
Cost savings and revenue generating capabilities 
are driving the migration of voice services to 
Voice over Internet Protocol

IP Multimedia Subsystem (IMS)
Service Architecture 

This white paper presents:
• An overview of the IP Multimedia Subsystem (IMS) architecture

• Significance of the IMS architecture to providing advanced multimedia services

• Lucent’s IMS solution portfolio and supporting products

Supports multiple applications by providing
traditional telephony and non-telephony services
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Introduction

Service providers are looking to migrate voice services to Voice over
Internet Protocol (VoIP) for cost and revenue generating advantages.
However, the move to VoIP alone is not sufficient to address carrier
concerns for revenue loss and the need to generate new revenues. As
wireline voice services migrate to IP they will become part of a suite of
real time multimedia-oriented communication services running on IP
networks that share a common client-server arrangement. Such services
include Instant Messaging (IM), Push-to-Talk (PTT), NetMeeting®, and
VoIP 3G services. In addition, the evolution to VoIP supports the ability to
offer several classes of new services, for example, presence-enabled
services, multimedia services, collaboration services, and more through a
new service-delivery platform. The platform of choice is the IP
Multimedia SubSystem as defined by the Third Generation Partnership
Project (3GPP) and supported and enhanced as part of Lucent’s
Accelerate™ Next Generation Communications Solutions.

Lucent’s Accelerate™ solutions put carriers on an accelerated track
towards implementing these new revenue-generating services for circuit-
driven and IP-driven networks. In addition, Accelerate™ solutions include
next-generation voice and data systems, software, and professional
services to meet the network needs of both wireline and mobile operators.

However, to implement these converged and new classes of services, and
to ensure QoS, the network must have a consistent and robust services
architecture that supports:

• Separation of the transport and endpoint layer from the session control
layer (access agnostic)

• Session management across multiple real time communication services

• Compatibility with existing Advanced Intelligent Networks (AIN) services
(calling name, 800, Local Number Portability, Customized Applications for
Mobile Networks Enhanced Logic, American National Standards Institute-
41, etc.)

• Transparent interworking with legacy TDM networks (numbering plans,
progress tones)

• Convergence of wireline and wireless services

• Blending of voice and real time communications services (Instant
Messaging)

• Consistent mechanisms for sharing user profile information across services

• Consistent mechanisms for authenticating and billing end users

• Consistent and blended graphical user interface

• Open standard interfaces and Application Programming Interfaces (APIs)
for new services by service providers and 3rd parties

This paper examines the IMS service delivery architecture underlying
Lucent’s Accelerate™ portfolio of next generation network solutions.
Adding service intelligent value to new and existing wireline and wireless
networks, Lucent’s Accelerate™ portfolio offers solutions for all layers of
the network – providing a holistic network approach to Voice over IP.
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IP Multimedia Subsystem (IMS) Architecture

The 3GPP, European Telecommunications Standards Institute (ETSI) and
Parlay Forum have defined a services architecture, the IMS, which
supports the requirements mentioned above.1 A simplified version of the
IMS is shown in Figure 1.

Figure 1 Simplified View of the IP Multimedia Subsystem (IMS)

IMS Overview

The IMS services architecture is a unified architecture that supports a
wide range of services enabled by the flexibility of Session Initiation
Protocol (SIP). As shown above in Figure 1, the IMS architecture can
support multiple application servers providing traditional telephony
services and non-telephony services such as instant messaging, push-to-
talk, video streaming, multimedia messaging, etc.

The services architecture is a collection of logical functions, which can be
divided into three layers:

• Transport and Endpoint Layer

• Session Control Layer

• Application Server Layer

Transport and Endpoint Layer

The transport and endpoint layer initiates and terminates SIP signaling to
set up sessions and provide bearer services such as conversion of voice from
analog or digital formats to IP packets using Realtime Transport Protocol
(RTP). This layer provides the media gateways for converting the VoIP
bearer streams to the PSTN TDM format. The media server provides many
media related services including conferencing, playing announcements,
collecting in-band signaling tones, speech recognition, speech synthesis, etc.
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The media server resources are shared across all applications. Consequently,
each application that requires playing announcements, or collecting digits,
for example, can use a common server. These applications include voice
mail, advanced 800, interactive VXML services, among others. The media
servers can also support non-telephony functions such as replicating media
for push-to-talk service. By using a common pool of media servers across
multiple services, service providers do not have to forecast and engineer
media resources for each application.

Session Control Layer

The session control layer contains the Call Session Control Function
(CSCF), which provides the registration of the endpoints and routing of
the SIP signaling messages to the appropriate application server. The CSCF
interworks with the transport and endpoint layer to guarantee QoS across
all services. The session control layer includes the Home Subscriber Server
(HSS) database that maintains the unique service profile for each end
user. The end user’s service profile stores all of the user service
information and preferences in a central location. This includes an end
user’s current registration information (i.e., IP address), roaming
information, telephony services (i.e., call forwarding information), instant
messaging service information (i.e., buddies list), voice mail box options
(i.e., greetings), etc. By centralizing this information, applications can
share information to create unified personal directories, multi client type
presence information and blended services. This centralized arrangement
also greatly simplifies the administration of user data and insures
consistent views of active subscribers across all services.

The session control layer also includes the Media Gateway Control
Function (MGCF), which interworks the SIP signaling with the signaling
used by the media gateway (i.e., H.248). The MGCF manages the
distribution of sessions across multiple media gateways. The Media Server
Function Control (MSFC) provides a similar function for the media servers.

Application Server Layer

The application server layer contains the application servers, which
provide the end-user service logic. The IMS architecture and SIP signaling
is flexible enough to support a variety of telephony and non-telephony
application servers. For example, SIP standards have been developed for
telephony services2 and IM services.3

Telephony Application Server

The IMS architecture supports multiple application servers for telephony
services. The Telephony Application Server (TAS) is a back-to-back SIP
user agent that maintains the call state. The TAS contains the service logic
which provides the basic call processing services including digit analysis,
routing, call setup, call waiting, call forwarding, conferencing, etc.

The TAS provides the service logic for invoking the media servers to
support the appropriate call progress tones and announcements. If the
calls are originating or terminating on the PSTN, the TAS provides the SIP
signaling to the MGCF to instruct the media gateways to convert the
PSTN TDM voice bit stream to an IP RTP stream and to direct it to the IP
address of the corresponding IP phone.

2 3GPP TS 24.229 IP Multimedia Call
Control Protocol based on Session
Initiation Protocol (SIP) and Session
Description Protocol (SDP);

3 IETF RFC 3428 “Session Initiation
Protocol Extensions for Instant
Messaging”
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As part of executing the telephony call model, the TAS provides the
Advanced Intelligent Network (AIN) call trigger points. When a call
progresses to a trigger point, the TAS suspends call processing and checks
the subscriber profile to determine if additional services should be applied
to the call at this time. The subscriber profile identifies which application
servers should be invoked. The TAS formats a SIP IP Multimedia Service
Control (ISC) message and passes call control to the appropriate
application server. This mechanism can be used to invoke legacy AIN
services or to invoke new SIP based applications servers.

A single IMS can contain multiple TASs that provide specific features to
certain types of endpoints. For example, one TAS might provide the IP
Centrex business features (i.e., private dialing plans, shared directory
numbers, multiple call appearances, Automatic Call Distribution (ACD),
attendant services, etc.). Another TAS might support PBXs and provide
advanced Virtual Private Network (VPN) services. The multiple application
servers can interwork using SIP-I signaling to complete calls between the
different classes of endpoints.

IP Multimedia – Services Switching Function (IM-SSF)

The IP Multimedia – Services Switching Function (IM-SSF) provides the
interworking of the SIP message to the corresponding Customized
Applications for Mobile Networks Enhanced Logic (CAMEL), ANSI-41,
Intelligent Network Application Protocol (INAP) or Transaction
Capabilities Application Part (TCAP) messages. This interworking allows
the IP Phones supported by IMS to access services such as calling name
services, 800 services, Local Number Portability (LNP) services, one
number services, and more.

Supplemental Telephony Application Servers

The application server layer can also contain standalone independent
servers that provide supplemental telephony services at the beginning of a
call, at the end, or in the middle, via triggers. These services include click
to dial, click to transfer, click to conference, voice mail services, IVR
services, VoIP VPN services, prepaid billing services, and
inbound/outbound call blocking services.

Non Telephony Application Servers

The application server layer can also contain SIP based application servers
that operate outside of the telephony call model. These application servers
can interwork with endpoint clients to provide services such as IM, PTT, or
presence-enabled services. By implementing these non-telephony SIP based
services in a common IMS architecture it is possible to interwork telephony
and non-telephony services to create new blended communication services.
One example of such blended service is a converged click-to-contact buddy
list that displays end user’s presence and availability information, and
provides a point and click interface across multiple communication services
(telephony, IM and PTT). Another example is the use of a single pre-paid
services account for telephony and VoD services.

Open Service Access – Gateway (OSA-GW)

The IMS architecture allows service providers the flexibility to add services
into their VoIP networks by interacting with legacy applications or by
integrating SIP-based application servers that they purchase or develop
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themselves. In addition, service providers want to allow their customers to
develop and implement services that leverage the VoIP network resources.
For example, an enterprise may want to voice-enable or IM-enable some
back office operations to automatically initiate a call or an IM if an order is
about to be delivered. This could be triggered by the location information
of a wireless PDA carried by the delivery person. However, frequently the
enterprise application developers have IT backgrounds and are not familiar
with the variety of complex telephony signaling protocols (i.e., SS7,
ANSI41, CAMEL, SIP, ISDN, etc.). To provide a simple API for
communications services, the Parlay Forum, working closely with the
3GPP and ETSI standards development organizations, have jointly defined
a Parlay API for telephony networks4. The interworking between SIP and
the Parlay API is provided in the Open Services Access – Gateway (OSA-
GW) that is part of the application server layer of the 3GPP IMS
architecture. As described above, other applications servers provide the
interworking between SIP and the telephony protocols (ANSI-41, CAMEL,
INAP, TCAP, ISUP, etc.). The OSA-GW allows the enterprise-based Parlay
applications to access presence and call state information, set up and tear
down sessions, and to manipulate legs of a call. The OSA-GW implements
the Parlay Framework, which allows the enterprise applications servers to
register with the network and manage access to network resources.

Evolution of IMS Architecture

Most of the services described in the previous examples were broadband
voice and data services. However SIP signaling and the IMS architecture
can also support advanced broadband multimedia services. These services
include Broadcast TV using multicast IP video streams, video-on-demand,
video surveillance, video telephony, video conferencing, virtual
classrooms, and more. These services can be implemented by equipping
the network with additional multimedia application servers and
endpoints. See Figure 2

Figure 2 – Advanced IMS Services
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As broadband multimedia services become more widely used, it will be
necessary to move beyond the basic QoS mechanisms used today. In
addition to monitoring the available bandwidth it must be possible to
control the number of active real time communications sessions. With the
IMS architecture, endpoints and applications servers for VoIP and
broadband multimedia services send their session initiation requests
through a common CSCF element. The CSCF can interact with the
transport and endpoint layer of the network to assess current traffic levels
and can deny requests for additional sessions.

Lucent envisions extensions to the IMS architecture to support a rich set
of services. Today there are many VoIP endpoints that do not support SIP
signaling. For example, IP-PBXs typically use H.323. Integrated Access
Devices (IADs) that support VoIP over DSL often use MGCP.
Consequently, to support these popular endpoints in an IMS network it
will be necessary to interwork non-SIP signaling to SIP. New border
signaling gateways have been proposed to provide this interworking.

Customers want real time communications services to work together in a
seamless fashion. This allows service providers to bundle and interwork
services to provide new blended capabilities. For example, end users in a
lengthy IM session may wish to spawn a voice session without the bother
of looking up phone numbers and re-establishing a separate voice session.
When an end user is engaged in a push-to-talk session the incoming voice
calls should invoke call waiting services. As described in the preceding
section, the IMS service architecture can simultaneously support many
different real time communication applications. However, additional
service interworking or service brokering is needed to provide these
blended services. As a result, Lucent envisions a service capabilities
interaction manager (also known as a service broker) element that can
share application state and status information between applications. As
shown in Figure 2, the service broker resides at the session control layer
and has corresponding interfaces into the interworking applications.

Lucent’s IMS Product Plans

Lucent’s Accelerate™ portfolio of next generation communications
solutions includes the IMS service architecture and Bell Labs service-
enabling technology. As shown in Figure 3, Lucent has an extensive and
complete portfolio that addresses solution elements at all of the layers of
the IMS service architecture and many of the applications described
previously in this paper. In addition Lucent has application development
partners that can plug into the open IMS architecture to allow service
providers to rapidly roll out new services. Lucent’s solutions become more
powerful when combined with these best of breed partners and
surrounded with Lucent Worldwide Services (LWS) capabilities that drive
additional value to the network and greatly improve speed to market.
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Figure 3 Lucent Technologies IMS Products and Partners

As indicated in Figure 3 and enumerated below, Lucent’s IMS portfolio
supports the full breadth and depth of IMS functional elements defined by
3GPP/3GPP2. 
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• Lucent Network Gateway – Media Gateway Function (MG)

• VitalQIP® – Domain Name Services (DNS), Telephone Number Mapping
Service Registration (ENUM), Dynamic Host Configuration Protocol
(DHCP) Server

Legacy
SCPs

Application
Server
Layer

Session
Control
Layer

Transport
& Endpoint

Layer

Application
Servers

Non-Telephony
Services

Telephony
Services (TAS) IM-SSF

CSCF

SIP-ISC

CAMEL, ANSI-41
INAP, TCAP Parlay API

PSTN

MRFC

Media
Server

MGCF

Media
Gateway

Supplemental
Telephony

Services
OSA-GW

IM, PTT, 
VoIP

SIP

IM, PTT, VoIP VoIP
Non-SIP

HSS

Signaling
Converter DSL,

802.11, GPRS,
3G CDMA

Lucent
Products

Network
Controller

SDHLR

MiLife® enhanced
Media Resource

Server

APX®

MAX TNT®

Network Gateway

Lucent
Partners

Lucent
Partners

Feature Server ISG

Session Manager

AHE AnyPath®

Communications
Portal

SurePay®



10

In addition to providing standard functional elements, Lucent’s IMS
portfolio also delivers the following capabilities:

• Network Controller – signaling conversion (e.g. H.323 or MGCP to SIP) to
enable devices to interwork with the IMS network 

• AnyPath® Messing System – Messaging Services*

• SurePay® – PrePaid Calling

• MiLife® Application Server – Service Development/Delivery Platform

• SDHLR – Home Location Register

Also as indicated previously, Lucent is working with a number of partners
that provide application servers that interwork with Lucent products in
conformance with the IMS standards. The partners’ application servers
support services such as instant messaging, push-to-talk, Virtual Private
Network and legacy SCP based services such as caller ID, local number
portability and 800 services.

Conclusion

Service providers are looking to migrate their voice services to VoIP to
improve costs and generate revenue from real time communications
services that interact with each other in seamless fashion. The standards-
defined IP Multimedia Subsystem Architecture is the consistent and
robust architecture that supports all the requirements previously defined
in this paper to implement these converged and new classes of services,
while ensuring QoS. This architecture underlies Lucent’s Accelerate™
Next Generation Communications Solutions, enabling Lucent to add
service intelligent value at all the functional levels of the network, i.e., the
transport and endpoint layer, session control layer, and the application
server layer, for new and existing wireline and wireless networks.
Furthermore, Lucent envisions extensions to this IMS architecture that
will enable it to evolve to support a rich set of advanced broadband
multimedia services, going beyond today’s broadband voice and data
services via new border signaling gateways. And, together with the best in
breed partners, Lucent’s solutions will drive great value to service
providers’ networks and enable service providers to bring these revenue
generating services to market at an accelerated pace.
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Glossary

Acronym Meaning

3GPP Third Generation Partnership Project
ACD Automatic Call Distribution
AIN Advanced Intelligent Network
ANSI American National Standards Institute
API Application Programming Interface
BGCF Breakout Gateway Control Function
CAMEL Customized Applications for Mobile Networks Enhanced Logic
CCF Charging Collection Function
CSCF Call Session Control Function
DHCP Dynamic Host Configuration Protocol
DNS Domain Name Services
ECF Event Collection Function
ENUM Telephone Number Mapping
ETSI European Telecommunications Standards Institute
HSS Home Subscriber Server
IAD Integrated Access Device
IETF Internet Engineering Task Force
IM Instant Messaging
IMS IP Multimedia Subsystem
IM-SSF IP Multimedia Service Switching Function
INAP Intelligent Network Application Protocol
ISDN Integrated Services Digital Network
ISG Intelligent Services Gateway
ISUP ISDN User Part
IVR Interactive Voice Response
LNP Local Number Portability
MFRP Multimedia Function Resource Processor
MGCF Media Gateway Control Function
MGCP Media Gateway Control Protocol
MRFC Multimedia Resource Function Controller
MSFC Media Server Function Control
OSA Open Services Access
OSA-GW Open Service Access - Gateway
PDF Policy Decision Function
PTT Push-to-Talk
QoS Quality of Service
RTP Realtime Transport Protocol
SCF Session Control Function
SCIM Service Capability Interaction Manager
SCP Service Control Point
SCS Service Capability Server
SDHLR Super Distributed Home Location Register
SDP Session Description Protocol
SIP Session Initiation Protocol
TAS Telephony Application Server
TCAP Transaction Capabilities Application Protocol
TDM Time Division Multiplexing
THIG Topology Hiding Internetwork Gateway
VoD Video on Demand
VoIP Voice over Internet Protocol
VPN Virtual Private Network
VXML Voice Extensible Markup Language
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