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(57) ABSTRACT 

A subscriber of a communications netWork is enabled to 
top-up an account for a multimedia service provided on the 
communications netWork While the service is being pro 
vided. Real-time prepaid charging may be applied to a 
multimedia service being provided to a subscriber of a 
communications network. Both a count and a time period 
may be determined from an account balance, and the number 
of information units exchanged during the service and the 

duration of the service may be compared against the count 
and time period, respectively. Further processing may be 
de?ned to be performed if either and/or both thresholds are 
reached. A subscriber of a communications netWork may be 
noti?ed of a threshold amount of service being reached 
While the service is being provided using the same session 
as is being used to provide the service (in-band) or using a 
different session (out-of-band). Further, a subscriber may be 
noti?ed of a threshold being reached using a Short Message 
Service (SMS) by sending an SMS message to the sub 
scriber. A subscriber of a communications netWork may be 
enabled to top-up a service account While the service is 
being provided using the same session as is being used to 
provide the service (in-band) or using a different session 
(out-of-band). To notify the client that a threshold for a 
service has been reached and/or to enable the client to 
top-up, either in-band or out-of-band sessions may be used 
based on any of a number of factors, including a character 
istic of the session in progress implementing the service, the 
capabilities of the user terminal, the capabilities of the 
application and application server providing the service, or 
any combination thereof. A session for providing a multi 
media service may be implemented using a multimedia 
control protocol capable of controlling (e.g., initiating, 
maintaining and terminating) a session that includes the 
exchange of multimedia content, including audio, video, 
data or any combination thereof. For example, such protocol 
may be the Session Initiation Protocol (SIP). Service content 
transmitted from a server to a subscriber on the subscriber’s 

user terminal may be buffered (e.g., cached) in a buffer While 
the subscriber is provided the opportunity to top-up the 
account. While the subscriber is being enabled to top-up a 
prepaid account for a service, a different billing method, for 
example, postpaid charging, may be applied for the service 
until the subscriber tops-up or until the opportunity to top-up 
has elapsed. 
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TOPPING UP A SUBSCRIBER’S ACCOUNT FOR A 
MULTIMEDIA SERVICE ON A 

COMMUNICATIONS NETWORK WHILE THE 
SERVICE IS BEING PROVIDED 

RELATED APPLICATIONS 

[0001] This application claims the bene?t under 35 USC 
§119(a) to commonly-oWned US. provisional patent appli 
cation serial No. 60/295,453, entitled Media Insensitive, 
Real Time, LoW Balance Threshold Noti?cation and Pro 
cessing Mechanism (aka the “TOP UP, POP UP”), ?led Jun. 
1, 2001, under attorney docket No. W00561/70002, US. 
provisional patent application serial No. 60/344,538, entitled 
Implementing an Intelligent NetWork Service for a Packet 
SWitched Service Using a Node Interfacing a Mobile Com 
munications NetWork to a Packet Data NetWork, ?led on 
Oct. 19, 2001 under attorney docket no. W00561/70006, and 
US. provisional patent application serial No. 60/357,940, 
entitled Implementing an Intelligent NetWork Service for a 
Packet-SWitched Service Using a Node Interfacing a Mobile 
Communications NetWork to a Packet Data NetWork, ?led 
on Feb. 18, 2002 under attorney docket no. W00561/70007, 
each of Which is incorporated herein by reference in its 
entirety. 
[0002] Commonly-oWned US. patent application entitled 
Implementing an Intelligent NetWork Service for a Packet 
SWitched Service Using a Node Interfacing a Mobile Com 
munications NetWork to a Packet Data NetWork, ?led here 
With under attorney docket no. W00561/70008 (the Ang 
application) is incorporated herein by reference in its 
entirety. 

FIELD OF INVENTION 

[0003] The present disclosure relates generally to the ?eld 
of communications netWorks and more speci?cally to noti 
fying a subscriber of a communications netWork that a 
threshold amount of a multimedia service provided on the 
netWork has been consumed While the service is being 
provided and enabling the subscriber an opportunity to add 
value to an account balance for the multimedia service (i.e., 
“top-up”) While the service is being provided, thereby 
extending the duration that the service is provided. 

DESCRIPTION OF THE RELATED ART 

[0004] For typical communications service providers, it is 
desirable to be able to measure and price communication 
services, including audio (e.g., voice) services, data services, 
video services, and multimedia services, and present bills for 
such services. As used herein, an “audio service” is a service 
that includes an exchange voice content betWeen tWo or 
more nodes of a communications netWork, a “data service” 
is a service that includes an exchange of data content 
betWeen tWo or more nodes of a communications netWork, 
a “video service” is a service that includes an exchange of 
video content (i.e., one or more sequential images) betWeen 
tWo or more nodes of a communications netWork, and a 
“multimedia service” is a service that includes an exchange 
of data content or video content, or any combination of 
video content, audio (e.g., voice) content and data content, 
betWeen tWo or more nodes of a communications netWork. 
A service that exchanges only voice content is not a “mul 
timedia service” as de?ned herein. 
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[0005] It should be understood that although a service or 
communication includes the exchange of one or more types 
of content, such service and communication also may 
include the exchange of other information in addition to 
content, including signaling, control and formatting infor 
mation, in accordance With one or more protocols. 

Billing Systems for Voice Services 
[0006] FIG. 1 illustrates an example of a traditional tele 
communications system 100 for providing voice services 
that utiliZes a postpaid billing method. As used herein, a 
“voice service” is a service providing the exchange of voice 
content betWeen nodes of a communications netWork. Sys 
tem 100 may be a mobile or landline telecommunications 
netWork. 

[0007] For example, a session may be initiated by calling 
party 102 With called party 114 across originating central 
of?ce 104, long distance netWork 116 and terminating cen 
tral office 113. At the beginning of the session, the system 
100 authenticates a subscriber (i.e., subscriber) 102 of a 
particular service, authoriZes that the subscriber is entitled to 
access the service, and in some cases validates the subscriber 
has suf?cient creditWorthiness or prepaid amounts to at least 
begin using the service. The service can then be rendered 
and suf?cient information recorded in a data record often 
referred to as a Call Detail Record (CDR). Information 
embodied in ?elds in the CDR such as duration of a session 
or volume of bytes consumed during a session, is monitored 
by netWork elements, such as at the Originating Central 
Of?ce 14, and entered into the CDR. Once the session is 
?nished, a completed CDR is sent to a Billing Collector 106. 
In some cases, the Billing Collector periodically forWards a 
batch of the CDRs to a Billing Mediator 108, Which converts 
the speci?c CDR formats from a plurality of netWork 
elements to a common format understood by a Billing 
System 110. The billing system typically determines the 
underlying price for a provided service by applying a rate for 
the service to the CDR to produce a ?nal price for the 
service. The billing system then may merge the ?nal price 
for the service onto the subscriber’s bill 112. 

[0008] As technology has changed, adding more poWerful 
processing capabilities, it has become possible to perform 
some of the steps of billing for a voice service in real-time 
or quasi-real-time. For example, rating a service, Which Was 
described above as being performed after the voice service 
Was performed, may occur simultaneously With the autho 
riZation step at the beginning of a session for the service. 
With such rate information, it is possible to determine a 
speci?c time quantity (for time-based metering) or a speci?c 
volume quantity (for volume based metering of volumes of 
data) for Which a voice service can be provided before such 
provisioning should be stopped (i.e., the call should be 
disconnected). For example, before providing a voice ser 
vice, the balance present in a prepaid account may be 
divided by the rate per unit of time or volume for the service 
to produce a service value. This voice service value could 
then be used to preset a time or volume threshold. The voice 
service can then be metered until the threshold is reached, at 
Which time higher level processing can be noti?ed that the 
threshold has been reached. This type of prepaid processing 
is present in several voice telecommunications systems 
WorldWide. As used herein, a “prepaid account” is a sub 
scriber’s account for a service for Which the subscriber has 
subscribed for prepaid charging. 
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[0009] Typically, in such voice telecommunications sys 
tems, in response to a threshold being reached, the system 
Will interrupt the voice call in progress and, using a Voice 
Response Unit (VRU), Warn the calling party about the 
impending disconnection that Will occur. More extensive 
processing can also occur at this point. The VRU prompt 
may offer the caller an opportunity for adding value to an 
account (i.e., “topping-up” an account) by entering a neW 
unique code printed on a pre-paid phone card (i.e., “top-up 
card”), for example, by touch tone entry. In places that 
provide the ability to top-up (e.g., several European coun 
tries), top-up cards are typically sold through retail locations 
like supermarkets, convenience stores or gas stations. 

[0010] FIG. 2 illustrates an example of a typical system 
101 for implementing real-time prepaid charging for voice 
calls. System 101 may be a mobile or landline telecommu 
nications netWork. 

[0011] Calls are routed from a netWork 116 to a Prepaid 
Adjunct Processor 118, Which is responsible for metering 
the call, identifying When a prepaid threshold has been 
reached, introducing a Voice Response Unit to alert the 
Calling Party of the impending call disconnect and offering 
a top-up opportunity. In the embodiment of system 101, the 
rating and account balance information is stored in a sepa 
rate computer 120 and the functions performed by the 
Prepaid Adjunct Processor are initialiZed by computer 120. 

[0012] In another embodiment of system 101, the Prepaid 
Adjunct Processor 118 may be embedded directly into a 
Central Office (e.g., Central Of?ce 104) and may be imple 
mented using Intelligent Network Services, Which are 
described in more detail beloW. 

[0013] In an embodiment of system 101, the calling party 
102 makes a prepayment into an electronic account, Which 
is stored in a database on the netWork. Prepayments can be 
made in a number of fashions, Where the most prevalent is 
to go to a retail point of sale such as a supermarket or 
convenience store and pay a sum of money to acquire a 
prepaid card. The prepaid card has a unique code that 
represents a link to the electronic account. To access the 
value stored in the electronic account, the calling party or 
party to be billed enters an access code that routes the call 
to the Prepaid Adjunct Processor 118. In an alternative 
embodiment, the calling party terminal (i.e., subscriber 
terminal) may be uniquely identi?ed as a prepaid account 
holder and be automatically routed to the Prepaid Adjunct 
Processor. For example, a unique calling party identi?cation 
(e.g., an International Mobile Subscriber Identity (IMSI) for 
a mobile telecommunications system) may be used as the 
key to the electronic account, as opposed to the unique code 
on a prepaid card. 

[0014] In response to the Prepaid Adjunct Processor 118 
receiving the call, the calling party 42 is asked for the unique 
code to alloW the adjunct processor to identify the electronic 
account in Which the prepaid amount is resident. The caller 
is then requested to enter the identi?cation of the called party 
114 (i.e., the phone number) to Which the call should be sent. 
These tWo pieces of information are communicated to a 
computer (e.g., computer 120) that maintains the electronic 
account and has the ability to “rate” the cost of making a call 
to the called party 114. Based on the monetary balance 
remaining in the electronic account and the cost of the 
service to be rendered (e.g., dollars per unit of time or 
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volume), a rating and accounting subsystem can calculate 
the number of minutes or volume of information united (e. g., 
bytes) left to reach a prepaid threshold or spending thresh 
old. The rating/accounting computer 120 communicates a 
message to the Prepaid Adjunct Processor 118 that alloWs 
the Prepaid Adjunct Processor to initialiZe an internal meter 
Which measures the duration for Which the call is in progress 
(starting When the called party 114 ansWers) or the volume 
of information units that How through the transport path 
during the call, starting from When a voice session for the 
call is established. 

[0015] When the Prepaid Adjunct Processor 118 deter 
mines that the prepaid threshold for the call is reached, a loW 
balance Warning is sent to the calling party by either placing 
the called party on hold and inserting a VRU or by bridging 
the VRU directly into the call. It is sometimes preferred that 
the call is suspended during this period so the Warning 
cannot be heard by the called party, and it is sometimes 
preferable for both parties to hear the Warning. Additional 
processing can also be performed at this time to alloW 
extension of the current call by topping up the prepaid 
account. 

[0016] In this scenario, the called party 114 is typically 
placed on hold. The Prepaid Adjunct Processor 118 is 
conditioned to receive touch tone input, and the calling party 
42 is offered the opportunity via a VRU message to enter a 
neW unique code from a prepaid card purchased in a retail 
location. Once the unique code has been received and 
veri?ed, and the meter of the Prepaid Adjunct Processor 118 
has been re-initialiZed With the neW values, the suspended 
call is alloWed to continue. Most often, the existing elec 
tronic account and the initial unique code of the calling party 
survive the call When it is completed, and the unique code 
and associated electronic account of the prepaid card used to 
add value to the existing account are marked as depleted 
once the value from the account has been transferred to the 
existing account. 

Mobile Communications NetWorks 

[0017] The need to meter, price and bill communications 
services is recogniZed on mobile (i.e., Wireless) communi 
cations netWorks (MCNs), as MCNs (mobile telecommuni 
cations netWorks, mobile data communications netWorks 
and combinations thereof) are having a groWing impact on 
the communications industry. In addition to enabling com 
munication services to be provided by service providers, 
operators of MCNs often provide Intelligent NetWork Ser 
vices (INSs), for example, prepaid charging, for their sub 
scribers as Well. 

[0018] There are several types of MCNs, as Well as several 
types of MCN netWork elements, technologies and con?gu 
rations. For a better understanding of the problems and 
solutions set forth beloW, these several types of MCNs, 
netWork elements, technologies and con?gurations Will noW 
be described. 

[0019] As used herein, a “mobile communications net 
Wor ” or “MCN” is a communications netWork including a 

plurality of netWork resources that enable Wireless commu 
nications betWeen tWo or more of the plurality of netWork 
resources. As used herein, “plurality” means tWo or more. 
MCNs are often referred to as Public Land Mobile NetWorks 

(PLMNs). Several types of MCNs are knoWn, and some are 
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in use today, including Global System for Mobile commu 
nications (GSM), General Packet Radio Service (GPRS), 
Universal Mobile Telecommunications System (UMTS), a 
plurality of types of Code-Division Multiple Access-based 
communications netWorks (e.g., cdmaOne, cdma2000, etc.), 
Wireless Personal Area Networks (PANs), for example, 
Bluetooth or a Wireless PAN in accordance With IEEE 
802.15, and Wireless Local Area Networks (WLANs), for 
example, HiperLan 2 or a WLAN in accordance With IEEE 
802.11 (e.g., 802.11b (Wi-Fi), 802.11a and 802.11g). 

[0020] GPRS originally Was developed and is often imple 
mented as an add-on to existing GSM netWorks. Thus, a 
GSM netWork and a GPRS netWork are often part of an 
MCN referred to herein as a GSM/GPRS netWork. GSM, 
often referred to as a 2nd Generation or 2G netWork, is 
described in more detail in: 3rd Generation Partnership 
Project Technical Speci?cation Group Services and System 
Aspects, Digital cellular telecommunications system (Phase 
2+), GSM Release 1999 Speci?cations (3GPP TS 01.01), the 
entire contents of Which are hereby incorporated by refer 
ence. 

[0021] The 3rd Generation Partnership Project (3GPP) 
speci?es European-centric mobile communication standards 
such as GPRS and UMTS. The 3rd Generation Partnership 
Project II (3GPP2) is an organization that speci?es more 
US-centric mobile communications standards such as 
CDMA 2000 standards. 

[0022] GPRS, often referred to as a 2.5G netWork, is 
described in more detail in: 3rd Generation Partnership 
Project, Technical Speci?cation Group Services and System 
Aspects, Digital cellular telecommunications system (Phase 
2+), General PacketRadio Service (GPRS), Service descrip 
tion, Stage 2, Release 1998 (3GPP TS 03.60), the entire 
contents of Which are hereby incorporated by reference. 

[0023] UMTS, often referred to as a 3rd Generation or 3G 
netWork, is described in technical speci?cations published 
by the 3rd Generation Partnership Project, including 3GPP 
TS 23.101, Whereas packet-sWitched services of UMTS are 
described in 3GPP TS 23.060. The entire contents of 3GPP 
TS 23.101 and 3GPP TS 23.060 are each being hereby 
incorporated by reference. 

[0024] CdmaOne, often referred to as a 2.5G netWork, is 
described in more detail in: ANSI/Telecommunications 
Industry Association (TIA)/EIA-95-A and 95-B Standard, 
Mobile terminal-Base Station Compatibility Standard for 
Wideband Spread Spectrum Cellular Systems, ANSI/TIA/ 
EIA-41-C and 41-D Standard, Cellular Radiotelecommuni 
cations Intersystem Operations, the entire contents of Which 
are hereby incorporated by reference. 

[0025] Cdma2000 is described in more detail in technical 
speci?cations published by the 3rd Generation Partnership 
Project II, including A.S0001-A 3GPP2, Access Network 
Interfaces Interoperability Speci?cation—Release A, the 
entire contents of Which is hereby incorporated by reference. 

[0026] Some MCNs only are capable of implementing 
circuit-sWitched voice services. As used herein, a “circuit 
sWitched voice service” is a voice service, for example, plain 
old telephone service (POTS), implemented using circuit 
sWitched communications (analog or digital). As used 
herein, a “circuit-switched voice communication” is a com 
munication including voice content that is transmitted along 
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a netWork path (i.e., a connection or circuit) established 
betWeen tWo endpoints for Which a portion of bandWidth 
(e.g., a time slot) of each link along the path is exclusively 
reserved for a duration of the connection. All communica 
tions transmitted from one endpoint to the other endpoint 
travel the same path across the netWork de?ned for the 
connection, Which is established before communications 
begin. For example, for a telephone call, a connection is 
established betWeen at least tWo parties and reserved for a 
duration of the call. Typically, after a connection has been 
established, circuit-sWitched voice communications include 
a connection identi?er and a destination identi?er (e.g., 
telephone number) from Which netWork nodes determine 
Where to route (i.e., sWitch) the communication. A Public 
SWitched Telephone NetWork (PSTN) is an example of a 
communications netWork that provides circuit-sWitched 
voice services. A GSM netWork is an example of an MCN 
that provides circuit-sWitched voice services. 

[0027] Other MCNs are capable of implementing packet 
sWitched services in addition to or as an alternative to 

circuit-sWitched voice services. As used herein, a “packet 
sWitched service” is a service implemented using packet 
sWitched communications, for example, an Internet access 
service provided by an Internet Service Provider (ISP). 

[0028] As used herein, a “packet-switched communica 
tion” is a communication transmitted betWeen tWo nodes of 
a communications netWork using packet-sWitching, Where 
the communication comprises one or more packets. As used 
herein, a “session” is a logical relationship established 
betWeen at least tWo netWork entities for a period of time. As 
used herein, a “packet” is a unit of information exchanged 
betWeen modules of a communications netWork, Where such 
modules may reside on a same or different node of the 

communications netWork. As used herein, to “exchange” 
means to transmit to transmit and/or receive. Packets are 
often referred to as “frames” in the netWork communications 
industry. Using packet-sWitching, each packet exchanged 
betWeen the tWo nodes may travel a different path across the 
netWork and may encapsulate any of a variety of media 
content, including audio (e.g., voice), video, and data, or 
combinations thereof. Using packet-sWitching, each packet 
of a packet-sWitched communication may include a source 
identi?er (e.g., IP address) and a destination identi?er (e.g., 
IP address) from Which netWork nodes determine Where to 
route or sWitch each packet of the communication. A Local 
Area NetWork (LAN) is an example of a communications 
netWork that can provide packet-sWitched services. A GPRS 
netWork is an example of an MCN that can provide packet 
sWitched services. 

[0029] As used herein, a “user terminal” is a communi 
cation device that serves as an endpoint in a communications 
netWork and at Which communications may terminate and/or 
originate. Some examples of user terminals include Work 
stations, PCs, laptops, telephones, pagers, BlackberryTM 
brand devices, PCS devices, personal digital assistants 
(PDAs), etc. 
[0030] As used herein, a “mobile terminal” or “MT” is a 
user terminal capable of communicating (i.e., receiving 
and/or transmitting communications) With other netWork 
resources through an air interface (i.e., using a carrier Wave). 

[0031] As used herein, a “mobile subscriber” or “sub 
scriber” is a user of an MT Who subscribes to one or more 

services provided by an operator of an MCN. 
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[0032] FIG. 3 is a block diagram illustrating a communi 
cations network 1 that includes at least MCNs 2 and 4, one 
or more packet data networks (PDNs) 6, a public switched 
telephone network (PSTN) 8 and one or more other com 
munications networks 10, which each can be any of a variety 
of types of communications networks. A PDN may be any 
communications network capable of communicating infor 
mation encapsulated in packets, for example, an Internet 
Protocol-based (IP-based) network, an X.25-based network, 
or an Asynchronous Transfer Mode (ATM) network. 

[0033] The MCN 2 may include one or more MTs 18 
con?gured to communicate with a wireless access sub 
network (WAS), for example, a Base Station Subsystem 
(BSS) of a GSM, GPRS or UMTS network or a Radio 
Access Network (RAN) of a CDMA-based network. The 
MCN 2 may include one or more WASs 12 that are each 
interfaced to a network services sub-network (NSS) 10 of 
the MCN 2. 

[0034] FIG. 4 illustrates a WAS 12 of an MCN 2 in more 
detail. AWAS 12 provides the radio link between an MT and 
an NSS. AWAS 12 may include any of one or more wireless 

access portals (WAPs) 30, for example, a Base Transceiver 
Station (BTS) and radio tower of a BSS or a RAN. AWAP 
30 may include one or more radio transceivers. In a typical 
MCN, a range of a transceiver de?nes a cell. A WAP 30 
handles the radio-link protocols for communication with an 
MT. 

[0035] Each of the one or more WAPs 30 may be con 
nected to a wireless access sub-network controller (WASC), 
for example, a Base Station Controller (BSC) of a BSS or a 
Radio Network Controller (RNC) of a RAN. The WASC 32 
manages the radio resources for one or more WAPs 30. For 
example, the WASC may handle radio-channel set up, 
frequency hopping, and handoffs between WAPs. The 
WASC serves as a logical interface between an MT and one 
or more switching modules of the NSS 10. 

[0036] The WASC 32 may be con?gured to discriminate 
between packet-switched communications and circuit 
switched communications. The WASC 32 may include a 
packet control unit (PCU) 33 that enables the WASC 32 to 
handle packet-switched communications and route them to 
packet-switching module (PSM) 36 of NSS 10, whereas 
circuit-switched voice communications are routed to circuit 
switching module (CSM) 34. 

Network Services Sub-network of a Mobile 
Communications Network 

[0037] FIG. 5 illustrates the NSS 10 of MCN 2 in more 
detail. A typical NSS 10 performs the switching of commu 
nications between subscribers of the MCN 2 and between a 
subscriber of the MCN 2 and a network resource on another 
network (e.g., another MCN 4, a PDN 6, a PSTN 8 or 
another communications network 10). The NSS 10 also may 
handle the mobility management operations for the MCN 2 
and provide a variety of other services. The NSS 10 may 
include any of one or more CSMs 34A, one or more PSMs 

36A, one or more PDN Interface Modules (PIMs) 44A and 
46B, one or more Service Control Function (SCF) modules 
48, one or more subscriber information registers (SIRs) 50, 
one or more charging gateways 45 and one or more billing 
systems 47. 
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[0038] An NSS (e.g., NSS 10) that includes both a CSM 
and a PSM enables subscribers to have access to both 
circuit-switched voice services and packet-switched ser 
vices. For example, if the NSS 10 is part of a GSM/GPRS 
network, one or more of the CSMs may be a Mobile 
Switching Center (MSC) that may include a Visitor Location 
Register (VLR), and the PSM may be a Serving GPRS 
Support Function (SGSF) module. The SGSF module may 
be implemented on a Serving GPRS Support Node (SGSN) 
of the GPRS network, or may be implemented on a GPRS 
Support Node (GSN) that also may include a Gateway 
GPRS Support Function (GGSF) module. 

[0039] Alternatively, if the NSS 10 is part of a GSM 
network that implements only circuit-switched voice ser 
vices, the NSS 10 may not include any PSMs, but may 
include one or more MSCs that each may include a (Visitor 
Location Register) VLR. 

[0040] The switching modules (CSMs and PSMs) may 
provide a variety of services for the NSS, including regis 
tration of subscribers, authentication, ciphering, location 
updating (of subscribers), handoffs between WASCs and 
switching. For example, the switching nodes may switch 
communications, originating from an MT and received from 
a WASC, to an appropriate destination, for example, another 
WASC, another module or node of the NSS 10, a node of 
another MCN 4, a PIM (e.g., 44A, 44B) for interfacing to a 
PDN (e.g., 6A, 6B), a node of the PSTN 8 or a node of 
another communication network. The switching modules 
may provide other services. 

[0041] A PIM (e.g., 44A and 44B) serves as a logical 
interface between an MCN 2 and a PDN (e.g., 6A, 6B) 
external to the MCN 2. PDNs 6A and 6B may be any type 
of packet data network, including the Internet or a corporate 
LAN. To serve as such logical interface, a PIM may be 
con?gured to implement protocols speci?c to the MCN 2 
and protocols speci?c to a PDN 6. For example, for a GPRS 
network, a GGSF module may serve as a PIM and be 
con?gured to implement one or more packet data protocols, 
for example, the User Datagram Protocol (UDP) or the 
Transport Control Protocol (TCP) and IP or X25 protocols. 
The GGSF module further may be con?gured to implement 
one or more GPRS protocols such as the GPRS Tunneling 
Protocol (GTP). 

[0042] A PIM (e.g., PIM 44A or 44B) may be con?gured 
to exchange communications (e.g., a Data Call Detail 
Record (DCDR)) with a charging gateway 45, which may in 
turn aggregate such DCDRs from one or more PIMs and 
forward them to a billing system 47 for further processing. 

[0043] PDN 6B may include a PDN node 66. PDN node 
66 may be con?gured with one or more applications that 
provide one or more services to subscribers. As such, PDN 
node 66 may be an application server. 

[0044] To implement a session between an MT 18A of the 
MCN 2 and a node 66 of the PDN 6A, the PSM 36A may 
switch communication packets received from the WASC 
32A to PIM 44A, which exchanges communication packets 
(using the appropriate protocols) with the appropriate nodes 
of the PDN 6A to communicate with node 66. 

[0045] Different types of MCNs may have different imple 
mentations of a PIM. For a CDMA-based network, a PIM 
may be a Packet Data Serving Node (PDSN). 
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[0046] For a GPRS network, a PIM may be a GGSF 
module, Which is con?gured to implement GPRS-de?ned 
interfaces: a Gi interface to a PDN, a Gn interface to an 
SGSF module of the MCN and a Gp interface to an SGSF 
module from another MCN. On some GPRS networks, an 
SGSN and a GGSN are combined on the same netWork 

node, sometimes referred to as a GPRS Support Node 
(GSN). Even on such GSNs, hoWever, the GGSF module 
and the SGSF module typically are con?gured as separate, 
logically-interconnected modules. 

[0047] The Subscriber Information Register (SIR) 50 may 
include an entry for each subscriber of the MCN 2, the entry 
representing a subscriber pro?le of information about the 
subscriber, including administrative information about the 
subscriber, the location of the MT currently being used by 
the subscriber and information about services to Which the 
subscriber is registered. On a GSM/GPRS netWork, the SIR 
may be a Home Location Register (HLR), and an MSC, a 
GGSF module and a SGSF module may communicate With 
the HLR in accordance With the Mobile Applications Part 
(MAP) protocol, GPRS Release 1998 or 1999, on top of an 
SS7 protocol. Other protocols may be used. GPRS Release 
1998 is described in more detail in: 3rd Generation Part 
nership Project; Technical Speci?cation Group Core Net 
work; Digital cellular telecommunications system (Phase 
2+); Organization of subscriber data; Release 1998 (3GPP 
TS 03.08), and 3rd Generation Partnership Project; Tech 
nical Speci?cation Group Core Network; Subscriber data 
management; Stage 2 Release 1998 (3GPP TS 03.16), the 
entire contents of Which are hereby incorporated by refer 
ence. 

[0048] GPRS Release 1999 is described in more detail in: 
3rd Generation Partnership Project; Technical Speci?cation 
Group Core Network; Organization of subscriber data; 
Release 4 (3GPP TS 23.008), and 3rd Generation Partner 
ship Project; Technical Speci?cation Group Core Network; 
Subscriber data management; Stage 2; Release 4 (3GPP TS 
23.016), the entire contents of Which are hereby incorpo 
rated by reference. 

Intelligent Network Services 

[0049] The MCN 2 may include one or more SCF modules 
48 to provide and control execution of one or more INSs to 
subscribers. An INS is an advanced communication service 
beyond traditional services such as setting up, maintaining 
and terminating a call or session and other traditional 
telephony services such as call Waiting and call forWarding. 
Several existing technologies today implement INSs by 
having sWitching modules (e.g., a PSM or CSM) consult 
(i.e., exchange communications With) an SCF module to 
implement the service. For example, on some existing 
netWorks, to implement an INS for a circuit-sWitched tele 
phone call, in response to receiving all of the digits for a 
telephone number, a CSM initiates communications With an 
SCF module before contacting other netWork nodes to 
establish the connection for the telephone call. Conversely, 
if no INS is to be implemented for the circuit-sWitched 
telephone call, the CSM Will not initiate communications 
With an SCF module before proceeding With establishing the 
connection. 

[0050] For a circuit-sWitched telephone call for Which an 
INS is not to be implemented, a CSM may merely access its 
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routing table to determine Where to route the telephone call 
based on the digits received from the subscriber. If a 
subscriber has subscribed to an INS, then the routing table 
may be con?gured (e.g., programmed With “hooks”) to 
cause the CSM to initiate communications With an SCF 
module in response to receiving telephone number digits 
from the subscriber or in response to receiving a speci?c 
sequence of digits from the subscriber, or in response to 
values of any of a number of other parameters. 

[0051] As Will be described in more detail beloW, an SCF 
module may be con?gured With the “intelligence” for imple 
menting the INS. The SCF module may instruct the CSM to 
sWitch a telephone call based on any of a number of 
parameters, for example, time of day, location from Which 
the call is originated, the destination for Which the call is 
bound, etc. 

[0052] Types of knoWn INSs include Toll-free, Virtual 
Private NetWork (VPN), Personal Number, Premium Rate, 
Calling Card, Toll-Shared, Number Portability and Prepaid 
Charging. As used herein, “prepaid charging” refers to a type 
of charging for a service Where a subscriber pays for an 
amount of the service before the service is provided. 

[0053] Currently, and over the last feW years, INSs are 
being developed and integrated into existing MCNs With 
each neW release of a particular technology. For example, 
the International Telecommunication Union Telecom Stan 
dardiZation (ITU-T) body speci?es INSs in Capability Set 1 
(CS-1) and CS-2 of the Q.1200 recommendation series. The 
European Telecommunications Standards Institute (ETSI) 
speci?es INSs in its Core Intelligent NetWork Application 
Part (INAP). The 3GPP speci?es INSs for its CustomiZed 
Applications for Mobile NetWork Enhanced Logic 
(CAMEL) technology, Phases 1, 2, 3 as de?ned in the GSM 
Technical speci?cation versions 02.78, 03.78 and 09.78 and 
in the Third Generation (3G) technical speci?cation versions 
22.078, 23.078 and 29.078. The American National Stan 
dards Institute (ANSI) speci?es INSs in its Advanced Intel 
ligent NetWork (AIN) speci?cations versions 0.1 and 0.2. 
The 3GPP2 speci?es INSs in its Wireless Intelligent Net 
Work (WIN) Phase 2 version N.S004 technical speci?cation. 
All of the above versions and speci?cations for INS tech 
nologies are hereby incorporated by reference in their entire 
ties. 

[0054] For illustrative purposes, INSs, particularly prepaid 
charging, Will be described beloW primarily in the context of 
the traditional implementation in Which an SCM module is 
consulted, and more speci?cally Will be described primarily 
in relation to CAMEL technology and in relation to GSM, 
GPRS, and GSM/GPRS netWorks. 

Intelligent NetWork Services for Circuit-sWitched 
Voice Services 

[0055] FIG. 6 is an example of a an NSS 110 of an MCN 
that is capable of providing package-switched services, 
circuit-sWitched voice services and one or more INSs for 
circuit-sWitched voice services. As used herein, a “circuit 
sWitched INS” is an INS con?gured for circuit-sWitched 
voice services. 

[0056] The NSS 110 may include an SIR 150, one or more 
SCF modules 148, one or more CSMs (134a, 134b), one or 
more PSMs, including PSM 136a, and one or more PIMs, 














































