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Description
METHODS AND SYSTEMS FOR MIGRATING BETWEEN APPLICATION

LAYER MOBILE SIGNALING PROTOCOLS
Related Applications

This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/418,881, filed October 15, 2002, and U.S. Patent Application
Serial No. 10/405,859, filed April 2, 2003, the disclosures of each of which are
incorporated herein by reference in their entirety.
Technical Field

The present invention relates to methods and systems for migrating
between application layer mobile signaling protocols. More particularly, the
present invention relates to methods and systems for routing and processing
signaling messages for calls and short message service (SMS) messages to
mobile subscribers in a network where some subscribers have two or more
different application layer mobile signaling protocol subscriptions and the same
directory number is used to contact the subscriber in each subscription.

Related Art

In mobile communications networks, a variety of different mobile
signaling protocols are used to route calls, obtain subscriber information, and
deliver SMS messages to mobile subscribers. For example, in North America,
American National Standards Institute (ANSI)-41 or Interim Standard (IS)-41 is
the dominant application layer mobile signaling protocol. In Europe, the Global
System for Mobile communications (GSM) protocol is the dominant applicatién
layer mobile signaling protocol. GSM is also being increasingly used in North
America.

In some networks, a mobile telecommunications service provider that
was initially an 1S-41-only service provider may desire to add GSM service.
Alternatively, a GSM-only service provider may desire to add 1S-41 service. In
order to add a new type of service, the service provider must add signaling
nodes, such as mobile switching centers (MSCs), visitor location registers
(VLRs), and home location registers (HLRs) of the new service type. In
addition, short message service centers (SMSCs) of the new service type may
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be required. Alternatively, short message service centers capable of
communicating using protocols of the existing and new service types can be
provided.

In a network that includes GSM and 1S-41 network elements, some
mechanism must exist for ensuring that signaling messages relating to calls
directed to 1S-41 subscribers are delivered to the appropriate 1S-41 network
elements and that signaling messages relating to calls intended for GSM
subscribers are routed to the appropriate GSM network elements. This
problem becomes quite complex in a network in which some subscribers are
IS-41-only, others have multiple subscriptions, and still others are GSM-only.
In a situation where a subscriber adds a new service or migrates to a different
type of service, the subscriber may desire to keep the same directory number.
Because the same directory number can be associated with different
subscriptions, the processing and routing of mobile signaling messages in such
an environment becomes even more complex.

Conventional solutions to routing messages for calls from a subscriber of
one application layer mobile signaling protocol to a subscriber of a different
application layer mobile signaling protocol include simply converting each
message from one application layer mobile signaling protocol to another
application layer mobile signaling protocol and vice-versa. Converting each
message from one protocol to the other protocol and vice-versa greatly
increases the time required to set up calls and increases the number of
signaling messages in the network. In addition, conventional protocol
converters are incapable of giving priority to one service type for dual mode
subscribers and properly routing calls to dual mode subscribers.

Accordingly, in light of these difficulties associated with conventional
protocol converters, there exists a need for improved methods and systems for
processing signaling messages relating to calls and SMS messages to dual
mode subscribers of different application layer mobile signaling protocols and

for giving priority to one signaling protocol over the other signaling protocol.
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Disclosure of the Invention

The present invention includes methods and systems for routing and
processing signaling messages in a network with dual mode subscribers of
different application layer mobile signaling protocols. As used herein, the term
“dual mode subscriber’ refers to a mobile subscriber with two different
application layer mobile signaling protocol subscriptions where the same
directory number is used to contact the subscriber via each subscription. For
example, a dual mode subscriber may have an 1S-41 phone and a GSM phone
with the same directory number being used to contact both phones.
Alternatively, the subscriber may have a single physical device capable of
operating in 1S-41 and GSM modes.

A method for processing signaling messages relating to calls to dual
mode subscribers according to the present invention may include tracking the
registration status of a dual mode subscriber in one of the application layer
mobile signaling protocols of the subscriber (hereinafter, ‘the tracked
application layer mobile signaling protocol”) and using the current registration
status to route calls and SMS messages to the subscriber in a manner that
gives priority to the tracked application layer mobile signaling protocol. For
example, location query messages for dual mode subscribers may be
processed in a manner that gives priority to the tracked application layer mobile
signaling protocol. If a mobile switching center (MSC) of the tracked
application layer mobile signaling protocol sends a location query message for
a dual mode subscriber, a routing node of the present invention may check the
registration status of the dual mode subscriber. If the subscriber is not
registered according to the tracked application layer mobile signaling protocol,
the routing node may formulate a location query response message with a
prefix corresponding to a mobile switching center of the non-tracked application
layer mobile signaling protocol and send the location query response to the
requesting mobile switching center. The prefix in the location query response

message may trigger the requesting mobile switching center to route the call to
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the mobile switching center of the non-tracked application layer mobile
signaling protocol.

If the location query message originates from an MSC of the tracked
application layer mobile signaling protocol and the subscriber is registered
according to the tracked application layer mobile signaling protocol, the routing
node routes the message to an HLR of the tracked application layer mobile
signaling protocol. By tracking the subscriber’s registration status in one
protocol and routing messages based on the registration status in that protocol,
the present invention gives priority to the tracked application layer mobile
signaling protocol over the non-tracked application layer mobile signaling
protocol. For example, registration messages of the non-tracked application
layer mobile signaling protocol preferably do not affect the subscriber’s
registration status in the tracked application layer mobile signaling protocol.
This fact combined with the routing mechanisms described above ensure that
the tracked application layer mobile signaling protocol is given priority over the
non-tracked application layer mobile signaling protocol.

In networks where dual mode subscribers have separate mobile
handsets for each application layer mobile signaling protocol subscription, the
present invention preferably only tracks the registration status in one of the
application layer mobile signaling protocols, thereby giving priority to the
tracked application layer mobile signaling protocol. In networks in which dual
mode subscribers have dual mode devices capable of receiving calls from
either subscription, the present invention preferably tracks the registration
status in both application layer mobile signaling protocols. The exemplary call
flows illustrated herein are essentially the same whether the subscriber’s
registration status is tracked in one or more of the application layer mobile
signaling protocols. Differences in the call flows for single handset and dual
handset cases will be described below.

According to another aspect, the present invention includes a method for
routing and processing short message service location query messages in a
network with dual mode subscribers. When a mobile subscriber initiates a
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short message service message to another mobile subscriber in the network,
the short message service message is sent to a short message service center
to be stored and later forwarded to the destination mobile subscriber. The
short message service center initiates a request for SMS routing information
formatted in the tracked application layer mobile signaling protocol,
independently of the mobile signaling protocol of the sender. If the intended
recipient is a dual mode subscriber, the current registration status of the dual
mode subscriber is checked. If the intended recipient is registered in the
tracked application layer mobile signaling protocol, the request for SMS routing
information is sent to a home location register of the tracked layer mobile
signaling protocol. If the intended receipt is not registered in the tracked
application layer mobile signaling protocol, an error message is sent to the
SMSC, and the SMSC sends a request for SMS routing information in the non-
tracked application layer mobile signaling protocol.

Accordingly, it is an object of the invention to provide methods and
systems for routing signaling messages associated with calls and SMS
messages to subscribers having subscriptions of both first and second
application layer mobile signaling protocols.

It is another object of the invention to provide methods and systems for
routing messages relating to calls and SMS messages to dual mode
subscribers of different application layer mobile signaling protocols in a manner
that gives priority to one of the application layer mobile signaling protocols.

Some of the objects of the invention having been stated hereinabove,
and which are addressed in whole or in part by the present invention, other
objects will become evident as the description proceeds when taken in
connection with the accompanying drawings as best described hereinbelow.

Brief Description of the Drawings
Preferred embodiments of the invention will now be explained with

reference to the accompanying drawings of which:
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Figure 1 is a network diagram illustrating an exemplary network in which
the methods and systems for migrating between application layer mobile
signaling protocols may be implemented,

Figure 2 is a block diagram illustrating an exemplary internal architecture
for a number migration signaling platform according to an embodiment of the
present invention;

Figure 3 is a flow chart illustrating exemplary steps that may be
performed by a number migration signaling platform in tracking the GSM
registration status of a dual mode subscriber according to an embodiment of
the present invention;

Figure 4 is a message flow diagram illustrating exemplary messages
involved in tracking the registration status of a dual mode subscriber according
to an embodiment of the present invention;

Figure 5 is a block diagram illustrating mobile terminated call scenarios
that may be encountered by a number migration signaling platform according to
an embodiment of the present invention;

Figure 6 is a flow chart illustrating exemplary steps that may be
performed by a number migration signaling platform in processing location
query messages for mobile terminated calls according to an embodiment of the
present invention;

Figure 7 is a message flow diagram illustrating exemplary messages
involved in processing a call originated at an 1S-41 MSC for a dual mode
subscriber who is not GSM registered according to an embodiment of the
present invention;

Figure 8 is a message flow diagram illustrating exemplary messages
involved in a call originated at an 1S-41 MSC for a dual mode subscriber who is
GSM registered according to an embodiment of the present invention;

Figure 9 is a message flow diagram illustrating exemplary messages
involved in processing a call originated at a GSM MSC for a dual mode
subscriber who is GSM registered according to an embodiment of the present

invention;
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Figure 10 is a message flow diagram illustrating exemplary messages
involved in a call originated at a GSM MSC for a dual mode subscriber who is
not GSM registered according to an embodiment of the present invention;

Figure 11 is a message flow diagram illustrating exemplary messages
involved in a call originated at an 1S-41 MSC for a call to a GSM-only
subscriber with a DN in an 1S-41 range according to an embodiment of the
present invention;

Figure 12 is a message flow diagram illustrating exemplary messages
associated with a call originated at a GSM MSC for a GSM-only subscriber with
a DN within or outside of an IS-41 range according to an embodiment of the
present invention;

Figure 13 is a block diagram illustrating exemplary mobile terminated
SMS transactions that may be processed by a number migration signaling
platform according to an embodiment of the present invention; |

Figure 14 is a flow chart illustrating exemplary steps that may be
performed by a number migration signaling platform in processing SMS
location query messages according to an embodiment of the present invention;

Figure 15 is a message flow diagram illustrating exemplary messages
associated with an SMS location query transaction for a GSM registered dual
mode subscriber according to an embodiment of the present invention;

Figure 16 is a message flow diagram illustrating exemplary messages
associated with a mobile terminated SMS location query transaction for a dual
mode subscriber who is not GSM registered according to an embodiment of the
present invention;

Figure 17 is a message flow diagram illustrating exemplary messages
associated with a mobile terminated SMS location query transaction for a non-
migrated 1S-41 subscriber according to an embodiment of the present
invention;

Figure 18 is a message flow diagram illustrating exemplary messages
associated with an SMS location query transaction for a GSM-only subscriber

according to an embodiment of the present invention;
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Figure 19 is a message flow diagram illustrating exemplary messaging
for a mobile terminated SMS location query transaction for a GSM registered
subscriber according to an alternate embodiment of the present invention;

Figure 20 is a message flow diagram illustrating exemplary messaging
for a mobile terminated SMS location query transaction for a subscriber who is
not GSM registered according to an alternate embodiment of the present
invention;

Figure 21 is a message flow diagram illustrating exemplary messaging
for a mobile terminated SMS location query transaction for a GSM-only
subscriber according to an alternate embodiment of the present invention;

Figure 22 is a message flow diagram illustrating exemplary messaging
for a mobile terminated SMS location query transaction for a non-migrated IS-
41 subscriber according to an alternate embodiment of the present invention;
and

Figure 23 is a message flow diagram illustrating exemplary messaging
for a GSM SMS location query transaction from another network to a migrated
subscriber according to an embodiment of the present invention.

Detailed Description of the Invention

In one exemplary embodiment of the invention, a number migration
signaling platform may track the registration status of dual mode subscribers of
different application layer mobile signaling protocols in one of the application
layer mobile signaling protocols and process and route signaling messages
based on the tracked registration status. A number migration signaling platform
may be implemented in a signaling message routing node for routing messages
between MSCs, HLRs, VLRs, and SMSCs. Figure 1 illustrates an exemplary
network architecture in which a number migration signaling platform according
to the present invention may be used. Referring to Figure 1, number migration
signaling platforms 100 are provided to route and process mobile call signaling
messages between other mobile network elements. Each number migration
signaling platform 100 may include a location query routing and subscriber

registration status database 102 for tracking registration status of dual mode
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subscribers in one application layer mobile signaling protocol, for routing
location query messages to the appropriate destination using the tracked
registration status, and for formulating location query response messages. The
functionality of number migration signaling platforms 100 and databases 102
will be described in more detail below.

In the illustrated embodiment, number migration signaling platforms 100
may function as a mated pair for reliability purposes. Number migration
signaling platforms 100 may be centrally located in the network for routing
messages to and from 1S-41 MSCs 104, GSM MSCs 106, 1S-41 HLRs 108,
GSM HLRs 110, and SMSCs 112. In the illustrated example, number migration
signaling platforms 100 are connected to network elements 104, 106, 108, 110,
and 112 via SS7 signaling links. Alternatively, number migration signaling
platforms 100 may be connected to network elements 104, 106, 108, 110 and
112 via [P signaling links.

Figure 2 is a block diagram illustrating an exemplary internal architecture
for a number migration signaling platform according to an embodiment of the
present invention. Referring to Figure 2, number migration signaling platform
100 includes a plurality of internal processing modules connected to each other
via an internal network or bus. Each of the internal processing modules may
include a printed circuit board with an application processor for performing
application layer functions and a communications processor for communicating
with other modules via the internal bus. One type of processing module that
may be included within number migration signaling platform 100 is a link
interface module 200. Link interface module 200 may send and receive
messages via SS7 signaling links and may forward messages to other modules
within number migration signaling platform 100 for further processing or routing.

In the illustrated example, link interface module 200 includes an SS7
level 1 and 2 module 202 for performing SS7 level 1 and 2 functions, such as
error correction, error detection, and sequencing of SS7 messages. Gateway
screening module 204 screens messages to determine whether to allow the

messages into the network. Discrimination module 206 determines whether a
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received SS7 message should be distributed to an internal processing module
within number migration signaling platform 100 for further processing or
whether the message should be routed over an external signaling link.
Distribution module 208 distributes messages identified by discrimination
module 206 as requiring further processing. Routing module 210 routes
messages identified by discrimination module 206 as requiring routing. Both
routing module 210 and distribution module 208 may forward messages to

other processing modules via an inter-processor message transport (IMT) bus

212,

In the illustrated example, number migration signaling platform 100
includes a data communications module (DCM) 214 for sending and receiving
SS7 messages via IP signaling links. Data communications module 214 may
include gateway screening, message discrimination, message distribution, and
message routing modules similar to those described with respect to link
interface module 200. In addition, data communications module 214 may
include a physical layer 216 for performing physical layer functions for sending
and receiving messages over IP signaling links. In one exemplary
embodiment, physical layer 216 may be implemented using an Ethernet
interface. IP layer 218 performs network layer functions for sending and
receiving messages via IP signaling links, such as IP forwarding based on
destination IP addresses. Transport layer 220 performs functions for providing
reliable transfer of SS7 messages over IP signaling links. For example,
transport layer 220 may be implemented using the transmission control
protocol (TCP) or the stream control transmission protocol (SCTP). SS7
adaptation layer 222 performs functions for adapting SS7 messages for
transport over an IP network. SS7 adaptation layer 222 may be implemented
using Tekelec’s transport adapter layer interface (TALI), MTP level two user
adaptation layer (M2UA), MTP level three user adaptation layer (M3UA), SCCP
signaling adaptation layer (SUA), and/or MTP level two peer to peer user
adaptation layer (M2PA), as described in the correspondingly named IETF
Internet drafts and RFCs.
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According to an important aspect of the invention, number migration
signaling platform 100 may include a database services module 224 for
tracking registration status of dual mode subscribers and for routing and
processing location query messages using the registration status. In the
illustrated example, database services module 224 includes a service selection
module 226 for selecting the appropriate service for a received message, a
location query processor/subscriber registration manager 228 for processing
location query messages and tracking subscriber registration information, a
location query routing and subscriber registration status database 230, and a
routing function 210. In networks where dual mode subscribers have separate
handsets for different signaling protocol subscriptions, location query
processor/subscriber registration manager 228 preferably tracks only the
subscriber registration status in one application layer mobile signaling protocol.
For example, location query processor/subscriber registration manager 228
may track the GSM registration status of a subscriber of both 1S-41 and GSM
service. In an alternate embodiment, location query processor/subscriber
registration manager 228 may track 1S-41 régistration status of such a
subscriber. In networks in which subscribers have dual mode devices, location
query processor/subscriber registration manager 228 preferably tracks the
registration status in both application layer mobile signaling protocols.

While in the embodiment illustrated in Figure 2 location query
processor/subscriber registration manager 228 and database 230 are located
on a database services module, the present invention is not limited to such an
embodiment. In an alternate embodiment, location query processor/subscriber
registration manager 228 and/or database 230 may be located on a
communication link module, such as link interface module 200 or data
communications module 214. In yet another alternate embodiment, location
processor/subscriber registration manager 228 may be located on a separate
computing platform from number migration signaling platform 100. In such an
embodiment, the separate computing platform may be connected to number

migration signaling platform 100 via a local area network.
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Table 1 shown below illustrates exemplary data that may be maintained

in location query routing and subscriber registration status database 230.

IMSI MSISDN | DPC/SSN | Portability GSM VLR
(MIN) Type Registration ID
Status
- 0194938000 | 1-1-1/4 Dual Registered | 1234
9194938000 -- 1-1-2/4 Dual Registered -
- 0194938001 | 1-1-1/4 Dual Not -
registered
9194938001 -- 1-1-2/4 Dual Not 5678
registered
- 0194938002 | 1-1-1/4 | GSM-only, - -
not in 1S-41
range
9194938003 | 1-1-1/4 | GSM-only, - --
in 1S-41
range
9194938004 -- 1-1-2/4 | 1S-41 only - -

Table 1: Routing and Registration Status Information

Referring to Table 1, each entry includes either an MSISDN number or
an IMSI that corresponds to an MSISDN number or IMSI and a received
location query message. For received GSM messages, the MSISDN fields in
Table 1 are searched using the MSISDN numbers extracted from the
messages. For received 1S-41 messages, the IMSI fields in Table 1 are
searched using the mobile identification number (MIN) or mobile directory
number (MDN) extracted from the messages. It should be noted that the same
number may occur in the MSISDN field and the IMS] field in the database for a
dual mode subscriber. In this case, location query processor/subscriber
registration manager 228 may determine the appropriate field to search based,
for example, on the received message type or one or more provisioned service
selector parameters determined to be present in the received message.

In addition to the IMSI and MSISDN fields, each entry in Table 1
includes a destination point code and subsystem number combination to which
the destination point code and the subsystem number and a received message
should be translated. The DPC/SSN combination may identify the appropriate
HLR for receiving a location query message. Each entry also includes a
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portability type field that stores the portability type of each subscriber. In the
illustrated example, the portability type field indicates whether a subscriberis a
dual mode subscriber, a GSM-only subscriber with a directory number within an
IS-41 range, a GSM-only subscriber with a directory number that is not within
an 1S-41 range, or an 1S-41-only subscriber.

A GSM subscriber with directory number within an 1S-41 range may be
an existing 1S-41 subscriber who migrates to GSM service and does not keep
his or her IS-41 handset. GSM subscribers with directory numbers within an
IS-41 range may also include new GSM-only subscribers who are given
directory numbers in a range that may result in HLR queries from an 1S-41
MSC. GSM-only subscribers with directory numbers outside of 1IS-41 ranges
are assigned directory numbers that will not result in HLR queries from 1S-41
MSCs. 1S-41-only subscribers are simply subscribers of [S-41 service only.

In addition to user type, the GSM entries in Table 1 for dual mode
subscribers may include a populated GSM registration status field. The GSM
registration status field indicates whether or not a subscriber is GSM registered.
As will be described in further detail below, a subscriber may become GMS
registered in response to activation of his or her GSM phone. Registration
status is preferably only tracked for dual mode subscribers. For other types of
subscribers, this field may be blank. The example illustrated in Table 1 does
not store the 1S-41 registration status of a mobile subscriber, indicating the
preferred configuration for networks in which dual mode subscribers use
separate handsets for each subscription. In networks in which dual mode
subscribers use the same phone for both subscriptions, the 1S-41 registration
status may be stored in addition to the GSM registration status in database
230.

Figure 3 is a flow chart illustrating exemplary steps that may be
performed by number migration signaling platform 100 in tracking the
registration status of dual mode subscribers according to an embodiment of the
present invention. Referring to Figure 3, in step 300, number migration

signaling platform 100 receives the message at LIM 200 or DCM 214. In step
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302, the message is identified as a signaling connection control part message
and is routed to DSM 224. Upon reaching DSM 224, service selection module
226 selects the appropriate service for processing the message. In the
illustrated example, the selected service is assumed to be location query
processing/registration management because the received message is a
registration message. In step 306, location query processor/subscriber
registration manager 228 performs a lookup in location query routing and
subscriber registration status database 230 based on the MSISDN or MIN
number in the received registration message. In step 308, location query
processor/subscriber registration manager 228 determines whether the
received registration message is a GSM registration or purge message. If the
message is not a GSM registration or purge message, control proceeds to step
310 where the message is routed to the appropriate IS-41 HLR. Thus, 1S-41
registration messages preferably do not affect the GSM registration status of
the subscriber.

If, on the other hand, the message is a GSM registration or purge
message, the message relates to the status of a GSM subscriber. Accordingly,
control proceeds to step 312 where location query processor/subscriber
registration manager 228 determines whether the subscriber is a dual mode
subscriber. As stated above, this step may be performed by examining the
subscriber type field in database 230. |If the subscriber is a dual mode
subscriber, control proceeds to step 314 where location query
processor/subscriber registration manager 228 updates the registration status
for the subscriber in database 230. For example, if the message is a GSM
update location message for a dual mode subscriber, location query
processor/subscriber registration manager 228 may indicate that the subscriber
is GSM registered in database 230. A purge message, or more specifically, a
mobile application part (MAP) purge mobile subscriber message, is sent froma
VLR to an HLR to cause the HLR to mark its data for the mobile subscriber so
that any request for routing information for a mobile terminated call or a mobile

terminated SMS message will be treated as if the mobile terminal is not
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reachable. The purge message is sent when the subscriber record for the
mobile subscriber is to be deleted in the VLR, for example, because the GSM
mobile handset has been inactive for several days. In order to prevent a
subscriber from being de-registered in database 230 by a VLR in a network in
which the subscriber is no longer roaming, location query processor/subscriber
registration manager 228 may track subscribers based on directory number
(DN) and VLR ID. Only purge messages for dual mode subscribers that match
the current VLR ID stored in database 228 may be used to update the entry. If
the subscriber is not a dual mode subscriber, control proceeds to step 316
where the message is routed to the appropriate GSM HLR.

Thus, as illustrated in Figure 3, location query processor/subscriber
registration manager 228 tracks the GSM registration status of a mobile
subscriber based on GSM registration and purge messages and does not
change the GSM registration status in response to [1S-41 registration
messages. As will be described in detail below, this allows calls to be routed to .
the subscriber's GSM phone with priority over the subscriber’s 1IS-41 phone. In
an alternate embodiment of the invention, which may be used in networks in
which subscribers use separate phones for different subscriptions and 1S-41 is
the preferred subscription, the 1S-41 registration status, rather than the GSM
registration status, may be tracked in order to give priority to the subscriber’s
IS-41 phone. In yet another alternate embodiment, which may be used in
networks in which subscribers use the same phone for multiple subscriptions,
the GSM registration status and the 1S-41 registration status may be tracked.
In networks in which number migration signaling platform 100 tracks both the
[S-41 and GSM registration status of a subscriber, the processing steps may be
similar to those illustrated in Figure 3 except that the subscriber status is
updated when either a GSM or 1S-41 registration message is received. In
addition, in dual mode, single handset networks it is not necessary to update
the registration status when a GSM purge message is received. Whether a

single registration status or multiple registration statuses are tracked will
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depend on the type of network in which the node is operating, as described
above, and is preferably configurable by the service provider.

Figure 4 is a message flow diagram illustrating exemplary messages
associated with tracking the GSM registration status of a subscriber according
to an embodiment of the present invention. Referring to Figure 4, GSM
MSC/VLR 106 initiates an update location message when a dual mode
subscriber operates his or her GSM handset in an area corresponding to GSM
MSC/VLR 106. GSM MSC/VLR 106 forwards the update locate message to
number migration signaling platform 100. Within number migration signaling
platform 100, location query processor/subscriber registration manager 228
changes the GSM registration status for the subscriber in database 230 to
REGISTERED. Location query processor/subscriber registration manager 228
also translates the destination point code in the message to that of GSM HLR
110 and forwards the update location message to GSM HLR 110. A similar
transaction may occur when GSM MSC/VLR 106 detects that the subscriber
has left the area managed by GSM MSC/VLR 106. In such a situation, GSM
MSC/VLR 106 would send a purge mobile subscriber message to mark the
subscriber unreachable in GSM HLR 110. Number migration signaling platform
100 would change the subscriber registration status in database 230 to NOT
REGISTERED upon receiving the purge mobile subscriber message that
matches the VLR ID corresponding to the entry in database 230.

In order to track only the 1S-41 registration status of a subscriber, the
message flow would be similar to that illustrated in Figure 4 except that the
registration status in database 230 would be updated in response to receiving
an 1S-41 registration message from an 1S-41 MSC/VLR. In a network in which
it is necessary to track the registration status of both 1S-41 and GSM
subscriptions, the registration status in database 230 would be updated in
response to receiving an 1S-41 registration message from an 1S-41 MSC/VLR
or a GSM registration message from a GSM MSC/VLR. In a network in which
both registration statuses are tracked, the last received registration message

preferably controls the registration status in database 230. For example, if a
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subscriber is not registered and a GSM registration message is received, the
subscriber's registration status in database 230 will be GSM Registered. If an
IS-41 registration message is received for the GSM registered subscriber, the
subscriber status in database 230 will be changed from GSM Registered to |S-
41 Registered. Similarly, if a GSM registration message is received for a
subscriber who is 1S-41 registered, the subscriber's registration status is
preferably changed from 1S-41 Registered to GSM Registered.

Once the subscriber’s registration status is tracked in database 230,
number migration signaling platform 100 may process location query messages
for calls to a variety of different subscriber types. Figure 5 is a block diagram
illustrating exemplary mobile terminated call scenarios that may be handled or
processed by number migration signaling platform 100 according to an
embodiment of the present invention. Referring to Figure 5, block 500
represents exemplary processing for dual mode subscribers. As stated above,
a dual mode subscriber may be an existing 1S-41 subscriber who has migrated
to GSM and kept the IS-41 service or a new subscriber of both 1S-41 and GSM
service. Within category 500, incoming calls may originate from an 1S-41 MSC,
as indicated by block 502. For such cases, processing varies depending on
whether or not the subscriber is GSM registered, as indicated by blocks 504
and 506. In addition, calls for dual mode subscribers may originate from a
GSM MSC, as indicated by block 508. In this category, the subscriber may be
GSM registered, as indicated by block 510, or not GSM registered, as indicated
by block 512.

Block 514 represents the category of processing for GSM-only
subscribers having directory numbers outside of IS-41 ranges. This category
includes new subscribers of GSM service or migrated subscribers who
discontinue their 1S-41 service. For these subscribers, number migration
signaling platform 100 simply relays the messages to the appropriate GSM
HLR as indicated by block 516. Category 518 represents processing for GSM
subscribers having directory numbers within [S-41 ranges. For example, such
subscribers may have migrated to GSM from 1S-41 and kept their former [S-41
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directory numbers. For such cases, processing varies depending on whether
the call originates from an IS-41 MSC as indicated by block 520 ora GSM MSC
as indicated by block 522. Finally, block 524 represents exemplary processing
for subscribers with only an 1S-41 handset who have not migrated to GSM
service. In this situation, number migration signaling platform 100 preferably
relays the messages to the appropriate IS-41 HLR, as indicated by block 526.

Figure 6 is a flow chart illustrating exemplary processing steps that may
be performed by number migration signaling platform 100 in processing
location query messages for mobile terminated calls. Referring to Figure 6, in
step 600, number migration signaling platiorm 100 receives a mobile
terminated location query message at LIM 200 or DCM 214. In step 602, the
message is identified as an SCCP message and routed to DSM 224. In step
604, service selection module 226 at DSM 224 selects the appropriate service
for the message. In this example, the service is assumed to be location query
processing/registration management because the message is a location query
message. In step 606, location query processor/subscriber registration
manager 228 performs a lookup in database 230 using the MSISDN in the
message. In step 607, if the MSISDN has a special prefix, the message is
routed to the appropriate HLR corresponding to the special prefix MSISDN
combination, as indicated by step 608.

If, however, the message does not include a special prefix, control
proceeds to step 610 where location query processor/subscriber registration
manager 228 extracts the subscriber type from database 230. If the subscriber
is a dual mode subscriber, control proceeds to step 612 where location query
processor/subscriber registration manager 228 determines whether the
subscriber is GSM registered. If the subscriber is not GSM registered, control
proceeds to step 614 where it is determined whether the location query
message originated from an 1S-41 MSC. If the message originated froman IS-
41 MSC, the message is simply routed to the appropriate 1S-41 HLR, as
indicated by step 608. If the message did not originate from an 1S-41 MSC,

control proceeds to step 616 where location query processor/subscriber
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registration manager 228 formulates and sends a response to the GSM MSC
that originated the message. The response preferably has a prefix that will be
used to route the call to an IS-41 MSC. This prefix is the same prefix used in
step 607 to route the message to the appropriate 1S-41 HLR. However, the
special prefix may be omitted without departing from the scope of the invention.
If the prefix is omitted, the GSM MSC may simply route the call to a default |1S-
41 MSC.

Returning to step 612, for dual mode subscribers, if the subscriber is
determined to be GSM registered, control proceeds to step 618 where location
query processor/subscriber registration manager 228 determines whether the
message originated from a GSM MSC. If the message originated from a GSM
MSC, control proceeds to step 620 where the message is routed to the
appropriate GSM HLR. If the message did not originate from a GSM MSC,
control proceeds to step 622 where location query processor/subscriber
registration manager 228 formulates and sends a response to the 1S-41 MSC
with é special prefix added to the mobile identification number. The special
prefix is used to route the call to the appropriate GSM MSC. This is the same
special prefix used in step 606 to route the message to the appropriate GSM
HLR.

Returning to step 610, if the subscriber is determined to be a GSM
subscriber with a directory number within an 1S-41 range of directory numbers,
control proceeds to step 618 where it is determined whether the location query
message is from a GSM MSC. If the message is from a GSM MSC, the
message is routed to the appropriate GSM HLR, as indicated in step 620. If
the message is not from a GSM MSC, location query processor/subscriber
registration manager 228 formulates and sends a response to the 1S-41 MSC
with a special prefix to direct the 1S-41 MSC to route the call to the appropriate
GSM MSC. However, in an alternate embodiment of the invention, the prefix
may be omitted. If the prefix is omitted, the 1S-41 MSC may simply route the
call to a GSM MSC by default.
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Returning again to step 610, if the subscriber type is determined to be
IS-41-only with a directory number within an I1S-41 range or GSM-only with a
directory number within a GSM range, control proceeds to step 608 where
location query processor/subscriber registration manager 228 exiracts the
appropriate HLR address from database 230 and routing function 210 routes
the message to the appropriate 1S-41 or GSM HLR. In this example, since the
directory numbers are exclusively within 1S-41 or GSM ranges, it is assumed
that the location query messages originated from the MSC of the appropriate
type.

The processing steps illustrated in Figure 6 will now be separately
explained with regard to each scenario described in Figure 5 using signaling
message flow diagrams. Figure 7 is a signaling message flow diagram
illustrating exemplary signaling messages associated with a call originating
from an IS-41 MSC for a dual mode subscriber who is not GSM registered.
Referring to Figure 7, 1S-41 MSC 104 initiates an IS-41 location request
message and forward the location request message to number migration
signaling platform 100. Within numbering migration signaling platform 100,
location query processor/subscriber registration manager 228 queries database
230 using the mobile identification number in the location request message.
Because the subscriber is a dual mode subscriber, location query
processor/subscriber registration manager 228 determines the GSM
registration status for a subscriber. Because the subscriber is not GSM
registered, location query processor/subscriber registration manager 228
extracts the address of 1IS-41 HLR 108 from database 230, inserts the address
in the message, and routing function 210 routes the message to 1S-41 HLR
108.

Figure 8 is a message flow diagram illustrating exemplary messages
associated with a call originating at an 1S-41 MSC for a dual mode subscriber
who is GSM registered. Referring to Figure 8, IS-41 MSC 104 initiates a
location request message and forwards the location request message to

number migration signaling platform 100. Within number migration signaling
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platform 100, location query processor/subscriber registration manager 228
queries database 230 using the mobile identification number in the location
request message determines that the dual mode subscriber is GSM registered.
Accordingly, location query processor/subscriber registration manager 228
generates a location request return result message. In the return result
message, a special prefix corresponding to GSM MSC 106 may be included.
Location query processor/subscriber registration manager 228 then forwards
the location request return result message to 1S-41 MSC 104. 1S-41 MSC 104
routes the call to GSM MSC 106 based on the prefix, if included. If the prefix is
not included, 1S-41 MSC 104 may route the call to GSM MSC 106 by default.

In response to receiving the IAM message, GSM MSC 106 formulates a
send routing information message including the prefix and the MSISDN number
of the subscriber. Number migration signaling platform 100 receives the send
routing information message, and location query processor/subscriber
registration manager 228 queries database 230 using the combination of the
prefix and the MSISDN number. The result of the query is the network address
of GSM HLR 110. Accordingly, location query processor/subscriber registration
manager 228 inserts the address of GSM HLR 110 in the send routing
information message, and routing function 210 routes the message to GSM
HLR 110. Because the special prefix is included, it is not necessary to
determine subscriber type or registration status again. As a result, using the
special prefix reduces unnecessary processing and call setup time. However, if
the special prefix is not included, number migration signaling platform 100
would still route the SRI message to the appropriate destination because it
would follow the procedures for routing a GSM originated location request to a
GSM registered dual mode subscriber, as illustrated in Figure 6.

In the example illustrated in Figure 8, after receiving the SRI message, if
number migration signaling platform 100 determines that the subscriber has
been ported to another service provider, number migration signaling platform
100 may return an SRI_ACK message to GSM_MSC 106. The SRI_ACK
message may include a prefix corresponding to the GSM MSC currently
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serving the subscriber. GSM_MSC 106, upon receiving the SRI_ACK message
with the prefix, would formulate an ISUP IAM message and forward the IAM
message to the serving GSM_MSC. Thus, the present invention may be used
to route messages relating to calls, SMS messages, and other services, even
when the called party has been ported to another service provider.

Figure 9 illustrates exemplary messaging associated with a call
originating at a GSM MSC for a dual mode subscriber who is GSM registered.
Referring to Figure 9, GSM MSC 106 generates a send routing information
message and forwards the send routing information message to number
migration signaling platform 100. Within number migration signaling platform
100, location query processor/subscriber registration manager 228 queries
database 230 using the MSISDN number in the send routing information
message. The result of the query is an indication that the subscriber is GSM
registered and the address of the appropriate GSM HLR. Accordingly, because
the message is an SRI message originating from GSM MSC, location query
processor/subscriber registration manager 228 inserts the network address of
GSM HLR 110 in the message, and routing function 210 routes the message to
GSM HLR 110.

Figure 10 is a message flow diagram illustrating exemplary messages
associated with call originating at a GSM MSC for a dual mode subscriber who
is not GSM registered. Referring to Figure 10, GSM MSC 106 initiates a send
routing information message. The send routing information message arrives at
number migration signaling platform 100. Location query processor/subscriber
registration manager 228 queries database 230 using the MSISDN number in
the send routing information message, determines that the subscriber is not
GSM registered, and extracts a prefix corresponding to 1S-41 MSC 104 from
database 230. Location query processor/subscriber registration manager 228
then formulates a send routing information acknowledge message and
forwards the message to GSM MSC 106. The send routing information
acknowledge message includes the prefix of 1IS-41 MSC 104. GSM MSC 106
routes the call to I1S-41 MSC 104. As discussed above, the prefix may be



WO 2004/036766 PCT/US2003/032626

10

15

20

25

30

-23-

omitted from the location request message, and GSM MSC 106 may route the
call to 1S-41 MSC 104 by default.

In response to receiving the IAM message, 1S-41 MSC 104 initiates a
location request message with the prefix attached to the mobile identification
number in the message. When number migration signaling platform 100
receives the message, location query processor/subscriber registration
manager 228 queries the database using the prefix and MIN combination. The
result is the address of I1S-41 HLR 108. The prefix reduces the need to re-
check subscriber type or registration status. However, if the prefix is omitted,
the call will still be routed to the appropriate 1S-41 HLR using the processing
steps illustrated in Figure 6. Location query processor/subscriber registration
manager 228 inserts the appropriate IS-41 HLR address in the message, and
routing function 210 routes the message to 1S-41 HLR 108.

Figure 11 is a message flow diagram illustrating exemplary messaging
associated with a call originated at an 1S-41 MSC for a GSM-only subscriber
with a DN in an IS-41 range. Referring to Figure 11, IS-41 MSC 104 formulates
a location request message and forwards the location request message to
number migration signaling platform 100. Number migration signaling platform
100 performs a lookup in database 230 and determines that the subscriberis a
migrated GSM-only subscriber with a DN in an 1S-41 range. Accordingly,
number migration signaling platform 100 formulates location request return
result with an optional special prefix added to the MIN indicating to MSC 104 to
route the call to GSM MSC 106. 1S-41 MSC 104 receives the location request
return result message and routes the call to GSM MSC 106 by sending an
ISUP IAM message to GSM MSC 106. In response to the ISUP IAM message,
GSM MSC 106 formulates a send routing information message including the
optional prefix and forwards the message to number migration signaling
platform 100. Number migration signaling platform 100 performs a lookup in
database 230, extracts the GSM HLR address corresponding to the prefix, and
routes the SRI message to GSM HLR 110.
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Figure 12 is a message flow diagram illustrating exemplary messaging
associated with a call originating at a GSM MSC for a GSM subscriber with a
DN in an 1S-41-only range or outside of an IS-41range. Referring to Figure 12,
GSM MSC 106 originates an SRl message and forwards the message to
number migration signaling platform 100. Number migration signaling platform
100 performs a lookup in database 230, determines that the subscriber is a
GSM subscriber, extracts the GSM HLR address, and routes the message to
GSM HLR 110.

In addition to routing messages relating to mobile terminated calls,
number migration signaling platform 100 is also capable of routing messages
relating to mobile terminated SMS messages in a network with dual mode
subscribers. Figure 13 is a block diagram illustrating exemplary overall
processing that may be performed by number migration signaling platform 100
for mobile terminated SMS transactions. Referring to Figure 14, block 1300
represents the processing category for dual mode subscribers. Within this
category, the subscriber may be GSM registered, as indicated by block 1302 or
not GSM registered as indicated by block 1304. Category 1306 represents
subscribers with 1S-41 handsets who have not migrated. Within this category,
registration status is irrelevant, and processing occurs according to mobile
terminated SMS procedures of the present invention, as indicated by block
1308. Finally, block 1310 represents GSM-only subscribers with directory
numbers both within and outside of GSM ranges. Within this category,
registration status is likewise irrelevant. Accordingly, block 1312 represents the
processing performed by the present invention for this category.

Figure 14 is a flow chart illustrating exemplary steps that may be
performed in processing SMS routing request messages relating to the various
subscriber types illustrated in Figure 13 Referring to Figure 14, in step 1400,
number migration signaling platform 100 receives a GSM SMS request for
routing information message at LIM 200 or DCM 214. In this example, it is
assumed that SMSCs 112 first send only GSM requests for routing information

independently of the originating mobile subscriber type. In step 1402, the
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message is identified as an SCCP message and routed to DSM 224. In step
1404, service selection module 226 selects a service type for the message. In
this example, it is assumed that the service type is location query
processing/registration management. Accordingly, in step 1408, location query
processor/subscriber registration manager 228 performs a lookup in database
230 using the MSISDN number in the SMS location query message. In step
1408, location query processor/subscriber registration manager 228 determines
the subscriber type. If the subscriber is a dual mode subscriber, control
proceeds to step 1410 where it is determined whether the subscriber is GSM
registered. If the subscriber is GSM registered, in step 1412, location query
processor/subscriber registration manager 228 inserts the address of the GSM
HLR in the message and routes the message to the appropriate GSM HLR.

In step 1410, if the subscriber is not GSM registered, control proceeds to
step 1414, where location query processor/subscriber registration manager 228
sends a subscriber not available message to the originating short message
service center. The short message service center formulates an 1S-41 SMS
request message. In step 1416, number migration signaling platform 100
receives the 1S-41 SMS request. In step 148, number migration signaling
platform 100 routes the 1S-41 SMS request to an 1S-41 HLR.

Referring back to step 1408, if the subscriber is determined to be a
GSM-only subscriber, control proceeds to step 1420 where the message is
routed to the appropriate GSM HLR.

Returning again to step 1408, if the subscriber is determined to be an |S-
41-only subscriber, control proceeds to step 1414 where number migration
signaling platform 100 sends a subscriber not available message to the
originating short message service center. In response, the short message
service center initiates an 1S-41 SMS request. In step 1416 number migration
signaling platform 100 receives the SMS request. In step 1418, number
migration signaling platform 100 routes the SMS request to the 1S-41 HLR.

Figures 15-18 are message flow diagrams illustrating exemplary
messages associated with mobile terminated SMS transactions. Referring to
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Figure 15, the case is illustrated where a mobile terminated SMS message for
a GSM registered dual mode subscriber is sent to number migration signaling
platform 100. In Figure 15, short message service center 112 initiates an
SRI_for SM message and forwards the message to number migration
signaling platform 100. Within number migration signaling platform 100,
location query processor/subscriber registration manager 228 queries database
230 using the MSISDN number in the SRI_for_SM message and identifies the
subscriber as being a dual mode, GSM registered subscriber. Accordingly,
location query processor/subscriber registration manager 228 extracts the HLR
address for the GSM HLR to which the message should be routed, inserts the
address in the message, and routing function 210 routes the message to GSM
HLR 110.

Figure 16 illustrates the case for a mobile terminated SMS message for
a dual mode subscriber who is not GSM registered. Referring to Figure 16,
SMSC 112 sends a SRI_for_SM message to number migration signaling
platform 100. Within number migration signaling platform 100, location query
processor/subscriber registration manager 228 queries database 230 using the
MSISDN number in the message, and determines that the subscriber is not
GSM registered. Accordingly, location query processor/subscriber registration
manager 228 formulates a send routing information for short message
acknowledge message indicating that the subscriber is not available and
forwards the message to SMSC 112. Upon receiving this message, SMSC 112
generates an |S-41 SMS request message and sends the message to number
migration signaling platform 100. Number migration signaling platform 100
routes the SMS message to the appropriate HLR without re-checking
subscriber registration status.

Figure 17 illustrates exemplary messaging for the case of a mobile
terminated SMS message for an 1S-41, non-migrated subscriber. Referring to
Figure 17, SMSC 112 sends an SRI_for_SM message to number migration
signaling platform 100. Number migration signaling platform 100 performs a
lookup in database 230 using the MSISDN in the SRI_for_SM message and
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determines that an entry does not exist for the 1S-41 subscriber. Number
migration signaling platform 100 formulates a UDTS error message indicating
that an entry was not present and sends the message to SMSC 112. In
response, SMSC 112 generates an 1S-41 SMS request and forwards the SMS
request and forwards the message to number migration signaling platform 100.
Number migration signaling platform 100 extracts the address of the
appropriate 1S-41 HLR using the MIN in the SMS request message and routes
the SMS request message to 1S-41 HLR 108.

Figure 18 is a signaling message flow diagram illustrating exemplary
messaging for the case of a mobile terminated SMS transaction fora GSM-only
subscriber. Referring to Figure 18, SMSC 112 generates an SRI_for_SM
message and sends the message to number migration signaling platform 100.
Number migration signaling platform 100 determines the HLR to which the
message should be routed and forwards the message to HLR 110.

In Figures 15-18, it is assumed that SMSC 112 first formulates a GSM
SRI_for_SM message independently of the mobile originating subscriber type.
In an alternate embodiment of the invention, SMSC 112 may formulate both a
GSM SRI_for_ SM message and an 1S-41 SMS Request message for each
mobile terminated SMS transaction. Figure 19 is a message flow diagram
illustrating exemplary signaling associated with a mobile terminated SMS
message for a GSM registered dual mode subscriber. Referring to Figure 19,
SMSC 112 simultaneously generates SRI_for SM and SMS Request
messages. Number migration signaling platform 100 receives both messages
and location query processor/subscriber registration manger 228 queries the
database and locates entries corresponding to the MSISDN and the MIN.
However, because the subscriber is GSM registered, location query
processor/subscriber registration manager 228 extracts only the GSM HLR
address from database 230. In this case, location query processor/subscriber
registration manager 228 inserts the address corresponding to the GSM HLR in
the SRI message, and routing function 210 routes the message to GSM HLR
110.
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Figure 20 illustrates exemplary messaging associated with the mobile
terminated SMS transaction for a subscriber who is not GSM registered.
Referring to Figure 20, SMSC 112 simultaneously formulates SRI_for_SM and
SMS request messages in response to a request by a subscriber to deliver an
SMS message. Number migration signaling platform 100 receives the
messages and formulates two queries to database 230. Because the
subscriber is not GSM registered, location query processor/subscriber
registration manager 228 extracts only the 1S-41 HLR address. Location query
processor/subscriber registration manager 228 inserts the address for 1S-41
HLR 108 in the message, and routing function 210 routes the message to 1S-41
HLR 108.

Figure 21 illustrates exemplary messaging associated with the mobile
terminated SMS transaction for a new GSM-only subscriber. Referring to
Figure 21, SMSC 112 simultaneously formulates SRI_for_SM and SMS request
messages. Number migration signaling platform 100 receives the messages
and performs a lookup in database 230. However, only SRI_for_SM message
results in a match in database 230 because the DN in the SRI_for SM
message is within a GSM-only range. Accordingly, location query
processor/subscriber registration manager 228 inserts the address of GSM
HLR 110 in the message, and routing function 210 routes the message to GSM
HLR 110.

Figure 22 illustrates exemplary messaging associated with a mobile
terminated SMS transaction for a non-migrated 1S-41 subscriber. Referring to
Figure 22, SMSC 112 simultaneously formulates SRI_for_SM and SMS request
messages. Number migration signaling platform 100 receives both messages
and queries database 230 based on both messages. The SMS request
message results in a match in database 230 because the DN in the message is
within an [S-41 only range. Accordingly, location query processor/subscriber
registration manager 228 inserts the address of IS-41 HLR 108 in the message,
and routing function 210 routes the message to 1S-41 HLR 108.
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Figure 23 illustrates exemplary messaging associated with an SRI
message from a non-home SMSC. Referring to Figure 23, non-home SMSC
112 sends an SRI_for_SM message to number migration signaling platform
100. In response to receiving this message, number migration signaling
platform 100 determines whether the message originated from a home SMSC.
In this example, it is assumed that the message did not originate from a home
SMSC. Accordingly, subscriber registration status is not checked. A lookup is
simply performed in database 230, and the routing address for GSM HLR 110
is extracted. The message is then routed to GSM HLR 110.

In the examples illustrated in Figures 15-23, it is assumed that the
SMSCs are dual mode SMSCs capable of initiating SMS location query and
other signaling messages in either of the application layer mobile signaling
protocols. However, the present invention is not limited to use in such an
environment. In some networks, there may be separate SMSCs for each
application layer mobile signaling protocol. In such a network environment, a
number migration signaling platform of the present invention would operate
using the same processing steps illustrated in Figure 14. For example, when
number migration signaling platform 100 receives an |S-41 SMS location query
message from an 1S-41 SMSC for a GSM registered subscriber, number
migration signaling platform 100 preferably returns a message to the 1S-41
MSC indicating that the subscriber is not reachable. In response to this
message, the IS-41 MSC may send the SMS message to a GSM SMSC via the
SMPP protocol. The GSM MSC would then send a GSM SMS location query
message to number migration signaling platform 100. Number migration
signaling platform 100 would route the GSM location query message to the
appropriate GSM HLR. If a GSM SMSC originates a GSM SMS location query
message for a subscriber who is not GSM registered, number migration
signaling platform 100 may return a response to the GSM SMSC indicating the
subscriber is not reachable. The GSM SMSC may then send the SMS
message to an 1S-41 SMSC via the SMPP protocol. The 1S-41 SMSC may

then initiate an SMS location query message. ' Number migration signaling
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platform 100 would then route the 1S-41 SMS location query message to the
appropriate 1S-41 HLR. If number migration signaling platform 100 receives a
location query message from an 1S-41 SMSC for a subscriber who is not GSM
registered or from a GSM SMSC for a subscriber who is GSM registered,
number migration signaling platform 100 simply routes the SMS location query
message to the appropriate HLR.

Thus, as described above, the present invention is capable of routing
messages to the appropriate destination and for rerouting calls in a network
that includes dual mode subscribers, migrated subscribers, new subscribers of
the migrated-to signaling protocol, and existing subscribers of the migrated-
from signaling protocol that do not switch application layer mobile signaling
protocols. In addition, in dual mode, dual handset networks, because the
present invention preferably tracks the registration status of one application
layer mobile signaling protocol for dual mode subscribers, one application layer
mobile signaling protocol can be given priority over the other application layer
mobile signaling protocol. In dual mode, single handset networks, because the
present invention preferably tracks the registration status of both application
layer mobile signaling protocols for dual mode subscribers, messages are
routed to the destination node of the appropriate type.

While the examples above relate primarily to 1S-41 and GSM signaling
protocols, the present invention is not limited to these protocols. The methods
and systems for processing and routing signaling messages described herein
are applicable to any network in which subscribers use multiple application
layer mobile signaling protocols with the same DN.

In addition, even though the examples above relate primarily to migrating
between IS-41 and GSM protocols, the present invention is not limited to these
examples. For example, the methods and systems described herein may be
used to process and route signaling messages for subscribers that migrate
between any suitable protocols. For example, the methods and systems
described herein may be used to allow subscribers to migrate between TDMA
and CDMA protocols or GSM and non-GSM CDMA protocols with the same
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directory number used to contact the subscriber in both protocols. In such an
implementation, one protocol may be given priority over the other protocol in
the manner described above for migration between 1S-41 and GSM. In
addition, the same type of signaling may be used in the migrated-from and the
migrated-to protocol. In such a situation, the equipment ID may be used to
identify the mobile handset type and thus the protocol in which the subscriberis
currently registered.

In addition, in the examples described above, SS7 and IP links are used
to carry the application layer mobile signaling protocols. However, the present
invention is not limited to using SS7 or IP transport. The methods and systems
described herein for facilitating migration between application layer mobile
signaling protocols may be used with any underlying transport capable of
carrying an application layer mobile signaling protocol. Additional examples,
other than IP and SS7, include any of the transport protocols specified for third
generation mobile telecommunications networks, for example, as described in
the various technical documents available at www.3gpp.org.

In some of the call flows described above, such as those illustrated in
Figures 15-23, registration status for dual-mode subscribers is tracked and the
tracked registration status is used to route location query messages to the
correct HLR for providing SMS service to the subscriber. However, the present
invention is not limited to tracking the registration status of a dual mode
subscriber and using the tracked registration status to deliver SMS service. For
example, additional services, such as intelligent network (IN) and customized
application of mobile enhanced logic (CAMEL) services, may be provided to
dual handset subscribers using the methods and systems for tracking the
re'gistration status of the subscribers as described herein. In one
implementation, the registration status of a dual mode subscriber may be
tracked as described above. An IN or CAMEL services node may generate a
message intended to deliver an IN or CAMEL service to the subscriber if the
subscriber is registered in a particular mode. For example, such services may

be provided to GSM subscribers but not to 1S-41 subscribers or vice versa. In



WO 2004/036766 PCT/US2003/032626

10

-32-

such a situation, the subscriber’s registration status may be checked. If the
subscriber is registered according to protocol corresponding to the service, the
message may be routed to a node for providing the particular service to the
subscriber. If the subscriber is not registered in the protocol corresponding to
the service, the message may be discarded. In this manner, the present
invention uses the tracked registration status of dual mode subscribers to
deliver supplementary services in addition to SMS.

It will be understood that various details of the invention may be
changed without departing from the scope of the invention. Furthermore, the
foregoing description is for the purpose of illustration only, and not for the
purpose of limitation, as the invention is defined by the claims as set forth

hereinafter.
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CLAIMS

What is claimed is:

1.

A method for routing signaling messages in a network in which some
subscribers have a plurality of application layer mobile signaling protocol
subscriptions and use the same directory number for the subscriptions,
the method comprising:

(a)  ina node distinct from a home location register (HLR) or a visitor
location register (VLR), tracking the registration status in a first
application layer mobile signaling protocol for a subscriber of
both the first application layer mobile signaling protocol and a
second application layer mobile signaling protocol with the same
directory number being used to contact the subscriber in both the
first and second application layer mobile signaling protocols;

(b)  at the node, receiving a location query message from a mobile
switching center (MSC) of the first application layer mobile
signaling protocol, the location query message requesting the
location of the mobile subscriber for delivering a call to the mobile
subscriber,;

(c)  determining whether the subscriber is registered according to the
first application layer mobile signaling protocol; and

(d) in response to the subscriber being registered in the first
application layer mobile signaling protocol, determining an
address of a home location register (HLR) of the first application
layer mobile signaling protocol and routing the location query
message from the node to the HLR of the first application layer
mobile signaling protocol.

The method of claim 1 wherein the first application layer mobile

signaling protocol includes the Global System for Mobile

communications (GSM) protocol and the second application layer
mobile signaling protocol includes the Interim Standard-41 (IS-41)
protocol and wherein tracking the registration status in the first
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application layer mobile signaling protocol includes tracking only the
registration status in the GSM protocol.

The method of claim 1 wherein the first application layer mobile
signaling protocol includes the Interim Standard-41 (1S-41) protocol and
the second application layer mobile signaling protocol includes the
Global System for Mobile communications (GSM) protocol and wherein
tracking the registration status in the first application layer mobile
signaling protocol includes tracking only the registration status in the IS-
41 protocol.

The method of claim 1 wherein the first application layer mobile
signaling protocol includes a signaling protocol associated with a code
division multiple access (CDMA) protocol and the second application
layer mobile signaling protocol comprises a signaling protocol
associated with a time division multiple access (TDMA) protocol and
wherein tracking the registration status in the first application layer .
mobile signaling protocol includes tracking only the registration status in
the CDMA protocol.

The method of claim 4 wherein the signaling protocols associated with
the CDMA and TDMA protocols are the same and wherein the method
further comprises identifying whether a subscriber is registered in the
CDMA or the TDMA protocol using an equipment identifier extracted
from a mobile call signaling message.

The method of claim 1 wherein the first application layer mobile
signaling protocol includes a signaling protocol associated with a non-
Global System for Mobile communications (GSM) code division multiple
access (CDMA) protocol and wherein the second application layer
mobile signaling protocol includes a signaling protocol associated with a
GSM CDMA protocol and wherein tracking the registration status in the
first application layer mobile signaling protocol includes tracking only the
registration status in the non-GSM CDMA protocol.
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The method of claim 1 comprising tracking the registration status in the
second application layer mobile signaling protocol.

The method of claim 1 wherein tracking the registration status at a node
distinct from an HLR or a VLR includes tracking the registration status in
a database operatively associated with a signal transfer point (STP).
The method of claim 1 comprising, in response to determining that the
subscriber is not registered according to the first application layer mobile
signaling protocol, formulating and sending a response to the MSC of
the first application layer mobile signaling protocol, the response
including a prefix for routing the call to an MSC of the second application
layer mobile signaling protocol.

The method of claim 1 comprising, in response to determining that the
subscriber is not registered according to the first application layer mobile
signaling protocol, formulating and sending a response message tothe
MSC of the first application mobile signaling protocol indicating that the
subscriber is not reachable, and wherein, in response to receiving the
response message, the MSC of the first application layer mobile
signaling protocol is adapted to route the call to an MSC of the second
application layer mobile signaling protocol.

The method of claim 1 comprising receiving a location query message
from an MSC of the second application layer mobile signaling protocol,
the location query message requesting the location of the mobile
subscriber for delivering a call to the mobile subscriber.

The method of claim 11 comprising, in response to determining that the
mobile subscriber is registered according to the first application layer
mobile signaling protocol, formulating and sending a response to the
MSC of the second application layer mobile signaling protocol, the
response including a prefix for triggering the MSC of the second
application layer mobile signaling protocol to route the call to the MSC of
the first application layer mobile signaling protocol.
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The of method of claim 11 comprising, in response to determining that
the mobile subscriber is registered according to the first application layer
mobile signaling protocol, formulating and sending a response message
to the MSC of the second application layer mobile signaling protocol,
wherein the MSC of the second application layer mobile signaling
protocol is adapted to route the call to the MSC of the first application
layer mobile signaling protocol by default in response to receiving the
response message.
The method of claim 11 comprising, in response to determining that the
mobile subscriber is not registered according to the first application layer
mobile signaling protocol, determining an address of an HLR of the
second application layer mobile signaling protocol and routing the
location query message to the HLR of the second application layer
mobile signaling protocol.

A method for routing short message service (SMS) messages in a

network in which subscribers have subscriptions of both firstand second

application layer mobile signaling protocols and use the same directory
number for both application layer mobile signaling protocols, the method
comprising:

(a)  receiving, at a short message service center (SMSC), an SMS
message to be delivered to a subscriber of both the first and
second application layer mobile signaling protocols;

(b)  sending, from the SMSC, a request for SMS routing information
in the first application layer mobile signaling protocol, the request
for SMS routing information including a directory number
corresponding to the subscriber of both the first and second
application layer mobile signaling protocols;

(c)  atanode distinct from a home location register (HLR) or a visitor
location register (VLR), receiving the request for SMS routing

information and determining whether the subscriber is registered
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according to the first application layer mobile signaling protocol;
and
(d) in response to determining that the subscriber is registered
according to the first application layer mobile signaling protocol,
routing the request for routing information from the node to an
HLR of the first application layer mobile signaling protocol.
The method of claim 15 wherein the first application layer mobile
signaling protocol includes the interim Standard-41 (1S-41) protocol and
the second application layer mobile signaling protocol includes the
Global System for Mobile communications (GSM) protocol.
The method of claim 15 wherein the first application layer mobile
signaling protocol includes the Global System for Mobile
communications (GSM) protocol and the second application layer
mobile signaling protocol includes the Interim Standard-41 (IS-41)
protocol.
The method of claim 15 wherein sending a request for SMS routing
information in the first application layer mobile signaling protocol
includes sending a request for SMS routing information in the first
application mobile signaling protocol independently of the origin of the
SMS message.
The method of claim 15 wherein performing a lookup in a database
distinct from an HLR or a VLR includes performing a lookup in a
database operatively associated with a signaling transfer point (STP).
The method of claim 15 comprising in response to determining that the
subscriber is not registered according to the first application layer mobile
signaling protocol, formulating a response to the SMSC indicating that
the subscriber is not reachable.
The method of claim 20 comprising, in response to receiving the
subscriber not reachable message, formulating and sending from the
SMSC a request for SMS routing information in the second application

layer mobile signaling protocol.
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The method of claim 20 comprising, in response to receiving the
subscriber not reachable message, formulating and sending from the
SMSC, an SMPP message to an SMSC of the second application layer
mobile signaling protocol.
The method of claim 15 comprising, concurrently with step (b), sending,
from the SMSC, a request for SMS routing information in the second
application layer mobile signaling protocol, the request for SMS routing
information including the directory number corresponding to the
subscriber of both the first and second application layer mobile signaling
protocols.
The method of claim 23 comprising, in response to the subscriber being
registered according to the first application layer mobile signaling
protocol, routing the request for SMS routing information in the first
application mobile signaling protocol to an HLR of the first application
layer mobile signaling protocol.
The method of claim 23 comprising, in response to the subscriber not
being registered according to the first application layer mobile signaling
protocol, routing the request for SMS routing information in the second
application layer mobile signaling protocol to an HLR of the second
application layer mobile signaling protocol.
A method for providing services to mobile communications subscribers
of a plurality of different application layer mobile signaling protocols, the
method comprising:
(@) tracking, in a database distinct from a home location register
(HLR) or a visitor location register (VLR), the registration status of
a subscriber of first and second application layer mobile signaling
protocol;
(b)  receiving a message relating to providing a service to the
subscriber;
(c)  determining whether the subscriber is registered acdording tothe

first application layer mobile signaling protocol;
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in response to determining that the subscriber is registered
according to the first application layer mobile signaling protocol,
routing the message to a node providing the service to the
subscriber; and

in response to determining that the subscriber is not registered
according to the first application layer mobile signaling protocol,

discarding the message.

The method of claim 26 wherein the service comprises at least one of

an intelligent network (IN) and a customized application of mobile

enhanced logic (CAMEL) service.

A number migration signaling platform comprising:

(@)

(b)

(c)

a communications link module for receiving messages from a
communications link and for identifying messages that require
processing prior to final routing;

a location query routing and subscriber registration status
database operatively associated with the communications link
module for storing registration status information in a first
application layer mobile signaling protocol for subscribers of both
first and second application layer mobile signaling protocols; and
a location query processor/subscriber registration manager
operatively associated with the location query routing and
subscriber registration status database for receiving the
messages that require processing prior to final routing, for
tracking the registration status in the first application layer mobile
signaling protocol for subscribers of both the first and second
application layer mobile signaling protocols in the location query
routing and subscriber registration status database and for
routing signaling messages for calls and SMS messages to the

appropriate destinations based on the tracked registration status.
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The number migration signaling platform of claim 28 wherein the
communications link module comprises an SS7 communications link
module.

The number migration signaling platform of claim 28 wherein the
communications link module comprises an Internet protocol (IP)
communications link module.

The number migration signaling platform of claim 28 wherein the first
application layer mobile signaling protocol comprises the Interim
Standard-41 (I1S-41) protocol and the second application layer mobile
signaling protocol comprises the Global System for Mobile
communications (GSM) protocol and wherein the location query
processor/subscriber registration manager is adapted to track only the
IS-41 registration status.

The number migration signaling platform of claim 28 wherein the first
application layer mobile signaling protocol comprises the Global System
for Mobile communications (GSM) protocol and the second application
layer mobile signaling protocol comprises the Interim Standard-41 (IS-
41) protocol and wherein the location query processor/subscriber
registration manager is adapted to track only the GSM registration
status.

The number migration signaling platform of claim 28 wherein the first
application layer mobile signaling protocol comprises the Global System
for Mobile communications (GSM) protocol and the second application
layer mobile signaling protocol comprises the Interim Standard-41 (IS-
41) protocol and wherein the location query processor/subscriber
registration manager is adapted to track both the GSM and 1S-41
registration status.

The number migration signaling platform of claim 28 wherein, in
response to receiving a location query message from a mobile switching
center (MSC) of the first application layer mobile signaling protocol
relating to a mobile subscriber being registered according to the first
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application layer mobile signaling protocol, the location query
processor/subscriber registration manager is adapted to route the
location query message to a home location register of the first
application layer mobile signaling protocol.

The number migration signaling platform of claim 28 wherein, in
response to receiving a location query message from a mobile switching
center (MSC) of the first application layer mobile signaling protocol
relating to a mobile subscriber who is not registered according to the first
application layer mobile signaling protocol, the location query
processor/subscriber registration manager is adapted to formulate a
response to the location query message.

The number migration signaling platform of claim 35 wherein the
response includes a prefix corresponding to an MSC of the second
application layer mobile signaling protocol.

The number migration signaling platform of claim 28 wherein, in
response to receiving a location query message from a mobile switching
center (MSC) of the second application layer mobile signaling protocol
for a subscriber being registered according to the first application layer
mobile signaling protocol, the location query processor/subscriber
registration manager is adapted to send a response to the mobile
switching center of the second application layer mobile signaling
protocol.

The number migration signaling platform of claim 37 wherein the
response includes a prefix corresponding to the MSC of the first
application layer mobile signaling protocol.

The number migration signaling platform of claim 28 wherein, in
response to receiving a location query message from a mobile switching
center of the second application layer mobile signaling protocol for a
subscriber who is not registered accofding to the first application layer

mobile signaling protocol, the location query processor/subscriber
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registration manager is adapted to route the location query message to
an HLR of the second application layer mobile signaling protocol.

The number migration signaling platform of claim 28 wherein the
communications link module, the location query routing and subscriber
registration ~ status  database, and the location  query
processor/subscriber registration manager comprise components of a
signal transfer point (STP).

The number migration signaling platform of claim 28 wherein, in
response to receiving a location query message from a short message
service center of the first application layer mobile signaling protocol fora
subscriber who is not registered according to the first application layer
mobile signaling protocol, the location query processor/subscriber
registration manager is adapted to return a subscriber unreachable
message to the SMSC of the first application layer mobile signaling
protocol for triggering the SMSC of the first application layer mobile
signaling protocol to route the SMS message to an SMSC of the second
application layer mobile signaling protocol.
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