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TE(,H\IICA FIELD
99 . I"l StuLi 'eglgdimems relate to mobile communications networks and

devices, and more particularly to providing services for roaming mobile communications

10 device users.

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent application serial

no. 60/495,202, filed August 13, 2003.

BACKGROUND OF THE DISCLOSURE

15 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 throughout the world, each having its own territories,
technical systems, and business systems. Currently, roamers are typically not able to

20 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.

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

25  a multi-national appearance. Such roamers typically buy a local pre-paid subscription
from the local network operator and use the local phone number to make outgoing calls.
However, if the roamer has a single phone and has swapped out the HPMN SIM card,
the roamer will not be able to receive HPMN calls and SMS messages. Also, when the
roamer is back in his HPMN, he may not be able to receive calls on their FPMN number.

30 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.
1t is thus desirable to facilitate roaming, even international roaming with minimum effort

on the part of the roaming user, such as eliminating the requirement for different SIMs.
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configured to assign multiple IMSIs to a single MIMM SIM in a MIMM subscriber

device, wherein the MIMM SIM is associated with muitiple MSISDNs corresponding to

the muitiple IMSIs of the MIMM SIM, and wherein each IMSI of the multiple IMSIs is
associated with a different network, including at least one FPMN.

BRIEF DESCRIPTION OF THE DRAWINGS
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.

Figure 1 is a block diagram illustrating an embodiment of a Signaling Gateway.

Figure 2 is a block diagram illustrating an embodiment 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.

Figure 3 is block diagram of an embodiment of a Signaling Gateway that consists

of two or more Signaling Gateways.
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'18 Z lguT 8 is a block diagram of an embodiment of a routing configuration
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Figure 10 is a block diagram illustrating the construction of ISUP loopback
circuits at GMSC-H with two El ports configured as loopback circuits in one
embodiment.
Figure 10 is a block diagram of an embodiment of a Signaling Gateway including
an IN interface.
Figure 12 is a block diagram of an embodiment of a Signaling Gateway including

two Signaling Gateway servers performing the Signaling Gateway function.

2a
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Figure 43 shows a signal flow for a case in which the initially targeted Signaling
Gateway fails after SMSC-X is told by HLR-H to forward an SMS 1o the targeted
Signaling Gateway.
30 Figure 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.
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FPMN in the case of mobile terminated SMS: SMS to MSISDN-F when Subscriber in
XPMN with IMSI-F.

Figure 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
Subscriber in XPMN with IMSI-F, including successful message delivery and Signaling
Gateway generation of a CDR when a mobile terminated SMS is delivered successfully.

Figure 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
Subscriber in XPMN with IMSI-H, including successful message delivery and Signaling
Gateway generation of a CDR when a mobile terminated SMS is delivered successfully.

Figure 48 shows a signal flow for a mobile generated SMS.

Figure 49 shows a signal flow for a case of SMS re-delivery management.

Figure 50 shows a further signal flow for a case of SMS re-delivery
management.

Figure 51 is a block diagram of a Signaling Gateway that supports multiple
HPMNs in addition to nuitiple FPMNs.

Figure 52 shows a signal flow for an embodiment of a Signaling Gateway
recovery procedure.

Figure 53 shows a signal flow for an embodiment of an update location
procedure.

Figure 54 shows a further signal flow for an embodiment of an update location
procedure.

Figure 55 shows a further signal flow for an embodiment of an update location
procedure when the MS is in idle mode.

Figure 56 shows a signal flow for an embodiment of: Send Authentication,
USSD and supplementary MAP services on IMSI-F.

Figure 57 shows a further signal flow for an embodiment of: Send
Authentication, USSD and supplementary MAP services on IMSI-F,

Figure 58 shows a further signal flow for an embodiment of: Send
Authentication, USSD and supplementary MAP services on IMSI-F.

Figure 59 is a block diagram of an embodiment in which optimal routing occurs
when a FPMN network user (local or roamer) calls MSISDN-F of a MIMM subscriber

when the subscriber is also on FPMN network.
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received at a Signal Gateway, and the Signal Gateway checks if the SRI-issuing GT isa
HPMN GT.
10 Figure 63 is a block diagram of an embodiment in which a HPMN-OR-allowed
table is extended.
Figure 64 is a block diagram of an embodiment in which CFU/ECF forwarding
is optimally addressed when the FTN is a FP

15 ACRONYMS
Following are a list of acronyms used herein.

APMN: Associated Public Mobile Network for SMS Inter-working;
AuC: Authentication Center;
BCSM: Basic Call State Model;
20 CALEA: Communications Assistance for Law Enforcement Act;
CAMEL: Customized Applications for Mobile network Enhanced Logic;
CAP: CAMEL Application Part;
CDMA: Code Division Multiple Access;
CdPA: Called Party Address;
25 CDR: Call Detail Record;
CFB: Call Forwarding in Busy;
CFNRe: Call Forwarding on Not Reachable;
CFNRy: Call Forwarding on No Reply;
CFU: Call Forwarding Unconditional;
30 CgPA: Calling Party Address;
C8D: Circuit Switch Data;
CSI: CAMEL Subscription Information;
DB: Database;
D-CSI: Dialled Services CAMEL Subscription Information;
35  DDF: Digital Distribution Frame;
DP: Detection Point;
DPC: Destination Point Code;
D'IN: Deflected To Number;
El: Wide Area Digital Transmission Scheme used predominantly in Europe;
40  ECF: Event Charging Function;
EDP: Event Detection Point;
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GPRS-CSI: GPRS CAMEL Subscription Information;
2prsSSF: GPRS Service Switching Function;
25 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;
30 gsmSRFE: GSM Specialised Resource Function;
gsmSSF: GSM Service Switching Function;
GT: Global Title (SS7 parlance);
GTT: Global Title Translation;
HLR: Home Location Register;
35  HPLMN: Home PLMN;
HPMN: Home Public Mobile Network who intends to provide MSISDN Service;
HSCSD: High Speed Circuit Switched Data;
ID: Identification;
IDD: International Direct Dial;
40 IDP: Initial DP;
IE: Information Element;
IF: Information Flow;
IMSI: International Mobile Subscriber Identity (of HPMN);
IMSI-H: HPMN IMSI;
45  IMSI-F: FPMN IMSI;
IN: Intelligent Network;
INAP: Intelligent Network Application Part;
1OSMS: Inter Operator SMS within HPMN;
1P: Intelligent Peripheral;
50 IPLMN: Interrogating PLMN;
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MT: Mobile Terminated;
MTP: Message Transfer Part;
35 NA: North American;
N-CSI: Network CAMEL Service Information;
NNI: Network Node Interface;
OAM&P: Operations, Administration, Maintenance, and Provisioning;
O-BCSM: Originating Basic Call State Model;
40 OCN: Originally Called Number (same as ODN);
O-CSI: Originating CAMEL Subscription Information;
ODB: Operator Determined Barring;
ODN: Originally Dialed Number (same as OCN);
OM: Outreach Messaging;
45 OMAP: Operations, Maintenance, and Administration Part (8S7};
OR: Optimized Routing;
0O8S8: Operator Specific Service;
OTA: Over-the-Air;
PCL: Peripheral Component Interconnect;
50 PDA: Personal Digital Assistant;
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TIF-CSI: Translation Information Flag;
50  TPDU: Transfer Protocol Data Unit;
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without worrying about international IDD calls, or to presenf a multi-national

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

35  description is simplified to focus onfy on roaming_ involving multiple international

roaming partners, but is not intended to be lmiting. A MIMM service for multiple
roaming partners as described herein extends roaming coverage by pooling the roaming
relationships of partner networks. This can be limited to national roaming only, or can be
applied on a per-country-per-network basis. The MIMM service for multiple roaming
40 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.
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Bscribery can also” recive SMS messages addressed to either of these

numbers.
Another target market for this service is subscribers who desire extended roaming
10 coverage, whether national or international. When the HPMN IMSI does not have
coverage or a roaming relationship with another operator, FPMN IMSI could be used
instead. As far as the other operator is concerned, the roamer is coming from the FPMN
rather than the HPMN.

Users do not have to do anything in order to use embodiments of the MIMM

15 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 countries and offer a “set of numbers” on a set of IMS]-
Fs. There are no additional changes for the subscribers after they initially change the
SIM (if OTA is used and the STK application supports dynamic IMSI replacement).

20 Hence, subscribers can choose to later add local MSISDN numbers and IMSIs for
countries that they visit most frequently.

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

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

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

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

approaches will be described, as follows:
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10 Gateway, or a Signaling Gateway (SG). The Signaling Gateway is applicable across

nyfin al fGateway « Relay

elay Framework is also referred to herein as a Signal

GSM and CDMA technologies. lHlustrative examples shown in this document involve
GSM technology.
Embodiments of the Signaling Gateway described herein have the capability to
impersonate various GSM network entities in order to provide Value-Added-Services.
15  One embodiment includes a Signaling Gateway platform that is a pure SS7-based
sotution. The Signaling Gateway functions as virtaal HLR, virtual VLR, virtual GMSC,
virtual VMSC, virtual SMSC and virtual service node depending on interactions with
various SS7 network elements. The Signaling Gateway is virtual in the sense that it does
not store subscription data as in a HLR; it does not have switching support as in a
20 GMSC; and it does not have trigger mechanisms. Nevertheless, the Signaling Gateway
can store subscription information about the Signaling Gateway MIMM service and
roaming information of MIMM subscribers at an FPMN.
The Signaling Gateway supports both the “a)” approach described above, and the
“h)” approach described above. In both cases, the Signaling Gateway functions as a
25 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 2)
solution also makes it easier to bill a user as a local subscriber at an FPMN, since there is
30 a local IMSI involved. Some complexities may be introduced to GPRS and Camel
services as a result.
For USSD, messages on a home service code for IMSI-F will not be routed to
HLR-F but to the Signaling Gateway, which acts as the HLR of IMSI-F. The Signaling
Gateway can then relay a modified message to the real HLR-H. For Camel, on IMSI-F
35 registration at XPMN (FPMN or VPMN), the trigger’s GSMSC-F address is dynamically

modified to a FPMN address which is then relayed through the Signaling Gateway.
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| 1 01d confusion in billing at a third party operator, both thc Signaling
%%way and the SIM application have the option to disable and reject the FPMN IMSIT

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 application is switched back to the FPMN IMSI when the HPMN IMSI
15 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 network.
There may a possibility of confusion if the user’s home IMSI in the user’s SIM
20 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.
Furthermore in the case of a), the service includes a new type of SIM with an
STK application on it. When multiple IMSIs are introduced or extended, the HPMN
25 updates the local IMSI list in the SIM (either via OTA or with a new SIM). In addition,
at each location change, the STK application checks to determine whether it is in a
network that requires another home IMSI. The STK application also supports manual
selection of a network IMSI.
In the case of b), the Signaling Gateway only hosts the FPMN MSISDN allocated
30 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 network. An intelfigent SIM application is not required to
automatically detect the FPMN network, which reduces power consumption and

associated costs. It is simple for subscribers using the MIMM service to use home
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N r’ 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 IMS], a slightly more complex billing solution may be required than under than

5 under approach a} if the FPMN and the HPMN want to make subscribers’ calls on par
with local calis when subscribers roam in the FPMN.

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

10 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

15 simplify billing (since the FPMN IMST s used in FPMN network), and extend roaming
coverage 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

In the following description, numerous specific details are introduced to provide

20  athorough 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,
cte. In other instances, well-known structures or operations are not shown, or are not

25  deseribed in detail, to avoid obscuring aspects of the Signaling Gateway method and
apparatus.

Embodiments of the method and apparatus include a Signaling Gateway, or
Signaling Gateway function. In one embodiment, the Signaling Gateway function is a
combination of a SCCP node and a Service Node. Referring to Figure 1, an embodiment

30 of a Signaling Gateway 100 is shown. Although the physical location of the Signaling
Gateway 100 can be at the HPMN or FPMN based on operator requirements, the
Signaling Gateway 100 is shown at the HPMN.
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or the FPMN.

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

20  (national or international) by leveraging partner networks, then the Signaling Gateway
100 is better located in the partner network that has the largest roaming relationships.
However, if an important objective is to provide local phone number services 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

25 its own subscribers.

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

30 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 Signaling Gateway 100. The

responsibility for logistics, however, shifts more towards the hosting PMN when hosting
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<N .NE\N NM.cf?Na.]mg Gateways. In one example configuration, each Signaling

Gateway is implemented on a Sun Solaris™ platform. Each Signaling Gateway hosts up
to four DataKinetics Septel™ boards, or DK boards 302, each of which has four El
25  interfaces. Each board 302 processes SS7 messages up to MTP 2/3. Higher level
messages are distribufed 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

{SUP server) is for processing ISUP loopback messages.
A watchdog process 308 oversees the states of each of the application instances
30 304 and 306. Whenever an application instance is stopped for any reason, the watch dog
308 kills the instance and starts a new one. If all instances of a particular application
protocol stop for any reason, the watch dog 308 kills the $S87 stack on each DK board

302 first before it kills all instances of any application protocol. The watch dog 308 then
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THer? "ard "many” fyped "of pefdistent information 310 stored in memory on the

Signaling Gateway 300. The memory also contains many types of temporary, or
5 transient, information 312.

The Signaling Gateway 300 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.

10 ARCHITECTURE: Signaling Gateway Internal Architecture: Persistent and Transient
Data

Persistent data 310 and transient data 312 are further illustrated in Figure 4.
There are many types of persistent data which are maintained in memory before they are
written to an Oracle™ database (DB). In one embodiment, for high-availability,

15 redundancy support, and best performance, the Oracle™ DB best resides in a separate
physical box from the Signaling Gateways.

The memory further acts as a cache for a Signaling Gateway database (e.g.,
database 106 of Figure 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

20 to the Signaling Gateway.

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-F # forward call flag is to

25 enable/disable call-re-routing when the subscriber is called on the MSISDN-F but is not
registered in the FPMN network. The MSISDN-F # CF flag enables/disables call-re-
routing to any call forwarding value (e.g. voicemail) when the subscriber is called on the
MSISDN-F but not registered in the FPMN network and not reachable for any reason
(e.g. ECF or CFU or LCF). In one embodiment, the redirection counter is set to 6 (or the

30 call diversion indicator (CDI) is set to 0) in the JAM message to disallow call-
forwarding. The MSISDN-F # forward default number flag enables/disables call-re-
routing to an operator controlled default number (e.g. FPMN announcement or customer
care) when the subscriber is called on the MSISDN-F but not registered in the FPMN

network. In all three of these cases, one objective is to provide flexibility to the MIMM
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subseribers so as to avoid paying IDD call-rerouting. Also in all of these cases, CFU for
MSISDN-F is disabled when any of the three flags is set.

An FTN-no-change flag allows a subseriber 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.

Roamer information 404 for a subscriber is created when the MIMM subscriber
successtully registers with a FPMN network. Roamer information 404 includes a VMSC,
a VLR 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
insertSubscriberData. In particular, roamer information 404 contains the assignment of a
FTN-F pool # to each conditionally forwarded FTN value. The roamer information data
404 is initially maintained in the memory and/or disk before it is sent to an Oracle™ DB
(in one embodiment) only afier a successful registration.

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, ete. for reporting purposes.

An Optimal Routing DB 408 contains the network information relating to
whether calls on the MSISDN-F number ranges 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.

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 confext has been established or forwarded. This flag is used to
control whether a second call to a subscriber registered in the FPMN network will go
straight into forwarding mode or not. There are no simultaneous call contexts for a
subscriber registered at the FPMN.

The HPMN # pool 412 contains a pool of dedicated HPMN numbers used by the
Signal gateway function to ensure GMSC-H will loopback the call through the Signaling
Gateway when the subscriber is registered in FPMN but called by the MSISDN-H
number. It also contains the mapping of a dedicated HPMN number to the current

assigned MSRN-F number obtained by the Signaling Gateway from VLR-F to establish
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by the Signal gateway function to ensure the call from the FPMN will be routed over the
leased line to GMSC-H, which will then loopback the call 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.

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 wiil 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.

The FPMN# pool 414 and the FIN # pool 416 can share the same dedicated
FPMN numbers. The FTN # pool 416 can be eliminated if the FPMN supports OCN
capability.

The CDR data 420 contains the call detail records for all the ISUP calls that have
been looped through a Signaling 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.

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 Figaure 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 corresponding original calling
GT from the response from the called GT to relay back the response. The Signaling
Gateway to creates a new unique transaction with the called side and relates this
transaction with the transaction generated from the cailing side. Note that the transaction
ID (identification) of the destination or origination need only be unique for the Signaling

Gateway function.
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Nt %Eiﬂysi?:orﬁﬁﬁﬁ%ﬁb? Hfig SS)7< Imkz}‘ %r ZSI]R%S? 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

20 onthe switch.

Figure 6 is an ilustration 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.

25 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

30 Gateways also have a common SPC (SPCO0), the GMSC1-SPCO can have a 4-link linkset
across two gateways, resulling in greater fail-over support. Each GMSC also has a two-

link linkset with each Signaling Gateway’s unique SPC (SPCI, SPC2) respectively. A

20
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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

10 MGTs is the standby/secondary SCCP entity. Since both GMSCs might be traversed
evenly, this effectively achieves the load-balance between the Signaling Gateways.
However this does not completely 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 take over even though the other Signaling Gateway is still alive.

15 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.

20 The cross-connect configuration for MAP is recommended. For ISUP loopback,
both configurations are recommended.

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

25 MTP3 routing table and GTT translation on different GMSCs are also modified to reach
the Signaling Gateway function.

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

One of the functions of the Signaling Gateway is performing Signaling

30 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 Figure 8. The Signaling Gateway
uses SCCP Global Title based routing to route/re-route messages through the GMSC to
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5 With reference to Figure 8, the GMSC-H in the HPMN also configures its GTT
function to routc MAP messages on global titles of the MIMM subscribers through the
Signaling Gateway function.

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.

10 However, GTT routing on MGT-F of MIMM subscribers registering with IMSI-F on a
network will need to go through the Signaling Gateway. The SPC of the GT'T translation
on IMSI-F will be the common SPC (SPCO0) of both Signaling Gateways. This
effectively achieves an active/active load-balancing and fail-over support across
cateways. When both Signaling Gateways break down, the MIMM subscriber is simply

15 reduced to a normal subscriber.

MAP messages on CAPA=MGT-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 network. No special configuration on FPMN GMSC-F is

20 required for CAPA=MGT-H.

However, MAP messages on CAPA=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 CdAPA=MGT-F to redirect the messages to the Signaling Gateway

25 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.

The Signaling Gateway therefore essentially act as a proxy to the real-network
elements in dealing with interactions between the HPMN network elements and the

30 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 S8
registration etc) based on a MIMM subscriber’s network location, the Signaling Gateway

has two types of GTs. One type is the HPMN GT, which is what the FPMN VLR will
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5 whether the subscriber is outside the HPMN or not, a pseudo 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.

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.

10 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.

15 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.

To support the general case, the architecture and system also support a
configuration to enable FPMN GT support for the Signaling Gateway function per

20 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 HPMN HLR, it will present its HPMN GT to the
VLR-F or SGSN-F. In this way, the HPMN HLR can then decide the right procedure to
apply. When the HPMN HLR responds or initiates a dialog with the FPMN GT

25  associated with a Signaling Gateway, the GMSC must route it to the corresponding
Signaling Gateway.

When the subscriber registers with a FPMN network, the MSISDN-F will be used
as the calling party in delivering MO-SMS. If the message is intended for a non-FPMN
country destination, the sending number is modified to MSISDN-H. A special SMSC

30 address (SMSC-S-H) is used when the IMSI-F is used for registration. The GMSC-H
GTT translates the SMSC-S-H to the SPCO of the Signaling Gateway. The Signaling
Gateway determines if it needs to change the sending number MSISDN-F to MSISDN-
H.
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2. Signaling Gateway FPMN GT to a HPMN HLR for VMSC and SGSN
imitations 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
10 VMSC/SGSN and the FPMN GT for VLR might also be required to be in the
same prefix in some FPMNs (e.g. China Mobile); or
3. GT of the VMSC-F and SGSN-F are passed transparently to the HPMN HLR
without any change.
Since the IMSI-F and the MSISDN-F are provisioned at the Signaling Gateway
15 on the HPMN side, special SCCP routing is constructed from the FPMN side, and
possibly from the HPMN side, also (e.g. in the case of optimal routing).
There are at least three ways to route MAP messages on CdPA=I/M-F or IMS]-
F/MGT-F and MSISDN-F. The first two use the existing ISC.
One way to route MAP messages configures GMSC-F/STP-F GTT function on
20 each MSISDN-I/ MGT-F (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 GT0 will be the SPC of the ISC SCCP gateway.
The rest of the SCCP routing is supported by the ISC in the normal way.
In another way, GMSC-F/STP-F simply configures its GTT function on each
25  MSISDN-F and MGT-F range to set its next SCCP node to the SPC of the ISC SCCP
gateway on the FPMN side. The ISC SCCP gateway has two SPCs. One conforms to the
24bit SPC format of the FPMN side; while the other conforms 1o 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
30 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 I'TU-T international standard. This gateway configures its GTT
to route the MAP messages on MSISDN-F/MGT-F to the GMSC-H. All routing is done

24
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While the 1ISC providers can offer routing and trunking as well as SS7 conversions, the

HPMN also gets an SS7 conversion over the leased line.

Similarty, GMSC-F configures its ISUP trunk routing table to route 2ll calls on
the special range of FPMN numbers (denoted by #MSISDN-F) allocated for the MIMM
service towards an [SC carrier (dedicated or existing one). This is illustrated in Figure 9.

15 The ISC carrier routes these calls towards the GMSC-H,

ARCHITECTURE: Signaling Gateway Internal Architecture: Service Node Capabilities
Service Node Capabilities are required to generate CDR for voice calls and
Mobile Terminated SMS. This CDR is used for appropriate rating, providing
discount/rebate, billing and settlement etc. between the HPMN, FPMN and the MIMM
20 subscriber.
The Signaling Gateway supports at least two types of interfaces, including the
ISUP loopback interface, and the IN interface.
ARCHITECTURE: Signaling Gateway Internal Architecture: Service Node Capabilities:
ISUP Loopback Interface
25 As mentioned before, the Signaling Gateway has the capability to terminate and
generate ISUP signaling. However, it does not have voice ports, and loops-back voice
ports at the GMSC by controlling circuit allocations at the GMSC.
As illustrated in Figure 16, ISUP loopback circuits are constructed at GMSC-H
by configuring two E1 ports as loopback circuits. For example, in one embodiment, the
30 1-30 range of circuit IDs of the first E1 is mapped to the 33-62 range of circuit IDs of the
second El. 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 1D 2 will go to circuit 34 and vice versa; and

S0 on.
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;Squ,ngez guithz kr,oppscd implementation includes placing the Signaling Gateway

5 function in a server farm. For example, a basic set up as illustrated in Figure 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.

There are at least two basic configurations for an operator depending on the

NEBS reguirement. One is based the Sun Netra™ family which is NEBS compliant, the

10 other is based on Sun Fire™ family. In either cases, four servers can be used. In the Sun
Netra™ case, two Netra™ 20 run the Signaling Gateway function while two Netra™
T140 will host the Oracle™ DB with replication support. In the Sun Fire™ case, two
Sun Fire™ V480 run the Signaling Gateway function and two Sun Fire™ V480 host the
Oracle™ DB with replication support.

15 The Netra™ 20 has four PCI slots and up to UltraSparc™ IIf 2*900Mhz CPU
and up t016GB RAM. It is designed to achieve high performance for the Signaling
Gateway function. It has AC and dual DC power options and up to 2*36 GB disk.
Netra™ 1405 has up to 4¥440Mhz 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

20 for its high reliability and hot swappable n+1 power supplies.

The Sun Fire™ V480 server is configured with up to 4*900 MHz UlraSPARC™
TI Cu processors with 8 MB of cache per processor. The Sun Fire™ V480 server
supports up to 32 GB of memory. All memory is accessible by any processor. The Sun
Fire™ V480 server also comes with a DVD-ROM drive, two hot-swappable (N+1) AC
25  and DC power options, two hot-pluggable Fibre Channel disks, two integrated dual
10/100/1000 Mbps Ethernet ports, and six PCI slots, all in a 5 RU, 24-inch deep, rack-
optimized chassis. The Signaling Gateway function server also has up to 16 GB-RAM

and 2*36GB disk. The database server has up to 16 GB-RAM and 8*36 GB disk.
Each Signaling Gateway has its own memory data to run the MIMM service. The
30  memory data contains transient information as well as persistent information obtained
from the database or 1o be written to the database. The memory data is also copied to the
shared memory space in the database server in the case of full redundancy support. The
shared memory can also contain the data from the DB to be accessed by each Signaling

Gateway. The architecture thus forms a hierarchical level of data management.
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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 Figure 13.

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
Signaling Gateway to remove its copy or mark ifs copy for renewal. This is to avoid
potential data consistency problems in a load balancing mode with full fail-over support.

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.

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 Netra™ T1403 or Sun Fire™ V480
which have 3 AC and 3 DC hot swap-able power supplies. The DB server will also have
a high memory space 8-32G RAM to support shared memory for both gateways.

In the unlikely event of a database server failure, the Signaling Gateway function
ceases to function (all protocol stacks are automatically shut and all apps stop until a DB
connection can be established) and essentially constitutes a failure of the Signaling
Gateway function. In this case, normai HLR function will take over. However the shared
data redundancy can be supported by having another replicated DB server with Oracle™
redundancy/fail-safe and transparent application failure support in stand-by mode.

One embodiment of the architecture uses Oracle™ Net or Net 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 across machines.
Connect time fail-over using multiple addresses in a TNSNAMES.ORA configuration is

shown in Figure 14.
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which replicates data to the standby DB server. This is illustraied in Figure 16.

10 In the event of failure of the primary DB server (so connection error and an alarm
will be generated), each gateway 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. Oracle™
Enterprise edition, or similar, which supports fail-safe, transparent application fail-over

15 and replication is thus recommended.

The original standby server (now the new primary server) is manually configured
to synchronize with, or replicate fo, 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 SS87

20 messages will be accepted. Normal HLRs take over.

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
recovery (e.g. system reboot) rather than by the Oracle™ DB recovery, which only takes
about a couple of minutes. However, restoration of data from the backup server to the

25  primary server could take about fen minutes. Historical data replication can be done
separately in the background.

‘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 887 connections will

30 open again.

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

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

possible as long as one of the two physical gateways is alive.
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two physical Signaling Gateways. As mentioned before, each gateway has its own
10 distinguishing Global Title (GT) (GT1 and GT2), and distinguishing SPC (SPC1 and
SPC2). Both gateways also have a common SPC (SPC0). Link-level redundancy is
achieved by using linksets which in some cases span across both gateways as mentioned
in the deployment topology section above.

Let us now consider ISUP call fail-over handling. Depending on the fail-over

15 requirements, different link sets will be configured at the GMSC-H for non-associated
signaling for the ISUP loopback calls. For example, if full fail-over is desired, then the 4-
link linkset that spans across 2 physical gateways wiil 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.

20 To reduce the cost of ISUP loopback circuits, the Signaling Gateways can all be
connected to one GMSC-H. Figure 17 is a diagram of one possible configuration.

ISUP loopback circuits are constructed at GMSC-H by configuring two or more
pairs of 31 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 El.

25 That is, voice the path coming in on circuit ID 1 will go to circuit 33 and vice versa; the
voice path coming in on circuit ID 2 will go to circuit 34 and vice versa; and so on.
There may be many pairs of Els configured at a GMSC-H for ISUP loopback calls,
depending on dimensioning requirements,

While the voice paths are looped between the two E1 ports, the signaling path is

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

linkset will be the adjacent GMSC. In the case of full fail-over support, a single link set
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hht rerNe&htt ensure data consistency. However this could introduce a racing condition
10

since the next message could go back to the original gateway faster than iis call context
being removed. To avoid this potential problem for ISUP signaling, each Signaling
Gateway should atfempt to load the latest data from the shared DB server,

Since ISUP signaling runs over the same linkseis as MAP signaling between
GMSC-H and the Signaling Gateway function, in the case of full fail-over support, ISUP

15  signaling can also be switched physically between two signaling 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.

In both cases, however, to protect against unexpected failures on both nodes and
to prevent fraud, ISUP signaling through the gateways are monitored periodically to

20 produce a temporal CDR duration every X seconds {(e.g. 6 seconds), where X is
configurable. In this way, call durations can be accurate at least within the boundary of X
seconds.

However, unlike MAP signaling in which a Signaling Gateway can be addressed
by its distinguishing global title for subsequent interactions of a MAP transaction once

25 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 [SUP 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.

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

this case, no copy of call context to the DB server is required. The linksets used for the

)
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which will bring the circuit down. This avoids the case where a call could continue
indefinitely when the Signaling Gateways are all down.

10 Next we consider SCCP signaling fail-over support. With reference again to
Figure 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 Gateway.
However, GTT routing on MGT-F of MIMM subscribers registering with IMSI-F on a
network, goes through the Signaling Gateway. The SPC of the GTT translation on IMSI-

15 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 subscriber is simply
reduced to a normal subscriber.

MAP messages on CAPA=MGT-H of the MIMM IMSI-H are routed as normal

20 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 network. No special configuration on FPMN GMSC-F is
required for CAPA=MGT-H.

However MAP messages on CdPA=MGT-F of the MIMM IMSI-F will be routed

25 as normal messages to FPMN first when IMSI-F is used to register a network. These
messages are then be redirected to the HPMN network. Special configuration on FPMN
GMSC-F should be made for CAPA=MGT-F to redirect the messages to the Signaling
Gateway irrespective of its location, The Signaling Gateway translates the IMSL-F to
IMSI-H and forwards the message onto the real HLR. On response from HLR, the

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

The SCCP routing of messages (e.g. SRI,SRI-SM etc) based on CdPA=MSISDN-
F from FPMN towards HPMN is also supported via an active/active GTT configuration
at the GMSC-H. This again achieves load-balancing and fail-over support by the

Signaling Gateways. Like MGT-F based routing, there is no secondary backup for
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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
25  could create a racing condition (similar to the ISUP signaling). When the original
gateway is not chosen on the current transaction context, the stili-alive gateway takes
longer to Joad the data from the shared memory.
Therefore even in the case of full fail-over support, the transaction still goes back
to the originally chosen gateway as long as it is possible to avoid shared DB server
30 access. This makes it particularly efficient for some signaling flows (e.g. SRI
messaging). For cases where the switchover cannot be avoided, the extra overhead
introduced is still efficient enough for fail-over handling.
In the event of a failure of the targeted gateway, the second gateway takes over in

a full fail-over support. The second gateway loads the latest data from the shared DB
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25

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 particular Signaling Gateway will
effectively be load-balanced.

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 fuil 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.

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.

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).
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Oft which can then be taken over by the still-alive gateway.

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
stili-alive gateway.

If IN architecture is used, when a Signaling Gateway fails, with partial fail-over

10 support, the call simply gets dropped. New Initial DP requests can be handied by the still-
alive gateway.

By using the shared memory and shared DB architecture between load-balancing
cateways, the Signaling Gateway function is also able to support full fail-over depending
on the racing conditions. However due fo the possibility of racing conditions, the

15 following are recommended:

Partial fail-over support for ISUP loopback call;

Partial fail-over support for MAP transactions; and

Primary and standby DB servers with replication.

This means that copying of memory data records from the Signaling Gateway

20 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.

Even in the case of partial fail-over support, at the end/completion of a
transaction involving data of a persistent nature (¢.g. roaming information, CDR etc.) in

25  a Signaling 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 HPMN LR (e.g. PRN query, FSMS etc), even the
Signaling Gateway stored in these registers failed, based on the standby configuration of
GTT, the still alive gateway can still handle the transaction by using the shared DB

30 server(s).

For example, if a MIMM subscriber MSISDN-H is called when he is registered at
FPMN, the HPMN HLR will query the stored Signaling Gateway (since it is the VLR-F
to the HLR). If the gateway fails for any reason, the still alive gateway can still access

the shared DB server(s) to locate the real VLR-F to get the MSRN information. For SMS
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d A5 another example, if 2 MIMM subscriber performs a SS operation when he is

register.cd at FPMN, the FPMN VLR-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.
Therefore partial fail-over really means ongoing transactions will not be handled
10 when the Signaling Gateway that was processing it fails. However for completed
transactions, full fail-over is supported. Data server redundancy is assumed here.
Referring again to Figure 3, in addition fo the signal board redundancy across
both gateways, it is also possible to have board redundancy within each gateway. Fach
gateway can host one board per PCI slot. Up fo six boards are possible with the Sun
15 Fire™ V-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 UNIX™ cron that
oversees the watch dog and re-starts the watch dog when it dies. The watch dog
periodically monitors app instances. When an application instance fails, it is
20 automatically removed from the configuration, and further traffic is processed by other
application instances. After the application instance is automatically restarted, the
application 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.
25 ‘When all application instances for any SS7 application protecol die, the watch
dog kills the SS7 stack on each DK board before it kills alf application instances of any
887 application protocol. This forces the GSMC-H to apply $S7-based switchover. The
watch dog then re-starts ail 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
30 minutes. If an instance is not dead, but fails to properly handle the SS7 messages
intended for it, the DK board will not be able to distribute its messages. Buffers (e.g.,
64k bytes) will overflow within approximately ten seconds. All links are eventually
brought down very quickly. The other Signaling Gateway is then automatically switched

over by the GMSC-H in this case.
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Fach 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
15 gateway, the information is rebuilt using stored information in the signaling gateways,
HLR and VLR, using GSM MAP messages. In particular, the Signaling Gateways
perform a periodic tape-drive backup.
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
20 Gateway data will trigger restoration at both locations. Restoration 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
25  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 VL.R-F. These messages will be mapped by the Signaling Gateway
function to the real destinations VLR-F/VMSC-F/SGSN-F, which can then initiate a
restore data process.
30 In addition, the requirements of optimal routing of Late-Call-Forwarding require
maintenance of state information (mapping between FIN and temporary FTN). Hence,
the in-memory information is shared across the different application servers by copying

the data into the shared DB server.

38



iisSissiSssi:islic:issS 5.515,N
iN,::5°-(1:51,4::.1:5155.: 5 5.5503.0:15i 3.5050
003‘6’18‘% 05 003 30 ﬁtlcal arrﬁﬁ s between the I]PMN

ii, 103045388 ek (s syas e 4 135
3. $:50335.03'055.3,..00 PRy
055 AMAE T AFEE A sapency e e
Ss.0.3. 34 3FA0NITE T 08 TIE 8103

nuapheri ISHN; |
51030 "? UHB S;(nglsqg;onfgéd’ § x’ou}é’ fMI $l<sb'asea 1@(}‘1%)‘ ('PQM \Tumérmg
-iissi"883 Lol oG Bl BB o

Plan) to th c%gnalmﬂ aleway If the $i g Gateway 1s hostdd ar HIPMN,

00331 »@é@@%@@stwse{m SrNB0:

e (f thc eased Jine opuon i required” for rouung

8855@3’§1P F%Q 15 conE!T oured ts Q@:a@{? Q@ <! Routin, Ifxfgﬂ\(/ISSRC~
355558:4055515081 iff b fhoe H[fiktfift-:'-fiffk

Tn essence, the nndlmg Gdtuvay acts 1 (!: a ISD

fa, Y fffvikf f-troff f, fakfkk t'kefff ZE |ZNE5 eES
eZQnShtJﬁﬁfﬁdfﬁﬁ?f}ﬁ‘f et “gé;% Hlsante ;;53“
fiff R CE KRR ‘Sﬂzmﬁtﬁ%ﬁw%fﬁﬁ“ EARIRLERT Tk

case the FPMN GT option is set. This is to ensure that the Signaling
’%E, Gateway can imiiate as a roamer network element. HPMN needs to provide
also a common Signaling Point Code for all Signaling Gateways and map
several Sub System Numbers — SSN - {e.g. 6, 7,8 etc) to each Signaling
Gateway. The number four is chosen to represent HLR/SCP, VLR,
VMSC/SGSN/SSP, GMSC/SMSC/SSP. For each type of GT, the Signaling
30 Gateway will append about four digits to create a pool of GTs to be
dynamically assigned to corresponding network elements. This dynamic
assignment is to avoid maintaining state information about VLR/VMSC and
HLR in current and future transactions.

GMSC-H defines routes for all SCCP (MAP) messages having CdPA as
35 the GTs assigned above, MSISDN-F, MGT-H and MGT-F corresponding to

reserved IMSI-F range to a Signaling Gateways.

FPMN provides a pool of MSISDN-F pumbers 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.

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

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

GMSC-H is configured to route calls over the leased line for called

45 numbers that belong to FPMN. GMSC-H is further configured in a primary
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signaling gateway.

GMSC-H configures IN signaling or ISUP loopback circuits which are
used on routing all pools of numbers via ISUP Joopback or INAP [DP.

1f IN architecture is deployed, then IN triggers is defined at the GMSC-H
10 to send InitialDP to the Signaling Gateway

In HPMN, for GT corresponding to FPMN the message is routed (o

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

15 this requirement. This is applicable only if the leased line option is to be
applied to all messages.

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

20 If existing ISC providers 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 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

25 signal gateways.

Alternatively, GMSC-F/STP-F configures its GTT in such a way that for
CAPA=MSSDN-F/MGT-F translates it to CdPA=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 commeon

30 SPC of both signal gateways.

11 the leased line is to be used for MAP signaling on CdPA=MSISDN-
F/MGT-F, GMSC-F configures GTT on CAPA=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

35 ISC is required to carry signaling and voice fraffic between the HPMN
and FPMN. ISC STP for each side of the participating operators of the
Multiple MSISDN service is configured to route GT on FPMN numbers
(including ported-in numbers) towards the HPMN Signaling Gateway. SS87
variant translation (including ISUP and MAP) is performed by a conversion

40 function.

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

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

45 gateway

40
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30

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

ROAMER INFORMATION

Based on the messages that get routed via the Signaling Gateway, various pieces
of roamer information are extracted and maintained. Table 1 below lists roamer
information 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 El ts Extracted

Update Location IMSI, Serving MSC Address, Current
VLR Address, LMSI

Insert Subscriber Data IMSI, MSISDN-H, Forwarding

Number Information

Update Location Response and | Error messages, if any
Insert Subscriber Data Response

SRI for Short M Inter-working MSC address

Based on the logistics and roamer information above, we shall now consider the

following GSM scenarios in detail:

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

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

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

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

Conditional Call Forwarding with IMST attached for subscriber in HPMN, FPMN
and VPMN;

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

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

SMS Redelivery Management.
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26 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.

VMSC/VLR-F initiates MAP Update Location message by deriving MGT-F

10 (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 fo the Signaling Galeway. On receipt of

Update location, the Signaling Gateway carries out the transformation as shown in Table

2 below.

15 TABLE2

Update Location from VLR-F Message from Signaling Gateway |
o HLRI
SCCP Cailed Address: SCCP'Called Address:
GT: MGT-F GT: HLRI-H
SSN: 6 SSN: 6
TT: 0 TT: 4]
SCCP Calling Address: SCCP Calling Address:
GT: VLR-E GT: SGI-VLR-F
SSN: 7 SSNx 7
TT: 0 TT: 0
MARP leve] parameters: MAP level paramefers:
IMSI: IMSI-F IMSL: IMSI-H
MSC address VMSC-F MSC address: SGI-VMSC-F
VLR address VLR-F VLR address: SGI-VLR-F

Where SGI-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

20 addresses. This ensures that all MAP INSERT SUBSCRIBER DATA messages pass
through the Signaling Gateway, and hence its contents can be modified appropriately (for
example, the MSISDN-H can be changed to MSISDN-F apart from performing routing

level address changes). It also allows easy transaction from the signal gateway GTs to
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be not allowed while roaming. This problem will not arise if the signal gateway is hosted

10 at FPMN since the signal gateway will be a roaming network element to HPMN in this
case.
To support the general case, one configuration option enables FPMN GT support
for the signal gateway function per FPMN.
However, since SMS will be forwarded to wherever HLR-H indicates when it is
15 queried by SRI-SM(MSISDN-H), then when the MIMM subscriber registers at a FPMN,
the signal gateway can choose one of the following three options.

a) present HPMN GT to a HPMN HLR for VMSC imitations;
b) present FPMN GT to a HPMN HLR for VMSC imitations in which case, the
FPMN STP is configured to translate the FPMN GT in CdPA to the commion
20 HPMN GT of the signal gateway; or
¢) pass GT of VMSC-F transparently to HPMN HLR without any change.

Lets now look at MAP InsertSubscriberData. The message must come back
through the Signaling Gateway so MSISDN-H can be modified to MSISDN-T, as shown
25 in'Table 3.

TABLE 3
Insert Subseriber Data from HLR-H Message from Signaling Gateway
to VLR-T via GMSC-H
SCCP Called Address: SCCP Called Address:
GT: SGI-VLR-F GT: VLR-F
SSN: 7 SSN: 7
TT: 0 TT: 0
SCCP Calling Address: SCCP Calling Address:
GT: HLR1-H GT: SGI-HLRI-H
SSN: 6 SSN: 6
TT: 0 TT: Y
MAP level parameters: MAP level parameters:
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message is sent, GMSC-H can route it to the Signaling Gateway.

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 mechanisms for handling LCF are
described in the logistics and Conditional Call Forwarding section of this document. An

Update Location flow is shown in Figure 21.

10 With brief reference again to Figure 18, the flow when SG! 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
ISD ack from VLR-E Message from SG2 to HERIL
SCCP Called Address: SCCP Called Address:
GT: SG1-HLRI1-H GT: HLRI-H
SS8N: 6 SSN: 6
TT: 0 TT: 0
SCCP Cailing Address: SCCP Calling Address:
GT: VLR-F GT: SG1-VLR-F
SSN: 7 SSN: 7
T o TT: 0
15
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 ecach
time its memory data record has changed. From the context, SG2 will still use the SGI-
HLRI-H and SGI-VLR-F GT in communicating back with HLRI-H and VLR-F.

20 UpdateLoc Ack proceeds from HLRI-H to SGI-VLR-F and SGI-HLRI-H to VLR-F as
if nothing happened to SG1 although the physical gateway to handle the transaction now
is really associated with SG2.

25
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20

memory after roamer information is extract into roamer DB.

One reason that a signal gateway which physically associated with GT, such as
SG1-X, is chosen is that this ensures the transaction (particularly the current transaction)
will go back to the same physical node to distribute the 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

fransactions will succeed.

LOCATION UPDATE: MIMM subscriber in XPMN with IMSI-F

The VMSC/VLR-V generates MGT-F based on IMSI-F in MAP Update Location
message. The message is always routed to GMSC-F first. If FPMN is the hosting
network for the signal gateway, then the message is redirected by GMSC-F to the signal
gateway which will then send the modified message to HPMN. If HPMN is the hosting
network for the signal gateway, the message is redirected by GMSC-F 1o GMSC-H

which then routes the 1 to a Signaling Gateway which will then send the modified
message to HLR-I1,

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

national roaming and international roaming coverage for HPMN subscribers). The
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range from FPMN, this range will not register with any operators 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 Ml. The IMSI range is a prefix and can also
indicate whether IMSE-F is allowed or not in a country (e.g. where IMSI-H has a

10 roaming relationship with an operator there).

TABLE 6 Logical Table: Forbidden XPMN
[ IMST-prefix [ Country | VLR-prefix ]

The Signaling Gateway checks if the user is allowed to roam in VPMN/VLR. If

15 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,

20 Note that the Forbidden XPMN table can even be applied to FPMN network with
IMSI-F depending on operator requirements. For example, if the goal is simply to use
IMSI-F only when there is no roaming relationship in a coverage (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

25 be forbidden. For example, an Optus MIMM subscriber visiting Singapore could be
restricted to use IMSI-H (or Optus IMST). 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.

30 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.
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The MAP INSERT SUBSCRIBER DDATA message that was sent from HLR
to VLR-F via the Signaling Gateway was modified to have MSISDN-F as the caller
1d. Thus, all calls and SMS that originate in FPMN will send MSISDN-F as CLI.

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. Additionally, it is possible
to configure the system such that if the Caller ID is guaraniced over the leased line and
the destination 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.

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.

The originating MSC will generate CDR with IMSI-F and MSISDN-F. The
FPMN billing system should be able to rate these CDR in a special way (e.g. via direct
CDR exchanges rather than TAP files). In case there is a Signaling Gateway outage
before an Update Location, the CDR will contain MSISDN-H along with the IMSI-H.
The records are rated by FPMN and sent in TAP files to HPMN in a normal way.
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111gam. AR ch'n if:b(‘;ﬁggtﬁ §5E1gm1¢m$y2¥§21 will add
C tt}lﬂtﬁtsmlag tgi_cEIﬁ]ahnmnber (e.g. 19xxx, in the case of CSL internal voicemail
routing} to route back to the GSMC-H.
Caller I will also be altered by the signal gateway function to MSISDN-H. If
10 caller ID is received by the voicemail system at HPMN, only pin is asked (if set)
otherwise voicemail box number is also prompted.
Similar ideas will also be applied to other special numbers (e.g. customer care,
directory service ete).
MOBILE ORIGINATED CALLS: MIMM subscriber in VPMN
15 No change in normal GSM procedures is necessary whether IMSI-F or IMSI-H is

used.

MOBILE TERMINATED CALLS: MIMM subscriber in HPMN
Calls to MSISDN-H are normally routed. The subscriber is charged local MT call

charges.

20 Calls to MSISDN-F are routed via the leased line. GMSC-F is configured to issue
or transfer a MAP SRI 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 routed to GMSC-F. The Signaling Gateway transforms the SRI message as

25 shown in Table 7.
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The SRI message is hence re-routed to the HLR that has information on

MSISDN-H. HLR issues a MAP PRN message directed to VLR-H and gets MSRN in

response. HLR returns MSRN-H in the SRI response back to the Signaling Gateway.

Signaling Gateway transforms the message as shown in Table 8.

TABLE 8

Send Routing Info Response from
HLR-H

SCCP Called Address:

GT: SG-GMSC-F
SSN: 8
T 0
SCCP Calling Address:
H HLR-H
SSN: 6
TT: 0

MAP level parameters:
MSRN:

SRN-H

Message from Signaling Gateway
to GMSC-F via GMSC-H
SCCP Called Address:
GT: GMSC-F
SSN: 8
TT: 0
SCCP Calling Address:
GT: SG-GMSC-F
SSN: 6
TT: 0
MAP level parameters:
MSRN: #MSRN-H

Here #MSRN-H is simply a notation that denotes a number whose mapping to

MSRN-H is maintained in the signal gateway function. The actual number could just be

that where the symbol “#° is again a logical notation that can denote “#”.°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
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based approach is that it might exceed both MAP and ISUP length for a FPMN.
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
15 #MSRN-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 terminating VMSC-H.
The signaling gateway also examines the A-party number after receiving the
20 ISUP loopback signaling from GMSC-H. If the A party 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 modifications will be performed.

25
1. If the first digit of the A party is 0 — the national prefix, the first digit is stripped
off and the rest of A is prefixed with +86 (ie. change address indicator to
international and prefix with 86 as addressing signal digits).
. If the first digit of the A party is 1, A is prefixed with +86 (i.e. change address
30 indicator to international and prefix with 86 as addressing signal digits).

IS

The signaling trace for the call involving a normal flow of SRI is shown in

Figures 25 and 26. We have not tried to show signaling traces for different failure
points. For example, we have not shown here the case where the signal gateway used to

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

example. We have spread the cases of different failure points across all examples.
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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. Figures 27 and
10 28 depicts the SRI flow when SG1 breaks down after SRE-ACK is issued from HLR-H.
The signal trace is shown in the case of full fail-over support.
However, at the end of MAP transaction before the ISUP transaction, the data
{e.g. #MSRN, MSRN) associated with the MAP transaction is wriiten to the shared DB
server. There is a grace period for this data maintained in the transit in the gateway in
15 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.
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
20 by reading the data (e.g. #MSRN, MSRN) from the DB server. This is illustrated in
Figure 29.
Note also that the pool of #MSRN-I 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 #MSRN-H to SG1/SG2.

25 So just to avoid doubt, the described embodiments do not send any ISUP or
SCCP message with called number = same range of MSISDN-F or #MSRN-H back to
MSC.

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

30 The use of #MSRN 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.

To save cost when the signal gateway is hosted in FPMN, #MSRN is also useful.
Here the call on #MSRN will be routed to the GMSC-I first. The GMSC-T can then
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ISUP loop through the signal gateway before it goes out on MSRN. GMSC-F can be
configured o route the call on HPMN MSRN over the leased line.
MOBILE TERMINATED CALLS: MIMM subscriber in FPMN: Mobile Terminated Call
on MSISDN-H

5 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 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

10 to the Signaling Gateway. Signaling Gateway transforms the PRN as shown in Table 9.

TABLE 9
Provide Roaming Number from HER-H | Message from Signaling Gateway
Lt VLR-F via GMSC-H

SCCP Calied Address: SCCP Called Address:
GT: SG-VLR-F GT: VLR-F
SSN: 7 SSN: 7
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H
SSN: 6 SSN: 6
TT: 0 TT: 0

MAP-level parameters: MAP-ievel parameters:

IMSE: IMSI-H IMSI: IMSI-F

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

MSISDN: MSISDN-H | MSISDN: MSISDN-F f

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

15 PRN response as shown in Table 10.

20
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25

\/IS N-F i 1s taingd i et heagtualnumber could just be
whtete 1 3:1‘11:3 3?&13 gu‘:’gy;?flauon% 1 i‘ 7999 or some
prefixes. The actual number could also be that of the pool of HPMN MSISDN-H.

‘While reducing the use of the number of HPMN numbers, the actual use of a
prefix for the notation #MSRN-F could introduce length issues to both MAP and ISUP
messages since MSRN-F is issued by the FPMN network. The HPMN # pool choice
does not present length issues, but it does consume more HPMN numbers.

GMSC-H is configured to send ISUP IAM message to the Signaling Gateway
based on the #MSRN-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.

The signaling gateway also examines the A-party number after receiving the
ISUP loopback signaling from GMSC-H. If the A party number is 2 national number and
the PRN-issuing node is a HPMN node, then if the A party has a national prefix, it is
stripped before prefixing the rest of A with the international prefix of HPMN; otherwise
prefixing A directly with the international prefix of HPMN. For example, assuming
HPMN is CSL, since there is no such thing as a national 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.
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routing towards FPMN side using a primary/secondary setting. The primary route in this

10 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 Figure 30.

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

15 of #MSRN-F to SG1/SG2.

So just to avoid doubt, embodiments do not send any ISUP or SCCP message
with called number = same range of #MSRN-F back to MSC.

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

20 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 destination MSRN-F which indicates the call destination side.

MOBILE TERMINATED CALLS: MIMM subscriber in FPMN: Mobile Terminated Call
on MSISDN-F

25 Calls to MSISDN-F are routed to GMSC-F. GMSC-F is configured to issue or
transfer a MAP SRI query to the Signaling Gateway with SCCP Called Party Address as
MSISDN-F. Note the word “transfer’ used, this is to accommodate the case where the
originating MSC (e.g. VMSC-F) might directly issue SRI itself although that will be
routed to GMSC-F.

30 GMSC-¥ routes the message to GMSC-H which then passes on to the Signaling
Gateway SG1 via GTT. SGI then forwards the SRI query to the real HLR. Note that
GMSC-F can either route SCCP messages on MSISDN-F towards HPMN side via a ISC
provider which is configured to route the CdPA=MSISDN-F towards the HPMN side or
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it is configured in its own GTT (of STP-F/GMSC-F) to translate CAPA=MSISDN-F to

CdPA=Common-HPMN-GT-of-Signal-Gateway.

A successful flow of SRI is shown in Figure 31.

Note that during the Update Location from FPMN, the message was routed via

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 Gateway transforms the PRN as shown in Table 11.

TABLE 11

Provide Roaming Number from HLE-F

| Message from Signaling Gateway

to VER-F via GMSC-H

MAP-level parameters:

IMSI: IMSI-H
VMSC: 8G-VMSC-F
MSISDN: MSISDN-H

SCCP Called Address: SCCP Called Address:
GT: SG-VLR-F GT: VLR-F
SSN: 7 SSN: 7
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H
SSNz 6 SSN: 6
TT: 0 TT: 0

MAP-level parameters:

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

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

PRN response as shown in Table 12.

TABLE 12

Mess from Signaling Gateway

Provide R
from VLR-F

ing Number R

i3

to HER-H via GMSC-H

SCCP Called Address:
G SG-HLR-H
SSN: [
TT: G

SCCP Calling Address:
GT: VLR-F
SSN: 7
TT: 0

MAP level parameters:
MSRN: MSRN-F

SCCP Called Address:

GT: HLR-H
SSN: 6
IT: 0

SCCP Calling Address:

GT: SG-VLR-F
SSN: 7
TT: 0

MAP level parameteérs:
MSRN: #MSRN-F
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While reducing the use of the number of FPMN numbers, the actual use of a
prefix for the notation #MSRN-F could be logistically challenging in cases where every

10 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-T itself, including those with optimal routing
capability) to route the call at least to the GMSC-F for the chosen number from the pool.

15 Only GMSC-F will then is configured to route the call over the leased line.

Another challenge for the prefixed based approach that is not present in the pool-
based approach is that it might exceed both MAP and ISUP length for a FPMN.

GMSC-F is configured to route the call via the leased line to GMSC-H based on
#MSRN-F. GMSC-H is configured to send ISUP IAM message to the Signaling

20 Gateway function based on the destination number. The voice trunks are held at GMSC-
H. The chosen Signaling Gateway maps the destination namber 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.

In this case, the signal gateway leaves A-party information unchanged. A signal

25  flow for a mobile terminated call with the MIMM subscriber in FPMN: Mobile
Terminated Call on MSISDN-F is shown in Figure 32.

FPMN VMSC generates MT CDR using IMSI and MSISDN-F. it is billed at a
special pre-negotiated rate and sent via TAP. The CDR generated by Signaling Gateway
is used for adding roaming call re-routing charges.

30 Since roamer information (e.g. VMSC-F, VLR-F, IMSI-H) at FPMN is
maintained in the Signaling Gateway, the Signaling Gateway can also directly issue PRN
to VLR-F when receiving SRI/SRI-SM query on the FPMN MSISDN-F number under
certain conditions (e.g. CFU indicator is not set, there is no incoming call barring, there

is no T-CSI service) rather than looped back through the HLR-H. However if any of the
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In this particular case, the signal gateway is better hosted in FPMN since optimal

AN

25 routing and billing can both be achieved. The use of #MSRN is also useful. Here the call
on #MSRN will be routed to the GMSC-F first. The GMSC-F can then ISUP loop
through the signal gateway before it goes out on MSRN. This will allow the signal
gateway performs proper billing function.

MOBILE TERMINATED CALLS: MIMM subscriber in VPMN with IMSI-H: Subscriber

30 called on MSISDN-H

MOBILE TERMINATED CALLS: MIMM subscriber in VPMN with IMSL-H: Subscriber
called on MSISDN-F

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
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Thc Slg,na 1ng, (xateway transforms this request as shown in Table 13.

TABLE 13
Send Routing Info from GMSC-F M ge from Signaling Gatewan
to GMSC-B

SCCP Called Address: SCCP Called Address:
GT: MSISDN-F GT: MSISDN-H
SSNi 6 SSN: 6
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: GMSC-F GT: SG-GMSC-F
SSN: 8 SSN: 8
TT: 4} TT: 0

MAP level parameters: MAP level parameters:

MSISDN: MSISDN-F MSISDN: MSISDN-H

10 The request is routed to the HPMN HLR. It issues a PRN request to VLR-V. The

MSRN returned is routed back to the HLR and is returned in the SRI response. The

message goes via the Signaling Gateway and is transformed as shown in Table 14.

TABLE 14

Send Routing Info Response from Wessage from Signaling Gateway

HLR-H 5 ) to GMSC-F via GMSC-H

SCCP Called Address: SCCP Called Address:
GT: SG-GMSC-F GT: GMSC-F
SSN: 8 SSN: 8
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H
SSN: 6 SSN: ;
TE 0 T 0

MAP level parameters: MAP level parameters:

MSRN MSRN-V MSRN: #MSRN-V

Here #MSRN-V is simply a notation that denotes a number whose mapping t©

MSRN-V is maintained in the signal gateway function. The actual number could just be
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5 establish the mapping.

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

10 route the call via the leased line to get the special re-routing tariff (otherwise normal IDD
routing charges will be applied). The FPMN # pool choice on the other hand will cause
the SRI-issuing VMSC (if not the GMSC-F itself, including those with optimal routing
capability) to route the call at least to the GMSC-F for the chosen number from the pool.
Only GMSC-F will then is configured to route the call over the leased line.

15 Another challenge for the prefixed based approach that is not present in the pool-
based approach is that it might exceed both MAP and ISUP length for a FPMN.

GMSC-F is configured to route the call via the leased line to GMSC-H based on
#MSRN-V. 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.

20 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.

The signaling gateway also examines the A-party number after receiving the
ISUP loopback signaling from GMSC-H. If the A party 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

25  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
PPMN is China Mobile, the following modifications will be performed.

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

A signal flow for a mobile terminated call with the MIMM subscriber in VPMN
5 with IMSI-H: Subscriber called on MSISDN-F is shown in Figare 33.

[9%)
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cclably 1

For this particular case, the signal gateway is better located at HPMN. When the

signal gateway is hosted in FPMN, the use of #MSRN is also useful. Here the call on

#MSRN will be routed to the GMSC-F first. The GMSC-F can then ISUP loop through

15 the signal gateway before it goes out on MSRN. The signal gateway will simply perform
billing function.

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

20 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

This relates to a cail 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

25  with IMSI-H, MSISDN-H (optional) and SG-VMSC-V the Signaling Gateway with
SCCP Called Party Address as SG-VLR-V.

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

30

60
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TT: TT: 0
sccp Cdlhng Address: SCCP Calling Address:
VLR-V GT: SG-VLR-V
SSN 7 SSN: 7
TT: [} TT: 0
MAP level paranieters: MAP level parameters;
MSRN: MSRN-V MSRN: MSRN-V
10 However if VPMN is in the same country as HPMN (i.e. use MIMM for national

roaming), then MSRN must be modified as shown in Table 17, since national routing on
MSRN is usually blocked between operators. Of course if this is not the case for HPMN

country, then the MSRN modification will not be needed.
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SSN: SSN: 7
TT: 0 TT: 0
MAP level parameters: MAP level parameters:
MSRN: MSRN-V MSRN: #MSRN-V

Here #MSRN-V is simply a notation that denotes a number whose mapping to

MSRN-V is maintained in the signal gateway function. The actual number could just be

5 that where the symbol “#° is again a logical notation that can denote “#”,”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.

10 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 caées 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 (otherwise normal IDD

15 routing charges will be applied). The FPMN # pool choice on the other hand will cause
the SRI-issuing VMSC (if not the GMSC-H itself, including those with optimal routing
capability) to route the call at least to the GMSC-H for the chosen number from the pool.
Only GMSC-H will then be configured to route the call over the leased line.

Another challenge for the prefixed based approach that is not present in the pool-

20 based approach is that it might exceed both MAP and ISUP length for a FPMN.

GMSC-H is configured to route the call via the leased line to GMSC-F based on
#MSRN-V. GMSC-F is configured to send ISUP TAM message to the Signaling
Gateway based on the destination number. The voice trunks are held at GMSC-F.
Signaling Gateway maps the destination number to the real MSRN-V and routes the call

25 back to the GMSC-F. GMSC-F routes the call to the terminating VMSC-V.
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ISUP loopback signaling from GMSC-H. If the A party 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
5 prefixing A directly with the international prefix of HPMN. For example, assuming

HPMN is China Mobile, the following modifications will be performed.

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

=

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

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.

20 MOBILE TERMINATED CALLS: MIMM subscriber in VPMN with IMSI-F: Subscriber
called on MSISDN-F

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

25 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-TF) to translate CdPA=MSISDN-F io CdPA=Common-HPMN-GT-of-
Signal-Gateway.
Signaling Gateway transforms this request as shown in Table 18.

30
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TABLE 18

Send Routing Tafo from GMSC-F

Message from Signaling Gateway
w GMSC-H

SCCP Called Address:

GT: MSISDN-F
SSN: 6
TT: 0
SCCP Calling Addross:
T GMSC-F
SSN: 8
TT: 0

MARP jevel parameters:
MSISDN: MSISDN-F

SCCP Called Address:

GT: MSISDN-H
SSN: 6
TT: 0

SCCP Calling Address:
GT: SG-GMSC-F
SSN: 8
TT: 0

MAP level parameters:
MSISDN: MSISDN-H

The request is routed to the HPMN HLR. It issues a PRN request to VLR-V as

5 shownin Table 19.

TABLE 19
PRN from HLR-H to SG-VER-V PRN from SG-VL
SCCP Called Address: SCECP Called Address:
GT: SG-VLER-V GT: VLR-V
SSN: 7 SSN: 7
TT: 1] TT: 0
SCCP Calling Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H
SSN: 6 SSN 6
TT: 0 TT: 0
MAP level parameters: MAP level parameters:
MSISDN: MSISDN-H MSISDN: MSISDN-F
IMSI: IMSI-H IMST: IMSI-F
VMSC: SG-VMSC-V VMSC: VMSC-V

The MSRN is returned to the signal gateway in the PRN response which is

10

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.
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TABLE 20

Send Routing Info Response from Message from Signaling Gateway

HER-H 1o GMSC-F via GMSC-H

SCCP Called Address: SCCP Called Address:
GT: SG-GMSC-F GT: GMSC-F
SSN: 8 SSN: 8
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H
SSN: 6 SSN: 6
TT: [} TT: 0

MAP level parameters: MARP level parameters:

MSRN: MSRN-V MSRN: MSRN-V

Here the MSRN-V is unchanged because IMSI-F is used at VPMN,

A signal flow for the situation of mobile terminated calls with the MIMM
subscriber in VPMN with IMSI-F: Subscriber called on MSISDN-F is shown in Figure
35,

[

VMSC generates MT CDR and bills FPMN normal roaming rates through TAP
arrangement. CDR/TAP generated by FPMN can be used to bill HPMN for the call
rerouting directly from FPMN.

10 MOBILE TERMINATED CALLS: MIMM subscriber in VPMN with IMSI-F: Location of
the signal gateway

‘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 {rom national network since their partner IDD operators often use

15 national trunks to route MSRN calls. If this is the case, then there is no need for #MSRN,
Calls can be directly routed from HPMN to VPMN MSRN.

Assuming this is not the case, the signal gateway is better located at FPMN
(otherwise ISUP loopback signaling will need be defined from FPMN to HPMN). When
the signal gateway is hosted in FPMN, the use of #MSRN is very useful. Here the cail

20 on #MSRN will be routed to the GMSC-F first. The GMSC-F can then ISUP loop
through the signal gateway before it goes out on MSRN. The signal gateway can also
perform the billing function.

When MT TAP on IMSEF 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

25 range. The MT TAP then must be relayed to HPMN. VPMN charges FPMN. FPMN
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25

i—_F_ thus incurs two international legs of charges even though VPMN is in the same

countfy as HPMN,

UNCONDITIONAL CALL FORWARDING: IMSI DETACHED

The MIMM subscriber has the option of setting a single CFU or CFNRe ECF
(Early Call Forwarding) Forward-To-Number for both MSISDN-H and MSISDN-F. The
FTN is returned in MAP SRI response.

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.

This exception handling mechanism is assumed in the following discussions and
will not be explicitly addressed any furtber.
UNCONDITIONAL CALL FORWARDING: IMSI DETACHED: Subscriber is registered
with IMSI-H: Calls to MSISDN-H

In this situation, the GMSC-H routes the call to the FIN 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.
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 N
Send Routing Info from GMSC-H Message from Signaling Gateway
to GMSC-H

SCCP Called Address: SCCP Called Address:
GT: MSISDN-F GT: MSISDN-H
SSN: 6 SSN: 6
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:

; GMSC-F GT: SG-GMSC-F

SSN: 8 : 8
TT: 0 TT: 0

MAP level parameters: MAP level parameters:

MSISDN: MSISDN-F MSISDN; MSISDN-H
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SCCP Called Address: SCCP Called Address:
GT: SG-GMSC-T GT: GMSC-F
SSN: 8 SSN: 8
TT: 0 TT: 0
SCCP Cal]mg Address: SCCP Calling Address:
HLR-H GT: SG-HLR-H
$SN: [ SSN: 6
T 0 TT: 0
MARP level parameters: MAP level parameters:
FTN: FIN FTN: #ETN

Here #FIN is simply a notation that denotes a number whose mapping to FTN is

maintained in the signal gateway function. The actual number could just be that where
10 the symbol “# is again a logical notation that can denote “#7,7999” or some prefixes.

The actual number could also be that of the pool of FPMN MSISDN-F that corresponds

to the MSISDN-F called. For example, if the MSISDN-F is a Beijing Mobile number, the

pool should be filtered to present a Beijing Mobile number to establish the mapping.

Note that the pool # assignment is only made when CFU happens, not in registration
15 time. It is immediately freed when the call has been forwarded.

While reducing the use of the number of FPMN numbers, the actual use of a
prefix for the notation #FTN could be logistically challenging since every 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

20 charges will be applied.

The FPMN # pool choice on the other hand wil} 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
confignred to route the call over the leased line.

25 Another challenge for the prefixed based approach that avoided by the pool-based
approach is that it might exceed both MAP and ISUP length for a FPMN.
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the call back to the GMSC-H. GMSC-H routes the call to FTN
The MIMM subscriber will be charged for the 1-way reroute IDD (from FPMN
fo the Signaling Gateway function) at a certain special rate, plus the charge for the CF-

Leg to FIN, based on the CDR from the Signaling Gateway.

A signal flow for unconditional call forwarding with IMSI detached and
subscriber registered with IMSI-H is shown in Figure 36.

UNCONDITIONAL CALL FORWARDING: IMSI DETACHED: Subscriber is registered
with IMSI-F: Calls to MSISDN-H

The GMSC-H issues SRI to HLR-H which either returns FTN immediately or
issues PRN to the Signaling Gateway with IMSI-H, MSISDN-H and SG-VMSC-X. In
the PRN case, the Signaling Gateway replaces the PRN parameters 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 FIN 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'

The SRI-issuing VMSC-F or GMSC-F issues a MAP SRI request to the
Signaling Gateway function with SCCP Called Party Address as MSISDN-F.

Note that GMSC-F can either route SCCP messages on MSISDN-F towards
HPMN side via a ISC provider which is configured to route the CdPA=MSISDN-F
towards the HPMN side or it is configured in its own GTT (of STP-F/GMSC-F) w0
translate CAPA=MSISDN-F to CdPA=Common-HPMN-GT-of-Signal-Gateway.

Referring to Table 23, the Signaling Gateway changes the MSISDN-F to
MSISDN-H and issues the SRI message to HLR-H. HLR will eventually returns FIN to

the signal gateway.
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SCCP Calling Address:

GT: SG-GMSC-F
SSN: 8
TT: 0

MAP level parameters:

MSISDN: MSISDN-H

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

5

Gateway and is modified as shown in Table 24.

TABLE 24

Send Routing Info Response from
HER-H

Message from Signaling Gateway
e GN Fvia GMSC-H

SCCP Called Address:
GT: SG-GMSC-F

8

0

SSN:
TT:

SCCP Calling Address:
GT: HLR-H
SSN: 6
TT: 0

MAP level parameters:

FTN: FIN

SCCP Called Address:
GT: GMSC-F
SSN: 8
TT: 0

SCCP Calling Address:

GT: SG-HLR-K
SSN: 6
TT: 0

MARP level parameters:

FIN: #FTN

Here #FTN is simply a notation that denotes a number whose mapping to FIN 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 “#”,°999” or some prefixes.
The actual number could also be that of the pool of FPMN MSISDN-F that corresponds
{0 the MSISDN-F called. For example, if the MSISDN-F is a Beijing Mobile number, the

pootl should be filtered to present a Beijing Mobile number to establish the mapping.

Note that the pool # assignment is only made when CFU happens, not in registration

time. It is immediately freed when the call has been forwarded.

While reducing the use of the number of FPMN numbers, the actual use of a

prefix for the notation #FTN could be logistically challenging since every SRl-issuing
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at least to the GMSC-F for the chosen number from the pool. Only GMSC-F will then is

configured to route the call over the leased line.

Another challenge for the prefixed based approach that avoided by the pool-based

approach is that it might exceed both MAP and ISUP length for a FPMN.

10 GMSC-F is configured to route the call via the leased line to GMSC-H based on
#FTN. GMSC-H is configured to use loopback circuits to send ISUP JAM 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

15 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 Gateway.

A signal flow for unconditional call forwarding with IMSI detached and
subscriber registered with IMSI-F is shown in Figure 37.

20 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 FORWADING: IMSI ATTACHED
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
25 whether the call is started on MSISDN-F or MSISDN-H.
This exception handling mechanism is assumed in the following discussions and
will not be explicitly addressed any further.
CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in
HPMN: Calls to MSISDN-H
30 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 FIN for these numbers and routes the call to
the FTN directly.
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5 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 28 »
Send Rowting Info from GMSC-H Message from Signaling Gateway |
Lo GMSC-H

SCCP Called Address: SCCP Called Address:
GT: MSISDN-F GT: MSISDN-H
SSN: 6 SSN: 6
TT: 0 TT: 4

SCCP Calling Address: SCCP Calling Address:
GT: GMSC-F GT: SG-GMSC-F
SSN: 8 SSN: 8
T 0 TT: [

MAP level parameters: MAP level parameters:

MSISDN: MSISDN-F MSISDN: MSISDN-H

GMSC-H routes the request to HPMN HLR. HLR issues a PRN to VLR-H and
gets the MSRN in response. It sends it back in SRI response to the Signaling Gateway.

The message is transformed as shown in Table 26.

15  TABLE26

Send Routing Info Response from | Message from Signaling Gateway
HIR-H | to SRE-isswing VMSC
o L GMSC-F via G
SCCP Called Address: SCCP Called Address:
B SG-GMSC-F GT: GMSC-F
SSN: 8 SSN: 8
TT: 0 TT: 0
SCCP Calling: Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H
SSN: 6 SSN: 6
TT: 0 TT: [
MAP level parameters: MAP level parameters:
MSRN: MSRN-H MSRN: HMSRN-H
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the FTN value based on the FTN value, subscriber’s FIN flag and MIMM subscriber’s

15 current location (VLR-F) and the subseriber’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 subscriber with MSISDN-F if the 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

20 directly routed to FTN without going through the signal gateway.

TABLE 27 FTN-no-change-at-FPMN,
[ MSISDN-F network range | VLR-F network range { FTN network range i

For example, the entry could be for all FPMN networks, e.g. China Mobile. Then
25 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

30 provincial FPMNs).
The following will only focus on the case where FTN has been changed. In this
case, forwarding call need be routed back to the signal gateway which can then generate

CDR for billing purpose.
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Location was routed via it. The PRN message is transfornied as shown in Table 28.

TABLE 28
Provide Roaming Number Message from Sig ¢ Gateway |
from HLR-H t0 VLE-F via G MSC T ’
SCCP Called Address: SCCP Called Address:
GT: SG-VLR-F GT: VLR-F
SSN: 7 SSN: 7
N 0 TT: 0
SCCP Calling Address: SCCP Calhng Address:
GT: HER-H GT SG-HLR-H
SSN: 6 QSN‘ 6
TT: 0 TT: 0
MAP Parameters: MAP Parameters:
MSISDN: MSISDN-H MSISDN: MSISDN-F
IMST: IMST-H IMST: IMSI-F
VMSC: SG-VMSC-F VMSC: VMSC-F

The PRN response is also routed back to the HPMN HLR via the Signaling

10 Gateway. The message is transformed as shown in Table 29.

TABLE 29 )

Provide Roaming Number Resy Message from Signaling Gateway

from VLR-F to HLR-H via GMSC- ll

SCCP Called Address: SCCP Called Address:
GT: SG-HLR-H GT HLR-H
SSNy 6 SSN: 6
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address;
GT: VLR-F GT: SG-VLR-F
SSN: 7 SSN: 7
TT: 0 TT: 0

MAP level parameters: MAP level parameters:

MSRN: MSRN-F MSRN: #MSRN-F |

Again #MSRN-F is just a notation that represents a number that maps to MSRN-

F in the signal gateway function. GMSC-H routes the call through the loopback circuits

with signaling going through the Signaling Gateway. Signaling Gateway maps #MSRN-

¥ to MSRN-F and loops back the signaling with the voice ports established at GMSC-H.
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roaming in FPMN when a call has been routed through to FPMN side. There is also a
flag in the call state that indicates if the call has been handled (connected or forwarded
ete) or not.

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 call is 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,

a) if the optimal routing is not allowed, the request will not be returned with a new
#MSRN (no MSRN will be requested by the Signal gateway), instead early call
forwarding will be triggered with ECF value if it is not empty or with the CFB
value if the ECF value is empty; and

b) if optimal routing is allowed, then #MSRN will be assigned; but

if it is the MSISDN-H of the MIMM subscriber that gets called, the request will not be
returned with a new #MSRN (no MSRN will be requested by the Signal gateway),
instead early call forwarding will be triggered with ECF value if it is not empty or with
the CFB value if the ECF value is empty.

In both cases, the default CF value can also be used in place of the ECF value
{whether it is empty or not).

If the subscriber is registered at FPMN and the optimal routing is not allowed, the
request will not be returned with a new #MSRN (no MSRN will be requested by the
Signal gateway), instead early call forwarding will be triggered with ECF value if it is

not empty or with the CFB value if the ECF value is empty.
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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 Figure
38.

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 support of both FPMN and
HPMN.

SG creates a mapping between the allocated MSISDN (#FTN) from a pool and

the actual FTN. SG needs to manage this mapping as follows:

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.

b) In case the call forwarding is changed to a different number, Insert Subscriber Data

will be issued by HLR and in that case SG needs to change the mapping. If [nsert

Subscriber Data has the same FIN as before, the mapping maintained in Signaling

Gateway is not changed. Otherwise, the mapping will be to the new FTN in the Insert

Subscriber Data message with the same #FTN as before.

There are two ways of creating the pool of FTN #s. One is to populate the pool with
home MSISDN-H numbers; the other is to populate the pool with FPMN MSISDN-F
numbers. The former has the advantage that it is 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 #FTN over the leased line.

c

<

Note also that the pool of #FTNs is shared not split by SG1 and SG2. Besides, it
is assumed MSC will route all ISUP and SCCP with called number = dedicated range of
MSISDN-F and #FTN to SG1/SG2.

So just to 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.
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point in time; otherwise Signaling Gateway will not able to determine which incoming
leg to be connected with the actual FTN when LCF event triggers.

One FTN for each LCF Condition tvpe

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 Figure 39.

TABLE 36 call-forwarding-table

MSISDN-F !Call forwarding | Call forwarding | MSISDN-H
type vajue -

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 corresponding number. Note that the calls are
routed to a common number for each type of condition forwarding and GMSC-H is
configured to send the calls using loopback circuits with signaling through the Signaling
Gateway, The Signaling Gateway function extracts the OCN or ODN value from the
ISUP IAM; extracts the LCF event type based on the number the call was forwarded to.
1t 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-Forwarding. It also generates a
CF CDR. This approach does not require reserving a pool of MSISDN numbers from
HPMN or FPMN.

The second implementation is recommended if OCN/ODN is supported by both
HPMN and FPMN (egg. CSL and China Mobile satisfy this requirement. China Mobile
uses ISUP for all core networks but TUP might be used in interworking. TUP also
supports OCN although not Redirecting Number or Redirection Number). Unlike the
CFU case where #FTN is only assigned from a pool when CFU happens not at
registration time, the first implementation would require such an assignment from a pool

at registration time whether LCF is triggered or not.
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CONDITIONAL CALL FORWARDING:
FPMN: Calls to MSISDN-F

TABLE 31

Macau FPMN can have the pool implementation.

For example, China Mobile can be configured to have the OCN implementation; while

IMST ATTACHED: MIMM subscriber in

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 message as shown in Table 31.

Send Routing Info from GMSC-F

SCCP Called Address:
GT: MSISDN-F
SSN: 6
TT: 0

SCCP Calling Address:
GT: GMSC-F
SSN: 8
TT: 0

MAP level parameters:
MSISDN: MSISDN-F

ssage from Signaling Gateway
to GMSC-H
SCCP Called Address:
GT: MSISDN-H
SSN: 6
TT: 0
SCCP Calling Address:
GT: GMSC-F
SSN: 8
TT: 0
MARP level parameters:
MSISDN: MSISDN-H

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 Namber
from HELR-11

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

SCCP Called Address:
GT: SG-VLR-F
SSN: 7
TT: 0
SCCP Calling Address;
GT: HLR-H
SSN: 6
TT: 0
MAP level parameters:
MSC address: SG-VMSC-F
IMSI: IMSI-H
MSISDN: MSISDN-H

SCCP Called Address:
GT: VLR-F
SSN: 7
TT: 0
SCCP Calling Address:
GT: SG-HLR-H
SSN: 6
TT: 0
MAP level parameters:
MSC address: VMSC-¥
IMSI: IMSL-F
MSISDN: MSISDN-F
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TABLE 33 .

Provide R ing Number Resy b from Signaling Gateway

from VMSC-F st HER-H vip GMSC-H

SCCP Called Address: SCCP Called Address:
GT: SG-HLR-H GT: HLR-H
SSN: 6 SSN: 6
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: VLR-F GT: SG-VLR-F
SSN: 7 SSN: 7
1T 0 TT: 0

MAP level parameters: MAP level parameters:

MSRN: MSRN-F MSRN: #MSRN-F

The #MSRN 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 #MSRN-F over the
leased line to GMSC-H. GMSC-H sets up the call with loopback 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.

When the LCF event triggers, VMSC-F forwards the call to the FTN sent as part
of the Insert Subscriber Data message. The call flow is similar to the call on MSISDN-H
in this case.

The detailed trace is depicted in Figure 48.

CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in VPMN
with IMSI-H: Calls to MSISDN-H

The normal GSM procedures apply to this scenario.

CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in VPMN
with IMSI-H: Calls to MSISDN-F

The call flow is as described before. Since FIN is not changed during location update
with IMSI-H, normal LCF handling applies.

CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in VPMN
with IMSI-F: Calls to MSISDN-H

The call flow is as deseribed before. I FIN is not modified during Jocation

update with IMSI-F at VPMN (e.g. in international roaming), then normal LCF applies.
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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 performs optimal routing to the real FTN.

‘The detailed trace is depicted in Figure 41.
CONDITIONAL CALL FORWARDING: IMSI ATTACHED: MIMM subscriber in VPMN
with IMSI-F: Calls to MSISDN-F

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.

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

It is envisaged that the MIMM subseriber 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 Subscriber in HPMN or XPMN
with IMSI-H

Normal GSM MT SMS operations apply irrespective of whether the SMS is sent
by SMSC-H or SMSC-X. VMSC-X MT SMS CDR is used for SMS Inter-working
settlements between HPMN and XPMN.
MOBILE TERMINATED SMS: SMS to MSISDN-H when Subscriber in XPMN with
IMSEF

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

TABLE 34

MT ESM from SMSC-X

SCCP Called Address:
GT: SG-VMSC-F
SSN: 8
TT: 0

SCCP Calling Address:
GT: SMSC-X
SSN: 8
TT: 0

Map-level parameters:
IMSI: IMSI-H
SM-RP-OA: SMSC-X

SCCP Called Address:
GT: VMSC-X
SSN: 8
TT: 0

SCCP Calling Address:
GT: SG-SMSC-X
SSN: 8
TT: 0

Map-level parameters:
IMSI: IMSL-F
SM-RP-0A: SG-SMSC-X

Note that the recipient address SM-RP-DA is based on IMSI-H (or LMSI), there
is no need to worry about swapping MSISDN-H by MSISDN-F.

5 Note that the SCCP Calling Address has also been changed and hence the

response also goes through the Signaling Gateway as shown in Table 33.

TABLE 35 i
MT FSM Response from VMSC-X M from Signaling Gateway
o SMSEC-X vi SC-H
SCCP Called Address: SCCP Called Address:
T SG-SMSC-X GT: SMISC-X
SSN: 8 SSN: 8
TT: 0 TT: ¢
SCCP Calling Address: SCCP Calling Address:
GT: VMSC-X GT: SG-VMSC-X
SSN: 8§ SSN: 8
TT: 0 TT: 0
10 Signaling Galeway generates a CDR for this transaction and can be used to apply

special charges/discounts. VMSC-X MT SMS CDR is used for SMS Inter-working

settlement. Special rates may be negotiated for the specific FPMN IMSI-F range for a

MIMM subscriber. A detailed trace is shown in Figure 42.

Now we examine the case where the initially targeted SG fails after SMSC-X is

15 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
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Since MSISDN-F is from a specific range of numbers, GMSC-F is configured
with GTT to route the CAPA=MSISDN-F SCCP message (¢.g. SRI/SRI-SM) towards
GMSC-H which then routes the message to the Signaling 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 CdAPA=MSISDN-F towards the HPMN side or
it is configured in its own GTT (of STP-F/GMSC-T) to translate CdPA=MSISDN-F to
CdPA=Common-HPMN-GT-of-Signal-Gateway.

The Signaling Gateway could immediately retum 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.

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 iiself 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.

Figure 45 depicts the general flow of SMS to MSISDN-F when the subscriber is
at FPMN.

Signaling Gateway first maps the incoming SRI-SM 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.
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SCCP Calling Address: SCCP Calling Address:
GT: SMSC-X GT: SG-SMSC-X
SSN: 8 SSN: 8
TT: 0 T 0

MAP level parameters:
MSISDN: MSISDN-F

MAP level parameters:
MSISDN: MSISDN-H

The Ack is transformed as shown in Table 37.

5  TABLE 37

SRI-SM Ack from HLR-H to the SG

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

SCCP Called Address:

GT: SG-SMSC-X
SSN: 8
TT: 0
SCCP Calling Address:
GT: HLR-H
SSN: 6
TT: [4
MAPY level parameters:
VMSC: SG-VMSC-¥
IMSIL: IMSI-H

SCCP Called Address:
GT: SMSC-X
SSN: 8
TT: 0

SCCP Calling Address:
GT: SG-HLR-H
SSN: 6
TT: 0

MAP level parameters:
VMSC: SG-VMSC-F
IMSIE: IMSEL-F

SMSC-X issues a FSM message to the Signaling Gateway. The message is

transformed as shown I Table 38.
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TABLE 38
MT FSM from SMSC-X e from Signaling Gateway
SCCP Called Address:
GT: SG-VMSC-F
SSN: 8 8
T 0 0
SCCP Calling Address: SCCP Calling Address:
GT: SMSC-X: GT: SG-SMSC-X
SSN: 8 SSN: 8
TT: 0 IT: 0
MARP level parameters: MAP level parameters:
SM-RP-OA: SMSC-X SM-RP-OA: SG-VMSC-F
SM-RP-DA: IMSI-F SM-RP-DA: IMSI-F

Note that the signaling gateway bas a HPMN Global Title so there is no need to
wotry 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.

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 Message from Signaling Gateway |
» | to SMISC-X via GMSC-H |
SCCP Called Address: SCCP Called Address:
GT: SG-SMSC-X GT: SMISC-X |
SSN: 8 SSN: 8 |
TT: 0 TT: 0 &
SCCP Calling Address: SCCP Calling Address:
GI: VMSC-F GT: SG-VYMSC-F
SSN: 8 SSN: 8
s 0 TT: 0 i

Signaling Gateway generates a CDR if the message was delivered successfully.
This CDR may be used to apply a special discount for MIMM subscribers. Figure 46 is
the Signal Flow Diagram for this scenario.
MOBILE TERMINATED SMS: SMS to MSISDN-F when Subscriber in XPMN with IMSI-
H

Collectively, for the purposes of this scenario, HPMN and VPMN are referred to
here as XPMN. Since MSISDN-F is from a specific range of numbers, GMSC-F is
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configured with GTT to route the SRI-SM request towards GMSC-F which then routes
the SRI-SM to the Signaling Gateway with SCCP Called Party Address as MSISDN-F,

The Signaling Gateway transforms the message as shown in table 40.

TABLE 40

W

SRE-SM from SMSC-X

Message from Signaling Gateway i
o HLR-H via GMSC-H

SCCP Called Address:
GT: MSISDN-F
SSN: 6
TT: 0

SCCP Calling Address:
GT: SMSC-X
SSN: 8
T 0

MAP level parameters:

MSISDN: MSISDN-F

SCCP Called Address:
GT: MSISDN-H
SSN: 6
TT: 0
SCCP Calling Address:
GT: S$G-SMSC-X
8
TT: 4

MAP Jevel parameters:
MSISDN: MSISDN-H

The SRI-SM response is routed back to the Signaling Gateway since the SCCP

Calling Parly Address was modified too. The response is translated as shown in table 41.

10 TABLE 41

SRI-5M Response from HELR

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

SCCP Called Address:

GT: SG-SMSC-X
SSN: 8
TT: [
SCCP Calling Address:
GT: HLR-H
SSN: 6
TT: 0
MAP level parameters:
IMSI: IMSE-H
MSC: SG-VMSC-X

SCCP Called Address:

GT: SMSC-X
SSN; 8
TT: 0
SCCP Calling Address:
GT: SG
SSN: 6
TT: 0
MAP level parameters:
IMSI: IMSI-F
MSC: SG-VMSC-X

SMSC-X issues a FSM message 1o the Signaling Gateway. The message is

transformed as shown in table 42.
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TABLE 42
MT FSM from SMSC-X e from Signaling Gateway
X vin GMSC-H

SCCP Called Address: SCCP Called Address:
GT: SG-VMSC-X GT: VMSC-X
SSN: 8 SN 8
T 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: SMSC-X GT: SG-SMSC-X
SSN: g SEN: 8
TT: 0 TT: 0

MAP Jevel parameters: MAP level parameters:

SM-RP-OA: SMSC-X SM-RP-OA: SG-SMSC-X

Since the Signaling Gateway also modifies the SCCP Calling Party Address, the

5 confirmation message is also routed back the same way as shown in table 43.

TABLE 43 e
MT FSM Response from VMSC-X Message from Signaling Gateway
fe SMSC-X via GMSC-H

SCCP Calied Address: SCCP Called Address:
GT: SG-SMSC-X GT: SMSC-X
SSN: 8 SSN: 8
TE O TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: VMSC-X GT: SG-VMSC-X
SSN: & SSN: 8
TT: 0 TT: 0

Signaling Gateway generates a CDR if the message was delivered successfully.
10 This CDR may be used to apply a special discount for MIMM subscribers. Figure 47 is a

Signal Flow Diagram for this scenario.

MOBILE ORIGINATED SMS
For all practical purposes, it is assumed that the MIMM subscriber uses one of
the HPMN SMSC for sending mobile originated SMS messages. When IMSI-H is
15 registered with a network, the sender’s address is always MSISDN-H and the SMSC
address is SMSC-H. Normal MO-SMS procedure applies.
When IMSI-F is registered with a network, SMSC-S-H is a special HPMN SMSC

address to be used as a SMSC address. In the Insert Subscriber Data message routed
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FPMN country number, the sender address should be changed to MSISDN-H unless
subscriber sets the option otherwise. When IMSI-F is registered, SMSC-S-H is used
instead of SMSC-H when IMSI-H is registered. The SMSC-§-H is a GT that HPMN
GMSC-H/GTT translates to a signal gateway., When an IMSI-F registered MIMM
subscriber sends a MO-SMS to SMSC-S-H. The MO-SMS reaches the signal gateway.
The signal gateway then relays it to the real SMSC-H afier converting IMSE-F to IMSI-H
and MSISDN-F to MSISDN-H and others. A signal flow for this scenario is shown in
Figure 48.

SMS RE-DELIVERY MANAGEMENT

For SMS sent to the MSISDN-H number by a SMSC-X, because the signal
gateway always forward SMS delivery status back to the SMSC-X, SMSC-X will only
need to inform HLR-H for delivery report (e.g. to set message waiting data). Subsequent
interactions regarding Alert Service Center and Inform Service Center will be between
the HLR-I and the SMSC-X directly. The signal gateway function may only be involved
in SMS delivery or relay.

Ready-For-SMS map message on IMSI-H for a MIMM subscriber will not
involve the signal gateway function.

However, because the signal gateway functions like a virtual HLR to the
MSISDN-F  number of a MIMM subscriber, when SRI-SM  was sent on
CdPA=MSISDN-F, the signal gateway function is the responding entity or HLR to the
SMSC-X. This means that delivery report status due to failure will be sent by the SMSC-
X te the Signaling Gateway. Subsequent interactions regarding Alert-Service-Center and
Inform-Service-Center will also between SMSC-X and the signal gateway.

Ready-For-SMS map message on IMSI-F for a MIMM subscriber will be
transparently handled by the signal gateway function.

The Signaling Gateway first maps the incoming ReportSM Delivery message
from SMSC-X to a new transaction of ReportSM with HLR-H by replacing the
MSISDN-F number by MSISDN-H. The transformation is as shown in Table 44.
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TABLE 45

1 :[:4)
SCCP Called Ad&ress

ﬁfisﬁv55555

TT:
SCCP Calling Address:
GT: SMSC-X
SSN: 8
TT: Q

MAP level parameters:

@Q\??; i ff ovsc-i
Address:

HLR-H

SSN 6
TT: 0
SCCP Calling Address:
GT: S5G-SMSC-X
SSN: 8
TT: 0

MAP level parameters:

MSISDN: MSISDN-F

MSISDN: MSISDN-H

The Ack is transformed as shown in Tabl

e 45,

Rﬁport\M Ack from HLR-H to the 5G

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

SCCP Called Address:
GT: SG-SMSC-X
SSN: 8
TT: 0

SCCP Calling Address:
GT: HIR-H
SSN: 6
TT: 0

MAP level parameters:

MSISDN-alert: MSISDN-H

SCCP Called Address:
GT: SMSC-X
SSNz 8
TT: 4}
SCCP Calling Address:
GT: SG-HLR-H
SSN: 6
T 0
MAP level parameters:
MSISDN-alert: MSISDN-H

Figure 49 is a Signal Flow Diagram for this scenario.

To HLR-H in this case, the Signaling Gateway that sent the ReportSM-Delivery
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will be the SMSC-X to send Alert-Service-Center when ready-for-SM is received.
Similar actions for Inform-Service-Center will also be performed when SRI-SM is issued

from the signal gateway to the HLR-H. This is illustrated in Table 46.
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Numerous GSM scenarios involving embodiments of the Signaling Gateway

5 method and apparatus have been described in detail.

Miscellaneous interfaces to the Signaling Gateway will now be discussed.

NUMBER PORTABILITY CONSIDERATIONS

The number portability domain considered is within a country. Subscribers who

port out a MIMM service number to another operator will no longer have access to this

10 service. Their IMSI-H, IMSE-F and all MSISDN-H to MSISDN-F mappings are deleted
from the Signaling Gateway. Other operations like removing the subscriber from the
HLR, adding entry to Number Portability database etc. will be performed independent of
the Signaling Gateway. Since the ported-out MSISDN will now be associated with the
IMSI of another operator, the MGT based routing will never be received at HPMN.

15 However, the HPMN GMSC will still need to perform Number Portability lookup and
routing of calls to the PMN currently serving the ported-out MSISDN.

Subscribers will be allowed to port-in their existing numbers from other operators
in the country of the HPMN. Normal operations like adding a new subscriber (by
assigning a SIM with IMSI-I{ in the MIMM range) in the HLR and associating the

20 ported-in number; adding the ported-in number to the Number Portability database etc.
are outside the scope of Signaling Gateway. Through the Signaling Gateway
provisioning interface, this IMSI will be mapped to MSISDN-H and MSISDN-F at the
Signaling Gateway subscriber DB.
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a) Signaling Gateway routes the messages directly to the HLR by mapping the
MSISDN-F/MGT-F to MSISDN-I¥/MGT-H and looking up corresponding IMSI-
H/MGT-H range mapping to HL.R.
b) Signaling Gateway maps MSISDN-F/MGT-F to MSISDN-H/MGT-H and routes
15 the message via the HPMN GMSC/STP. The GMSC/STP is responsible for
looking up the Number Portability database and forwarding the signaling
message.
Signaling Gateway maps MSISDN-F/MGT-F 1o MSISDN-H/MGT-H, interfaces
to the Number Portability database; retrieves the routing number and sends it to
20 GMSC/STP for further routing. This approach may require development of an
interface to the Number Portability Database.

[

2

If MSISDN-F is ported out, FPMN GMSC will be responsible for handling the
signaling in the normal way for a ported out number (c.g. don’t route messages on
25  CdPA=ported-out-MSISDN-F towards GMSC-H and the Signaling Gateway function)
and hence these messages will never reach the Signaling Gateway. If a number in FPMN
is ported-in and needs to be part of the MIMM service, then the FPMN GMSC will need
configuration to route the signaling messages for this MSISDN to the Signaling
Gateway. This is similar to the case where FPMN ports one number from a HLR to
30 another HLR. The Signaling Gateway is the port-in HLR in this case. Signaling
Gateway simply adds the ported in number to its subscriber DB.
LOCATION-BASED SERVICES
This section is again to assure that the MIMM service should not affect
subscribers’ normal roaming location-based services when these are rolled out.
35 Location-based services consist of SMLC and GMLC. SMLC is like 3 VLR, Tt
determines the positioning method and determines the position of a MS based on MS’s

measurements of LMUs. These location measurement units are to SMLC like a VMSC
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as VMSC if the MIMM subscriber is registered on FPMN or with IMSI-F registration at

VPMN. However if the message is on MSISDN-F, then the signal gateway will map the
message by replacing MSISDN-F by MSISDN-H when relaying the message to HLR-H.
It also returns the signal gateway itself to the GMLC.

10 PSL (Provide Subscriber Location) is a MAP message between GMLC and
VMSC to request location information of a target MS. It again operates on IMSI and
MSISDN. When the MIMM subscriber is registered in FPMN or with IMSI-F, the
VMSC to GMLC will be the Signaling Gateway SG itself. Thus in this case, if the
message is on MSISDN-H, the Signal gateway will need to map the message by

15 replacing MSISDN-H by MSISDN-F, IMSI-H by IMSI-F and impersonating the GMLC
to the real VMSC; while if the message is on MSISDN-F, the signal gateway will simply
relay the message to the real VMSC.

The SRI-LCS and PSL are analogous to SRI and PRN for call services. However
there is no analogy for SLR service which arises when a request for location is either

20 implicitly administered or made at some carlier time by PSL. For Subscriber Location
Report service between VMSC and GMLC which also operates on MSISDN and IMSI,
special handling is also required when the subscriber registers at FPMN. In this case,
when message is sent to the Signaling Gateway by VMSC-F on MSISDN-F, the signal
gateway will replace the MSISDN-F by MSISDN-H before relaying on to the original

25 requesting GMLC if the original requesting GMLC is asking location information on
MSISDN-H; while it is not replaced, if the original requesting GMLC is asking location
information on MSISDN-F.

MULTIPLE HPMN SUPPORT
The signal gateway function is also able to support multiple HPMNs in addition
30 to multiple FPMNs. With reference to Figure 51, the platform will be hosted in one
HPMN or by a third party service provider. The platform however must have access to
SS7 networks of each HPMN. Where there are signal protocol variants, special signaling

conversion over leased line will need be performed. Further more, GTT configuration
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the information on the true VMSC-F and VLR-F the roamer is currently in. Additional
10 dynamic information that needs to be maintained is between original FIN and the
temporary, substituted FTN sent to the VLR-F in Insert Subscriber Data message. The
data is maintained in memory; and also stored on DB of mirrored disks. It is also
periodically backup into a non-volatile storage.
Since the Signal gateway is a virtual VLR and a virtual HLR, all information
15 maintained at the signal gateway is transitional and can be established by interactions
with VLR-F and HLR-H. There will be no indicators about the status of real VLR stored
in the signal gateway. The signal gateway will just map whatever incoming messages to
the real destinations. Also since the HLR information is always obtained upon a location
update at FPMN by the signal gateway function, VLR restoration procedure at the signal
20 gateway is unnecessary. The MAP-Reset to the real VLR-F by the faulty signal
gateway’s recovery procedure will be sufficient to automatically obtain the HLR data.
The recovery of signal gateway is a concern, but not the VLR or the HLR. When
VLR fails, the VIR will issue MAP-Restore on an affected IMSI. For MAP-Restore on a
MIMM IMS], the signal gateway simply relays the message to the corresponding HLR~-
25  H. Similarly when HLR fails, MAP-Reset will be issued to the signal gateway when the
MIMM subscriber registers at FPMN. The gateway thus relays the MAP-Reset message
to the real VLR-F.
Now after a recovery/restart operation of the signal gateway, all roaming records
affected in the system are marked as “Not Updated”, For all MIMM subscribers, the
30  Signaling Gateway issues a SRI-SM using SCCP Called Party Address as MSISDN-H.
The HLR returns the IMSI and MSC address. If the MSC address is not in FPMN, the
corresponding record in the Signaling Gateway is deleted. If the MSC address is the

Signaling Gateway address, the corresponding record is marked as “Not Updated”, This

9
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indication from a HLR-H for an IMSI that is unknown in fhe SG’s roamer record, the
signal gateway simply issues error ack back to the HLR-H. If the IMSI is known, since
there is no status indicator at the signal gateway, the signal gateway issues PRN to the

25 real VLR-F if known. After that, normal restoration procedure and status indicator
management at the real VL.R-F take place.

The SG restoration procedure forces updating of VMSC-F number, VLR-F
number, SGSN number and, if provided by the VLR-F, LMSI in the SG. Consistency of
subscriber data that are stored in the VLR-F for an MS that has been affected by a SG

30 fault with the subscriber data stored in the SG for this MS will be achieved.

As an implementation option, a notification can be forwarded to the MS to alert

the subscriber to check the parameters for supplementary services that allow subscriber

controlled input (MAP_FORWARD_CHECK_SS_INDICATION service). If the VLR-F
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The status "Not Confirmed" of the indicator "Location Information Confirmed in
HLR" forces the VLR-F to invoke the MAP_UPDATE_LOCATION service after
establishment of authenticated radio contact with the MS concerned.
‘When the MAP_UPDATE_LOCATION procedure is performed, afier receipt of
20 the MAP_UPDATE_LOCATION acknowledge containing the SG number, the status of
the indicator "Location Information Confirmed in HLR" is changed to "Confirmed".
if the MAP_UPDATE_LOCATION procedure is unsuccessful for any reason,
the status of the indicator "Location Information Confirmed in HLR" remains unchanged
except for the case that the IMSI record in the VLR-F is deleted because cither of the
25 errors "Unknown Subscriber" or "Roaming Not Allowed" has been received from the SG
in response to a MAP_UPDATE_LOCATION request. A signal trace for this scenario is
shown in Figare 52.
For *“Not Updated™ records, if Signaling Gateway receives an Update Location
message, the MSC and VLR address are extracted; stored in the Signaling Gateway and
30 the record status is changed to “Updated”. A log of all recovery messages attempted and
received is generated.
COMPLIANCE
The signal gateway complies with the following specifications:

3GPP TS 09.02 v7.7 R1999/3GPP T829.002
35 Q711-716 SCCP
Q761-764 Q767
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3GPP TS 23.003 V3.9.0 (2001-06)
GSM 03.60 version 6.6.1 Release 1997
GSM 03.90 version 7.0.0 Release 1998
GSM 03.40 version 7.4.0 Release 1998/3GPP TS 03.40 V7.5.0 (2001-12)
5 GSM 03.18 version 6.6.0 Release 1997/3GPP TS 23.018 V3.10.0 (2002-01)
OFTA spec 2202/2204.

There may be parameters missed in the cumrent implementation due to
unforeseeable considerations. These will be handled as part of the free-upgrade and

10 support in the maintenance contract.
The signal gateway handles the mapping between MSISDN-H stored in HPMN
HLR and MSISDN-F stored in the signal gateway function. There are many data service
(circuit switch, HSCSD, GPRS) which MSISDN may not be involved. And there are SS
and USSD service which shall reach HPMN real HLR according to IMSI. In all these

15 situations, the signal gateway function:

1. either relays them to the real destinations at the first interaction. Subsequent
interactions will be directly between the two parties without further participation
from the signal gateway; or

20 2. maps them (o the real destination by initiating a new transaction and subsequent
iterations will go through the signal gateway function.

For example, all the procedures shown in Table 47 are handled by the signal
gateway.

25

TABLE 47

5

MAP_Send Routing_Info_For_SM
request

MAP_Send Routing_Info_For SM
response
MAP_Forward_Short_Message
MO-request
MAP_Forward_Short_Message
MO-response

MAP_Torward_Short Message
MT-request

MAP_Forward_Short Message
MT-response
MAP_Report_SM_Delivery_Status

request
MAP_Report_SM,_Delivery_Status
response

MAP _Ready For SM request
MAP Ready For SM response
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MAP_Deactivate_Trace_Mode
request

MAP_ Dectivate Trace_Mode
response
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MAP Purge MS request

MAP_Purge MS response

MAP_Send_Authentication_Info
1equest

MAP_Send_Authentication_Info
response

MAP_Delete_Subscriber_Data
request

MAP_Delete_Subscriber_Data
response

MAP Register SS request

MAP Register_SS response

MAP_Activate SS request

MAP_Activate SS response

MAP_Deactivate_SS request

MAP Deactivate SS response

MAP_Interrogate SS request

MAP_Interrogate SS response

MAP_Purge MS request

MAP Purge MS response

MAP-Reset request

MAP-Restore request

MAP-Restore response

MAP-Forward-SS Check indication

MAP-UpdateGPRSLocation

MAP-Register-CC entry

MAP-Erase-CC entry

MAP-processUSSDrequest

MAP-UssdRequest

MAP-SSInvokeNotif;

ete

In summary, all MAP messages going through the signal gateway will not be

affected by the signal gateway for the normal services.

For ISUP messages, the signal gateway is compliant with OFTA-2202-3 and

2204.
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GPRS

If the MIMM subscriber uses IMSI-H registration in an operator, GPRS service is
completely the same as a normal subscriber. However when IMSI-F is used, although
GPRS map signaling of the MIMM subscribers will be supported by the current signal
gateway function, GPRS data transport will require additional functions from the signal
gateway. The signal gateway will then need be data relay router too, We only address the
MAP signaling aspect of GPRS here.

Since UpdateGPRSLocation with IMSI-F is routed with CAPA=MGT-0of-IMSI-H
by the SGSN-X, when the message reaches at GMSC-F, possibly GMSC-H, the GTT
will direct the message to0 a signal gateway. The Signal gateway will modify the CgPA
address to SG-SGSN-X and the CdPA to the GT of the HLR-H corresponding to the
MGT of IMSI-H by issuing a new transaction between the signal gateway and the IHLR-
H. In particular, SG becomes the SGSN number to HLR-H. The HLR-H interacts with
the SG and SG with SGSN-X subsequently (e.g. inserfSubData, acks etc) with their
corresponding transaction contexts.

When CancelLocation is issued by HLR-H due to an UpdateGPRSLocation from.
another SGSN, the message will be sent directly to the SG which will then maps to the
real SGSN-F by issuing a new transaction. When SRI-SM with GPRS support indicator
issued by a SMSC to HLR-H that also supports GPRS, then SG will be returned as the
SGSN node to the SMSC which will then forward the message to the SG which will then
forward the message to the real SGSN. The Signaling Gateway produces billing records
as an interceptor here.

The behavior of GPRS MAP signaling will be very similar to the voice and SMS
signaling except that SGSN plays the role of VMSC or VLR and hence the signal
gateway will double as the SGSN when the mobile station registers with GPRS at
FPMN.

On IMSI-F registration, we will only illustrate the case of updateGPRSLocation
by SGSN-X and SRI-SM by a SMSC that supports GPRS. SGSN SSN is 1001-0101 or
95 BCD. This case is illustraied in Table 48.
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TABLE 48

Tessage from Signaling Gateway

i to HLR-H via GMSC-H

FIGMSC-H GTIT
SCCP Called Address: SCCP Called Address:
GT: MGT-F GT: HLR-H
SSNy 6 SSN: 6
TT: 0 TT: 0
SCCP Calling Address: SCCP Calling Address:
GT: SGSN-X GT: SG-SGSN-X
S8N: 95 SSN: 95
TT: 0 TT: 0
MAP level parameters: MAP level parameters:
SGSN: SGSN-X SGSN: SG-SGSN-X
IMSI:  IMSI-F IMST: IMSI-H

Note however since SMS will be forwarded to whatever the HPMN-HLR will
return when it receives a SRI-SM(MSISDN-H), then when MIMM subscriber registers at
a FPMN via SGSN, the signal gateway can present at least one of the following options:

a) Its HPMN GT to a HPMN HLR for SGSN imitations; or

b) Its FPMN GT to a HPMN HLR for SGSN imitations in which case, the FPMN
STP is configured to translate the FPMN GT in CdPA 1o the HPMN GT of the
signal gateway. This will not be a problem if FPMN hosts the signal gateway.
On Insertsubdata, since the data session set up also involves MSISDN, MSISDN-

H from HLR-H must be modified to MSISDN-F. Similarly, the HPMN based APN-H
need be mapped to their corresponding special APN-F. In this way, the SGSN-X can set
up the PDP context through the data enhanced signal gateway (not here yet today). Also
on MIMM subscriber’s handset, when IMSI-F is registered, subscribers must use APN-F

instead. This case is illustrated in Table 49.
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SGSN-X

0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: HLR-H GT: SG-HLR-H

SSN: 6 SSN: 6

TT: 0 TT: 0

MAP level parameters: MARP level parameters:
MSISDN: MSISDN-H MSISDN: MSISDN-F

The trace is illustrated in Figure 53.

Note that F-SG is not used to represent the SGSN at the HLR-H when the signal
gateway is presenting itself to HLR-H for updateGPRSLocation. This is because: a)
SGSN will be returned to SMSC that supports GPRS in which case SMSC will not be
able to route if SGSN is F-SG; and b) VLR address is still F-SG which really influence
the insertSubData parameters while roaming. This problem does not arise if the signal
gateway is hosted at FPMN network since F-SG will not be needed in this case.

For GPRS service, there may also be combined IMSI/GPRS atiachment involving
combined location and routing area update. However since this involves two separate
updates from VLR an SGSN to HLR respectively, the signal gateway can distinguish
when to swap the MSISDN-H by MSISDN-F when the MIMM subscriber is registering
in FPMN.

The combined update is achieved by an association created between SGSN and
MSC/VLR to provide for interactions between SGSN and MSC/VLR. The association is
created when the VLR stores the SGSN number and the SGSN stores the VLR number.
The association is used for co-coordinating MSs that are both GPRS-attached and TMSI-
attached.

The association supports the following actions:

- IMST attach and detach via SGSN. This makes combined GPRS / IMSI attach and
combined GPRS / IMSI detach possible, thus saving radio resources;

- Co-ordination of LA update and RA update, including periodic updates, thus saving
radio resources. A combined RA / LA update is sent from the MS to the SGSN. SGSN
forwards the LA update to the VLR;

- Paging for a CS connection via the SGSN;
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bn dd? / LA update whcn the MS performs IMSI attach and is already GPRS-

- Lombmed RA / LA update when an IMS] and GPRS-attached MS changes from an

area of network operation mode IT or Il to an area of network operation mode 1.

The association is initiated by the SGSN. The SGSN creates an association by

sending a BSSAP+ message concerning a particular MS to the VLR. To get the VLR

15 number, the SGSN translates the current RAY to a VLR number via a translation table.

During a CS connection, an MS in class-B mode of operation cannot perform GPRS

attach nor routing area updates, only MSs in class-A mode of operation can perform

these procedures. If a GPRS attach was made during a CS connection, the association

shall be initiated by a combined RA / LA update after the CS connection has been

20 released.
The association is updated on the following occasions:

- When an MS changes VLR
- When an MS changes SGSN; and
The association is not updated during a CS connection.

[
[

When the MS is in idle mode (see GSM 03.22), the association is updated with

the combined RA / LA updates procedure. A signal trace is shown in Figare 54.

Now consider the MT SMS example to MSISDN-H when the subscriber is

registered at SGSN-X with IMSI-F. SMSC-X (SMSC-H, SMSC-F or SMSC-V) issues

30 an SRI-SM MSISDN-H with GPRS support to the HLR-H with GPRS support. HLR-H
has the address of the Signaling Gateway as the SGSN and returns it in SRI-SM

response. SMSC-X issues a FSM to the Signaling Gateway.

Signaling Gateway performs the following as shown in Table 50.
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SG-SGEN-X
SSN: 8
TT: 0
SCCP Calling Address:
GT: SMSC-X
SSN: 8
TT: 0
MAP-LEVEL Parameters:
SM-RP-DA: IMSI-H
SM-RP-OA: SMSC-X

SCCP Called Address:
GT: SGSN-X
SSN: 8
N 0

SCCP Calling Address:
GT: SG-SMSC-X
SSN: 8
TT: 0

MAP-Level Parameters:
SM-RP-DA: IMSI-F
SM-RP-QA: SG-SMSC-X

The Sending SMSC address and the recipient address in the MAP message are

also changed.

Note that the SCCP Calling Address has also been changed and hence the

response also goes through the Signaling Gateway as shown in Table 51.

TABLE 51
MT FSM Response from SGSN-X
SCCP Called Address:
: SG-SMSC-X
SSN: 8
TT: 0
SCCP Calling Address:
GT: SGSN-X
SSN: 8
TT: 0

ssage from Signaling Gateway

o SMISC-X via GMSC-H

SCCP Called Address:
GT: SMSC-X
SSN: 8
TT: 0

SCCP Calling Address:
GT: SG-8GSN-X.
SSN: 8
TT: 0

Signaling Gateway generates a CDR for this transaction and can be used to apply special
charges/discounts. SGSN-F MT SMS CDR is used for SMS Inter-working settlement.
Special rates may be negotiated for the specific HPMN IMSI range for Multiple
MSISDN subscriber. A signal trace for this scenario is shown in Figure 55.

SEND AUTHENTICATION, USSD AND SUPPLEMENTARY MAP SERVICES ON IMSI-

F

All MAP messages on Autheniication services, supplementary services and ussd

services are based on IMSI. They can be initiated by MS, e.g. a MO call can trigger for

authentication service. These services are conducted between VMSC and VLR, between

VLR and HLR, and between HLR and SCF. Since the signal gateway is only a virtual
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messages 0N b iCation, supplementary Services and
3 53;835@5{:0&5 r3(331 N/BT-IRIMNeen a VLR-X in XPMN and HLR-H via the
signal gateway, they are redirected to the signal gateway function based on GTT on
MGT-F at the GMSC-F and GMSC-H. The chosen signal gateway relays the messages
to HLR-H that corresponds to the MGT-F by replacing the called MGT-F with the
corresponding MGT-H or HLR-H GT. Subsequent interactions will be proxied through
the Signaling Gateway.

10 Note when SG proxies these services to HLR-H, SG need to presents its FPMN
SG GT to the HLR-H so that corresponding HLR procedures might be performed. For
example, if a subscriber is not allowed to make changes to call forwarding numbers
while roaming, the SG must present the FPMN GT to HLR-H. Hosting the signal

gateway at FPMN will not have this problem.

15 This is illustrated in Table 52 using RegisterSS as an example.
TABLE 52 .

RegisterSS from VLR-X with TMST- | Message from Signaling Gateway

¥ te HLR

SCCP Called Address: SCCP Called Address:
GT: SG-HER-H GT: HLR-H
SSN: 6 SSN: 6
TT: 0 TT: 0

SCCP Calling Address: SCCP Calling Address:
GT: VLR-X GT: SG-VER-X
SSN: 7 SSN: 7
TT: 0 TT: [

The reason that a FPMN GT of SG is introduced is because HPMN HLR

20 procedure could be based on the subscriber network location. For example, sometimes
cali forwarding and call barring services registration may be not allowed while roaming.

If the HLR procedures can be configured based on VLR GT ranges, then there

will not be a need to assign two types of GTs: HPMN and FPMN, to a signal gateway.

The HPMN GTs of the signal gateways are simply regarded as roaming GTs by the HLR

25 procedure configuration. As a result, for a signal gateway, its FPMN GT will be the

same as its HPMN GT. For example, to support national roaming, a HLR is configured
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The signal trace is shown in Figure 56.
10
TABLE 54
MAP Service Reference | Use of the Parameter
Type
MAP-REGISTER-SS IMSI Subscriber identity
MAP-ERASE-SS IMSI Subscriber identity
MAP-ACTIVATE-SS IMST Subscriber identity
MAP-DEACTIVATE-SS IMSI Subscriber identity
MAP-INTERROGATE S8 IMSI Subscriber identity
MAP-REGISTER-PASSWORD TMSI Subscriber identity
MAPPROCESS-UNSTRUCTURED-S5- TMST Subscriber identity
REQUEST
MAP-UNSTRUCTURED-SS-REQUEST IMSI Subscriber identity
MAP-UNSTRUCTURED-SS-NOTIFY IMSI Subscriber identity

MAP-FORWARD-SHORT-MESSAGE

IMSI (NOTE) | Subscriber identity
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NOTE: Only when the IMSI and the LMS]I are received together from the HLR in the mobile
terminated short message transfer

Subscriber identity

Table 54 is a supplementary list. USSD MAP services from GSM9.02. MAP-
Process-USSD request is the only request for which content may be modified where the
optional MSISDN-F parameter in the MAP message from FPMN is changed to
MSISDN-H when the message is going through the signal gateway. This is because
MSISDN-H may be used to address subscriber data in gsmSCF if the USSD is further
sent by HLR to gsmSCF for processing. This is illustrated in Table 55.

TABLE 55 )

ProcesssUSSD from VER-X to the | Message from Sigaaling Gateway

signal gateway function via GMSC-F/H | to HLR-H via GMSC-H

GIT

SCCP Called Address: SCCP Called Address:
GT: SG-HLR-H GT: HLR-H
SSN: 6 SSN: (&
TT: 0 T 0

SCCP Calling Address: SCCP Calling Address:
GT: VLR-X GT: SG-VLR-X
SSN: 7 SSN: 7
TT: 0 TT: 0

MAP level parameters: MAP level parameters:

IMSE: IMSI-F IMSE: IMISE-H

MSISDN: MSISDN-F MSISDN: MSISDN-I{

A Signal Flow Diagram for this scenario is shown in Figure 57.

Similarly, when a network-initiated USSD (e.g. USSDRequest, USSDNotify) is
sent by the HLR directly towards a signal gateway which is treated as the VLR of the
MIMM subscriber when the subscriber registers at XPMN with IMSI-F, the signal
gateway will not only modify the CdPA from the signal gateway to the real VLR-X but
also the CgPA to the signal gateway in a new transaction. The response from VLR-X to
the signal gateway will be relayed by the signal gateway back to the HLR-H. This is

shown in Table 56.
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25

changed, these services will be same as a normal subscriber for MIMM subscribers.

MMS, INVCAMEL AND 3G ON IMSI-F REGISTRATION

These services are same as normal when IMSI-H is registered with an operator.
Here we are only concerned with these services when IMSL-F is registered with an
operator. This is outside the scope of this document and is mentioned here purely for
discussion purpose.

For MMS, MMS roaming is essentially the same as GPRS roaming. It will in
general require MMS data session to be relayed through the signal gateway to reach the
HPMN network. However MMS interworking will introduce further complicacies.

For IN/Camel, during registration exchange on Camel triggers, different HPMN
gsmSCF address will be dynamically mapped to different FPMN GTs allocated from a
pool of special FPMN GTs. All the Camel/IN signaling requests and instructions will be
proxied by the signal gateway. It is not anticipated to have any problem here.

For the SS7 part of 3G, additional parameters will require further changes.
LOGGING AND REPORTS

The system has logging function in real-time on SS7 transaction history, roamer
history, provisioning transactions etc. Each can be turned on/off based on configuration

options.

The system will generate the following reports:

104



czn s ICHCICCC. "VII 1 IYVII I ClI Stv
IC.IC’CCIOIC

List of IMSI, MSISDN-1{ to MSISDN-F mapping and other subscriber data per
FPMN configured in system
Number of SS7 messages handled with details on individual message statistics
(number of Update Location, Insert Subscriber Data, SRI, SRI-SM etc per
5 FPMN)
¢) Roamer statistics at FPMN such as average number of roamers in FPMN (can be
divided down to provincial networks) at any time, average number of #FTN
assigned at any time, average # of calls made and received through the signal
gateway per subscriber, etc
10 d) Traffic report such as Call traffic and signaling message traffic
e} Current number of MAP transactions and ISUP calls. Total number of these
transactions in a hour
f) Unsuccessful calls are also logged with reason of failure. The failure may be due
to MAP signaling {e.g. error message is returned when SRI is sent to HLR) or
15 ISUP (e.g. congestion, MIMM subscriber does not answer etc).

a

£

b

s

The reports can be conducted daily, weekly and monthly. Customized reports can
be built based on customer requirements.

For generating monthly report, Roamware will process the daily log files rather

20 than holding the 1-month data in the DB. Each daily statistics will be saved to calculate
monthly statistics.

Transactional history data (such as MAP/TUSP transactions, roamer history
information) will be logged in separate disk drive from CDR data to improve drive-write
performance even though both sets of data could be mirrored in each other’s drive.

25 SRI and SRI-SM logs will be in both transaction history data and in CDR data.
When they are in CDR data, they use CDR format although a different call-type from the
other call types (ROAM, FORW, SMS-MT etc). They will also have a separate DB table
from other call types CDR.

There will also a configuration option ON/OFF to control whether ISUP/SMS

30 unsuccessful calls are logged or not in the CDR data. However all transaction data will
be logged separately in the transaction history data.

Transaction logging based on transaction type (¢.g. SendParameters no need to
log, Location update yes, ISUP yes, SRI logging only OR-routed, provisioning
transactions, maintenance transactions eic) can also be turned on/off based on switch

35 options.

OAMP (OPERATION, ADMINISTRATION, MAINTENANCE AND PROVISIONING),
ACCESS CONTROL AND OVERLOADING
The system supports provisioning interface (including browser and HTTP API,

text file, XML file, stored procedures for DB etc) where the administrator can configure
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process is automatically re-spawned or the system switches over to another node (1f it is
running in active-standby mode). Each node is dimensioned to support the total load
although only 40% will only be used in normal mode. In case of switchover, the new

20 node can take over the total load. There is a means to display the active-standby status of
the system components.
There are also means to display the status of different physical interfaces. The
interfaces cover the system signaling links for sending and receiving SS7 message, the
ISUP loopback signaling and the external database. In case of major breakdown of these
25 interfaces, there will be alert to the maintenance staff. If any in-service signaling links is
down, there should be minor alarm. If all of them are down, there should be Critical
alarm. The signaling links carry both MAP and ISUP messages. If the database
connection fails (e.g. due to LAN failure, database shutdown), the system is able to re-
establish the database connection when the database is up. Alarm will be generated to
30 indicate DB connection is down.
There are also other performance and capacity related indications such as CPU,
memory, MAP transaction rate, BHCA and SS7 loading ete.
Any call duration longer than a configurable timer, (e.g. 1 hour) will be specially

handled. It can be continued with an alarm flag or released depending on a control flag.
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20 The Signaling Gateway CDRs might need to be mapped to the different call types (e.g.
FORW for forwarding, ROAM for roaming, MO, transit, MO-SMS, LOCA for location
update, HLRI for locating subscriber etc) of the HPMN CDR types (e.g. Nokia CDR).

i will loc cmommed based on HPMN mediation system requirements.

Other HPMN CDR specific parameters (c.g. tariff class, charging zone, charging type,
call type etc) might also need be deduced from the Signaling Gateway CDRs. There will

25 also be many fields that the signal gateway will not know such as IMEL Cell ID,
Location Area, IN and Camel related etc. These will be filled with blanks when
converting to the HPMN specific CDRs.

SUPPORT FOR OPTIMAL ROUTING
It is possible to add Optimal Routing Support for voice routing when the Calling
30 and Called party / the forward-to party are in the same country. An example case is when

both the calling party and called party in the same FPMN network.
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Beijing Mobile number later registered in Shanghai network. A call originated from a

25 Beijing network might not be optimally routed to the subscriber since the OR-atlowed

table does not have a supporting record.
As illustrated in Figuare 60, it is also possible that the SRI-issning MSC on

MSISDN-F is not allowed for optimal routing to 8 VMSC-F/MSRN but the GMSC-F for
MSISDN-F is allowed for optimal routing. In this case, the signal gateway can return the

30 original MSISDN back to the SRI-issuing MSC which can then route the call nationally
to GMSC-F which can then issue SRI on MSISDN-F to the signal gateway function. The
signal gateway function can then obtain MSRN/FTN and refurn it directly to the GMSC-
F which can then optimally route the call to the destination MSRN or FTN.
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In this case, GMSC-H is configured to issue SRI-query on the MSISDN-F fo the

signal gateway. The signal gateway function maintains a list of MSISDN-F's that are
allowed (e.g. may be offered as a subscription) to OR route the call for the case.

When a SRI query is received at a signal gateway, as shown in Figure 62, the
gateway checks if the SRI-issuing GT is a HPMN GT; if it s, it checks the MSISDN-F

15 inthe query against the HPMN-OR-allowed table. If there is a match, the real
MSRN/FTN (after finding it) is returned; otherwise the original MSISDN-F is returned.

Note that the MIMM subscribers can get OR calls from either a local or a roamer
in HPMN. The MIMM receiving party might be charged a subscription fee or a markup
for reduced phone rate due to optimal routing.

20 While the signal gateway will have a SRI query record, the Signaling Gateway
will not be able to generate the CDR. However this service can either be offered as a
subscription service or a one time fixed charge, then the SRI query record will be
sufficient. The MTC record for the MIMM subscriber that received such an OR-routed
call will be as if his/her HPMN number had been called.

25
TABLE 59 HPMN-OR-allowed
{ MSISDN-F

The simple ITPMN-OR-allowed table (Table 59 above) can be further extended to
cover more fine-grained cases where destination # can be FTN, MSRN, VMSC/VLR #

30 ranges, as shown in Table 60.

TABLE 60 HPMN-OR-allowed

| MSISDN-F [ SRI-issuing MSC-H [ Destination #
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clains, the words “Coihpiise,™ comprising,” and the like are to be construed in an

30 inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in a sense
of “inctuding, but not limited to.” Words using the singular or plural number also
include the plural or singular number respectively. Additionally, the words “herein,”
“hereunder,” “above,” “below,” and words of similar import, when used herein, shall
refer to this patent as a whole and not to any particular portions of this patent, When the

35 word “or” is used in reference to a list of two or more items, that word covers all of the
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‘The elements and acts of the various embodiments described above can be

""" cempfumications systenstanti etwotks deseribed abover s *

combined to provide further embodiments. These and other changes can be made to the
embodiments described in light of the above detailed description.

15 For example, the foregoing description_of particular embodiments of a Signaling
Gateway method and apparatus including a MIMM service is applicable to embodiments
of a_Multiple IMSI Single MSISDN (MISM) service in a single SIM for multiple
roaming partners. In the case of the latter (MISM) service, only HPMN MSISDN
(MSISDN-H} is used in all the call and signal flows where MSISDN-F is mentioned.

20 Like MIMM for multiple roaming partners, the MISM service for multiple roaming
partners also involves HPMN IMSI (IMSI-H) and FPMN IMSIs (IMSI-F) in a single
SIM. However when IMSI-F is registered with a network, instead of MSISDN-F being
sent to the network, only MSISDN-H is sent to the network.
The MISM service for multipie roaming partners extends the roaming coverage
25 by pooling the roaming relationships of partner networks. This can be limited to national
roaming only, or per country per network. The MISM service for multiple roaming
partners provides a local IMSI at the partner network. This option can be easily enabled
or disabled based on operator requirements. lHowever no matter where the MISM
subscriber is, there is always a single phone number (i.e. MSISDN-H) associated with
30  the subscriber.
A MISM family of solutions is built on top of a common Signaling Gateway
which_also_supports Single IMSI Multiple MSISDN (SIMM) and Multiple IMSI
Multiple MSISDN (MIMM) within the same operator or between different operators

across different countries) and within a single SIM or on multiple SIMs.
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general packet radio service (GPRS), an unstructured supplementary service data
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15 method of an embodiment further comprises comprising storing roaming information
about the user at a FPMN.

The communication system described herein includes a signaling gateway system
for a mobile communication network, the system comprising at least one of? at least one
signaling gateway configured to operaic as a SCCP node and a service node, and further

20 configured to host a multiple IMSI, multiple MSISDN (MIMM) service application for
multiple roaming partner network operators; and at least one gateway mobile switching
center (GMSC) coupled to the at least one signaling gateway, wherein the at least one
GMSC is configured to route MAP messages on subscribers to a MIMM service through
the at least one signaling gateway is further configured to at least one of assign multiple

25 IMSIs fo a single subscriber identity module (SIM), assign at least one mobile subscriber
integrated services digital network number (MSISDN) to the SIM, and facilitate calls
received by the user and calls placed by the user using the SIM while in the user’s home
network and while roaming in another network, and further using one of a home
MSISDN and a local MSISDN.

30 The SIM of an embodiment comprises a multiple international mobile subscriber
identity (IMSI) SIM, wherein each IMSI is associated with a network, and wherein the
user uses an IMSI of the network the user is currently in. The SIM of an embodiment
comprises multiple MSISDNs. The signaling gateway of an embodiment is further
configured to allocate a foreign public mobile network (FPMN) IMST and a MSISDN to
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”'X' "t spec$ 1%6 Lommumcah n’syste§1gsgbe ;Ie-réin' A be imiplenehtdd &
y N NNI]I)\LMNG@NQMN M,of J&Bmy of circuitry, including programmable

nie s ESIEIee b EIN i e oS g
L L array logic ? L) dw es, electrically programmable logic and memory devices and
) éeg baséd de\y lcés, as well as application specific integrated circuits (ASICs).

Some other possibilities for implementing aspects of the communication system include:
microcontrollers with memory (such as electronically erasable programmable read only

10 memory (EEPROM)), embedded microprocessors, firmware, software, etc.
Furthermore, aspects of the communication system may be embodied in microprocessors
having software-based circuit emulation, discrete Jogic (sequential and combinatorial),
custom devices, fuzzy (neural) logic, quantum devices, and hybrids of any of the above
device types. Of course the underlying device technologies may be provided in a variety

15 of component types, e.g., metal-oxide semiconductor field-effect transistor (MOSFET)
technologies like complementary metal-oxide semiconductor (CMOS), bipolar
technologies like emitter-coupled logic (BCL), polymer technologies (e.g., silicon-
conjugated polymer and metal-conjugated polymer-metal structures), mixed analog and
digital, etc.

20 Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise,” “comprising,” and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in a sense
of “including, but not limited t0.” Words using the singular or plural number also
include the plural or singular number respectively. Additionally, the words “herein,”

25 “hereunder,” “above,” “below,” and words of similar import, when used in this
application, refer to this application as a whole and not to any particular portions of this
application. When the word “or” is used in reference to a list of two or more items, that
word covers all of the following interpretations of the word: any of the items in the list,
all of the items in the list and any combination of the items in the list.

30 The above description of illustrated embodiments of the communication system
is not intended to be exhaustive or to limit the system to the precise form disclosed.
While specific embodiments of, and examples for, the communication system are
described herein for illustrative purposes, various equivalent modifications are possible

within the scope of the communication system, as those skilled in the relevant art will
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The elements and acts of the various embodiments described above can be
5 combined to provide further embodiments. These and other changes can be made to the
communication system in light of the above detailed description.

In general, in the following claims, the terms used should not be construed to
limit the communication system to the specific embodiments disclosed in the
specification and the claims, but should be construed to include all processing and

10 communication systems that operate under the claims to provide the communication
system. Accordingly, the communication system is not limited by the disclosure, but

instead the scope of the system is to be determined entirely by the claims.
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1. A mobile communications system, the system comprising:
a plurality of Visited Public Mobile Networks (VPMNs), including at least ong Foreign
Public Mobile Network (FPMN), and

a Home Public Mobile Network (HPMN) having a Home Location Register
(HLR), the HPMN having at least one HPMN subsoriber with an associated
Subscriber fdentity Module (S1M), the HPMN comprising 2 single signaling gateway
for providing to each HPMN subscriber an international Mobile Subscriber identity
(IMSI) i the SIM and & corresponding Mobile Subscriber Integrated Services Digital
Services Number (MSISDN) to operate in each of the at least one FPMNs,

wherein the HPMN and each FPMN have a roaming agresment and an
arrangement to support subscribers of Muttiple tMSE Multiple MSISDN service
(MIMM),

wherein the single signaling gateway is configured to assign multiple IMSIs to
a single MIMM SiM in a MIMM subscriber device,

wherein the MIMM SIM is associated with multiple MSISDONs corresponding
to the multiple IMSIs of the MIMM SIM, and

wherein each IMS! of the muitiple IMSIs is associated with a different

network, including at least one FPMN

2. The mebile communication system of claim 1, wherein the HPMN
associates, for each HPMN subscriber, a single HPMN IMS! (IMSI-H) with all (MSls
in the SiM, and

wherein the IMSI-H is linked {o a single entry in the HLR.

3. The mobile communication system of claim 1, wherein the at least one
FPMN is a participating operator in a foreign country that is different from a country
where the HPMN Is a participating operator.

4. The mobile communications system of claim 1, wherein the single
signaling gateway is further configured to provide services to the user in an identical
manner whether or not the user is roaming, wherein the services comprise a general
packet radio service (GPRS), a unsiructured supplementary service data (LUSSD)
service, and a short message setvice (SMS) service,
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5. The moblle communications system of claim 4, further comprising
routing USSD messages to a signaling gateway, wherein the signaling gateway acts
as a home location register (HLR) of & IMSH of a FPIMN IMS1L

6. The mobile communications system of claim 5, wherein the signaling
gateway Is further configured to:

modify the USSD messages as necessary; and

relay the USSD messages from the signaling gateway to a “real” HLR,
wherein the ‘real” HLR is a HPMN HLR of a2 HPMN IMS| corresponding to a FPMN
{MS] used in the USSD messags.

7. The mabile communication system of claim 1,

wherein 8 FPMN allocates at least one local IMS! in a predefermined range
for use by the HPMN MIMM subscriber while roaming ouiside the HPMN, and

wherein the HPMN provisions and manages all FPMN IMSis and HPMN
IMSls on the MiMiM subscriber device.

8. The mobile communications system of claim 7, wherein the single
signaling gateway is further configured to perform authentication for the MIMM
subscriber device in the HPMN using a HPMN key regardiess of whether an IMS!
used by the MIMM subscriber device is a FPMN IMS! or a HPMN IMS), and
regardiess of a MSISDN used by the MIMM subscriber device.

9. The mobile communications system of claim 8, wherein the single
signaling gateway is further configured to map the home MSISDN fo a local MSISDN
in one of the at least one FPMN when the user is roaming in the one of the at least
one FPMN.

10. The mobile communications system of claim 7, wherein facilitating
calls received by the MIMM subscriber and calls placed by the MIMM subscriber
comprises using global system for mobile communication (GSM).

11. The mobile communications system of claim 7, wherein facilitating

calis received by the MIMM subscriber and calls placed by the MIMM subscriber
comprises using code division multiple access (CDMA).
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12. The mobile communications system of claim 7, wherein the single
signaling gateway is further configured to sfore roaming information about the MIMM
subscriber at & FPMN.

13. The mobile communications system of claim 7, wherein at least one
GMSC is coupled to the single gignaling gateway via & SS7 node,

14. The mobile communications system of claim 7, wherein the single
signaling gateway further comprises:

a global title (GT) transformation efement;

a message application part {(MAP) messags transformation slement;

a MAP server elernent; and

a ISDN user part (ISUP) server element.

15. The mobile communications system of claim 7, wherein the MMM
SIM further supports muttiple local IMSIs and multiple local MSISDNs.

16, The mobile communications system of claim 15, wherein the single
signaling gateway is further configured to facliitate manuai selection of an IMSI by the

user.

17. The mobile communications system of claim 15, wherein the single
signaling gateway is further configured to add additional local IMSIis and additional
local MSISDNs to the SIM via an over-the-air (OTA) interface.

18. The mobile communications system of claim 17, wherein the singie

signaling gatewsy is further configured to determine whether & new home IVS! is

needed when the location of the mobile communications device changes.
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