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Abstract- Service Brokering is a new area that will
allow Telco’s to introduce innovative new services and
explore new business models. At the core of service
brokering is the requirement that individual service
capabilities be modeled to allow for automated
processing of service requests. The modeling language
introduced in this research underpins a proposed
Context-oriented Service Brokering Platform (CSBP) for
the IP Multimedia Subsystem (IMS). The proposed
framework extends the service provisioning functionality
of the IMS allowing for composition of new composite
Context Aware Services.
Index Terms—IMS, Service Brokering, Context
Aware Services, SOA
I. INTRODUCTION
Interactions with telecommunications services are no
longer anonymous. Modern services are capable of adapting
to a user’s context information. Location, time, schedule and
device are all pieces of information that can be used by this
new breed of services. This 21st century phenomenon is
backed by the widespread adoption of powerful mobile
devices such as smartphones and tablets.
The proliferation of these devices has provided a platform
for popular new services like Skype [19]. These Over The
Top (OTT) service providers have built successful
businesses offering low cost alternatives to traditional voice
telephony and messaging services. Many users now spend
less on these services but more on using data-hungry
applications on tablets and/or smartphones. For
telecommunications operators (Telcos), this means increased
competition, falling Average Revenue Per User (ARPU) and
a need for investment in expensive new infrastructure to
meet the demand for high speed internet access.
The process of upgrading networks to new fourth
generation (4G) systems envisioned by the 3GPP [13] is
already under way. The IP Multimedia Subsystem (IMS) is
an access network-agnostic overlay architecture developed
by the 3GGP [12]. It was designed to play a central role by
providing support for service provisioning. The costs
associated with upgrading to new infrastructure particularly
the IMS must be matched by a suitable return on investment
for Telcos. In this paper we propose extensions to the IMS
that would allow Telcos to present innovative new services
that can exploit the information processing capabilities of

new smart devices. In doing so we present a means of
modeling service capabilities based on methods used by
OTT/Web 2.0 service providers.
Service Oriented Architecture (SOA) design principles have
helped OTT/Web 2.0 developers to rapidly provision
successful new services. SOA places emphasis on reuse of
existing Service Capabilities (SCs) to rapidly provision new
services. Compared to Telco business models, SOA-driven
business models are more open and agile [9].
Service brokering will allow Telcos to partner with 3rd party
providers to create new services composed of existing SCs.
By providing readily available resources to deploy niche
services, Telco’s could cover many small markets at
relatively low cost. This is an example of the Long Tail
Effect [16]. These new services – much like existing
offerings – will need to embrace the use of context
information. Context information is any information that can
assist in the execution of a program. With such a broad
definition, context information encompasses a great deal of
different information types. Context Aware Services (CAS's)
rely on context information to offer intelligent functionality
to users e.g. call barring based on a user’s calendar and
location.
Service Brokering brings with it the challenge of combining
many SCs to construct a single service. In this paper we
present a novel method for modeling SCs to achieve
composition of services. These models form the basis of the
proposed framework, which extends the IMS. The objective
of these extensions is to generate composite Context Aware
Services that offer equivalent Quality of Experience (QoE)
to non-composite (or monolithic) services. QoE is a broad
area, in this paper we focus on delay behavior of different
service classes and how this affects user QoE. The proposed
framework will therefore be benchmarked according to its
delay behavior for these pre-defined service classes.
The central element of the proposed framework is the
Context-oriented Service Brokering Platform (CSBP). The
proposed CSBP will enable the rapid provisioning of
composite CAS’s. It will allow Telco’s to leverage the array
of context information available to them [6].
The remainder of the paper is composed as follows: Section
II reviews related work in the area of Service Brokering and

Context aware services; Section III discusses the
requirements for the proposed framework and the metrics
used to evaluate it. Section IV introduces the SC modeling
techniques used in designing the proposed framework.
Section V presents the design of the proposed framework.
Section VI discusses the testing results obtained. Section VII
provides a conclusion to the paper and comments on
possible future extensions.
II. RELATED WORK
The proposed framework combines a number of research
areas. This includes the IMS, service brokering &
composition and CAS’s. This section will provide an
overview of work in these areas.
A. Service Brokering & Composition in the IMS
The core functionality of the IMS consists of a Home
Subscriber Server (HSS) for storing service-related data and
Call Session Control Functions (CSCFs) that interwork with
Application Servers (AS’s) to provide services. Briefly, the
CSCFs functions are as follows:
• The Proxy-CSCF (P-CSCF) connects the user to
the IMS network, it proxies requests/responses
between the user and S-CSCF
• The Interrogating-CSCF (I-CSCF) acts as a
Topology Hiding Gateway (THIG) amongst
other things
• The Serving-CSCF (S-CSCF) provides the core
service switching functionality
A thorough review of the IMS can be found in [1]. The
IMS currently only supports static chaining of services using
initial Filter Criteria techniques [1]. The static service
chaining technique relies on the Serving CSCF (S-CSCF) to
take on the burden of monitoring all executing services.
In this model, AS’s are unaware of each other and only
communicate via the S-CSCF. There is limited capacity for
cooperative execution of services via service orchestration
and/or composition. Service orchestration manages SC
interaction to avoid conflict that will result in failure;
composition aims to create a new service from disparate
SCs. The 3GPP has addressed the functionality for
orchestration in particular – and composition to a lesser
extent – in a new entity: The Service Capability Interaction
Manager or SCIM [12].
The SCIM is envisioned as a network function supporting
service orchestration. At time of writing, the current
documentation only provides a high level definition of the
functionality of the SCIM [12]. More research in this area is
therefore required to specify detailed functionality.
Some research has proposed service brokering as a
functional element of the SCIM tasked with creating a
workflow for blended services [4]. This approach creates a
signaling bottleneck and central point of failure in the
network due to its centralized architecture. A more
distributed approach could alleviate the burden placed on
any SCIM-like entity [10]. A number of frameworks have

been proposed that rely on distributed solutions to the
problem of Service Brokering.
Qi et al proposed a Distributed-SCIM (D-SCIM) whereby
intelligence is distributed into the AS’s [5]. By making the
AS’s aware of each other, they show it is possible to
orchestrate services by coordinating between AS’s. This
work does however not incorporate a means for explicitly
modeling SCs nor does it provide any evaluation of the
proposed architecture. The D-SCIM should be noted as a
significant architectural influence on the proposed
framework.
B. Service Capability Modeling for Automated Service
Composition
Modeling of SCs is central to the work discussed in this
paper. It will allow Telco’s to develop new SOA-driven
business models. To achieve this, some form of network
abstraction is required [7]. The use of Parlay X APIs
specified by the OMA is one of the proposed solutions to
incorporate web-based SCs for composition [3]. However
the use of these APIs hinges on compatibility with existing
Web 2.0 approaches [7]. Modeling for telecommunications
services and IMS-based SCs in particular is limited in
current research.
The Web 2.0 and Pervasive Computing communities have
tackled the problem of individual SC modeling using the
concept of ontologies. In computer science, an ontology is
used to represent relationships between concepts in a single
framework. As will be discussed ontological models for SCs
can be used to enable service composition. This is achieved
by exploiting knowledge of the relationship between
different SCs. Web Ontology Language with Semantic
Markup (OWL-S) [17] is a popular Extensible Markup
Language (XML)-based language that supports the
description of services for automated composition. OWL-S
describes a service by answering the questions of what it
does (service profile), how it works (service model) and
what it supports (service grounding). OWL-S modeling
techniques have much to offer but research in this area
typically focuses on web services/pervasive computing.
A notable exception is Cao et al. They extend the standard
web services/pervasive computing ontology provided by
OWL-S to develop ontological models for web services [2].
This TelecomOWL-S framework does not provide a specific
focus on CAS’s but is a good basis for deriving such models.
As such, the proposed framework extends TelecomOWL-S
to provide models for Context-related SCs.
C. Context-Aware Services
Context-Aware Services take advantage of context
information to offer more intelligent experiences to users.
As highlighted, the IMS can support a number of SCs,
typically provided by SIP Application Servers (AS’s). With
regards to CAS’s, some of the OMA-standardized enablers
such as Presence and Location are worth noting [18].

Table 2 – Metrics used to Evaluate CSBP
Context information provided by such SC’s are sensitive and
thus require increased security measures [8] and some user
control over how this information is accessed. User privacy
settings for individual applications can be considered as a
form of contextual information.
III. REQUIREMENTS OF PROPOSED FRAMEWORK
Based on the issues identified in the previous section, it
follows that the CSBP design must incorporate a number of
functional requirements, these are summarized below:
• Minimal impact on existing IMS architecture and
signaling
• Use a distributed approach as per the D-SCIM
approach highlighted in the previous section
• Support for composite service requests
• Modeling of SCs for automated composition
There are qualitative requirements that must be
considered when adopting a distributed architectural
approach:
• Signaling between entities due to the distributed
model must place a minimal load on the IMS core
• Metrics are incorporated to evaluate the impact
this architecture has on delays for a typical
composite service
To determine the viability of the proposed framework, it
is important to compare a typical composite CAS it produces
against a monolithic CAS. This can be achieved by focusing
on the end user’s QoE. If a typical end user will not find a
composite CAS produced by the framework acceptable, then
the CAS’s will not be successful.
One way to assess QoE objectively is delay experienced.
Where delay is the typical time a user has to wait for a
response after an input, service setup, etc. Research in [14]
and [15] has measured typical acceptable delay values for
different classes of services.
The table below summarizes the tolerable delay values for
different service categories:
Table 1 – Typical Tolerable delay values per Service
Category (derived from [15])
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IV. DEVELOPMENT OF A MODELING LANGUAGE TO ENABLE
CONTEXT-ORIENTED SERVICE BROKERING
The previous section touched on TelecomOWL-S [2], and
how it extends OWL-S. This section will discuss the
development of Simple OWL-like Description (SOWeD)
language and how it is used in modeling SCs for
composition of CAS’s.
Following from the discussion in Part B of Section II, the
development of SOWeD aimed to find a means to describe
SCs using ontological modeling. In order to achieve this,
SCs were classified according to their usage and/or reliance
on context information. Figure 1 below summarizes the
basic model of any SC – it is a derivation on the more
general model for services in [17]:

User-Acceptable
Delay
<< 1s
~2s
~ 10 s
>>10 s

These values serve as guidelines for the validation of the
proposed framework as a viable platform for an SOA-driven
business model. To validate the framework with respect to
delay figures shown above, a number of metrics were
defined. Each of the metrics in Table 2 addresses a delay
component attributed to the distributed architecture chosen.

Figure 1 - Top-level Context Service Capability Ontology (as derived
from [17])

It follows that any SC with reference to context
information based on the top-level ontology presented

above. Using Presence as a basic example of an SC, it can
be noted that:
1. Presence as an SC supports the storage of user
presence information as described in greater
detail in [1]
2. It supports distribution of this information to
authorized ‘watchers’ and can support the use of
authorization lists to support such functionality.
3. It relies on certain SIP messages to provide the
required functionality.
Further analysis of the SC ontology in the context of the
IMS leads to the establishment of some working principles
with regards to how to differentiate between SCs:
• A Context-oriented SC (CoSC) stores and/or
distributes context information has functions that
support at least one of the following:
o The input of context via a SIP PUBLISH
request
o The input of context subscriptions via a
SIP SUBSCRIBE request
o The output of context via a SIP NOTIFY
request

between different SC types and a composite CAS. These
relationships define the generic model for how different
types of SCs can be connected to form a composite service.
Furthermore they inherently dictate the manner in which
requests should be made in SOWeD terms to allow for
automated request processing.
The next section ties this discussion of SOWeD to the
proposed CSBP framework.
V. DESIGN OF PROPOSED FRAMEWORK
This section will discuss different aspects of the framework
design, tying together the use of SOWeD to achieve the
design requirements highlighted in Section III.
A. Overview of CSBP Architecture
The CSBP Architecture is presented in Figure 3. The
architecture is a distributed solution similar to that proposed
in [5]. The framework is thus composed of a central element
logically connected to the S-CSCF over the standard IMS
ISC interface and a network of composition nodes (CNs).
Each CN allows fine-grained control of signal processing at
each AS, each of which implements a Service Capability.
The CNs and AS’s are therefore co-located.
Note that SIP is used for communication between each
element. By allowing the SCs to communicate with each
other, this achieves a distributed approach as per the
requirements.

• A “Context-Aware” SC (CaSC) requires context
information to operate effectively has functions that
support at least one of the following:
o The input of context via a SIP NOTIFY
request
o The output of a context subscription via a
SIP SUBSCRIBE request
Together CoSCs and CaSCs form the two broad categories
of SC’s in relation to the use and distribution of context
information. This analysis is the basic building block of
SOWeD language, the model in Figure 2 below captures
what occurs when this thinking is applied to the ontological
modelling of a composite CAS:

Figure 3 - CSBP and SC Network

The figure below shows the network integrated with the IMS
core:

Figure 4 - CSBP integration into IMS Core
Figure 2 - 3rd Party Context-Aware Service Ontological Model

Referring to Figure 2 above, the relationships highlighted
extend the language of OWL-S to reflect relationships

Referring to Figure 4, the architecture employed makes use
of standard IMS interfaces particularly ISC. In doing so, it
eliminates the need for any additional modification of the
current IMS core. The framework also provides support for

3rd Party Servers as shown. Support for user privacy policy
is provided through the XML Configuration Access Protocol
(XCAP). Note that the connection between the CSBP and
each individual SC is omitted to simplify Figure 4.
B. Requesting Composite Services
Composite service requests exploit the relational language
of SOWeD and by extension OWL-S. The CSBP stores
information of each SC as plain text files. The files capture
the following information:
• Name and type of SC (CoSC or CaSC)
• Feature names and types (Context-oriented Feature
for CoSCs; Context-adaptive Feature for CaSCs)
• Accepted inputs and outputs for each feature
(indicating accepted SIP commands and user agent
type)
These SOWeD files are stored by the CSBP and allow it to
evaluate requests. Requests can then be filled in for the
available features using a template with semantic commands.
These commands make use of SOWeD-based relational
language. Example commands include Uses which links a
Context-oriented Feature (CoF) or CoSC to a Contextadaptive Feature (CaF) or CaSC respectively.
C. Service Composition & Policy Enforcement
A typical service composition request using the proposed
framework can best be described by way of example. The
figure below shows the service execution flow for the first
use of a requested presence-based Instant Messaging (IM)
CAS that requires the IMSC (a CaSC) and the presence SC
(a CoSC):

Figure 5 - Service Setup and initial execution flow of presence-based IM
CAS

The following process takes place in the signaling diagram
above:
1. The REGISTER request is forwarded to the CSBP
according to the iFC at the S-CSCF for all users
2. At the CSBP, the service domain associated with the
user’s SIP URI is verified and if not active, is
dynamically provisioned via SIP PUBLISH requests
to each SC requested
3. Each requested SC must process the service data in
the SIP PUBLISH request and determine if this is a
valid service request
4. The IM SC generates a SIP SUBSCRIBE sent to the
presence SC for each user accessing the service
5. Upon validation of the composite service and setup at
each SC, subsequent PUBLISH requests for the

presence event trigger a notification from the
presence SC – which sees the IM SC as just another
user – to the IM SC
6. The IM SC can thus enforce conversation
termination/continuation according to the presence
information it receives for each user
7. Users can enforce access to their presence
information through presence rules documents
processed by the CSBP and stored on the XCAP
server shown in Figure 4
The CSBP and SC network thus communicate amongst each
other by exploiting the current IMS service provisioning
mechanism. Through the PUBLISH shown for the specially
created ‘serv-req’ event, the framework is able to rapidly
provision a service based on a request stored at the CSBP.
VI. EVALUATION OF PROPOSED FRAMEWORK
In this section, we will introduce the testbed setup used to
evaluate the framework. As mentioned, the framework was
integrated into the UCT IMS Testbed [11].
A. Overview of Evaluation Framework
An implementation of the proposed framework was
deployed in the UCT Test Bed for evaluation purposes. The
three SC’s deployed in the test bed were Presence SC
(CoSC), Advertising SC (CaSC) and Location SC (CoSC).
They were developed by implementing features of OMA
service enabler specifications [18]. The testing composite
CAS was a tourism based application incorporating location
and presence based advertising.
B. Summary of Testing Results
The findings of the evaluation process are summarized
below:
• Typical end-to-end delay figures for session setup
were between 0.4 – 2.5 s for the scenarios evaluated.
• Access latency – the metric for measuring the time
taken to access context information – was typically in
a range of 0.1 – 1 s for the scenarios evaluated. A
fairly strong correlation was observed between the
access latency and session setup when deploying a
composite service for the first time.
• The distributed architectural approach appears viable
with regards to delay for a small number of SCs.
• With optimization the framework may prove viable
for composition of interactive composite CAS’s. It is
viable in its current form for service categories
(responsive, timely, non-critical) that have a 1 s or
more delay tolerance
VII. CONCLUSION & FUTURE WORK
The rise of the smartphone has led to the need for the
evolution of the Telco business model. In this paper, we
have introduced a language for modeling IMS-based SCs in
terms of context information. These models are the basis for
the proposed CSBP-based framework that extends the IP
Multimedia Subsystem. The framework will allow Telcos to
explore innovative SOA-driven business models.
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