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DESCRIPTION

SYSTEMS, METHODS, AND COMPUTER READABLE MEDIA FOR

TRIGGERLESS MOBILE LOCATION-BASED ROUTING / SCREENING

PRIORITY CLAIM

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

Serial No. 61/085,666, filed August 1, 2008; the disclosure of which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD

The subject matter described herein relates to methods and systems for

screening and routing of signaling messages within a telecommunications

network. More particularly, the subject matter described herein relates to

triggerless mobile location-based routing / screening.

BACKGROUND

A telecommunications networks become more capable, merging

traditional public switched telephone networks (PSTNs) with packet networks,

such as the Internet, the distinction between a "local" call and a "long-distance"

call has blurred. Even before the rise in availability of access to the Internet,

telephone service providers offered nation-wide numbers, such as toll-free 1-

800 numbers (and not toll-free 1-900 numbers.) A nation-wide number may be

dialed from anywhere in the country - the caller does not know and may not

care about where the call is actually being routed. Subscribers to advanced

telecommunications networks have access to an ever wider variety of services,

including services that are possibly located literally on the other side of the

planet from the subscriber. Having nearly instantaneous access to services via

computer networks allowed businesses to locate the physical resources that

provide these services, e.g., computers, servers, web servers, etc., literally

anywhere in the world. This further obliterates the distinction between what is

local to a subscriber and what is not. A computer user visiting a website may

have no clue whether the web server is located next door or on another

continent, for example, and it may not make any difference at all to the user.



There are, however, some circumstances when it is important for a

subscriber to know whether the person he or she is contacting over the

telecommunications network is geographically close by or far away. For

example, when a subscriber needs to contact the police or an ambulance by

dialing an emergency contact number, such as 9 11 in the United States, it is

important that the caller is connected to a local entity. Likewise, when a

subscriber dials a 1-800 number, to order an item from a catalog, for example,

the user may not care to which geographic location the call is routed. On the

other hand, however, when the user is trying to call a local pizza delivery

restaurant which offers a 1-800 number, a user in one state does not want to

be connected to a delivery restaurant in another state, or even in another

county, but wants to be connected to restaurant that will deliver to his or her

location.

This gave rise to the need for location-based routing, i.e., routing a call

based on the geographic location of the calling or called party. While it is

relatively easy to determine the geographic location of a calling party, for

example, if the calling party is using a wireline or land-line, it is more difficult to

determine the location of a party who is calling from a mobile phone, which, by

definition, is not tied to any particular geographic location.

Furthermore, conventional approaches to providing location-based

routing for wireline telephones involves provisioning the end offices or service

switching points to generate a trigger that initiates the location-based routing

function. This is referred to as a "triggered" implementation of location-based

routing. Provisioning all of the end offices with triggers is potentially very

expensive, and may not be supported by some older equipment. In addition,

conventional location-based routing uses the directory number of the

subscriber to indicate the geographic location of the subscriber. Although this

is satisfactory for wireline subscribers, this method fails to provide useful

location information for mobile subscribers, whose directory number stays the

same but whose geographic location may be anywhere within the region,

country, continent, or even world.



Accordingly, in light of these disadvantages associated with conventional

triggered location-based screening, there exists a need for triggerless mobile

location-based routing and screening.

SUMMARY

According to one aspect, the subject matter described herein includes a

method for performing triggerless mobile location-based screening and routing.

A telecommunications network element receives a mobility management

message associated with a mobile subscriber, extracts from the mobility

management message information identifying the mobile subscriber and

location information associated with the mobile subscriber, and stores the

extracted location information associated with the mobile subscriber. The

network element receives a call setup message associated with a call from the

mobile subscriber, extracts from the call setup message information identifying

the mobile subscriber, retrieves the stored location information associated with

the mobile subscriber, and performs a screening or routing function based on

the location information associated with the mobile subscriber.

According to another aspect, the subject matter described herein

includes a method for performing triggerless mobile location-based screening

and routing. A telecommunications network element receives a call setup

message that includes information identifying a calling party mobile subscriber;

extracts from the call setup message the information identifying the calling

party mobile subscriber, determines location information associated with the

calling party mobile subscriber, and performs a screening or routing function

based on the location information associated with the calling party mobile

subscriber.

According to another aspect, the subject matter described herein

includes a system for performing triggerless mobile location-based screening

and routing. The system includes a telecommunications network element for

receiving a mobility management message associated with a mobile

subscriber, extracting information identifying the mobile subscriber and location

information associated with the mobile subscriber from the message, and

storing the extracted location information associated with the mobile subscriber.



The network element is configured to receive a call setup message associated

with a call from the mobile subscriber, retrieve the stored location information

associated with the mobile subscriber, and perform a screening or routing

function based on the location information associated with the mobile

subscriber.

According to another aspect, the subject matter described herein

includes a system for performing triggerless mobile location-based screening

and routing. The system includes a telecommunications network element for

receiving a call setup message associated with a calling party mobile

subscriber, extracting from the call setup message information identifying the

calling party mobile subscriber, using the information identifying the calling

party mobile subscriber to retrieve, from a network entity for maintaining

location information associated with mobile subscribers, location information

associated with the calling party mobile subscriber, and performing a screening

or routing function based on the location information associated with the calling

party mobile subscriber.

The subject matter described herein for triggerless mobile location-

based screening and routing may be implemented in hardware, software,

firmware, or any combination thereof. As such, the terms "function" or "module"

as used herein refer to hardware, software, and/or firmware for implementing

the feature being described. In one exemplary implementation, the subject

matter described herein may be implemented using a computer readable

medium having stored thereon computer executable instructions that when

executed by the processor of a computer control the computer to perform

steps. Exemplary computer readable media suitable for implementing the

subject matter described herein include disk memory devices, chip memory

devices, programmable logic devices, and application specific integrated

circuits. In addition, a computer readable medium that implements the subject

matter described herein may be located on a single device or computing

platform or may be distributed across multiple devices or computing platforms.



BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the subject matter described herein will now

be explained with reference to the accompanying drawings, wherein like

reference numerals represent like parts, of which:

Figure 1 is a block diagram illustrating an exemplary system for

triggerless mobile location-based routing / screening according to an

embodiment of the subject matter described herein;

Figure 2 is a flow chart illustrating an exemplary process for triggerless

mobile location-based routing / screening according to an embodiment of the

subject matter described herein;

Figure 3 is an exemplary call flow diagram (ladder diagram) illustrating

signaling messages exchanged in a system according to an embodiment

described herein;

Figures 4A and 4B are exemplary call flow diagrams (ladder diagrams)

illustrating more signaling messages exchanged in a system according to an

embodiment described herein;

Figures 5A and 5B are exemplary call flow diagrams (ladder diagrams)

illustrating more signaling messages exchanged in a system according to

another embodiment described herein;

Figure 6 is a block diagram illustrating an exemplary telecommunications

network element according to an embodiment of the subject matter described

herein; and

Figure 7 is a flow chart illustrating an exemplary process for triggerless

mobile location-based routing / screening according to another embodiment of

the subject matter described herein.

DETAILED DESCRIPTION

In accordance with the subject matter disclosed herein, systems,

methods, and computer readable media are provided for triggerless mobile

location-based routing / screening.

Reference will now be made in detail to exemplary embodiments of the

present invention, examples of which are illustrated in the accompanying



drawings. Wherever possible, the same reference numbers will be used

throughout the drawings to refer to the same or like parts.

Figure 1 is a block diagram illustrating an exemplary system for

triggerless mobile location-based routing / screening according to an

embodiment of the subject matter described herein. Referring to Figure 1,

telecommunications network 100 includes several telecommunications

elements, including a telecommunications network element 102 that receives

signaling messages.

In the embodiment illustrated in Figure 1, network element 102 is a

system signaling 7 (SS7) network signal transfer point, or STP. In alternative

embodiments, network element 102 may be: a signaling system 7 (SS7)

signaling message routing node, such as an STP, media gateway controller

(MGC), or Softswitch; a session initiation protocol (SIP) node, such as a SIP

proxy server or a SIP router; a SIP/SS7 gateway, an Internet protocol (IP)

node, such as a router; an IP multimedia subsystem (IMS) node, such as an

IMS call session control function (CSCF) node; a next generation network

(NGN) node; and a signaling gateway node, such as a SIP/SS7 gateway.

In the embodiment illustrated in Figure 1, STP 102 communicates with

and routes signals among other network elements, such as a first mobile

switching center (MSC1) 104, a first visitor location register (VLR1) 106, a

combination mobile switching center and visitor location register MSC/VLR2

108, a home location register (HLR) 110, and an switching point or end office

(EO) 112.

Mobile switching centers MSC1 104 and MSC/VLR2 108 are

sophisticated telephone exchanges or switching offices that provide circuit-

switched calling, mobility management, and GSM services to the mobile

phones roaming within the area that they serve. An MSC is responsible for

connecting calls together by switching the digital voice data packets from one

network path to another — a process usually called 'call routing'. MSCs also

provide additional information to support mobile service subscribers, including

user registration, authentication, and location updating. An MSC may control

multiple base station subsystems.



In the embodiment illustrated in Figure 1, each MSC or MSC/VLR is

associated with a base station subsystem. For example, MSC1 104 serves a

first base station subsystem, BSS1 114, and MSC/VLR2 108 serves a second

base station subsystem, BSS2 116. The base station subsystems provide the

radio link between network 100 and one or more mobile subscribers, such as

mobile subscriber (MS) 118.

Home location register 110 is the main database of permanent

subscriber information for a mobile telecommunications network. HLRs

maintain information about a mobile subscriber, such as the mobile

subscriber's identity, the mobile subscriber's calling plan or services that the

mobile subscriber is allowed to user or access, and the current location of the

mobile subscriber, e.g., the address of the MSC and/or VLR that is currently

serving the mobile subscriber.

Visitor location registers VLR1 106 and MSC/VLR2 108 are local

databases maintained by cellular network providers to track users who are

roaming in the provider's home territory. Upon entry into an area served by a

VLR, the mobile subscriber equipment (e.g, the mobile phone) connects to the

nearest BSS and communicates through the serving MSC to the VLR. The

mobile subscriber equipment attempts to register with the VLR, meaning that

the mobile subscriber equipment indicates its presence in the network. The

VLR will then exchange handshaking messages with the subscriber's HLR,

during which the HLR updates its records as to the current location of the

mobile subscriber and also informs the VLR information about the mobile

subscriber, including what services are available to that mobile subscriber.

These handshaking messages are commonly referred to as mobility

management messages. Example mobility management messages include

signaling system 7 (SS7) mobile application part (MAP) messages, such as an

update location message, an insert subscriber data message, an any time

interrogation message, a provide subscriber info message, and a send routing

information message. An update location request message is a mobile

application part (MAP) message that contains identification and location

information about the subscriber. In the case of a GSM network, this could

include the IMSI number, or other subscriber ID, the VMSC number, and the



VLR number. An insert subscriber data message is a MAP message that

provides specific subscriber data to update the serving subscriber management

entity when there is either a change in a subscriber parameter, or upon a

location updating of the subscriber. An any time interrogation message is a

MAP message that allows a GSM service control function (SCF) to interrogate

an HLR for location and/or subscriber information. A provide subscriber info

message is a MAP message that may be used as part of the any time

interrogation process. It is sent from the HLR to the serving MSC in order to

retrieve subscriber state and location information. A send routing information

message is a MAP message sent by a gateway MSC, or GMSC, to the HLR to

request routing information in order to route a call towards a mobile subscriber.

For example, when a 2G cellular mobile subscriber turns on his or her

handset, the handset registers with the cellular network, such as the global

system for mobile communications (GSM) network. Registration may also

occur when a mobile subscriber physically leaves one service area and enters

another service area. In this case, the handset must register with the new

network.

In the embodiment illustrated in Figure 1, a single mobile subscriber, MS

118 is shown moving out of a geographic area served by BSS1 114 and into a

geographic area served by BSS2 116. As mobile subscriber 118 changes

location, the BSS that serves MS 118 changes, along with the corresponding

VLR. In one embodiment, STP 102 monitors the mobility management

messages that are exchanged between HLR 110 and various VLRs 106 and

108 that occur when MS 118 changes location. From these messages, STP

102 extracts the information identifying the mobile subscriber and the location

information associated with the mobile subscriber and stores or caches the

extracted information.

In the embodiment illustrated in Figure 1, STP 102 includes a location

information cache (LIC) 120 for storing the location information associated with

mobile subscribers. In alternative embodiments, the location information

database may be maintained, be co-located with, or be a component of: an

SS7 node, such as an STP, a MGC, a service switching point (SSP), a mobile

switching center (MSC), a SIP node, such as a SIP proxy server or a SIP



registrar; an IP node; an IMS node, such as an IMS CSCF node; a NGN node;

a signaling gateway node, such as a SIP/SS7 gateway; and a redirect server.

Figure 2 is a flow chart illustrating an exemplary process for triggerless

mobile location-based routing / screening according to an embodiment of the

subject matter described herein. This process will now be described with

reference to the embodiments illustrated in Figures 1 and 2. Referring to

Figure 2, at block 200, a telecommunications network element receives mobility

management messages associated with a mobile subscriber. For example,

STP 102 may receive mobility management messages exchanged between

VLR1 106 and HLR 110, or between MSC/VLR2 108 and HLR 110, related to

registration of MS 118 or to location updates pertaining to MS 118.

In the embodiment illustrated in Figure 1, mobility management

messages may be generated as a result of mobile subscriber 118 changing

location from the area served by BSS1 114 to the area served by BSS2 116. A

detailed example of this process will be illustrated in Figure 3 , described below.

At block 202, information is extracted from the received mobility

management messages, such as information identifying the mobile subscriber

and location information associated with the mobile subscriber.

Examples of information identifying the mobile subscriber include the

international mobile subscriber identity (IMSI), electronic serial number (ESN),

mobile equipment identifier (MEID), and mobile subscriber integrated services

digital network (ISDN) number (MSISDN).

Examples of location information include but are not limited to the

identity of the serving MSC (MSC ID) or the serving VLR (VLR ID), a location

area code (LAC), a cell identifier (CID), location information for a radio network

element, and a radio network element identifier. In one embodiment, the

subscriber may be associated with global positioning system (GPS)

coordinates, such as the coordinates of the mobile phone (if the phone is

equipped to report its GPS location) or the coordinates of the serving MSC,

MSC/VLR, BSC or BTS, since these entities are geographically static with

known positions, from which the position of the mobile handset may be inferred

with some acceptably small margin of error.



At block 204, the extracted location information associated with the

mobile subscriber is stored. For example, STP 102 may add an entry into

location information cache 120, the entry associating the mobile subscriber with

the location information. For the purposes of this disclosure, the term cache

refers to a database, a lookup table, a data structure, a data store, a memory,

or other means for storing and retrieving this information.

STPs are typically deployed in pairs. Thus, in one embodiment, STP

102 may be paired with another STP, which will hereinafter be referred to as a

"sister STP". In such embodiments, any location information stored and used

by STP 102 should be made available to the sister STP as well, since it is not

guaranteed that each message sent as part of a mobility management event

will be transmitted through the same STP. For example, the location update

message may be routed through STP 102 but the insert subscriber data

message may be routed through the sister STP instead of through STP 102.

Therefore, in one embodiment, the location information may be replicated,

synchronized, or shared between STP 102 and it sister STPs.

At block 206, a call setup message associated with a call from the

mobile subscriber is received or intercepted by the telecommunications network

element. For example, STP 102 may receive a call setup message originated

by mobile subscriber 118 through BSS2 116. Examples of call setup

messages include an ISDN service user part (ISUP) initial address message

(IAM), a session initiation protocol (SIP) invite message, etc.

At block 208, the location information associated with the mobile

subscriber is retrieved. For example, STP 102 may determine that the call

setup message calling party is mobile subscriber 118, and query or otherwise

search location information cache 120 for location information associated with

mobile subscriber 118.

At block 210, a screening or routing function is performed, based on the

location information associated with the mobile subscriber. For example, STP

102 may prevent mobile subscriber 118 from originating a mobile call if mobile

subscriber 118 is roaming or is outside of an allowed network. In this example,

STP 102 may screen (i.e., allow or deny) the call based on the mobile

subscriber's location. In other example, STP 102 may route the call to one of a



number of possible destinations based on which of the possible destinations is

closest to the current location of calling mobile subscriber 118. A detailed

example of a triggerless mobile location-based routing function is illustrated in

Figure 4 , described below.

Figure 3 is an exemplary call flow diagram (ladder diagram) illustrating

signaling messages exchanged in a system according to an embodiment of the

subject matter described herein. This process will now be described with

reference to Figures 1 and 3. The function of MS 118, MSC/VLR 2 108, STP

102, and HLR 110 is the same as for the like-numbered elements in Figure 1,

and their descriptions will therefore not be repeated here.

In the embodiment illustrated in Figure 3 , mobile subscriber 118 has

changed location and is now in the geographical area served by BSS2 116 and

MSC/VLR 2 108. MSC/VLR 2 108 receives a mobility management message

from MS 108, such as a mobile subscriber registration message 300. In

response to receiving registration message 300, MSC/VLR 2 108 sends an

update location message 302 to the home location register that serves mobile

subscriber 108, which in this example is HLR 110.

At block 304, STP 102 intercepts update location message 302, extracts

information identifying mobile subscriber 118, such as the mobile subscriber's

IMSI, from update location message 302. STP 102 also extracts location

information associated with mobile subscriber 118, such as the MSC ID orVLR

ID of MSCTVLR 2 108. In one embodiment, MS 118 may transmit its current

GPS coordinates as part of registration message 300. The physical map or

geo-position coordinates of mobile subscriber 118 may be derived in other

ways, also. For example, if the mobile switching center manages multiple radio

towers or base transceiver stations (BTSs), the location of mobile subscriber

118 may be determined by triangulation based on the distance from each

tower, calculated from the round-trip delay from each tower to the mobile unit.

The extracted information identifying the mobile subscriber and location

information is stored by STP 102, such as in location information cache 120. In

one embodiment, LIC 120 is co-located with or is a component of STP 102.

Alternatively, LIC 120 may be located remotely from STP 102 and may be

accessible by the STP. For example, if LIC 120 is maintained at a service



control point (SCP) separately from STP 102, STP 102 may query the external

LIC SCP using SS7 transaction capabilities application part (TCAP) or other

suitable application / communications protocol.

Table 1, below, illustrates exemplary information identifying a mobile

subscriber and location information, such as might be stored in LIC 120

according to one embodiment of the subject matter described herein.

Table 1 - Example Subscriber Location Information

Table 1 contains three records, one for each subscriber whose location is being

tracked. In one embodiment, the location information associated with the

mobile subscriber is the MSC ID of the serving MSC. Thus, each record in

Table 1 includes a subscriber ID field, which contains the IMSI for the

subscriber, and a serving MSC field, which contains the MSC ID of the MSC

that is currently serving (or, in some cases, last served) mobile subscriber 118.

STP 102 then transmits an update location message 306 to HLR 110.

In one embodiment, update location message 306 may be identical to update

location message 302; in this case, STP 102 can be said to have simply

forwarded, relayed or routed update location message 302 to HLR 100. In

alternate embodiments, STP 102 may modify update location message 302

and send modified update location message 306 to HLR 110.

In response to receiving update location message 306, HLR 110 may

update its information for mobile subscriber 118, such as to record the

identities of the MSC and VLR currently serving MS 118. HLR 110 may then

send an insert subscriber data message 308 to MSC/VLR 2 108, which

includes information useful for MSC/VLR 2 108, such as service key

information about what services are available to mobile subscriber 118,

information about the subscriber's current pre-paid balance, if the mobile

subscriber is a pre-paid subscriber, and so on.



At block 310, STP 102 intercepts insert subscriber data message 308,

and again extracts and stores any information identifying the mobile subscriber

and location information associated with the mobile subscriber that may be

contained within insert subscriber data message 308. STP 102 then forwards,

modifies and forwards, or sends new to MSCΛ/LR 2 108 the insert subscriber

data message 312.

MSC/VLR 2 108 receives insert subscriber data message 312, and in

response, sends an insert subscriber data acknowledge message 314 to HLR

110, which in turn responds with an update location acknowledge message

316. Both messages may be routed through STP 102, which may attempt to

extract and store location information from each message, but which, for

simplicity, is not shown in Figure 3.

Figure 4A is an exemplary call flow diagram (ladder diagram) illustrating

more signaling messages exchanged in a system according to an embodiment

of the subject matter described herein. The function of MSC/VLR 2 108, STP

102, and EO 112 is the same as for the like-numbered elements in Figure 1,

and their descriptions will therefore not be repeated here.

In the embodiment illustrated in Figure 4A, a mobile subscriber, having

an IMSI or other subscriber identifier of 012349193457017, is attempting to call

a toll-free 1-800 number associated with a restaurant chain that has several

locations from which it can deliver food, such as a pizza delivery restaurant. In

this example, the restaurant chain provides the toll-free number 1-800-FOOD

TO GO. When a mobile subscriber dials this number, it is desired that the

mobile subscriber will be connected to the take-out restaurant location that is

geographically closest to the mobile subscriber's current location, which is

hopefully within the delivery area served by that particular take-out restaurant.

In order to achieve this goal, there may be location-based routing rules

which route a call dialed from a mobile subscriber to the 1-800-FOOD2GO

number based on the current location of the mobile subscriber. An example of

these rules is illustrated in Table 2, below.



Table 2 - Example Location-Based Routing Rules

Table 2 contains three records, each describing a location-based routing rule.

In this example table, the routing rule defines a trigger condition and an action.

The trigger condition is defined by two fields, target called number and serving

MSC, and the action is defined by the third field, redirect number. In an

embodiment that uses these rules, for example, if a call setup message is

detected that has a called party value of 1-800-FOOD2GO (1-800-366-3246),

and the call setup message came from the MSC having an MSC ID of

2121 112222, then the call will be routed to 1-919-555-1000. A call to 1-800-

FOOD2GO that comes from an MSC with an MSC ID of 2121 112224 will be

redirected to 1-919-555-1002.

Referring again to Figure 4A, the mobile subscriber dials the number 1-

800-FOOD2GO. In response, MSC/VLR 2 108 may issue an ISUP IAM

message 400 that includes information identifying the calling party ID as

012349193457017 and the called party as 1-800-FOOD2GO.

This message is received by STP 102, and, at block 402, STP 102

extracts calling party information, i.e., subscriber ID 012349193457017, and

uses it to determine the current location of the mobile subscriber. In one

embodiment, STP 102 may search Table 1, above, and determine that the

mobile subscriber is currently being served by MSC 2121 112222.

At block 404, STP 102 may then use the location information associated

with the mobile subscriber to route the call. In the embodiment illustrated in

Figure 4 , STP 102 may use the MSC ID 2121 112222 to search Table 2, above,

and determine that the call should be routed to 1-919-555-1000. Thus, STP

102 may change the called party parameter value from 1-800-FOOD2GO to 1-

919-555-1000, and send the modified ISUP IAM message 406 to its intended

destination, EO 112.

Figure 4B is an exemplary call flow diagram (ladder diagram) illustrating

more signaling messages exchanged in a system according to another



embodiment of the subject matter described herein. The function messages

400 and 402 are the same as for like-numbered elements in Figure 4A, and

their descriptions also will not be repeated here.

Figure 4B illustrates another action that STP 102 may take in response

to determining the redirect number. In the embodiment illustrated in Figure 4B,

at block 408, STP 102 may use the location of the calling party to determine

the redirect number, e.g., 1-919-555-1000, and send a message to MSCTVLR 2

108 instructing it to release the current call paths reserved, if any, and redirect

the call to the new number. For example, STP 102 may issue an ISUP release

(REL) message 410, which may include a redirect number as a message

parameter. MSC/VLR 2 108 may receive ISUP REL message 410 and issue

another ISUP IAM message 412 directed to the appropriate calling party

number, e.g., 1-919-555-1000. This new call setup message may or may not

be routed through STP 102, depending on the called party number. In the

embodiment illustrated in Figure 4B, call setup message 412 is directed to EO

112, which serves the subscriber number 1-919-555-1000.

Although Figures 4A and 4B show LIC 120 co-located with STP 102, the

subject matter described herein is not so limited. For example, LIC 120 or its

equivalent function may be located in an HLR, an Internet protocol multimedia

subsystem (IMS) home subscriber server (HSS), a redirect server, a location

server (LS), a presence server (PS), or other network element or node within a

telecommunication network.

Although the embodiment illustrated in Figure 1 is a deployment in a 2G

network, equivalent embodiments may be deployed in other types of networks,

including IS41 cellular networks and 3G or 3G+ networks, such as SIP

networks, IMS networks, and next-generation networks (NGNs). For example,

a deployment in a SIP network will now be described using Figures 5A and 5B.

Figure 5A an exemplary call flow diagram (ladder diagram) illustrating

signaling messages exchanged in a SIP-based system according to another

embodiment of the subject matter described herein.

In the embodiment illustrated in Figure 5A, SIP user agent client (UAC)

500 is a subscriber in a SIP network that contains a SIP router 502, a location

information database (LID) 504, and a switching office (SO) 506. SIP UAC 500



issues a SIP INVITE message 508, which is addressed to the uniform resource

identifier (URI) 2go@food2go.com. In alternative embodiments, LID 504 may

be maintained in or co-located with other network nodes, such as in a home

subscriber server (HSS), a Home Location Register (HLR), a SIP location

server (LS), a Presence server (PS), or other network database that maintains

location information associated with a mobile subscriber. SIP INVITE message

508 includes parameters indicating that the message was sent from subscriber

A and originally addressed to 2go@food2go.com.

The SIP invite message is received by SIP router 502, which, in

alternative embodiments, may be a SIP proxy, a SIP router, a SIP application

server, or a call session control function (CSCF) node. In one embodiment,

SIP router 502 includes a mobile location-based screening / routing function

(MLBS) 510 for performing screening and/or routing of SIP messages based on

the location of a mobile subscriber associated with the SIP message. In the

embodiment illustrated in Figure 5A, MLBS 510 extracts the subscriber

information from message 508 and performs a location query. For example,

MLBS 510 may direct SIP router 502 to send to LID 504 a query message 512

including information identifying the subscriber, e.g., subscriber A, and receives

from LID 504 a query response message 514 that includes location information

for subscriber A.

SIP router 502 then determines a new RequestURI value based on the

location of subscriber A , and sends a new or modified SIP invite message 516,

in which the original RequestURI value, e.g., 2go@food2go.com, is replaced

with the URI of the takeout restaurant location that is nearest to subscriber A,

e.g., store#1 10@food2go.com. SIP invite message 516 is sent to the

appropriate destination, which in this example is switching office 506.

Figure 5B an exemplary call flow diagram (ladder diagram) illustrating

signaling messages exchanged in a SIP-based system according to yet another

embodiment of the subject matter described herein. The function messages

508, 512, and 514 are the same as for like-numbered elements in Figure 5A,

and their descriptions will not be repeated here.

Figure 5B illustrates another action that MLBS 510 may take in response

to determining the location information for mobile subscriber A. In the



embodiment illustrated in Figure 5B SIP router 502 may issue a message

indicating that the called party has moved and indicating the calling party's new

address. For example, SIP router 502 may issue a SIP 302 MOVED message

518 that includes the URI for the takeout restaurant that is closest to subscriber

A's location, e.g., store #100. Thus, SIP 302 message 518 includes the

parameter store#1 10@food2go.com. In response to receiving SIP 302

message 518, SIP UAC 500 may then issue a new SIP invite message 520 that

is directed to the URI store#1 10@food2go.com. In one embodiment, the

original URI, 2go@food2go.com, may be stored for future reference in another

parameter, such as the to: parameter within SIP invite message 520.

In yet another embodiment, MLBS 510 may perform a screening

function. For example, MLBS 510 may obtain location information for a mobile

subscriber and reject or block a call to or from the mobile subscriber based on

the mobile subscriber's location. In one embodiment, MLBS 510 may prevent a

mobile subscriber from sending and/or receiving calls while the mobile

subscriber is out of the subscriber's home network. This feature may be useful

to prevent a mobile subscriber from accidently making an out-of-network call

and thus may prevent the mobile subscriber from incurring out-of-network or

roaming charges. In another embodiment, MLBS 510 may block calls made to

a mobile subscriber if the mobile subscriber is in a location where cell phone

use is prohibited or discouraged, such as on hospital grounds, in church,

attending a play at a theatre, etc.

In another embodiment, MLBS 510 may prevent a mobile subscriber

from making a call to a called party that is not in the same geographic area as

the mobile subscriber. Alternatively, MLBS 510 may prevent a mobile

subscriber from receiving a call from a calling party that is not in the same

geographic area as the mobile subscriber, or from a calling party that originates

from a location outside of the subscriber's network.

Although the scenarios above are described in the context of the SIP

network of Figures 5A and 5B, the same functions may be performed in other

networks, such as the SS7 network of Figure 1. For example, the screening

functions described above may be performed by STP 102. Similarly, STP 102

may also contain a mobile location-based screening and routing module such



as MLBS 510. In one embodiment, STP 102 is adapted to receive an SS7 call

setup message (e.g., ISUP IAM), to extract calling party identification

information from the message, and to use the calling party identification

information to query a location register (e.g., HLR, HSS, Presence server) /

location server so as to obtain location information associated with the calling

party. The obtained location information is then used to determine how or

where the call should be routed. In a GSM networking environment, STP 102

may utilize, for example, a send_routing_information or anytimejnterrogation

message to obtain location calling party location information. Other application

or communication protocols may be also used by STP 102 to obtain location

information associated with the calling party. This "direct query" type

embodiment of the present invention may be used alone or in combination with

the "intercept-cache" embodiments previously described to provide location-

based call routing services according to embodiments of the subject matter

described herein. In alternative embodiments, the triggerless mobile location-

based screening and routing functions may be performed by an advanced

routing server, such as a service control point (SCP), a SIP server, a service

capability interaction manager (SCIM), or other node in a telecommunications

network.

In one embodiment, the location information database and/or the

triggerless mobile location-based screening and routing functions may be made

available to other nodes in the telecommunications network. For example, by

locating these functions in an SCP, service switching points (SSPs), MSCs,

STPs, or other switching or routing nodes may also obtain mobile location-

based services such as those described above. Likewise, the location

information database or mobile location-based screening and routing functions

could be co-located with or be a component of a media gateway controller, a

Softswitch, a border gateway control function, a session border controller

(SBC), a signaling gateway (SG), etc.

In alternative embodiments, other signaling transactions and methods

may be used to facilitate triggerless mobile location-based screening and

routing according to the subject matter described herein, including transactions



involving IMS entities, SIP entities, 2G cellular (e.g., GSM, IS41) entities, 3G

entities, NGN entities, and with other telecommunications entities.

Figure 6 is a block diagram illustrating an exemplary telecommunications

network element according to an embodiment of the subject matter described

herein. In the embodiment illustrated in Figure 6, telecommunications network

element 102 is an STP that also includes location information database LIC

120.

In the embodiment illustrated in Figure 6, STP 120 may include an SS7

network interface module 600 and a database services module (DSM 602),

which communicate with each other via an inter-processor communications

system 604. Each module 600, 602, and 604 may include a printed circuit

board, an application processor for performing application level processing of

signaling messages, and a communications processor for controlling inter-

processor communications via inter-processor communications system 604.

Inter-processor communications system 604 may be any suitable mechanism

for providing message communication between modules 600, 602, and 604.

For example, inter-processor communications system 604 may be a bus, an

Ethernet LAN, or any other suitable mechanism for providing communications

between processors. In the embodiment illustrated in Figure 6, SS7 network

interface 600 may be connected to one or more SS7 links.

DSM 602 may include various functions and databases for processing

signaling messages. In the illustrated example, DSM 602 incorporates a

mobile location-based screening and routing module MLBS 606 and location

information database 120. The function of MLBS 606 is substantially identical

to the function of MLBS 510, described with reference to Figure 5, above, and

the function of LIC 120 is substantially identical to the like-numbered element

described with reference to Figure 1, above; therefore, their descriptions will

not be repeated here.

Within DSM 602, service selection function 6086 receives messages

from the interface processors and determines the type of service required for

each message. For example, service selection function 608 may determine

whether further screening of messages is required or whether the messages

are simply to be global title translated and routed using route function 610. In



one embodiment, service selection function 608 may forward all messages to

target message screening function 612. Target message screening function

612 may send ISUP IAM or SAM messages to MLBS 606 for processing.

In the embodiment illustrated in Figure 6, MLBS 606 may extract the

information identifying a mobile subscriber and the location information

associated with the mobile subscriber from mobility management messages

that it receives from target message screening function 612 and store the

extracted information in LIC 120. MLBS 606 may also extract information

identifying a mobile subscriber from call setup messages that it receives from

target message screening function 612 and use that information to retrieve

location information for the mobile subscriber from LIC 120. MLBS 606 may

then use the mobile subscriber's location information to perform screening or

routing functions according to screening or routing rules stored in a database,

rules DB 614.

Figure 7 is a flow chart illustrating an exemplary process for triggerless

mobile location-based routing / screening according to another embodiment of

the subject matter described herein. At block 700, a call setup message is

received or intercepted by the telecommunications network element. For

example, STP 102 may receive a call setup message originated by mobile

subscriber 118 through BSS2 116. Examples of call setup messages include

an ISDN service user part (ISUP) initial address message (IAM), a session

initiation protocol (SIP) invite message, etc. At block 702, information

identifying the calling party mobile subscriber is extracted from the call setup

message. At block 704, the location information associated with the calling

party mobile subscriber is determined. For example, STP 102 may query a

home location register (HLR) or home subscriber server (HSS) to get location

information associated with the calling party mobile subscriber. At block 706, a

screening or routing function is performed, based on the location information

associated with the calling party mobile subscriber.

It will be understood that various details of the subject matter described

herein may be changed without departing from the scope of the subject matter

described herein. Furthermore, the foregoing description is for the purpose of

illustration only, and not for the purpose of limitation.



CLAIMS

What is claimed is:

1. A method for performing triggerless mobile location-based screening

and routing, the method comprising:

at a telecommunications network element:

receiving a mobility management message associated with a

mobile subscriber, extracting from the mobility management message

information identifying the mobile subscriber and location information

associated with the mobile subscriber, and storing the extracted location

information associated with the mobile subscriber; and

receiving a call setup message associated with a call from the

mobile subscriber, extracting from the call setup message information

identifying the mobile subscriber, retrieving the stored location

information associated with the mobile subscriber, and performing a

screening or routing function based on the location information

associated with the mobile subscriber.

2 . The method of claim 1 wherein the telecommunications network

element comprises one of a signaling system 7 (SS7) signaling

message routing node, a session initiation protocol (SIP) node, an

Internet protocol (IP) node, an IP multimedia subsystem (IMS) node, a

next generation network (NGN) node, and a signaling gateway node.

3. The method of claim 2 wherein the telecommunications network

element comprises one of an SS7 signal transfer point (STP), an SS7

service switching point (SSP), a mobile switching center (MSC), a media

gateway controller (MGC), an IMS call session control function (CSCF)

node, a SIP proxy server, a SIP router, and a SIP/SS7 gateway.

4 . The method of claim 1 wherein the storing the information identifying the

mobile subscriber and location information associated with the mobile

subscriber comprises storing the information in one of a signaling

system 7 (SS7) network element, a session initiation protocol (SIP)

network element, an Internet protocol (IP) network element, an IP



multimedia subsystem (IMS) network element, and a next generation

network (NGN) network element.

5. The method of claim 4 wherein the information is stored in one of an

SS7 signal transfer point (STP), an SS7 service switching point (SSP),

and SS7 mobile switching center (MSC), a SIP server, a SIP registrar, a

signaling gateway, an IP node, an IMS call session control function

(CSCF) node, and a redirect server.

6. The method of claim 1 wherein the information identifying the mobile

subscriber comprises at least one of an international mobile subscriber

identity (IMSI), an electronic serial number (ESN), a mobile equipment

identifier (MEID), and a mobile subscriber integrated services digital

network (ISDN) number (MSISDN).

7. The method of claim 1 wherein the mobility management message

comprises a signaling system 7 (SS7) mobile application part (MAP)

message.

8. The method of claim 7 wherein the SS7 MAP message comprises one

of an update location message, an insert subscriber data message, an

any time interrogation message, a provide subscriber info message, and

a send routing information message.

9. The method of claim 1 wherein the location associated with the mobile

subscriber comprises at least one of a mobile switching center identifier

(MSC ID), a visitor location register identifier (VLR ID), global positioning

system (GPS) coordinates for the mobile subscriber, a location area

code (LAC), a cell identifier (CID), location information for a radio

network element, a radio network element identifier, a geo-position of

the mobile subscriber, and a physical map of the mobile subscriber.

10. The method of claim 1wherein storing the extracted location information

associated with the mobile subscriber comprises storing the information

in at least one of a cache, a database, a lookup table, a data structure, a

data store, and a memory location.



11. The method of claim 1 wherein the call setup message comprises one

of an integrated services digital network (ISDN) user part (ISUP) initial

address message (IAM) and a session initiation protocol (SIP) invite

message.

12. The method of claim 1 wherein performing a screening function based

on the location information associated with the mobile subscriber

comprises allowing or denying a call based on the location of the mobile

subscriber.

13. The method of claim 1 wherein performing a routing function based on

the location information associated with the mobile subscriber comprises

determining a new destination based on the location of the mobile

subscriber, and one of:

modifying and forwarding the received call setup message or

sending a new call setup message to the new destination; and

sending, to the sender of the call setup message, a release

message that includes information identifying the new destination.

14. The method of claim 13 wherein, in response to receiving the release

message, the sender of the call setup message generates another call

setup message that is directed to the new destination.

15. A method for performing triggerless mobile location-based screening

and routing, the method comprising:

at a telecommunications network element:

receiving a call setup message that includes information

identifying a calling party mobile subscriber;

extracting from the call setup message the information identifying

the calling party mobile subscriber;

determining location information associated with the calling party

mobile subscriber; and

performing a screening or routing function based on the location

information associated with the calling party mobile subscriber.



16. The method of claim 15 wherein the telecommunications network

element comprises one of a signaling system 7 (SS7) signaling

message routing node, a session initiation protocol (SIP) node, an

Internet protocol (IP) node, an IP multimedia subsystem (IMS) node, a

next generation network (NGN) node, and a signaling gateway node.

17. The method of claim ,15 wherein the telecommunications network

element comprises one of an SS7 signal transfer point (STP), an SS7

service switching point (SSP), a mobile switching center (MSC), a media

gateway controller (MGC), an IMS call session control function (CSCF)

node, a SIP proxy server, a SIP router, a SIP/SS7 gateway, a media

gateway controller (MGC), and a Softswitch

18. The method of claim 15 wherein the call setup message comprises one

of an integrated services digital network (ISDN) user part (ISUP) initial

address message (IAM) and a session initiation protocol (SIP) invite

message.

19. The method of claim 15 wherein the information identifying the mobile

subscriber comprises at least one of an international mobile subscriber

identity (IMSI), an electronic serial number (ESN), a mobile equipment

identifier (MEID), and a mobile subscriber integrated services digital

network (ISDN) number (MSISDN).

20. The method of claim 15 wherein determining location information

associated with the calling party mobile subscriber includes using the

information identifying the calling party mobile subscriber to query a

network entity for providing location information associated with mobile

subscribers and receiving location information for the identified calling

party mobile subscriber.

2 1. The method of claim 20 wherein the network entity for providing

location information associated with mobile subscribers comprises one

of:

a location register;



a home location register (HLR);

a home subscriber server (HSS);

a presence server; and

a location server.

22. The method of claim 15 wherein the location associated with the mobile

subscriber comprises at least one of a mobile switching center identifier

(MSC ID), a visitor location register identifier (VLR ID), global positioning

system (GPS) coordinates for the mobile subscriber, GPS coordinates

for a mobile switching center currently serving the mobile subscriber, a

geo-position of the mobile subscriber, and a physical map of the mobile

subscriber..

23. The method of claim 15 wherein performing a screening function based

on the location information associated with the mobile subscriber

comprises allowing or denying the mobile subscriber to originate a call

based on the location of the mobile subscriber.

24. The method of claim 15 wherein performing a routing function based on

the location information associated with the mobile subscriber comprises

determining a new destination based on the location of the mobile

subscriber, and one of:

modifying and forwarding the received call setup message or

sending a new call setup message to the new destination; and

sending, to the sender of the call setup message, a release

message that includes information identifying the new destination.

25. The method of claim 24 wherein, in response to receiving the release

message, the sender of the call setup message generates another call

setup message that is directed to the new destination.

26. A system for performing triggerless mobile location-based screening and

routing, the system comprising:

a telecommunications network element for:



receiving a mobility management message associated with a

mobile subscriber, extracting information identifying the mobile

subscriber and location information associated with the mobile

subscriber from the message, and storing the extracted location

information associated with the mobile subscriber; and

receiving a call setup message associated with a call from the

mobile subscriber, retrieving the stored location information associated

with the mobile subscriber, and performing a screening or routing

function based on the location information associated with the mobile

subscriber.

27. The system of claim 26 comprising a location information storage

module, used by the telecommunications network element, for storing

and retrieving location information associated with mobile subscribers.

28. The system of claim 26 wherein the telecommunications network

element comprises one of a signaling system 7 (SS7) signaling

message routing node, a session initiation protocol (SIP) node, an

Internet protocol (IP) node, an IP multimedia subsystem (IMS) node, a

next generation network (NGN) node, and a signaling gateway node.

29. The system of claim 26 wherein the telecommunications network

element comprises one of an SS7 signal transfer point (STP), an IMS

call session control function (CSCF) node, a SIP proxy server, a SIP

router, a SIP/SS7 gateway, a media gateway controller (MGC), and a

Softswitch.

30. The system of claim 26 wherein the information identifying the mobile

subscriber and location information associated with the mobile

subscriber is stored in one of a signaling system 7 (SS7) network

element, a session initiation protocol (SIP) network element, an Internet

protocol (IP) network element, an IP multimedia subsystem (IMS)

network element, and a next generation network (NGN) network

element.



3 1 . The system of claim 26 wherein the information identifying the mobile

subscriber and location information associated with the mobile

subscriber is stored in one of an SS7 signal transfer point (STP), an SS7

service control point (SCP), an SS7 system switching point (SSP), and

SS7 mobile switching center (MSC), a home location register (HLR), a

home subscriber server (HSS), a SIP server, a SIP registrar, a signaling

gateway, an IP node, an IMS call session control function (CSCF) node,

a redirect server, a location server, and a presence server.

32. The system of claim 26 wherein the information identifying the mobile

subscriber comprises at least one of an international mobile subscriber

identity (IMSI), an electronic serial number (ESN), a mobile equipment

identifier (MEID), and a mobile subscriber integrated services digital

network (ISDN) number (MSISDN).

33. The system of claim 26 wherein the mobility management message

comprises a signaling system 7 (SS7) mobile application part (MAP)

message.

34. The system of claim 26 wherein the SS7 MAP message comprises one

of an update location message, an insert subscriber data message, an

anytime interrogation message, a provide subscriber info message, and

a send routing information message.

35. The system of claim 26 wherein the location associated with the mobile

subscriber comprises at least one of a mobile switching center identifier

(MSC ID), a visitor location register identifier (VLR ID), global positioning

system (GPS) coordinates for the mobile subscriber, GPS coordinates

for a mobile switching center currently serving the mobile subscriber, a

geo-position of the mobile subscriber, and a physical map of the mobile

subscriber.

36. The system of claim 26 wherein the location information storage module

comprises at least one of a cache, a database, a lookup table, a data

structure, a data store, and a memory location.



37. The system of claim 26 wherein the call setup message comprises one

of an integrated services digital network (ISDN) user part (ISUP) initial

address message (IAM) and a session initiation protocol (SIP) invite

message.

38. The system of claim 26 wherein performing a screening function based

on the location information associated with the mobile subscriber

comprises allowing or denying a call based on the location of the mobile

subscriber.

39. The system of claim 26 wherein performing a routing function based on

the location information associated with the mobile subscriber comprises

determining a new destination based on the location of the mobile

subscriber, and one of:

modifying and forwarding the received call setup message or

sending a new call setup message to the new destination; and

sending, to the sender of the call setup message, a release

message that includes information identifying the new destination.

40. The system of claim 39 wherein, in response to receiving the release

message, the sender of the call setup message generates another call

setup message that is directed to the new destination.

4 1. A system for performing triggerless mobile location-based screening and

routing, the system comprising:

a telecommunications network element for:

receiving a call setup message associated with a calling party

mobile subscriber;

extracting from the call setup message information identifying the

calling party mobile subscriber;

using the information identifying the calling party mobile

subscriber to retrieve, from a network entity for maintaining location

information associated with mobile subscribers, location information

associated with the calling party mobile subscriber; and



performing a screening or routing function based on the location

information associated with the calling party mobile subscriber.

42. The system of claim 4 1 wherein the telecommunications network

element comprises one of a signaling system 7 (SS7) signaling

message routing node, a session initiation protocol (SIP) node, an

Internet protocol (IP) node, an IP multimedia subsystem (IMS) node, a

next generation network (NGN) node, and a signaling gateway node.

43. The system of claim 4 1 wherein the telecommunications network

element comprises one of an SS7 signal transfer point (STP), an IMS

call session control function (CSCF) node, a SIP proxy server, and a

SIP/SS7 gateway.

44. The system of claim 4 1 wherein the network entity for maintaining

location information associated with mobile subscribers comprises one

of a signaling system 7 (SS7) network element, a session initiation

protocol (SIP) network element, an Internet protocol (IP) network

element, an IP multimedia subsystem (IMS) network element, and a

next generation network (NGN) network element.

45. The system of claim 4 1 wherein the network entity for maintaining

location information associated with mobile subscribers comprises one

of a service control point (SCP), a home location register (HLR), a home

subscriber server (HSS), a location server, and a presence server.

46. The system of claim 4 1 wherein the information identifying the mobile

subscriber comprises at least one of an international mobile subscriber

identity (IMSI), an electronic serial number (ESN), a mobile equipment

identifier (MEID), and a mobile subscriber integrated services digital

network (ISDN) number (MSISDN).

47. The system of claim 4 1 wherein the location associated with the mobile

subscriber comprises at least one of a mobile switching center identifier

(MSC ID), a visitor location register identifier (VLR ID), global positioning

system (GPS) coordinates for the mobile subscriber, a location area



code (LAC), a cell identifier (CID), location information for a radio

network element, a radio network element identifier, a geo-position of

the mobile subscriber, and a physical map of the mobile subscriber.

48. The system of claim 4 1 wherein the call setup message comprises one

of an integrated services digital network (ISDN) user part (ISUP) initial

address message (IAM) and a session initiation protocol (SIP) invite

message.

49. The system of claim 4 1 wherein performing a screening function based

on the location information associated with the mobile subscriber

comprises allowing or denying a call based on the location of the mobile

subscriber.

50. The system of claim 4 1 wherein performing a routing function based on

the location information associated with the mobile subscriber comprises

determining a new destination based on the location of the mobile

subscriber, and one of:

modifying and forwarding the received call setup message or

sending a new call setup message to the new destination; and

sending, to the sender of the call setup message, a release

message that includes information identifying the new destination.

5 1. The system of claim 50 wherein, in response to receiving the release

message, the sender of the call setup message generates another call

setup message that is directed to the new destination.

52. A computer readable medium having stored thereon executable

instructions that when executed by the processor of a computer control

the computer to perform steps comprising:

at a telecommunications network element:

receiving a mobility management message associated with a

mobile subscriber, extracting from the mobility management message

information identifying the mobile subscriber and location information



associated with the mobile subscriber, and storing the extracted location

information associated with the mobile subscriber; and

receiving a call setup message associated with the mobile

subscriber, extracting from the call setup message information

identifying the mobile subscriber, retrieving the stored location

information associated with the mobile subscriber, and performing a

screening or routing function based on the location information

associated with the mobile subscriber.

53. A computer readable medium having stored thereon executable

instructions that when executed by the processor of a computer control

the computer to perform steps comprising:

at a telecommunications network element:

receiving a call setup message that includes information

identifying a calling party mobile subscriber;

extracting from the call setup message the information identifying

the calling party mobile subscriber;

determining location information associated with the calling party

mobile subscriber; and

performing a screening or routing function based on the location

information associated with the calling party mobile subscriber.
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