signal gateway function, the received FTN 

is the same as MSISDN-F, either the default number (e.g. 
voicemail) is chosen or error is returned to SRI query whether 
the call is started on MSISDN-F or MSISDN-H. 
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0587. This exception handling mechanism is assumed in 
the following discussions and will not be explicitly addressed 
any further, 
Unconditional Call Forwarding: IMSI Detached: Subscriber 
is registered with IMSI-H: Calls to MSISDN-H 
0588. In this situation, the GMSC-H routes the call to the 
FTN directly 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. 
0589. 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 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

0590 GMSC-H now routes this message to the HLR in 
HPMN. HLR sends the FTN in the SRI response that is routed 
back via Signaling Gateway and is modified as shown in 
Table 22. 

TABLE 22 

Send Routing Info Response from 
HLR-H 

SCCP Called Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 



US 2008/0293408 A1 

TABLE 22-continued 

SCCP Calling Address: 

GT: HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

FTN: FTN 

Message from Signaling Gateway 
to GMSC-F via GMSC-H 

SCCP Called Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

FTN: HFTN 

0591. Here #FTN is simply a notation that denotes a num 
ber whose mapping to FTN is maintained in the signal gate 
way function. The actual number could just be that where the 
symbol "#" is again a logical notation that can denote “if”. 
'999' 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. 
0592. 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 SRI-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. 
0593. 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. 
0594. 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. 
0595 GMSC-F is configured to route the call via the 
leased line to GMSC-H based on #FTN. GMSC-H is config 
ured to use loopback circuits to send ISUP IAM message to 
the Signaling Gateway based on the destination number. The 
voice trunks are held at GMSC-H. Signaling Gateway maps 
the destination number to the real FTN and routes the call 
back to the GMSC-H. GMSC-H routes the call to FTN 
0596) 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 Signaling Gate 
way. 
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0597 A signal flow for unconditional call forwarding with 
IMSI detached and subscriber registered with IMSI-H is 
shown in FIG. 36. 

Unconditional Call Forwarding: IMSI Detached: Subscriber 
is Registered with IMSI-F: Calls to MSISDN-H 
0598. The GMSC-H issues SRI to HLR-H which either 
returns FTN immediately or issues PRN to the Signaling 
Gateway with IMSI-H, MSISDN-Hand SG-VMSC-X. In the 
PRN case, the Signaling Gateway replaces the PRN param 
eters with IMSI-F, MSISDN-F and VMSC-X and send the 
modified PRN on to VLR-X. The response returns IMSI 
detached to HLR-H via the signal gateway. Since the HLR-H 
SRI-response does not go back to the signal gateway, the 
Subscriber's ECF FTN will be returned to GMSC-H. The 
FTN is not modified and GMSC-H routes the call to FTN. 
This is similar to the case where the subscriber is registered 
with 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 
0599. 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. 
0600 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. 
0601 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 FTN to the 
signal gateway. 

TABLE 23 

Send Routing Info from GMSC-H 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 
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0602 GMSC-H now routes this message to the HLR in 
HPMN. HLR sends the FTN (PRN might be involved too) in 
the SRI response that is routed back via Signaling Gateway 
and is modified as shown in Table 24. 

TABLE 24 

Send Routing Info Response from 
HLR-H 

SCCP Called Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

FTN: FTN 

Message from Signaling Gateway 
to GMSC-F via GMSC-H 

SCCP Called Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-HLR-H 
SSN: 6 
TT: O 

MAP level parameters: 

FTN: HFTN 

0603 Here #FTN is simply a notation that denotes a num 
ber whose mapping to FTN is maintained in the signal gate 
way function. The actual number could just be that where the 
symbol "#" is again a logical notation that can denote “if”. 
“999 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. 
0604 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 SRI-issuing 
VMSC-F(there might be 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). 
0605. 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. 
0606 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. 
0607 GMSC-F is configured to route the call via the 
leased line to GMSC-H based on #FTN. GMSC-H is config 
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ured to use loopback circuits to send ISUP IAM message to 
the Signaling Gateway based on the destination number. The 
voice trunks are held at GMSC-H. Signaling Gateway maps 
the destination number to the real FTN and routes the call 
back to the GMSC-H. GMSC-H routes the call to FTN 
0608. 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 Signaling Gate 
way. 
0609. A signal flow for unconditional call forwarding with 
IMSI detached and subscriber registered with IMSI-F is 
shown in FIG. 37. 
0610 Since we ignore the PRN query, this looks similar to 
the flow when IMSI-H is used to register with a VPMN-X. 
Conditional Call Forwarding: IMSI Attached 
0611. If at the signal gateway function, the received FTN 

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. 
0612. This exception handling mechanism is assumed in 
the following discussions and will not be explicitly addressed 
any further. 
Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in HPMN: Calls to MSISDN-H 

0613. The calls to MSISDN-H are routed normally to 
VMSC-H without going through the Signaling Gateway. 
When a conditional call forwarding event triggers (CFNRc, 
CFNRy and CFB), the VLR contains the FTN for these num 
bers and routes the call to the FTN directly. 
0614 VMSC generates Call Forwarding CDR and the 
subscriber is billed for the CF leg. 
Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in HPMN: Calls to MSISDN-F 

0615. The calls to MSISDN-F are routed by SRI-issuing 
VMSC-F or GMSC-F to the Signaling Gateway function with 
SCCP Called Party Address as MSISDN-F. The Signaling 
Gateway function transforms the message as shown in Table 
25. 

TABLE 25 

Send Routing Info from GMSC-H 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 
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TABLE 25-continued 

SCCP Calling Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

0616 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 
HLR-H 

SCCP Called Address: 

GT: SG-GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSRN: MSRN-H 

Message from Signaling Gateway 
to SRI-issuing VMSC-F or 
GMSC-F via GMSC-H 

SCCP Called Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSRN: HMSRN-H 

0617. Note that HMSRN-Hisjust a number that represents 
a mapping to the MSRN-H as explained before. The SRI 
issuing VMSC-F or GMSC-F routes the ISUP IAM message 
via the leased line to the Signaling Gateway. The loopback 
circuit is used with signaling going through the signal gate 
way. The Signaling Gateway maps iMSRN-H to MSRN-H 
and loops back the signal at GMSC-H. Call is routed to 
VMSC-H. 
0618. On trigger of a Late Call Forwarding event (CFB, 
CFNR, CFNRy), VMSC-H routes the call to the correspond 
ing FTN number, if any. 
0619. The CDR generated at the signal gateway is no 
different from a normal roaming call CDR as if LCF did not 
happen, i.e. the B party answered the call. 

Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in FPMN 

0620. When a MIMM subscriber registers at HPMN or 
VPMN with IMSI-H, the real FTN values of the subscriber 
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will be stored in the VLR. However during the location update 
for MIMM subscriber at FPMN with IMSI-F, the Signaling 
Gateway can change the FTN value based on the FTN value, 
subscriber's FTN flag and MIMM subscriber's current loca 
tion (VLR-F) and the subscriber's MSISDN-F. The FTN 
value will not be substituted by the Signaling Gateway when 
issuing insertSubData to a FPMN VLR-F for a MIMM sub 
scriber with MSISDN-Fifthe VLR-F network, FTN network, 
and MSISDN-F network has a corresponding entry in Table 
27 as maintained by HPMN or the subscriber's FTN-no 
change flag is set. In this case, late call forwarding will be 
directly routed to FTN withoutgoing through the signal gate 
way. 

TABLE 27 

FTN-no-change-at-FPMN. 

MSISDN-F network range VLR-F network range FTN network range 

0621 For example, the entry could be for all FPMN net 
works, 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 in a Beijing VLR-F but the FTN is a Guang 
Dong Mobile number, FTN 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). 
0622. 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. 
Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in FPMN. Calls to MSISDN-H 

0623 GMSC-H issues a SRI request to HPMNHLR with 
SCCP Called Party Address as MSISDN-H. The HLR issues 
a PRN to the Signaling Gateway since the Update Location 
was routed via it. The PRN message is transformed as shown 
in Table 28. 

TABLE 28 

Provide Roaming Number 
from HLR-H 

SCCP Called Address: 

SSN: 7 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP Parameters: 

MSISDN: MSISDN-H 
IMSI: IMSI-H 
VMSC: SG-VMSC-F 

Message from Signaling Gateway 
to VLR-F via GMSC-H 

SCCP Called Address: 

GT: VLR-F 
SSN: 7 
TT: O 
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TABLE 28-continued 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP Parameters: 

MSISDN: MSISDN-F 
IMSI: IMSI-F 
VMSC: VMSC-F 

0624. 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 29 

Provide Roaming Number Response 
from VLR-F 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-F 

Message from Signaling Gateway 
to HLR-H via GMSC-H 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: HMSRN-F 

0625. Again iMSRN-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 HMSRN-F to MSRN-F and loops back the 
signaling with the voice ports established at GMSC-H. 
GMSC-H routes the call over the leased line. Note that the 
routing criterion is such that all calls from GMSC-H to a 
FPMN number will be routed over the leased line to the 
GMSC-F that corresponds to the FPMN number. 
0626. In order to detect and handle Late Call Forwarding, 
Roamware offers the following two solutions. In both cases, 
special care is taken to make Sure that only one Unanswered 
Call is in progress at any point in time; otherwise Signaling 
Gateway will notable to determine which incoming leg to be 
connected with the actual FTN when LCF event triggers. To 
achieve this, a call state is maintained for each Subscriber 
roaming in FPMN when a call has been routed through to 
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FPMN side. There is also a flag in the call state that indicates 
if the call has been handled (connected or forwarded etc) or 
not. 

0627. When a new call is routed through the Signaling 
Gateway for the same subscriber, if such a state exists and the 
flag is set, the callis immediately forwarded based on the CFB 
condition unless optimal routing takes place. The flag is 
cleared when the call is connected or released or LCF event is 
handled. In this way, call waiting and conference call in LCF 
can be supported by the signal gateway. If the SRI or PRN 
request is received at the Signal gateway when the flag is set 
and the subscriber is registered at FPMN, then: 
if it is the MSISDN-F of the MIMM subscriber that gets 
called, then, 

0628 a) if the optimal routing is not allowed, the 
request will not be returned with a new iMSRN (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; and 

0629 b) if optimal routing is allowed, then HMSRN 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 iMSRN 
(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. 
0630. In both cases, the default CF value can also be used 
in place of the ECF value (whether it is empty or not). 
0631) If the subscriberis registered at FPMN and the opti 
mal 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 trig 
gered with ECF value if it is not empty or with the CFB value 
if the ECF value is empty. 
0632. The call state is copied to the shared memory of the 
DB server. In the event of failure of the chosen signal gateway 
in the set up of the ISUP loopback call, the other gateway 
takes over the signaling. The call state also includes periodic 
(e.g. a configurable X seconds) duration update. When the 
call is released, the call state is cleared after it is used to build 
CDR in the database. A call flow is illustrated in FIG. 38. 
0633. Two ways of implementing #FTN representation 
depend on FPMN switch capabilities. The first is to assign a 
different #FTN from a pool to each FTN value for each 
subscriber. This is switch independent, but would require a 
possibly large number of #FTNs from either FPMN or 
HPMN. The second is to assign a different #FTN for each 
condition forwarding type. It depends on the OCN/ODN sup 
port of both FPMN and HPMN. 
0634. One FTN for each LCF Value for Each Subscriber 
0635 SG creates a mapping between the allocated 
MSISDN (#FTN) from a pool and the actual FTN. SG needs 
to manage this mapping as follows: 
0636 a) SG needs to delete this mapping and free the 
MSISDN whenever it gets Cancel Location from HLR for 
the VLR and when it gets another Insert Subscriber Data, 
either standalone or as part of update location transaction 
which removes the call forwarding. 

0637 b) In case the call forwarding is changed to a differ 
ent number. Insert Subscriber Data will be issued by HLR 
and in that case SG needs to change the mapping. If Insert 
Subscriber Data has the same FTN as before, the mapping 
maintained in Signaling Gateway is not changed. Other 
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wise, the mapping will be to the new FTN in the Insert 
Subscriber Data message with the same iFTN as before. 

0638 c) There are two ways of creating the pool of FTN 
is. 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 less 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 
HFTN over the leased line. 

0639. 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 HFTN to SG1/SG2. 
0640 So just to avoid 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. 
0641 Care is taken to make sure that only one Unan 
Swered Call is in progress at any point in time; otherwise 
Signaling Gateway will notable to determine which incom 
ing leg to be connected with the actual FTN when LCF event 
triggers. 
(0642 One FTN for Each LCF Condition Type 
0643. When the Insert Subscriber Data is routed via the 
Signaling Gateway, the gateway maintains a mapping 
between MSISDN-F, MSISDN-H and FTN values for CFB, 
CFNR and CFNR, as illustrated in Table 30 and the call flow 
of FIG. 39. 

TABLE 30 

call-forwarding-table 

MSISDN-F Call forwarding Call forwarding MSISDN-H 
type value 

0644. It then substitutes the original FTN values with the 
corresponding value for each Call Forwarding event type in 
the translated Insert Subscriber Data message sent to VLR-F. 
When LCF event triggers at VMSC-F, VMSC-F looks up the 
FTN information from VLR-F and routes the call to the cor 
responding number. Note that the calls are routed to a com 
mon number for each type of condition forwarding and 
GMSC-H is configured to send the calls using loopback cir 
cuits with signaling through the Signaling Gateway. The Sig 
naling Gateway function extracts the OCN or ODN value 
from the ISUPIAM; extracts the LCF event type based on the 
number the call was forwarded to. It then releases the current 
forwarded leg B (and C) of the call while still maintains the 
A-leg of the call. The original call leg (A) is then forwarded to 
the FTN number (D leg) retrieved by looking up the OCN/ 
ODN values within the database containing original FTN 
numbers. This achieves optimal routing of Late-Call-For 
warding. It also generates a CF CDR. This approach does not 
require reserving a pool of MSISDN numbers from HPMN or 
FPMN. 
0645. 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 
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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 implementa 
tion would require Such an assignment from a pool at regis 
tration time whether LCF is triggered or not. 
(0646. Each FPMN will be configured to apply one of the 
two implementations in LCF. For example, China Mobile can 
be configured to have the OCN implementation; while Macau 
FPMN can have the pool implementation. 

Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in FPMN: Calls to MSISDN-F 

(0647. When the user is called on MSISDN-F, the SRI 
issuing VMSC-F or GMSC-F issues a SRI request to the 
Signaling Gateway with SCCP Called Party Address as 
MSISDN-F. The Signaling Gateway modifies the SRI mes 
sage as shown in Table 31. 

TABLE 31 

Send Routing Info from GMSC-F 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-F 

Message from Signaling Gateway 
to GMSC-H 

SCCP Called Address: 

GT: MSISDN-H 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: GMSC-F 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

0648. 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 Roaming Number 
from HLR-H 

SCCP Called Address: 

SSN: 7 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 
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TABLE 32-continued 

MAP level parameters: 

MSC address: SG-VMSC-F 
IMSI: IMSI-H 
MSISDN: MSISDN-H 

Message from Signaling Gateway 
to VLR-F via GMSC-H 

SCCP Called Address: 

SSN: 7 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

MSC address: VMSC-F 
IMSI: IMSI-F 
MSISDN: MSISDN-F 

Note that MSISDN is an optional parameter and if present, it 
is replaced with MSISDN-F. Signaling Gateway also trans 
forms the PRN response as shown in Table 33. 

TABLE 33 

Provide Roaming Number Response 
from VMSC-F 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: MSRN-F 

Message from Signaling Gateway 
to HLR-H via GMSC-H 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

SSN: 7 
TT: O 

MAP level parameters: 

MSRN: HMSRN-F 

(0649. The HMSRN number is returned as SRI response to 
GMSC-F or the SRI-issuing VMSC-F. The SRI-issuing 
VMSC-F or GMSC-F routes the call to HMSRN-F over the 
leased line to GMSC-H. GMSC-H sets up the call with loop 
back circuits with signaling going through the signal gateway 
function. The signal gateway instructs GMSC-H to set up the 
call on the real MSRN-F. 
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0650. 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. 

0651. The detailed trace is depicted in FIG. 40. 
Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in VPMN with IMSI-H: Calls to MSISDN-H 
0652 The normal GSM procedures apply to this scenario. 
Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in VPMN with IMSI-H: Calls to MSISDN-F 

0653. 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: IMSI Attached: MIMM Sub 
Scriber in VPMN with IMSI-F: Calls to MSISDN-H 

0654 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. 
0655. If FTN is modified during location update with 
IMSI-F at VPMN (e.g. possibly 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 loopback to the signal gateway which then per 
forms optimal routing to the real FTN. 
0656. The detailed trace is depicted in FIG. 41. 
Conditional Call Forwarding: IMSI Attached: MIMM Sub 
Scriber in VPMN with IMSI-F: Calls to MSISDN-F 

0657. 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. 
0658 If FTN is modified during location update with 
IMSI-F at VPMN (e.g. possibly in national roaming), since 
the call was directly routed from FPMN to VMSC-V without 
going through HPMN, FTN will be handled normally, that is, 
no optimal routing. 

Mobile Terminated SMS 

0659. It is envisaged that the MIMM subscriber will be 
able to receive SMS in any GSM network irrespective of it 
being sent to MSISDN-H or MSISDN-F. The SMS could be 
sent from any SMSC. 
Mobile Terminated SMS: SMS to MSISDN-H when Sub 
Scriber in HPMN or XPMN with IMSI-H 

0660 Normal GSM MTSMS operations apply irrespec 
tive of whether the SMS is sent by SMSC-H or SMSC-X. 
VMSC-X MTSMS CDR is used for SMS Inter-working 
Settlements between HPMN and XPMN. 
Mobile Terminated SMS: SMS to MSISDN-H when Sub 
Scriber in XPMN with IMSI-F 

0661. 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. 
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TABLE 34 

MTFSM from SMSC-X 

SCCP Called Address: 

GT: SG-VMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SMSC-X 
SSN: 8 
TT: O 

Map-level parameters: 

IMSI: IMSI-H 
SM-RP-OA: SMSC-X 

Message from Signaling Gateway 
to WMSC-X via GMSC-H 

SCCP Called Address: 

GT: VMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-SMSC-X 
SSN: 8 
TT: O 

Map-level parameters: 

IMSI: IMSI-F 

0662. Note that the recipient address SM-RP-DA is based 
on IMSI-H (or LMSI), there is no need to worry about swap 
ping MSISDN-H by MSISDN-F. 
0663) Note that the SCCP Calling Address has also been 
changed and hence the response also goes through the Sig 
naling Gateway as shown in Table 35. 

TABLE 35 

MT FSM Response from VMSC-X 

SCCP Called Address: 

GT: SG-SMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: VMSC-X 
SSN: 8 
TT: O 

Message from Signaling Gateway 
to SMSC-X via GMSC-H 

SCCP Called Address: 

GT: SMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-VMSC-X 
SSN: 8 
TT: O 

0664 Signaling Gateway generates a CDR for this trans 
action and can be used to apply special charges/discounts. 
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VMSC-X MTSMS CDR is used for SMS Inter-working 
settlement. Special rates may be negotiated for the specific 
FPMNIMSI-Frange for a MIMM subscriber. A detailed trace 
is shown in FIG. 42. 
0665 Now we examine the case where the initially tar 
geted SG fails after SMSC-X is told by HLR-H to forward an 
SMS to the targeted SG. The following generic flow depicts 
this situation. When SMSC-X's MAP MT-SMS to SG1 
reaches GMSC-H, since SG1 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 then relays the response back to SMSC-X 
except that the calling GT is that of SG1 since SMSC-X has 
SG1 as the called GT when MT-SMS is initiated. A detailed 
trace is shown in FIG. 43. 
0.666 Note that this case is supported by partial fail-over 
since the MAP transaction between HLR-H and SMSC-X 
involves no on-going transaction with the signal gateway 
function. The signaling trace is depicted in FIG. 44. 
Mobile Terminated SMS: SMS to MSISDN-F when Sub 
Scriber in XPMN with IMSI-F 
0667 Since MSISDN-F is from a specific range of num 
bers, GMSC-F is configured with GTT to route the 
CdPA-MSISDN-F SCCP message (e.g. SRI/SRI-SM) 
towards GMSC-H which then routes the message to the Sig 
naling Gateway function. 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 oritis configured 
in its own GTT (of STP-F/GMSC-F) to translate 
CdPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Sig 
nal-Gateway. 
0668. The Signaling Gateway could immediately return 
itself as the VMSC-F or SGSN-F. However to avoid recovery 
situation where HLR might have changed the VLR or SGSN 
address without the signal gateway knowing about it and there 
may be other indicators (e.g. message waiting indicators from 
MAP-Inform-Service-Center), so relaying the SRI-SM back 
to HLR-H on MSISDN-H by replacing MSISDN-F will be 
important. 
0669. Note here that irrespectively 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 is 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. 
0670 FIG. 45 depicts the general flow of SMS to 
MSISDN-F when the Subscriber is at FPMN. 
0671 Signaling Gateway first maps the incoming SRI-SM 
message from SMSC-X to a 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. 

TABLE 36 

SRI-SM from SMSC-X 

SCCP Called Address: 

GT: MSISDN-F 
SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SMSC-X 
SSN: 8 
TT: O 
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0672. The Ack is transformed as shown in Table 37. 

TABLE 37 

SRI-SMAck from HLR-H to the SG 

SCCP Called Address: 

GT: SG-SMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

VMSC: SG-VMSC-F 
IMSI: IMSI-H 

Ack from Signaling Gateway to 
SMSC-X via GMSC-H 

SCCP Called Address: 

GT: SMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

SSN: 6 
TT: O 

MAP level parameters: 

VMSC: SG-VMSC-F 
IMSI: IMSI-F 

0673 SMSC-X issues a FSM message to the Signaling 
Gateway. The message is transformed as shown I Table 38. 

TABLE 36-continued 

MAP level parameters: 

MSISDN: MSISDN-F 

SRI-SM from Signaling Gateway 
to HLR-H via GMSC-H 

SCCP Called Address: 

SSN: 6 
TT: O 

SCCP Calling Address: 

GT: SG-SMSC-X 
SSN: 8 
TT: O 

MAP level parameters: 

MSISDN: MSISDN-H 

TABLE 38 

MTFSM from SMSC-X 

SCCP Called Address: 

GT: SG-VMSC-F 
SSN: 8 
TT: O 
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TABLE 38-continued 

SCCP Calling Address: 

GT: SMSC-X 
SSN: 8 
TT: O 

MAP level parameters: 

SM-RP-OA: SMSC-X 
SM-RP-DA: IMSI-F 

Message from Signaling Gateway 
to VMSC-F via GMSC-H 

SCCP Called Address: 

GT: VMSC-F 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-SMSC-X 
SSN: 8 
TT: O 

MAP level parameters: 

0674) Note that the signaling gateway has a HPMN Global 
Title so there is no need to worry about SM-RP-OA being 
national or international since the sending SMSC should have 
take care of this case by making the address indicator as 
international as if the Subscriber is roaming, irrespective of 
what subscriber number the sender is sending to. 
0675 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 Response from VMSC-F 

SCCP Called Address: 

GT: SG-SMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: VMSC-F 
SSN: 8 
TT: O 

Message from Signaling Gateway 
to SMSC-X via GMSC-H 

SCCP Called Address: 

GT: SMSC-X 
SSN: 8 
TT: O 

SCCP Calling Address: 

GT: SG-VMSC-F 
SSN: 8 
TT: O 

0676 Signaling Gateway generates a CDR if the message 
was delivered successfully. This CDR may be used to apply a 
































