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Abstract

Telcos are adapting their business to addressagtid changing technology landscape (Moodley and
van Olst 2011). Telcos require a flexible architee to allow seamless adaptation and to leverage
these new technologies to gain a competitive adgan{Moodley and van Olst 2011). This research
is focused on thdransport stratum as an extension to the OSA/Parlay gateway. Theosed
OSA/Parlay Network Architecture and Interface ha&erb designed. The OSA/Parlay Network
Interface is characterised bgpenness, simplicity, APl based, QoS support andtechnology
independence. The OSA/Parlay Network Architecture featusasplicity, technology independence,
QoS mechanisms; call admission control; intelligent routing and supporting botfederation of telcos
and interoperation ofegacy technologies. The OSA/Parlay Network Architectarel Interface has
been demonstrated over a Java based Distributeck$¥iog Environment (DPE) using CORBA.
These architectural concepts and principles areodstrated in a simulated environment and illustrate
the Next Generation Network architectural charasties.

The research contribution therefore achieves am @pehitecture allowing for3party application
developers while also ensuring that call and serviequests are provisioned end-to-end with
guaranteed application level QoS in the transpetwark. The OSA/Parlay Network Architecture and
Network Interface is synthesised from existing #ésgfural standards and provides the following
benefits. It is an extension of the OSA/Parlay d#ad by including the OSA/Parlay Network
Architecture and Network Interface realises the @%dlay next generation network. Both the
OSA/Parlay Network Interface and the Network Arebiure is specified in a technology agnostic
manner. This ensures that the architecture renfatose proof as it is not reliant on any particular
technology. The long sought after Application lex@bS is integrated into the architecture. The
periodic network state updates inform the centi@hri@ction Coordinator object of both topological
network changes as well as current performancéefconstituent parts of the network. Intelligent
routing of connections is achieved by adaptingDjkstra algorithm to compute the best path based
on dynamic network performance and is tested ag&o$ requirements, while the call admission
control decision naturally allows for load balargiof connection paths within the network. This QoS
mechanism achieves the goal of guaranteed QoSdalt admitted into the network.
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Chapter 1

Introduction

Telecommunication Operators (telcos) are adaptieg business to be flexible in meeting the rapidly
changing technology and market landscapes (Moaalfelyvan Olst 2011). The convergence trend
between telecommunication and information techriebdias contributed towards lower revenue
from traditional voice traffic while demand for ddbearer traffic is increasing (Hameed et al 2009
Bertrand 2007; Samuel et al 2007; Moodley andrbtdan 2006). Operators are moving towards
competing on value added services attracting prenrievenue and increasing bearer traffic to the
network. (Moodley and Hanrahan, 2006; Jain e2@D0; Magedanz 2012). In addition, value-added
services provide a means of differentiating servitferings from those of competitors (Jain et al

2005, Roj 2012, Hameed et al 2009). Openinghef network to third party service providers

leverages the innovation and quick deployment dferadded services capabilities of external parties
outside of the telco, while attracting both tratfied revenue to the operator (Beddus and Bruc&®;200
Bakker et al 2000; Roj 2012; Blum et al 2008nkahan and Mwansa 2003).

Telcos envision a next generation network (NGNhiecture that is flexible to rapid technology
changes as well as the ability to leverage newni@cdgies to gain a competitive advantage (Moodley
and van Olst 2011, Roj 2012). The future next gaien multiservice network is designed to address
this need for flexibility and this consists of ala3«ered architecture: (i) a service platform that
facilitates the development of advanced servicesbbth telcos and '3 party developers; (i) a
softswitch type architecture for call and sessiontiml; and (iii) a transport network that guased
Quality of Service (QoS) (Moodley and Hanrahan &08Vojick 2013; Knightson 2013). The next
generation network (NGN) will be packet based (Megdnd Kennedy 2005; Knightson 2013) and
will incorporate multiple transport technologiexanporating QoS capabilities wherein the service
functions are independent from the transport ndtw@mnightson 2013; Moodley and Hanrahan
2006).



In recognition of the rapid changing technologieaVironment the International Telecommunications
Union (ITU) NGN Framework (Wojick 2013; Knights®913) is therefore founded on technology
agnostic principles. In addition the framework gepes the service stratum from the transport
stratum, depicted in Figure 1-1 below. This sepamaénables a flexible NGN architecture in the
creation, maintenance and retirement of value-adsldices whilst not affecting the transport
network. Conversely, this separation allows for aiety of transport technologies to be added,
maintained or removed without affecting the operatwf the value-added services. In particular the
transport stratum consists of QoS assurance furadtip referred to as the Resource and Access
Control Function (RACF) (Knightson 2013; Lu 2008xdditionally, the framework makes reference
to interfaces for the Application Layer, End Usearminals, Management Functions, Federated and
Legacy Networks. This framework is used as a ref@dor discussion of existing architectures and

the proposed architecture.
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Figure 1-1: ITU NGN Architecture depicting the seesand transport strata, adapted from
(Knightson 2013)

The Open Services Access / Parlay (OSA/Parlay) BGBA Part 1 2009; Beddus and Bruce 2000;
Bakker et al 2000) is a proposal which addresseséquirements of the service stratum and the
interface to the Application layer. A key featuretbe OSA/Parlay Gateway is an open, standard,
application-programming interface (API). The APlopides a level of abstraction in which the
application engineer does not need knowledge of uhderlying network to develop services
(Moodley and Hanrahan 2005). Similarly, the netwdesigner uses general rather than specific

service considerations. Another central featutbésmigration of intelligence from high-performance
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centralised hardware such as the traditional gt Network (IN) towards the edges of the network

in a Distributed Processing Environment (DPE) (Megdind Hanrahan 2005).

The OSA/Parlay Gateway is characterised by (BeddasBruce 2000; Bakker et al 2000) its open,
standard, simplistic and technologically indepetddgsign. The simplicity ensures that there are
minimal architectural layers in the gateway andstlowerhead messages are minimised to support
efficiency. In addition, the simple interface thiat exposed to the developers ensures that the
application developers do not need to have knovdeafgthe complexity of the network in order to
develop advanced services. The open and standdr@dRemechanism for the interface ensures that
the OSA/Parlay Gateway is technologically indepandend hence future proof allowing for a
multitude of technologies to leverage the API. Triterface between service stratum and Application
Layer allows for independence and security betw#em layers. Like most service stratum
architectures, the interface to the transportgtnas left as implementation details. The Parlagupr

has alluded to the use of protocol adapters foirtegface (Moodley and Hanrahan 2005, Hanrahan
2007).

Technology dependent adapters would have a negffieet on the future proof characteristics of the
gateway (Moodley and Hanrahan 2005). Due to thmdréechnological changes in the telco
environment and the need for transport networkitactures to interoperate with legacy networks,
this interoperation becomes very complex. In palgicthe transport technologies have proliferated
and hence a large number of technology specifitopals must be considered for interoperation, inter
alia, INAP, TCP/IP, SIP, H.323, MAP and CAMEL. Thability to interoperate with legacy

technologies therefore make network architecturappsals inflexible when considering technology
specific protocols and unable to respond to thé&lrsgehnological market changes. This inflexibility

strongly supports the requirements for a technolodgpendent transport stratum research.

Much of the research efforts have been focuseti®sérvice stratum, focusing on aspects such as the
Service Orientated Architecture (SOA) and the Serdelivery Platform (SDP), while little attention
has been devoted to the transport stratum (MocaelyHanrahan 2005). “Application provisioning

is currently carried out without the cooperatioritad lower layers in the transport stratum, which a
responsible for the delivery of the data betweetrithuted service entry-points” (Branca 2012). The
research efforts in the service stratum have miadee timportant assumptions of the features of the

transport network. The service related functiogalg clearly separated and independent of the



transport related technologies. The QoS functipnalia critical element of the transport netwonkl a
no specific technologies can characterise the duhext generation network (Knightson 2013; Lu
2006; Waojick 2013).

This research is focused on tinansport stratum as an extension to the OSA/Parlay gateway; we refe
to this as the OSA/Parlay Network Architecture. Kigatures of the OSA/Parlay Network
Architecture (Moodley and Hanrahan 2008) arepifuwisioning of end-to-end transport resources in
response to the service request for a particulssice. Another key feature is the Call Admission
Control (CAC) function which ensures that a new eajuest admitted into the network is guaranteed
a level of quality of service (QoS) for the entwall duration; whilst ensuring that existing calls
already admitted into the network do not experieaog degradation in QoS. The OSA/Parlay
Network Interface located between the call andisessontrol layer gervice stratum) and the
OSA/Parlay Network Architecturdrénsport stratum) should be characterised as an open, standard
and technologically independent interface. Simtlarthe OSA/Parlay Gateway, the OSA/Parlay
Network Interface will be APl based and definedtle Object Oriented paradigm using Unified
Modelling Language (UML). Initiatives such as thesl@communication Intelligent Network
Architecture (TINA), Open Service Access / Parl@®S@/Parlay) and the Multiservice Switching

Forum (MSF) provide the foundation of this research

A number of next generation network architectungsteand are discussed in Chapter 3. However
these network architectures have not been develtgethe OSA/Parlay Gateway and none of the
architectural proposals address a technology aignostwork architecture apart from the legacy
TINA Network Resource Architecture (NRA). Therefotleis research makes a proposal for the
network architecture together with a network irded suitable for a technology agnostic

implementation for the OSA/Parlay architecture.

1.1 Research Objectives

The objective of this research is to develop an BaAay compliant network architecture together
with the network interface. The OSA/Parlay netwarkhitecture and interface will be technology
agnostic ensuring any legacy or future transpattrielogy to be adopted without affecting both the

service and transport strata.



A proof of concept is required to demonstrate thiecjples and concepts of the network architecture

and the network interface characteristics.

The design of the future flexible network architeet must explicitly engineer the network for
provisioning QoS guaranteed converged services.e “Hietwork architecture is not a detailed
definition. Rather it provides the concepts andgdles for connections involving the constituent
networks (packet and circuit switched) and sindgésments (media gateways and IVRs)” (Moodley
and Hanrahan 2008). The architecture must encaripasfollowing characteristics (Moodley and
Hanrahan 2008):

* “be designed assmple architecture;

» demonstratéechnol ogy independence;

* supportopen interfaces;

* enforce an integrated approach énd-to-end connections;

* implement connection admissioQoS control as part of the overall QoS assurance
system;

» provisionintelligent routing of connections;

» support federation between network operators to provide QoS-assumedtteend
connections;

» supportiegacy technologies in the overall architecture.”

Scope of research

This research is intended to present the OSA/Pdiksed Network Architecture and Network
Interface. The following limit the scope of resdancto this topic:

* The network architecture is not a detailed defomiti rather it provides the concepts and
principles for connections involving the constituertworks (packet and circuit switched)
and single elements (media gateways and IVRs) (Myaghd Hanrahan 2008).

e The functionality designed in the Network Archite® is dependent on the OSA/Parlay
Gateway, the Consumer Domain and Transport NetWedknologies and these elements are
emulated.

e The interface between the OSA/Parlay Gateway aa@BA/Parlay Network Architecture is

assumed to be within a trusted domain of the tefesonications operator and retailer.



* Security of the Network Architecture and associdtedrface is not considered in the scope
of this research.

« Authentication, authorisation and accounting (AA&) the Network Architecture is not
considered.

* Implementation and performance of the OSA/Netwonichitecture requires access to a
telecommunications network and gateway and coultl b explored in this research.
However the Proof of Concept emulated both thevgmeand the telecommunications

network to illustrate the principles and concepts.

1.2 Thesis Outline

This thesis is organised as follows:
Chapter 1: The requirements for the research and the obgsctive defined.

Chapter 2: In this chapter, the key research questions afewed. This includes the implementation
of the OSA/Parlay Architecture; Requirements foe tNetwork Architecture and Interface; Key

Considerations; NGN Characteristics and guaran@zesl

Chapter 3: In this chapter, a review of various architectigt@ndards is considered with respect to
the network architecture and interface. The uskfatures of each transport network and network

interface are identified for the inclusion into @8A/Parlay Network Architecture and Interface.

Chapter 4: This chapter describes the main contribution & tesearch, the OSA/Parlay Network

Architecture together with the detailed interfaod anethods.

Chapter 5: A use case approach is adopted to illustratehbeacteristics of the OSA/Parlay Network
Architecture. The use cases are implemented iroaf mf concept and the message sequence charts

detail the operation of the various componentfiéndrchitecture and its distributed nature.

Chapter 6: In this chapter, the results of the OSA/Parlaywdek Architecture is summarised,

recommendations and potential future work is oatlin
Appendix A: Papers that resulted from this research
Appendix B: Basic Use Cases illustrated as Message SequeictsCh

The source code for the proof of concept implententas provided on a separate removable storage

disc.



Chapter 2

Key Research Questions

Convergence between telecommunications and infeomatechnology has resulted in a rapid
development of the technology landscape. These teehnologies will contribute towards the
achievement of the future multiservice network Wehguipports data, voice and multimedia. “A key
feature of these new technologies is an open, atdndpplication-programming interface (API). The
API provides a level of abstraction in which theligation engineer does not need knowledge of the
underlying network to develop services. Similatlye network designer uses general rather than
specific service considerations. Another centrakuee is the migration of intelligence from high-
performance centralised hardware such as theitaditintelligent Network (IN) towards the edges
of the network in a Distributed Processing Enviremtn(DPE).” (Moodley and Hanrahan 2005)

The OSA/Parlay Gateway is founded on these newnt#abies and provides a point of integration
between Next Generation Network (NGN) applicatienvices and the underlying Call and Session
Control infrastructuresérvice stratum). The OSA/Parlay Gateway provides fdf Barty intelligent
application developers the ability to provide seeg using the telco connectivity by exposing an
application interface (Beddus and Bruce 2000; Bald al 2000; Moodley and Hanrahan 2006).
The OSA/Parlay standard assumes a three-layerédemtare, consisting of the transport network
layer, the service control layer (the OSA/Parlayte@ay) and the application and services layer
(Moodley and Hanrahan 2005; Moodley and Hanrah2006) as depicted in Figure 2-1. The
Application and Services Layer is independent ef 8ervice Control Layer (OSA/Parlay Gateway),
and is accessed through an open, standard ands&Bur(Moodley and Hanrahan 2005; Moodley
and Hanrahan 2006). The gateway allows for a tmdH#i of service control functions such as generic
call control; multiparty call control; multimedialit control; user interaction and many others (3GPP
OSA Part 4-2 2009; 3GPP OSA Part 4-3 2009; 3GBR Bart 4-4 2009; 3GPP OSA Part 5 2009).
Current research efforts focus on development @liegtions and services using the application
interface. However, the interface between the O8A#y Gateway and the Transport network, i.e.



the OSA/Parlay Network Interface has not receivieel $ame attention (Moodley and Hanrahan
2005).
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Figure 2-1: OSA/Parlay Architecture, adapted fr@@PP OSA Part 1 2009)

The Parlay standard does not specify the intetfeteeen the OSA/Parlay Gateway and the transport
network (Moodley and Hanrahan 2005). The OSA/paxatwork Interface envisaged in this work
relies on the single point of communication betwten OSA/Parlay Gateway and the network. The
underlying OSA/Parlay Network Architecture does raly on the traditional call/session signalling.
A more powerful call admission, connection co-oation, network federation and end-to-end Quality
of Service mechanisms are incorporated. (MoodlgyHanrahan 2006)

The key research questions are:

« Can the OSA/Parlay gateway be extended to thepoahstratum using similar concepts as
the gateway?



* Can the proposed OSA/Parlay Network Interface lezlue separate the Call and Service
Control functions from the Transport Network be dfied using an open, standard and
technology agnostic API supporting QoS?

e Can the proposed OSA/Parlay Network Architecturespecified in a technology agnostic
manner, allowing it to be future proof and appliealio rapidly evolving transport
technologies?

* Can the Call Admission Control (CAC) function to designed as an integral part of the
Network Architecture to ensure guaranteed QoS Ilfaradls within the network and calls still
to be admitted into the network?

¢ Can the proposed OSA/Parlay Network Architectureimplemented with functionality to
integrate to federated telco networks as well gadg networks, which are protocol specific?

« Can an alternate more powerful routing conceptrnibegrated as a function of the proposed
OSA/Parlay Network Architecture?

2.1 Current Implementation of the OSA/Parlay Gateway

The fact that the OSA/Parlay Gateway has not beiglelyvadopted as the standard has left the
interface to the network architecture undefined anténded as implementation details. The
complexity required to adapt to all transport netweechnologies limit the full adoption of the
OSA/Parlay Gateway. The current incarnations of @i8A/Parlay gateway have been limited to the
Third Generation Partnership Project Long Term Etioh (3GPP LTE) and Multiservice Switching
Forum (MSF) architectures (3GPP IMS 2012; MSF 2006

These incarnations adopt a single protocol adaptati order to simplify the implementation; these
details are presented in sections 2.1.1 and 2Zlh2rich set of service control features are nerged

as the service details are merely passed ontontipdeinentation protocol through the protocol
adaptation; while separate 3GPP or IMS architectfwactions provide the service control
functionality. Thus the OSA/Parlay Gateway merelgases the application interface to provision an
open network to "8 party application developers.



2.1.1 OSA/Parlay in the Third Generation Partnership Project (3GPP)

The Long Term Evolution (LTE) architecture (3GPPIM2012) has become the dominant vision for
mobile networks. The architecture is based on psalsofor the Radio Access Network (RAN) and

the Evolved Packet Core (EPC). We focus on the ERECproposal of LTE is to make use of an all

packet core network together with call and sessamirol based on IMS components, see Figure 2-2.
A call in the LTE network is orchestrated by theSMomponents and centrally by the Serving Call
Session Controller (S-CSCF) using the SIP protocol.
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Figure 2-2: 3GPP LTE Network Architecture, adagtedn (3GPP IMS 2012)

The architecture incorporates the OSA/Parlay gate(@sPP IMS 2012), which is interfaced
through the S-CSCF function. The gateway preséet®pen application interface allowing for tHe 3
party application developers to leverage the netwesources to deliver value-added services. Given
the location of the gateway in the architecture, ¢fateway has to adapt to the Session Initiation
Protocol (SIP), to deliver applications using th€SCF. This approach simplifies the adaptation of

the OSA/Parlay gateway to the network resourcesglier, it is technology dependent.

The OSA/Parlay gateway interfaces at the ITU sendtratum level rather than at the transport
stratum. The call and session control featurefi®fgateway are not leveraged as these functions are

relied upon by the IMS components. The IMS comptseii the architecture produce a significant
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number of overhead messages already leading ticieaties (see section 3.3). The incorporation of
the OSA/Parlay gateway will add to the overall tnds and further leads to inefficiencies. The
architecture is dependent on the underlying tramspEiwork technology and the SIP protocol in the

Service Control Layer which has a finite lifecyeled thus not future proof.

2.1.2 OSA/Parlay in the Multiservice Switching Forum (MSPH

The Multiservice Switching Forum (MSF) architectufi@SF 2006) is a proposal for the next
generation network. The focus of the analysis ighentransport layer; service and control layer and
the application layer, see Figure 2-3. Similarite BGPP LTE architecture, the core network is based
on packet switching technology and incorporates RA§pe function for QoS guarantee and
admission control. Additionally, the call and sessilayer incorporates the IMS components to

orchestrate calls and connection in the transpeiwaork using the SIP protocol.
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Figure 2-3: MSF Network Architecture, adapted frgviSF 2006)

Similar to the LTE architecture, the MSF architeet{MSF 2006) incorporates the OSA/Parlay

gateway, which is interfaced through the S-CSCItion. The gateway presents the open application

11



development interface allowing for thé® darty application developers to leverage the nekwo
resources to deliver value-added services. Sirtdléne LTE architecture, the gateway has to adapt t
the SIP protocol, to deliver applications using B3€ SCF. This approach simplifies the adaptation of

the OSA/Parlay gateway to the network resourcesglier, it is technology dependent.

The call and session control features of the gateava not leveraged as these functionalities are
relied upon by the IMS components. Similarly, theorporation of the OSA/Parlay gateway adds to
the overall overheads and further leads to inefficies. The architecture is dependent on the
underlying transport network technology and the @i#tocol in the Service Control Layer which has

a finite lifecycle and thus not future proof.

2.2 Network Architecture and Interface Requirements

The existing incarnations of the OSA/Parlay gateWaye many short comings (see section 2.1) and
do not leverage the full features of the gatewayhasstandard has intended. The proposal of this
thesis is to extend the OSA/Parlay standard amibmoeinate the transport stratum elements which are
the OSA/Parlay Network Architecture and the Netwdmkerface (see Figure 2-4). The Network

Architecture should encompass the following chanastics:

*  Openness,
e smplicity,

e future-proof,

¢ QoS mechanisms and

e supportingfederation between telcos.

“The network architecture does not rely on calégas signalling. More powerful call admission,
connection co-ordination, network federation and-tmend Quality of Service mechanisms are
incorporated.” (Moodley and Hanrahan 2006). Thegiterequirements for the Network Interface and

Network Architecture are synthesised in the remairad the chapter.
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Figure 2-4: Conceptual OSA/Parlay Architecture,qdd from (3GPP OSA Part 1 2009)

2.3 Network Interface Requirements

The OSA/Parlay Network Interface is located betwées Services and Control Layer and the
Transport Layer (see Figure 2-4). Similar to theA®%rlay Application interface, the Network
Interface should be specified in an open and tdolgzoagnostic manner. The requirements on the

Network Interface are as follows and must (Moodiag Hanrahan 2006; Knightson 2013; Lu 2006;

Wojick 2013):

* be defined in &echnology-independent form;

* be suitable for adoption as epen API;

¢ supportend-to-end connections as well as those to IVRs while hiding the detéitree actual

network;
e supportquality of service;

The network interface is envisaged to be API basa#iter than using a protocol approach. The API
mechanism easily addresses the requirementspimness, simplicity andtechnology independence

(Moodley and Hanrahan 2006).
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2.4 Network Architectural Requirements

“The OSA/Parlay Network Architecture is not a dktdidefinition, it provides the concepts and
principles for connections involving the constitueechnologies (packet-switched and circuit-
switched) and special resources (media gatewayd\dR8). Within the network architecture there
are functional entities for connection admissionuting, federation and QoS” (Moodley and
Hanrahan 2008). The network architecture must @epoand Hanrahan 2008):

e provideconnection admission control as part of #0S assurance system;

e support connections ilayer transport networks;

e supportrouting of connections;

e support federation between network operators to provide QoS-assured-teend

connections.

2.4.1 Switched Circuit Network

Switched circuit technology is common in PSTN basdcbs. The OSA/Parlay Network architecture
must provision interoperation with the PSTN switthgércuit technology. Investment decisions will
dictate that the return of investment of technolbgg been achieved before technology migration is
considered. Switched circuit technology is inhdsecharacterised by guaranteed QoS due to the
nature of the technology. Thus legacy adaptatiorth® switched circuit technology ensures a
guaranteed level of QoS and adaptation can levergigéng technology protocols for legacy support.
(Moodley and Hanrahan 2008)

2.4.2 Packet Switched Network

Packet switched technology will be the dominanhgport technology of the future multiservice

network (Moodley and Kennedy 2005). However, Qo&imanisms must be explicitly incorporated

into the Architecture. The QoS mechanism must guaeaa level of service for the entire duration of
a connection while ensuring the existing connectatready admitted into the network are not

adversely affected. The call admission control fiomcis an integral component of the QoS system to
make the admit or reject decision. (Moodley andrdaan 2008)
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2.4.3 Media Gateway

The ability of the OSA/Network Architecture to adds interoperability with legacy technologies
such as the PSTN to newer technologies such ais @lRey requirement. Thus the Media Gateway is

included as an integral component of the architectiMoodley and Hanrahan 2008)

2.4.4 Interactive Voice Response

The interactive voice response (IVR) is a commoecib resource deployed in telecommunication
networks. It is an essential part of services saglprepayment and call center services. Due to the
essential nature, the Network Architecture needscdter for interworking with this resource.
(Moodley and Hanrahan 2008)

2.4.5 Quality of Service

“Existing implementations of QoS based systems oelynetwork-level mechanisms to negotiate and
agree on parameters affecting quality of servioegkample using the session description carried in
SIP messages. Application-related quality of serischowever an ultimate goal. The following steps
are required. The application requests the requre8 using parameters that are suitably abstracted
from the underlying infrastructure. The servicevider specifies the maximum QoS that it offers.
This level may be specified in policies and mayeatepon the state of the network. The service
provider and application agree on a quality. At tietwork level, end-to-end interactions may be
necessary to determine the QoS available. If theagted quality cannot be provided, the request may
be refused, for example a call request is not ddchitThe underlying network mechanism must
record the QoS achieved for billing and managenpemposes. The Network Architecture must
therefore encapsulate capabilities to query thee sihithe Transport Network and send connection
control requests to the Transport Network. The lbdifias of the Network Architecture will include

QoS and network-level federation queries and ragugdloodley and Hanrahan 2008)

2.4.6 Federation

Telcos federate networks in order to provide arcife service to their users. The frequency of thi

requirement to federate local networks to enabitesgmers to contract each other is high. Federation
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feature is also relied upon for international caltsich require an interworking of different openato
networks. (Moodley and Hanrahan 2008; Knightsoh32Qu 2006; Wojick 2013)

2.4.7 Simplicity

For the Network Architecture and Interface to bemdd, the level of complexity must be reduced
and the simplicity principle should be adopted.sThill ensure efficiency of the architecture and

reduction of overhead messages. The network imeréand architecture should be designed in a
manner that will ensure (Moodley and Hanrahan 28@#ghtson 2013; Lu 2006; Wojick 2013):

« Minimal number of architectural layers;
« Decisions to be made at the lowest layer posséffeiency);

* Tree structured architecture.

2.5 Design Methodology

The Reference Model for Open Distributed Proces@iitig-ODP) methodology (RM-ODP 1995) is
used for designing complex architectures and iate. A framework is developed for the Network
Architecture and Network Interface. The frameworis@es that the interface will consist of the
following characteristics:openness, simplicity, future-proof, QoS mechanisms and supporting
federation between telcos. This methodology ensures thaN#gteiork Architecture and Interface to
be specified will be technology agnostic. Varioosl$ are used within the RM-ODP methodology to
complete the RM-ODP views, these will include SMSC, ICONIX and UML amongst others.

The OSA/Parlay Network Architecture and Interfacaswieveloped and coded in the Java NetBeans
7 Integrated Development Environment (IDE). It basn demonstrated over a Java based Distributed
Processing Environment (DPE) using CORBA in both Microsoft Window8 and Ubunt{ UNIX
based operating environments. The call admissiotraloconcepts and principles were demonstrated
in a simulated environment using ns-2 (UCB et dl2My applying the add-on MPLS CR-LDP and
RSVP-TE module (Boeringer 2006) and various traffeneration agents. The results from the

simulation studies were analysed in MATLAB
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2.6 Chapter Summary

The OSA/Parlay Network Interface envisaged in thisrk operates as a single point of
communication between the OSA/Parlay gateway aedrémsport network. The underlying network
architecture however does not rely on call/sessagnalling. More powerful call admission,
connection co-ordination, network federation and-tmend Quality of Service mechanisms are
incorporated. The Architectural design principles presented and includapenness, simplicity,

future-proof, QoS mechanisms and supportindederation between telcos.
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Chapter 3

NGN Architectures

Telcos have made significant investments in silerdated architectures to address their respective
market and service offerings. To this extent teldws/e a large deployment of traditional
telecommunication technologies, such as PSTN exggwnwhich are deployed to address the
traditional voice needs of the market. Similarlye fata providers such as Internet Service Prawider
(ISP) have traditionally adopted packet switchezht®logies such as ATM, X.25 and IP to address
their traditional data service offerings. In order differentiate telco service offerings from
competitors, telcos have adopted the Intelligentwidek (IN) technology to provide customised

service offerings to their markets.

However the need for new business opportunitighertelco industry has driven the development of
new services and addressing new markets by leveragi the opportunities provided by technology
convergence. A good example of convergence in taditional PSTN is the adaptation of the
technology to transport data traffic as opposeddize traffic over the network. Convergence is
observed in a number of areas in the telecommuaitdechnologies such as terminals, access
technologies, core network and services environsaefihe ultimate trend of convergence is the

breakdown of the technology silos to offer new prcid and services.

This trend of converging technologies of the teteownications, information technology and
broadcasting paradigms have led to the vision ef Nlext Generation Network (NGN). “A Next
Generation Network is a packet-based network abjgdvide services including Telecommunication
Services and able to make use of multiple broadb@u$-enabled transport technologies and in
which service-related functions are independeninfrenderlying transport-related technologies. It
offers unrestricted access by users to differentice providers. It supports generalized mobility
which will allow consistent and ubiquitous provisiof services to users.” (Knightson 2013).
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In this chapter the background to existing netwarghitectures and interfaces are presented. These
architectures and interfaces are reviewed for p@i@ability to the research objects and the key
research questions as described in section 1.1Chagter 2 respectively. The message sequence
chart for a simplified 2-party call is used to aisal existing architectural proposals in sectiois43.
3.2.1 and 3.3.1. Useful concepts and principlesirazerporated and adapted for the design of the

OSA/Parlay Network Architecture and Network Integan Chapter 4.

3.1 Telecommunications Information Networking
Architecture (TINA)

TINA (TINA Overall 1997; Hanrahan 2007) was theeoof the first proposals that met the NGN
architectural requirements which addressed a mwie network transporting voice and data traffic
and possibly video traffic. TINA was founded on tpenciples of a scalable telecommunication
architecture that would be future proof and provigeibility for a technology agnostic future. The

TINA architecture included characteristics of armjnterface, allowing'3party service providers to

provision advanced services using telco resour®diser characteristics include the principles of
creating a multivendor environment for intelligaetminals as well as supporting an environment

with multiple transport network technologies.

The TINA standard was a detailed definition and dkierall architecture (TINA Overall 1997) was
decomposed into four sub architectures:

» TheService Architecture defines the architectural components and prinsiped to design,
deploy and manage advanced services. (TINA SA 1997

¢ The Network Architecture defines concepts and principles to design, deploy manage
both transport and switching technologies in thadport network. (TINA NRA 1997; TINA
NRIM 1997)

« The Management Architecture specifies the concepts and principles used togdesi
management software used to manage the networkdiegly, resources and the services on
the TINA architecture. (TINA MA 1994)

« TheComputing Architecture specifies concepts and principles for the desigdigiributed
software. (TINA CA 1996)
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The principles of technology independence wereofact into the architecture. Other key principles
for the architecture are the ability to reuse safsvas well as dealing with processing complexity
using the distributed processing methodology. TiiNAased on the object orientation paradigm and
follows the Revised Model of Open Distributed Pasieg (RM-ODP) methodology for designing a

complex architecture (TINA NRA 1997; TINA SA 1997

3.1.1 TINA Business Model and Reference Points

Broker
Bkr
s Bkr mm— Bkr mmmm Bkr
e Bkr
Ret 3Pty
3" Part
Consumer Retaller v
Provider
& o
TCon mummmm TCon # # Cons s Cons
TCon
Broker

Figure 3-1: TINA Business Model, adapted from (TIIBM 1997)

TINA was the first telecommunication architectubattintroduced the concept of a business model
(TINA BM 1997; Hanrahan 2007) with a detailed d@stion of the interaction with stakeholders, as
shown in Figure 3-1. The consumer is a party teaeived services from the other stakeholders in
TINA and is the source of revenue for other stakddrs. The retailer is the single point of confact
the consumer. The Retailer registers the consuonexefvices which it can provide itself or through

"I party service provider. Since the retailer is #iiregle point of entry into the TINA system, it
functions as the entity which controls access th® TINA system. The'3Party Provider provides
services on request by the Retailer, the retaglguests these services on behalf of the Consurher. T
Connectivity Provider is an infrastructure owned gmmovides the physical connections between the
consumer, the retailer and® Jarty providers. The function of the Broker is poovide all the

stakeholders with information on what servicesauailable from the different stakeholders.
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3.1.2 TINA NRA: Information Viewpoint

The information viewpoint in TINA (TINA NRIM 1997)elies on the concept of sessions as a
guiding principle. A session is a temporary allomatof resources that are configured to perform a
service task for a finite period of time (TINA NRA997). Once the task is complete the resources are
made free and reallocated to another unrelated Tdskinformation viewpoint is organised into two

broad categories of sessions: i. Communicationi@essd ii. the Connectivity Session.

The Communication Sessiorin essence is a view from the Network Resourcéniectures (NRA's)
perspective on the logical representation of timeice within the Network Architecture. This session
serves as an environment to establish, manage ededse of a service requested from the TINA
Service Architecture. The Logical Connection Grgphvides a detailed information model of the
communication session and is used to describeefianship between the communication session
and its clients (the Service Architecture). (TINRN 1997)

The Connectivity Sessionin its basic form is a view from the NRA’s perspee on the physical
representation of the technology independent vielwthee network connections within the
Architecture. This session serves as an environneengstablish, manage and release network
connections requested from the Communication Ses3ioe Physical Connection Graph provides a
detailed information model of the connectivity sessand is used to describe the relationship

between the connectivity session and the Commuaic&ession. (TINA NRA 1997)

3.1.3 TINA Network Resource Architecture

The TINA Network Resource Architecture (NRA) (TINMRA 1997) is the focus of this analysis; it
defines a set of concepts and principles thates ts describe the Transport Network in a technolog
agnostic manner. The TINA NRA is responsible fatisg up; maintaining and releasing transport
connections carrying network traffic (see Figure)3-The network traffic is assumed to be
heterogeneous in nature, thus Quality of Servia@S)haracteristics in terms of end-to-end latency,

jitter and data loss will differ.
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Figure 3-2: TINA Network Resource Architecture, smd from (TINA NRA 1997)

The Communication Session Manager (CSM) is thelesipgint interface to the TINA Service
Architecture. The CSM exposes an interface allovitrg service architecture to establish, maintain,
modify and release logical connections, termedti@am flow connections. The CSM manages the
communication session described in section 3.1d2faus maintains a Logical view of the connection
in the network. A Communication Session Managerndfgc(CSMF) serves as a factory object to
coordinate the establishment of CSMs. The Term@@ihmunication Session Manager (TCSM) is
responsible for establishing the nodal part of anestion in the consumer domain. (TINA NRA
1997)

The connection coordinator (CC) is created to stipghe CSM in realising the physical connections
related to the logical connection represented byGBM, these connections are termed network flow
connections. The CC is responsible for the setugintenance, modification and release of nodal
connections in the network using the Layer NetwGdordinator (LNC) described later. The CC

manages the connectivity session described inose8til.2 and thus maintains a Physical view of the
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connection in the network. The CC hides the comifpledetails of the various layer transport
networks from the CSM while also determining whileyer transport network is to be used to
provision the network resources for the servicaiesty Similar to the CSMF object, the Connection
Coordinator Factory (CCF) serves as the factorgailior creating connectivity sessions. A number
of network flow connection may be required to suppioe service, therefore TINA specified a Flow
Connection Controller (FCC) object which controlglananages each network flow instantiated in
the network. (TINA NRA 1997)

Tandom
Connection
7/

Subnetwork
connection

St
. '/

Domain 2

Layer Network

Figure 3-3: TINA organising of Trails and Tandemn@ections, sourced from (TINA NRA 1997)

The transport network is constituted by a numbetagérs, thus the Layer Network Coordinator
(LNC) controls and manages each layer in the trems@twork. The LNC's role is similar to the role
of the CC at the connectivity level, except thagt@éad of creating connections with a session, it
establishes physical connections in relation tea network. At this layer in the TINA NRA, the
architectural objects are not session orientatgtier these objects exist for the duration of aslay
connection. The LNC allows trails and tandem cotioas to be established or released within layer
transport network, see Figure 3-3. As the LNC am@daomponents are not session orientated, there are
a large number of trails. A trail is a network cention established across a layer transport network
and a tandem is established at the interface abwsrdomains. The LNC supports queries on the
status of the layer transport network and its aasea trails. A Trail Manager (TM) is created byth
Layer Network Coordinator (LNC) of the layer trangipnetwork domain in which this trail is initially

established. An instance of this object type eXistseach trail within the layer transport netwosk.
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Tandem Connection Manager (TCM) is created by et Network Coordinator (LNC) of the layer
transport network domain in which this tandem catine exists. One instance of this object type
exists for each tandem connection within a layangport network domain. The Terminal Layer
Adapter (TLA) object provides functions for creagtinmanipulating and deleting network flow
endpoints in the consumer domain. The LNC, TM ahd &re technology dependent a must support
the technology specific details. (TINA NRA 1997)

The Connection Performer (CP) represents and atesfto a particular transport network technology
node. The CP is used to establish the technokpmpcific network setup, modification and

termination of connections. (TINA NRA 1997)

Level Environment Concept Information Model AsstecaComputational
Objects
Communication Communication session Logical corinagraph CSM, TCSM, CSMF
Connectiol Connectivity sessic Physical connection gra | CC, FCC, CC
LayerTranspori Network domai Trail, tandem connectic LNC, TM, TCM
Network
Subnetwork Subnetwork element Subnetwork connection CP

Table 3-1: Summary of concepts, models and computdtobjects in TINA, adapted from
(TINA NRA 1997)

The summary of the TINA concepts, models and coatpmrt objects are presented on Table 3-1.

3.1.4 TINA Use Case: 2-party call

The typical call setup procedure of the TINA NRAdsscribed in this section. The details of the
message sequence chart will be used to analyse gbthe characteristics of the architecture (Yun
and Perros 2010; Moodley and Hanrahan 2008).t@tminals are within the same administrative
domain, the network entities conform to the ardtitee defined in TINA NRA.
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Use Case 1: Setup of the Communication and Connedtly SessiongTINA NRA 1997)
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Figure 3-4: TINA 2-party call setup — message segeehart, adapted from (TINA NRA 1997)

The following message sequence chart is presestdiseussed in the TINA NRA standard (TINA
NRA 1997)

1. “CSM requests the CCF to setup a new connectigisgion.

2. CCF creates a new CC for the new connectivity sassilthough it is shown in the diagram
this is really a DPE operation.

3. CCF is informed of the creation and returned aresfee to a connectivity session control
interface of CC.

4. For each network flow connection in the connegtivgdession CCF requests from CC its
setup.
To fulfil this request CC creates an FCC.
A reference to a network flow connection contraénface of FCC is returned to CC.

CC requests FCC to add branches to the new nefileeviconnection.
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10.

11.
12.
13.
14.
15.
16.

17.

18.

19

20.
21.

22.
23.

24.
25.
26.
27.
28.
29.

30.

FCC chooses the necessary layer transport networkihie new network flow connection.
This scenario assumes only one layer transportanktig necessary. FCC locates the LNC
for this layer transport network and request fromtirail setup.

LNC creates a TM to manage the new trail. Thigj@ima DPE operation.

A reference to a trail control interface of the n@Wl is returned to LNC upon its
instantiation.

LNC requests TM to add branches to the new trail.

To attend this request TM requests the creatiantahdem connection to LNC.

LNC creates a TCM for the new tandem connectionDperation).

LNC gets a reference to the tandem connection cointerface of the new TCM.

LNC requests TCM to add branches to the new tarm®mection.

TCM requests the setup of NFEPs from the TLA instonerl’s domain, including in the
request the unique correlation identifier corresjiog to the network part of the connection
to which the TFC in consumerl’s terminal is asdeda

TLALl selects or creates (depending on whether they pre-provisioned or not) the
corresponding NFEPs and requests from TCSM1 thecedi®on of the TFC, specified by the
correlation identifier, with the established NFEPs.

TCSM1 performs the association requested, whichpbetes the connection.

. TLA1 returns to TCM the name of the chosen (andl@ished) NFEP(s) and a reference to

its NFEP control interface.

Now TCM requests the NFEP setup from TLAZ2.

TLAZ2 performs the NFEP creation or selection amguests the completion of the connection
to TCSM2.

TCSM2 performs the association that completes dinaection.

TLAZ2 returns to TCM the name of the chosen (andldisthed) NFEP(s) and a reference to
its NFEP control interface.

Return of Step 15.

Return of Step 12, that includes a reference &mddm connection control interface of TCM.
Return of Step 11.

Return of Step 8, that includes a reference taiadontrol interface of TM.

Return of Step 7.

Return of Step 4, that includes a reference tahaor& flow connection control interface of
FCC.

Return of Step 1, that forwards the previous refegeo a network flow connection control
interface of FCC.”
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3.1.5 Analysis against Architectural Requirements

A simple use case for call setup within the TINA Alfbased architecture is presented. The
architectural characteristics are ascertained basdtie characteristics of the control messaged use

to setup the connections.

A. Simplicity: Any next generation network proposal must provisgnal or better levels of service
as compared to existing technologies such as tA&NP$he large number of computational objects
required to setup basic calls within the same athtnative domain translates into large complexities
within the architecture. By comparison to ISUP rag#sg used with the PSTN environment, the
TINA NRA based architecture is unnecessarily complduch of the TINA NRA was strongly based
on concepts of ATM, therefore aspects such as ablailports on terminals contributed to the

complexity.

B. Technology IndependenceAt the outset the TINA NRA was based on the tecbgyplagnostic

principle. The architecture interfaces to spediffmsport technologies at both the LNC and CP ¢bjec
as illustrated in Figure 3-2. The control signglohepicted in the message sequence chart (Figdye 3-
emphasises the use of technology independentactsfrather than technology specific protocols for

call setup.

C. Open Interfaces: The TINA NRA leverages the use of open interfaaasifiterfacing to both
adjacent domains such as the Service ArchitectOomsumer Domain or the specific Transport
Technologies (Network Elements) as well as leverggin open interfaces to interface to internal
architectural objects, inter alia, the CSM, CC ah.

D. QoS: The Connection Coordinator (CC) object is respdasibr making the admit or reject
decision based on whether the call request canebeed from both the bandwidth and QoS
perspective (TINA Overall 1997). The details olt® selection done by the Flow Connection

Controller (FCC) in which the FCC needs to deteemirhether there is available branch in a network
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flow connection (NFC) that satisfies the connectiequest. Should the network flow not be available
on a single layer (Figure 3-5), the FCC would hi@mveo-ordinate the network flow connection across

different layers using suitable adaptors (TINA NRA97).

-

FCC
/
2

74
(conversion)

N-ISDN layer network ATM VC layer network

Figure 3-5: TINA use of adapters between layerdpant networks, sourced from (TINA NRA
1997).

E. Connection Admission Control: The Connection Coordinator (CC) object is respdasibr
making the admit or reject decision based on whethe call request can be served from both the
bandwidth and QoS perspective (TINA Overall 1997).

F. Routing: The Flow Connection Controller (FCC) is responsifde routing of the connection
request in the network. The TINA specification (ANRA 1997) does not specify the functionality
of how the FCC object determines the best routbénnetwork. TINA NRA assumes that a number
of NFC existing within the core network consistiofja number of branches, considered as virtual
circuits within the NFC. The FCC leverages avaialoee branches or coordinating the connections

between 2 or more braches to facilitate the eneitheonnection request.

G. Federation: The TINA NRA does not address the aspect of feerato another network

adequately.

H. Legacy: The TINA NRA does not address interworking withdeg technology.
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3.1.6 Conclusion

The TINA standard introduced the concept of a lessnmodel for NGN architectures facilitating a
number of business scenarios, this concept hasddagied by the OSA/Parlay standard. The TINA
Consortium adopted the RM-ODP (TINA Overall 19%#) the methodology used to design and
specify complex systems in a technologically agoostanner which is useful. The architecture
clearly separates service control from resourcdrabiby specifying the service architecture and
network resource architecture respectively. Thipasgtion is designed utilising a powerful

mechanism of a standard open interface.

The session model is the guiding principle in tHBIA" NRA Information model. A session is a
temporary allocation of resources that are conéiguo perform a service task for a finite period of
time (TINA NRIM 1997; TINA NRA 1997). Once thedais complete the resources are made free
and reallocated to another unrelated task. The agrgation session supports a service request using
a logical connection graph. The connectivity seassigpports the physical connections in the network
managed by the physical connection graph. Thegghgrare leveraged to support call state models
used by advanced services as detection pointssd$gon model can be adopted for the OSA/Parlay

Network Architecture.

Although the TINA NRA was complex, the concept ofree computational objects prove useful. The
CSM object is responsible for interacting with thervice architecture in developing the logical
connection of the service request. The call ste#tamation contained in the logical connection grap
provides detection points abstracted for the seraichitecture. The CC object centrally coordinates
the admission decision, QoS guarantees and tramgsldhe logical connection into physical
connections. The LNC object is responsible for th@nagement of non-session related network
resources, while the CP object interacts with thehnology specific nodes. These computation
objects provide insight for the design of the OS&I&y Network Architecture.
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A number of factors can be attributed to the patwpaion of TINA, the TINA NRA was extensively
based on the ATM technology which was too technplsgecific. The architecture did not address
both the interoperability of other network architees nor interworking with legacy technologies.
The complexity of computational object in the TINMRA was also a factor. These lessons are taken

into account and addressed in the design of the/R&kRay Network Architecture.

3.2 Multiservice Switching Forum (MSF)

The Multiservice Switching Forum (MSF) (MSF 2008)da proposal for the NGN architecture. The

objective of the MSF Architecture is to facilitatemultivendor environment based on interoperable
standards. To speed up the adoption of the MSfsitdefined an architecture that incorporatestlates
technologies (standards) and addresses outstaarihgectural matters such as QoS and Security. A
number of existing signalling protocols betweeniaas components of the architecture have been
specified to ensure quick adoption of the architegthowever this definition is not comprehensive.

The architecture incorporates IMS components ftrcoatrol. The general architecture consists of 6

domains: customer equipment, transport, call &isassontrol, common resources, applications &

services and the federation domain.(MSF 2006; Meypedhd Hanrahan 2008).

The Customer Equipment Domain consisting of statienadic and mobile equipment. Network edge
devices are used to interface terminals to the oxtwlhe MSF treats all terminal equipment as
untrusted and thus need to be registered onto ¢heork. The Basic SIP terminals, residential
gateways (RGW) and legacy (POTS/ISDN) register vk Call Agent (CA) and the Home
Subscriber Server (HSS) respectively. While the Jat&re terminals and 3GPP terminals are
registered on the Serving Call Session Controe€SC) and the HSS. The IMS-aware terminals in
addition are registered on the Subscription Loc&@nver (SLS) (MSF 2006; Moodley and Hanrahan
2008).

For bearer interfaces, the IMS-aware SIP, Basic&®id® RGW equipment interface to the Data Path
Session Border Gateway, Network Edge (D-SBG-NE) Wearer connections. The 3GPP UE

interfaces to the Gateway GPRS Supporting Node (§G& bearer connections. The POTS\ISDN

terminals interface to the Access Gateway (AGW) lboth bearer and signalling. (MSF 2006;

Moodley and Hanrahan 2008).
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For signalling interfaces, basic SIP and RGW devisignal using SIP and Media Gateway Control
Protocol (MGCP) protocols respectively to commutecwaith the Signalling Path Session Border
Gateway, Network Edge (S-SBG-NE). The IMS-aware SR and 3GPP terminals utilise an

advanced adaptation of SIP to communicate withPittxy Call Session Controller (P-CSC). (MSF

2006; Moodley and Hanrahan 2008).
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Figure 3-6: MSF Network Architecture, adapted fr¢MSF 2006)

The Transport domain is primarily responsible foe tearer connections within the architecture.
Network Edge elements provide QoS functions of adimn control, packet marking and resource
allocation. These Network Edge elements in additicm responsible for mediation to other domain

elements, Network Address Translation (NAT) andvflmeasurement. (MSF 2006; Moodley and
Hanrahan 2008).

The Data Path Session Border Gateway, Network C»®BG-NC), Trunking Gateway (TGW) and
Signalling Gateway (SGW) fulfil edge interface ftiooality to federated packet networks and the
federated PSTN. The Core Transport Network routaBid between end-points. The Bandwidth

manager (BM) provides a QoS guarantees for cororectdy the implementation of the admission
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control function. The BM is the cental point of ¢act for all connection requests to utilise theecor
transport network. It is aware of network state llajsing for network components, using this
information to make the admission control functibaywever the interface protocols are not defined.

The Call and Session Control domain provisionsitifiteal signalling points for customer terminals,
the signalling points for federated networks aneh®dnts required to orchestrate calls and sessions
within the network. The P-CSC provides initial siimg points for the IMS-aware SIP and 3GPP
user terminals, while the S-SBG-NE provide initsggnalling points for the Basic SIP and RGW
devices. The Signalling Path Session Border GateWaywork Core (S-SBG-NC) is the signalling
interface to federated packet based networks. HieAQent (CA) provides session setup, control and
tear down and has access to routing informationttisr purpose. It is responsible for the billinglan
invokes services from the service domain. Simildaie S-CSC provides all the CA functions
specifically for the IMS-aware SIP UA and 3GPP UHse Interrogating Call and Session Controller
(I-CSC) is the responsible proxy element for inaognsession from federated IMS type networks
uses to interrogate the HSS and SLS for user irdem. (MSF 2006; Moodley and Hanrahan 2008).

The Common Resources domain contains common elsnfrenfuently used for call requests. The
HSS is responsible for all the telco’s specific striber information. Location information of the
mobile terminals is stored in the SLS. The Mediav&e(MS) provides resources such as special
tones, IVR type announcements, conference bridgimyautomatic speech recognitions. The Media
Resource Broker (MRB) provides brokering serviaesotate specific Media Servers. (MSF 2006;
Moodley and Hanrahan 2008).

The Application domain consists of advanced sesvicEhese services are provisioned in the
Application Servers (AS), Parlay Applications anarlBy X Applications. The Parlay Gateway and
Parlay X Gateway act as SIP Application serverg $hrvice Broker (SB/SCIM) provides brokering
service to locate specific applications. (MSF 20@6pdley and Hanrahan 2008).

The Federated domain consists of the legacy PSThonle accessed by the SGW (signalling) and
TGW (bearer). The architecture makes provisiontfr interworking with packet based federated
networks utilising the S-SBG-NC (signalling) andSBG-NC (bearer). (MSF 2006; Moodley and
Hanrahan 2008).
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3.2.1 MSF Use Case: 2-Party Call (IMS aware SIP to IMS aare SIP Call)

The typical call setup procedure of the MSF architee is described in this section. The detailghef
message sequence chart will be used to analyse gbthe characteristics of the architecture (Yun
and Perros 2010; Moodley and Hanrahan 2008).t@iminals are within the same administrative

domain, the network entities conform to the ardtitee defined in Figure 3-6.
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CALL SESSION IN PLACE |

Figure 3-7: MSF 2-party call setup — message semuelmart, adapted from (Moodley and
Hanrahan 2008)

The control messages used to setup the call i<tepin Figure 3-7. The call setup sequence is

described as follows (Moodley and Hanrahan 2008):

1,2 The originating UA sends a SIP INVITE messagethte P-CSC. The proposed connection
parameters are carried within the SDP messagelTBeTRYING message assures the UA that the

invite is being processed.
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3-4 The SIP INVITE message is forwarded to the &Glse entity required to orchestrate the call

setup. The S-CSC similarly reassures the P-CSQhhahvite message is being processed.

5-8 The S-CSC requires the location informatiorihaf terminating party. A request is sent to the I-
CSC to interrogate the HSS database for the latadfothe terminating party. The results are
forwarded to the S-CSC via the I-CSC.

9-16 The S-CSC must determine whether sufficiesbueces exist to service the connection request
within the core transport network. The enquiry esgjus sent to the BM via the CA, in turn the BM
interrogates network elements (routers) for endrtd-end network status. The results are returned to
the S-CSC via the CA from the BM. We deal with positive result scenario.

17-20 The S-CSC now extends the SIP INVITE messagbe terminating P-CSC and party. The
associated 100 TRYING messages provides the seraitity assurance that the invite is being

processed.

21,22 The terminating party provides an Offer Respamessage associated with the initial SDP offer

using the SIP 183 Session Progress message

23,24 On receipt of the SIP Offer Response mesfgagethe terminating party, the S-CSC invokes
logic to incorporate network constraints. The miedifOffer Response message is sent towards the
Originating party via the P-CSC

25-32 The originating UA’s positive confirmation the terminating UA’s media offer is sent in a
Response Confirmation, implemented as a SIP PomasiAcknowledge or PRACK method. The
terminating party acknowledges the confirmation hwi Confirm Acknowledge message,

implemented using the SIP 200 OK message.

33,34 On receipt of the SIP 200 OK, the originapagty sends a forward Resource Confirm message
(SIP UPDATE).

35-42 At the S-CSC the SIP UPDATE indicates thatrtedia negotiation has been finalised. The S-
CSC invokes the resource reservation: the S-CSGgesgthe CA to reserve resources in an
Authenticate and Authorize Request (AAR). In tuthe CA engages the BM to reserve the

appropriate resources. The BM instructs the apatgpnetwork elements to reserve resources.

43,44 Upon receipt of the positive confirmationnfrahe BM via the CA, the S-CSC forwards the
resource confirmation message (SIP UPDATE) towHrdg¢erminating party.
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45-48 The terminating party responds with a reveisgction Resource Confirmation (SIP 200 OK)
conveying confirmation of the reservation. The ém@nd path is now reserved and provisioned with
the required connection QoS.

45-48 The terminating party responds with a reveigection Resource Confirmation (SIP 200 OK)
conveying confirmation of the reservation. The ém@nd path is now reserved and provisioned with

the required QoS for the connection
49-52 The SIP 180 RINGING message indicates tmaitating parties alerting state.
53-56 The SIP 200 OK message indicates the termgnparty’s off-hook status.

57-60 The connection setup is completed by theA&IR sent to the terminating party.

3.2.2 Analysis against Architectural Requirements

A simple use case for call setup within the MSFhdecture has been presented. The architectural
characteristics are ascertained based on the t¢bastics of the control messages used to setup the

connections (Moodley and Hanrahan 2008):

A. Simplicity: Any next generation network proposal must provisgqgoal or better levels of service
as compared to existing technologies such as tHENP$he large number of control messages
required to setup basic calls within the same athtnative domain translates into a large network
overhead within the MSF architecture (Li et al 2Py comparison to the existing PSTN based
ISUP messaging for a 2-party call, the IMS based-Ng&chitecture is unnecessarily complex. The
opportunity costs of the architecture are significavhen considering the unavailability of resosrce

and thus loss of revenue due to the significamtadiong overheads. (Moodley and Hanrahan 2008).

The architecture depicted in Figure 3-6 has madymdant elements, in particular the S-SBG-NE and
CA configuration are SIP based elements. WhileR#@SC, S-CSC and I-CSC are components of the
IMS, also SIP flavoured elements. The interworkiofgthese elements within the call control
functions is a point of difficulty. (Moodley and Hahan 2008).

The MSF architecture attempts to cater for all netbgies and standards such as VolP, SIP, IMS,
mobility, etc. The result of the all-encompassimgh#iecture is the complexity of many dedicated

gateway elements used to deal with each call sicerftoodley and Hanrahan 2008).
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B. Technology IndependenceThe architecture is very technology dependant hastbeen designed
to cater for all common technologies. The MSF hadicated that an unspecified technology
dependent protocol will be used for the QoS assgrasomponents of the architecture. As the
protocol is unspecified, it poses difficulty of tbemmunication of the CA and BM with network edge
elements used for resource reservation as weltlassaion control. Much of the elements used for
Call and Session Control as well as terminals #ed8pendant. In addition many technology specific
elements are defined within the architecture malkthegarchitecture unscalable and future limiting.
(Moodley and Hanrahan 2008).

C. Open Interfaces:Much of the architectural interfaces is SIP depahdad therefore not open. In

particular the interface between the Service Brakmil Application Server as well as the Service
Broker and the Parlay Gateway is SIP based. Prist@re technology dependant and are limited by
the definition of the messages contained therde. $IP protocol requires the application developer

to have intricate knowledge of the network to desigrvices. (Moodley and Hanrahan 2008).

D. QoS: MSF architecture adopts an engineering approad@d® by specifying a central element
used for call admission control while the netwodge elements ensure that no traffic enters the
network without the admission decision. Howeverdagicted within the call setup use cases, the SIP
protocol dictates network-level QoS mechanismsphation between end parties of media streams
and QoS parameters. The QoS components are redoirgdery and setup a connection path for
every call request. The architecture is inflexilsleachieving application-related QoS. (Moodley and
Hanrahan 2008).

E. Connection Admission Control: The MSF describes its intention to provide accesdrol on the
network edges to the core transport network. Howethe interface protocols to achieving this end
remains undefined. Thus the CAC mechanism is noiesed as supported in the use case diagrams.
(Moodley and Hanrahan 2008).

F. Routing: The architecture is reliant on the transport nekwtechnology as MPLS. However, the
MSCs show that the architecture is reliant on thating mechanism of the underlying transport
network technology and not by the Call and Ses€iomtrol elements. (Moodley and Hanrahan
2008).
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G. Federation: The architecture defines specific interfaces fdefation both with PSTN and Packet

based operators. However, from call setup scenagosss administrative domains will result in a
proliferation of signalling messages to setup anestion implying large signalling overheads.

Specifically, interconnecting into a federated M$pe network results in mirrored control messages
hence doubling the number messages. (Moodley andaHan 2008).

H. Legacy: The MSF architecture provides for a number of gaiewelements to address the
requirement of integrating legacy technologies i@ architecture. In particular, the PSTN has been

provisioned. (Moodley and Hanrahan 2008).

3.2.3 Conclusion

The MSF architecture proposes the BM function wligcthe single point of contact for all connection
requests in the network. The BM makes use of in&tion on the state of all network components to
determine whether the connection request in tefnbsuodwidth and QoS requirement can be met. In
addition, the network edge elements ensure thataffic from the terminals traverse the network
without an admission decision from the BM. A keynpiple is the communication between the BM
element and the Network Edge elements, howeves,drotocol is undefined in the standard. The

QoS principles are useful and can be adopted &0O®BA/Parlay Network Architecture.

The IMS elements used for Call and Session Conotedte a significant overhead and complexity for
a basic two party call within the administrativentkin of the architecture. Similarly, incorporating

technology specific elements to deal with interatien and legacy networks contribute significantly
to the complexity of the architecture. The techgglepecific protocols and architectural elements

limit the future proofing of the architecture.

3.3 3GPP Long Term Evolution (LTE)

The 3 Generation Partnership Project: Long Term Evotu{®GPP LTE) is a proposal for the next

generation mobile network. The 3GPP LTE architectis an evolution of mobile network
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architectures. The 3GPP LTE’s objective is to pdevan all IP based network for a multiservice
environment, apart from new proposals for a varidtyncorporated radio access networks (3GPP
IMS 2012; 3GPP NA 2003; 3GPP Signal Flows IMSL2MHanrahan 2007).

Application
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Figure 3-8: 3GPP LTE Network Architecture, adagtedn (Hanrahan 2007)

The transport network is based on the Evolved RaCkee (EPC) principle and is an IPv6 network.
At the switching layer the Media Gateway (MGW) ised to translate between switched circuit
network and media streams from a packet network. NTadia Resource Function Processor (MRFP)
is responsible for IVR type functions such as amgements and collecting user information. (3GPP
NA 2012).

The Service Control Layer is constituted by IMS paments which are SIP based. The P-CSCF is the
first point of contact for the mobile terminal (UEJhe P-CSCF coordinates with the S-CSCF to
complete connection requests. In addition the PfCBCesponsible for QoS by interacting with the
Policy Decision Function (PDF). The I-CSCF is usedide the details of the home network from
the visited operator, it enquires from the HSStfer S-CSCF to complete the call request. The I-
CSCF also coordinates with the Supporting Locafenver (SLS). The S-CSCF central entity for
making call requests decisions. The S-CSCF intenaih an the application layer to deliver value-

added services. The Breakout Gateway Control FamdBGCF) is responsible for a call from an
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IMS network to a switched circuit network of a feated telco. Closely associated with the BGCF is
the MGCF which is responsible for signalling to theitched circuit network. (3GPP NA 2012;
3GPP IMS 2012; Magedanz et al 2005; Bertrand 007

The application layer provisions for three poss#gbplication platforms. The SIP Application Server
(SIP-AS) can perform advanced SIP functions andiagons. The CAMEL Service Environment is
a legacy service platform used for switch circenvices. The Open Service Architecture application
server is the OSA/Parlay Gateway. (3GPP NA 2012).

The QoS function is provisioned by the Policy DexisFunction (PDF) function (Yavatkar et al

2000; Ericsson 2009), it relies on a policy of Qukgs to determine whether the connection reqgest i
allowed to use the network resource. The Policyifdea Point (PDP) applies the rules to the request
and produces a decision. The Policy EnforcemenitRBIEP) implements the PDP decision which

allows or prevents use of the resource. Furthexildein the PDF are discussed in section 3.3.2.

3.3.1 3GPP LTE Use Case: 2-Party Call

The typical call setup procedure of the 3GPP LTéhidecture is described in this section. The detail
of the message sequence chart will be used to ssalyme of the characteristics of the architecture
(Yun and Perros 2010; Moodley and Hanrahan 2008g network entities conform to the

architecture defined in Figure 3-8 above.
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| UA “A” | | P-CSCF | | I-CSCF | | S-CSCF | | HA | | PDF | | P-CSCF | | UA “B” |

1. INVITE
P
2.100 TRYING
i
<
3. INVITE
4.100 TRYING
<
<
5. INVITE
P>
6. 100 TRYING
i
<
7. AAR
8. AAA
<
<
9. INVITE
>
10. 100 TRYING
11. INVITE
»
12. 100 TRYING
13. 183 PROGRESS
14. 183 PROGRESS
15.183 PROGRESS | |
16. 183 PROGRESS |
17. AUTHORISE NETWORK RESOURCES
18. 183 PROGRESS
19. PRACK
20. PRACK
21. HRACK
22. PRACK
23.200 OK
<
<
24.2p0 OK
<
<
25. 200 OK
26.200 OK
<
<
27.RSVP: PATH
>
28. RSVP: RESV
<
29. RVSP: CDNF
»
»
30. UPDATE
31. UPDATE
»
>
32. UPDATE
33. UPDATE
34.200 OK
<
35. 200 OK
<
<
36. 200 OK
37.200 OK
<
<
NETWORK RESOURCES RESERVED AND CONFIRMED
38. RINGING
<
39. RINGING
<
<
40. RINGING
<
41. RINGING
<
ANSWER
42.200 OK
<
43.2p0 OK
<
<
44.200 OK
45. 200 OK
46. ACK
47. ACK
48 |ACK
49. ACK

[ CALL SESSION IN PLACE |

Figure 3-9: 3GPP LTE 2-party call setup - messagg@ence chart, adapted from (Hanrahan 2007)
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The control messages used to setup the call ist@epin Figure 3-9. The message sequence chart is
limited to control signalling and excludes bear saggng. It is assumed that the user has been

authenticated. The call setup sequence is descatbémllows (Hanrahan 2007):

1,2 The originating UA sends a SIP INVITE messagdhe P-CSCF in the visited domain. The
proposed connection parameters are carried withenSDP message. The 100 TRYING message
assures the UA that the invite is being processed.

3-4 The SIP INVITE message is forwarded to the BE®ntity being the element used between the
federated networks of the two telcos, it acts psoay server for the home domain. In addition, lthe
CSCF hides the details of the home domain fromfélderated visited network. Similar to the P-

CSCF, the I-CSCF reassures the P-CSCF that thie imgssage is being processed.

5-6 The SIP INVITE message is forwarded to the £ESThe S-CSCG is the entity required to
orchestrate the call setup. The S-CSCF similadgsares the I-CSCF that the invite message is being

processed.

7-8 The S-CSCF requires the location informationthef terminating party. A request is sent to the
Home Agent (HA) which maintains the location of theers. The result of the location query is
returned to the S-CSCF.

9-12 The S-CSCF now extends the SIP INVITE messagke terminating P-CSCF and party. The
associated 100 TRYING messages provides the seraitity assurance that the invite is being
processed.

13-16 The terminating party provides an Offer Resgomessage associated with the initial SDP
offer using the SIP 183 Session Progress message.

17 On receipt of the SIP Offer Response message fhe terminating party, the P-CSCF invokes
logic to incorporate network constraints. The P-ESE aided by the PDF function authorises the

network resources to fulfil the connection request.

18 The 183 Session Progress message is sent WAiltegether with the authorisation mechanism.

The session path is now known.

19-26 The originating UA’s positive confirmation tbe terminating UA’'s media offer is sent in a
Response Confirmation, implemented as a SIP PomasiAcknowledge or PRACK method. The
terminating party acknowledges the confirmatiorhvétconfirm acknowledge message, implemented

using the SIP 200 OK message. The use of the nletwsources have now been authorised.
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27-29 The Resource Reservation Protocol (RSVP3esd to reserve the bearer end-to-end resources.

30-37 These message exchanges being the Updat208nQk confirm that the resources are to be
reserved between the calling parties. These sepsittnalready known (see message 18) is used for

the transfer of the messages.
38-41 The SIP 180 RINGING message indicates theitating parties alerting state.
42-45 The SIP 200 OK message indicates the terminparty’s off-hook status.

46-49 The connection setup is completed by theASIR sent to the terminating party.

3.3.2 Analysis against Architectural Requirements

A simple use case for call setup within the 3GPFE Ldrchitecture has been presented. The
architectural characteristics are ascertained basdtie characteristics of the control messaged use
to setup the connections (Yun and Perros 2010;d#ycand Hanrahan 2008):

A. Simplicity: Any next generation network proposal must provisgnal or better levels of service
as compared to existing technologies such as tHENP$he large number of control messages
required to setup basic calls within the same athtnative domain translates into a large network
overhead within the 3GPP LTE architecture (Li et2007). By comparison to the existing PSTN
based ISUP messaging for a 2-party call, the IMSetdaBGPP LTE architecture is unnecessarily
complex. The opportunity costs of the architecanesignificant, when considering the unavailapilit

of resources and thus loss of revenue due to giméfisant signalling overheads.

B. Technology IndependenceThe architecture is technology dependant as itispethe use of the
SIP technology dependant protocol for the IMS congpds. Protocols are technology dependant and
are limited by the definition of the messages doeth therein. These technology specific elements
makes the architecture unscalable and future figniti

C. Open Interfaces:Many of the architectural interfaces are SIP depahdnd therefore not open
interfaces. However, the architecture does exposepmen OSA/Parlay interface to Application

developers. The architecture does separate thamdlsession control layer from the transport layer
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which is specified by the SIP based interfaces. éi@w since the interface is protocol dependeid, it

limited and does not satisfy the openness criteria.

D. QoS:The 3GPP TLE has specified a QoS function (Yavatkal 2000; Ericsson 2009) and is
provisioned by the Policy Decision Function (PDH) relies on a policy of QoS rules to determine
whether the connection request is allowed to usentiwork resource. The PDP function computes
the decision by comparing the request to the rulbdle the PEF function allows or prevents use of
the resource based on the PDP decision. The PEfidarallocates an IP address which entitles calll
party access to the area of the network that afiyimisters terminal registration and service retgies
Once a connection request is admitted to the né&twernew IP address is allocated to the end
terminal, provisioning access into the core transpetwork

(Y
Usage Request Policy Request - Policy
——| | Enforcement becision | Decision Point
Point (PEP) Report (PDP)

Usage Response
—»

Policy Database

Figure 3-10: 3GPP LTE PDF entities, adapted fromnjtdhan 2007)

Analysing the message sequence chart indicatesigthabrk level QoS mechanisms are relied upon.
The QoS components are required to query and settgnnection path for every call request. The
architecture is inflexible in achieving applicaticelated QoS.

E. Connection Admission Control: The PDF components of the 3GPP LTE Architecturditaie
the call admission control function. In particuléine PDP is the central entity in the architecture
which is responsible for coordinating the admisgiecision of call and connection requests into the

transport network.

F. Routing: The architecture is reliant on the RSVP protocadtup the connection routes in the all
IP transport network. The RSVP protocol does noerain the best route of a connection path in the

44



network from a holistic view but does ensure togethith the QoS assurance that the call request is

guaranteed a level of service as requested.

G. Federation: The architecture defines specific interfaces fatefation both with PSTN and the
Internet. However call setup scenarios across adtrative domains will result in a proliferation of
signalling messages to setup a connection implyerge signalling overheads. Specifically,
interconnecting into a federated 3GPP LTE type nsgtwesults in mirrored control messages hence

doubling the number messages.

H. Legacy: The MSF architecture provides for a number of gaiewelements to address the
requirement of integrating legacy technologies i@ architecture. In particular, the PSTN has been

provisioned.

3.3.3 Conclusion

The 3GPP LTE architecture proposes the PDP fundtibich is the single point of contact for all
connection requests in the network. The PDP makesafi QoS rules to determine whether the
connection request in terms QoS requirements candbeln addition, the P-CSCF on the edge of the
network provisions the PEF function to allow orvmet use of the resource based on the PDP
decision. The PEF function allocates an IP addi@ske calling party, which entitles access to the
area of the network that only administers termiegistration and service requests. Once a conmectio
request is admitted to the network, a new IP addigsllocated to the end terminal, provisioning
access into the core transport network. The Qa&iptes are useful and can influence the design for
the OSA/Parlay Network Architecture.

The IMS elements used for Call and Session Cortexrtes a significant overhead and complexity
for a basic two party call within the administraivlomain of the architecture. The technology

specific protocols and SIP based architectural etemlimit the future proofing of the architecture.
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3.4 OSA/Parlay

The OSA/Parlay architecture leverages new techiedogmerging out of the convergence between
telecommunication and information technologies (Mleg and Hanrahan 2005) OSA/Parlay
assumes a three-layered architecture, consistingeotransport network layer, the service control
layer (OSA/Parlay Gateway) and the application &ises layer as depicted in Figure 3-11. The
OSA/Parlay Gateway is addressed at the ITU sersiicdum while provisioning an open, secure,
technology agnostic APl based interface to the ispfibn layer. A key feature of the OSA/Parlay
Gateway is the openness of the network as it exptise open interface td“3party application
developers. (3GPP OSA Part 1 2009; Moodley andakem 2005; Beddus and Bruce 2000)

The architecture provisions a rich set of servioptml features (SCFs) such as generic call cantrol
multiparty call control, multimedia call controlser interaction and many others (3GPP OSA Part 4-2
2009; 3GPP OSA Part 4-3 2009; 3GPP OSA Part £09;23GPP OSA Part 5 2009). The SCFs
allow for intelligent call control and service couitfunctions that interact with various underlying
network technologies whilst exposing a simple ifsieg for application developers. Applications may
be located in a different business domain and aoke Applications Programming Interface (API)
(3GPP OSA Part 1 2009; Beddus and Bruce 2000ehtaty et al 2007; Blum et al 2008)

Current research efforts have been focused on dkiel@pment of applications and services and in
particular the service stratum. (Moodley and Haarah2005; Qiao et al 2011; Zhang and Guan
2012; Lei-an and Hong-jiang 2010, Atanasov | eR@12, Atanasov | 2013). The OSA/Parlay
standard has left the interface of the gatewayéottansport stratum as implementation details. The
standard alludes to the use of protocol adaptersferfacing to the various transport technologies
(Moodley and Hanrahan 2005; Hanrahan 2007)
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Figure 3-11: OSA/Parlay Service Architecture, addgtom (Moodley and Hanrahan 2005)

A key design principle for the OSA/Parlay architeetis an “open network architecture”. Closed
networks are characterised by vendor lock-in as téehnology platforms have incorporated
proprietary implementations. In addition, the sitgrof skills and complexity of protocols have
resulted in many of the competing telcos offeriimgilar services together with excessively long lead
time to market for new services. Open networks rege the significant number of application
developers available in the IT community. This nembf developers are orders of magnitude larger
than the service or application developers in #lecommunications community, as illustrated in
Figure 3-12. (Beddus and Bruce 2000; Blum et@0D8 Bakker et al 2000)

Number of Developers

Scriptable JavaScript, Visual\Basic Millions

API 100 000's

Parlay (Java, C++)

Protocols

Figure 3-12: OSA/Parlay leverag® Barty application developers, adapted from (Maged2012)
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Another characteristic is that a multivendor enmiment is catered for and together with the
significant number of developers, telcos have taelfility to compete on differentiated serviceslan
quick time to market. A significant effort in OSAdffay was made to create an open interface to the
network resources to afford service developersofiportunity to develop advanced services without
detailed knowledge of the underlying network tedbgg specifics (Moodley and Hanrahan 2006).
These details are hidden using the SCFs whilst #wgogeneric advanced service features in the
Application API based interface.

Today Future
Stove-pipe Networks Multi-service Network

Services

— " \ "

Service Network

PLMN
PSTN / ISDN
Packet Networks
Broadcast

Core Network

~N N/

Access, Transport and Switching Networks

Figure 3-13: Concepts of the Mutliservice Netwa#apted from (Magedanz 2012)

An API provides a mechanism to demarcate the daraithe telco and third party service providers.
The former existing in a secure environment and l#iteer in an untrusted environment, the API
provides a mechanism dealing with the securitydssihe API provides a set of technology agnostic
definitions provided as a set of methods and paensi¢hat defines the interface. This technology
agnostic specification ensures that the interface ifuture proof solution. The API thus allows
application developers to develop advanced serweiisout having the need to have detailed
knowledge of the network technologies or protoauithin the network provider. This ensures that
applications have a rapid time to market and heapil times to revenue. The telco is advantaged as
this interface ensures a multivendor environmeunit the telco is not locked into a single proprietary
vendor. The API ensures that unsecure applicatwasstrictly managed into the telco environment
and provides the flexibility of application devetopnt at reduced costs and reduced risk to provide
differentiated service offerings. The interfaceoal interoperation to a variety of network
technologies as well as signalling systems, whiidénly the complexity of the protocols used by these
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network and signalling technologies. (Magedanzl e2@07; Moodley and Hanrahan 2006; Blum et
al 2008; Bakker et al 2000)

OSA/Parlay API

Frame- Generic MMedia ul Mobilit Generic Account

work cc cc i Messag Mngr
Multi- Conf Term Data Connect Charge

Party CC cC Cap Session Mngr Mngr

‘ Network Access and Compatibility Mechanism — Not part of the Parlay Standard

Policy
Mngr

SIP MGCP H.323 MAP INAP ISUP CAP

Figure 3-14: Detailed SCF in the OSA/Parlay Servicehitecture, adapted from (Hanrahan 2007)

3.4.1 Analysis against Architectural Requirements

Unlike the TINA, MSF and 3GPP LTE architecturee thSA/Parlay Gateway is not constituted by

transport stratum. Therefore presentation of a agessequence chart for a 2-party call is not
possible. The architectural characteristics arerésioed based on the characteristics of the casicep

and principles applied in the specification of B8A/Parlay Gateway which can be adapted for use
in the OSA/Parlay Network Architecture (Yun andr@er 2010; Moodley and Hanrahan 2008):

A. Simplicity: The OSA/Parlay Gateway specifies the Applicatiotediace in an open and simple
manner. This simplicity is needed to hide the caxipy of the network technologies and protocols
from the application developer who may not havewdedge of the complexities in the network but

can still develop advanced applications and sesvicethe telecommunication operator.

B. Technology IndependenceThe Application Interface together with the OSAIRBarGateway is
specified in a technology agnostic manner. Thefiate employs the use of technology agnostic APIs
while the OSA/Parlay Gateway components are defingtle Object Orientated paradigm using the
technology agnostic Unified Modelling Language (UMlescription.
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C. Open Interfaces: The OSA/Parlay Application Interface is based omcepts of openness
allowing for 3% party developers to leverage telco resources duigion advanced applications and

services.

D. QoS, Connection Admission Control, Routing, Fedation and Legacy: Since the OSA/Parlay
Gateway provides service stratum functionalityddies not address the issue of QoS, Connection
Admission Control, Routing, Federation and interapdity with Legacy technologies. It assumes
that the underlying transport stratum provisionis fnctionality. OSA/Parlay alludes to the use of

protocol adapters that may deal with interfacingetgacy technologies.

3.4.2 Conclusion

The OSA/Parlay Gateway is a proposal for the nesttegation network addressing the service
stratum. A powerful mechanism of an open and seituesface is exposed td“arty application

developers leveraging on the simplicity and tecbgglindependence of the interface. This allows IT
developers to create advanced applications andicesrwithout the need to understand the
complexity of technologies and protocols in thensort network. A multivendor environment is

created since the Gateway is technologically agnasid allows for interoperability.

Current research efforts have been focused on dliel@pment of applications and services and in
particular the service stratum (Moodley and Hanmah2005; Qiao et al 2011; Zhang and Guan
2012; Lei-an and Hong-jiang 2010), while littléegition has been devoted to the network interface
and transport stratum.

The principles and concepts of the open, API-basatl technologically independent interface are
useful. Similar to the definition of the Applicatidnterface, the OSA/Parlay Network Architecture
and Interface will be Object Oriented (OO) and #pst using UML.

50



3.5 Java Advanced Intelligent Network (JAIN)

JAIN is a Java specific implementation of the OS&I&y standard. Its goal is to create an open
architecture for all stakeholders (Beddus and Br@6@0). The JAIN architecture applies to both the
fixed and mobile networks and has a view of angrated network architecture. The Java specific
implementation ensures that applications are plartabthat these applications can be developed and
executed on any technology. The Java programmirngcaement allows for rapid development of
applications and ease of deployment. JAIN has ftbenoutset incorporated a security feature to
ensure secure access to the network from servimgders. Java is a well-established IT technology
and thus provides a means towards convergenceeiélecommunications and Internet domains.
(Beddus and Bruce 2000; de Keijzer et al 2000).

Java as an implementation technology leveragebehefits of reuse of off the shelf standard Java
containers; these containers have specified fstid¢e machines to provide state details. The Java
approach leverages the existing large communityJafa developers and the freely available

development tools. (Lim et al 2003).

Untrusted Services

Trusted Services
‘ JAIN OSA/Parlay
JAIN Coordination
JAIN Call Control .
and Transaction
Adapter Adapter Adapter Adapter Adapter Adapter Adapter | | Adapter
Q931 ISUP INAP MAP TCAP H.323 sip MGCP

Figure 3-15: JAIN adaptation of the OSA/Parlay 8@rArchitecture with network adapters, adapted
from (Hanrahan 2007)

Java has used the API concept and the JAIN arthwitedeverages of the existing Java APIs. The
secure access to network resources is provisiogepldring trusted applications inside the Java
Service Logic Execution Environment (JSLEE) whilgrusted applications are outside the JSLEE
which need to be pre-authorised through the segcinierface. (de Keijzer et al 2000; Lim et al
2003)
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Figure 3-16: JAIN Architecture, adapted from (Jeiral 2000)

JAIN is constituted the following key components:

e JSCE (Java Service Creation Environment)

e JCC (JAIN call control) and JCAT (JAIN co-ordinatiand transaction) (Jain et al 2000)

e JSLEE (Java Service Logic Execution Environmeng)Keijzer et al 2000; Lim et al 2003)
* Network Protocols Adaptors (Bhat and Gupta 2000)

The JSCE (Java Service Creation Environment) lgesraa component service creation approach
provided by the Java Beans platform. It also expasestandard development environment that
application developers are familiar with for Telservice creation. JavaBeans is a component model
added to the Java, and its primary focus was osat#e components, components that can be visually
manipulated and customized in (GUI) developmentirenments to assemble applications using

introspection and a runtime event model to providfication and callbacks.

JSLEE (Java Service Logic Execution Environmengvjgtes an environment for the execution of
service logic. JSLEE is designed to ensure a ldentzy and high throughput environment ensuring
that the application environment provides minimagessing delays and is able to process thousands
of events per second. The environment is evenintated and designed for the stringent telco
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conditions of network signalling. The JSLEE is st through the use of clustering technologies.
(de Keijzer et al 2000; Lim et al 2003)

Network Protocols Adaptors are being developed nierface to existing network technologies
(Femminella et al 2012a; Femminella et al 201Zhg JAIN protocol experts group’s (PEG) task is
to develop Java APIs for protocols using in thelitranal “telephony domain, intelligent networks,

wireless network and the Internet” (Bhat and Gup@90).

3.5.1 Analysis against Architectural Requirements

Similar to the OSA/Parlay Gateway (presented inpB#ra3.4), JAIN is not constituted by transport
stratum. Therefore presentation of a message segudrart for a 2-party call is not possible. The
architectural characteristics are ascertained basete characteristics of the concepts and priesip
applied in the specification of the OSA/Parlay ®atg which can be adapted for use in the
OSA/Parlay Network Architecture (Moodley and Haraah2008):

A. Simplicity: JAIN specifies the Application Interface in an oper simple manner using the Java
programming language. This simplicity is neededitie the complexity of the network technologies

and protocols from the application developer whoaymot have knowledge of the complexities.

B. Technology Independence:The JAIN Application Interface together with the &Barlay
Gateway is specified in a technology agnostic manfiee interface employs the use of technology
agnostic APIs. However the use of protocol adaptes the only means for implementing the
transport stratum introduces technology dependsncie

C. Open Interfaces: The JAIN Application Interface is based on concegtepenness allowing for

3 party developers to leverage telco resourcesdaaigion advanced applications and services.

D. QoS, Connection Admission Control, Routing, Fedation and Legacy: Since JAIN is a

proposal for the service stratum functionality,dides not address the issue of QoS, Connection
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Admission Control, Routing, Federation and interapdity with Legacy technologies. It assumes
that the underlying transport stratum provisioris fanctionality. JAIN specifies protocol adapters
that may deal with interfacing to legacy technodsgi(Sun JCC2SIP 2001; Sun JCC2H323 2001,

Femminella et al 2012a; Femminella et al 2012b).

3.5.2 Conclusion

The JAIN proposal for the next generation netwatllrassing the service stratum is a Java specific
implementation of the OSA/Parlay Gateway. A mecbianof an open and secure interface is exposed
to 3 party application developers leveraging on thepitity and technology independence of the
interface. This allows IT developers to create aded applications and services without the need to
understand the complexity of technologies and pa#in the transport network. A multivendor
environment is created since the Gateway is tecigicdlly agnostic and allows for interoperability.
The use of protocol adapters as the only meangrfplementing the transport stratum introduces

technology dependencies.

The principles and concepts of the open, API-baswtl technologically independent interface are
useful. Java based technology provides a quick samghle means for realising the OSA/Parlay
Gateway. The protocol adaptation to federated agddy network technologies is useful work that
can contribute to the OSA/Parlay Network Architeetand Network Interface design.

3.6 Chapter Summary

The OSA/Parlay Network Architecture and Networkehfice have a number of key characteristics
described in Chapter 1.1 and Chapter 2. The OSkPatetwork Architecture and Interface should
encompass the following characteristicpenness, simplicity, technology independence, QoS
mechanisms; call admission control; intelligent routing and supporting botfederation of telcos and
interoperation oflegacy technologies. “The network architecture does raly ron call/session
signalling. More powerful call admission, connentico-ordination, network federation and end-to-

end Quality of Service mechanisms are incorporatdbodley and Hanrahan 2005).
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A number of existing architectural proposals fa¥ ttansport stratums have been reviewed against the

ideal network architectural characteristics. TH®feing architectures have been reviewed:

« The TINA NRA is founded on a technology agnostim@ple and specified the interface to
the service architecture (service stratum). Theisesnodel concept is useful for managing
complex connections and service requests. The ptmad some computational objects
arranged in a layered architecture provide insighthe design of the OSA/Parlay Network
Architecture. Lesson such as addressing interopigyetb federated networks and addressing
the interoperability with legacy technologies aseful.

* The MSF architecture specifies a useful QoS managersystem, leveraging on a central
entity acting as the single point of contact fdr@lnnection requests in the network. The
admission decision is based on network state irdidion. The network edge elements ensure
that no traffic from the terminals traverse thewwrk without an admission decision from the
BM.

* The 3GPP LTE architecture specifies an alternd@e& management system, incorporating a
single point of contact for all connection requeiststhe network. QoS rules determine
admission decision. Network Edge element allowprevents use of the resource based on

the admission decision using the temporary IP asdmeechanism.

« The OSA/Parlay Gateway specifies a powerful mecmandf anopen, standard, simple,
secure and technology independent API based interface defined in the object oriented

paradigm and specified in UML.

« JAIN contribution to the protocol adaptation to dested and legacy network technologies
concepts are useful and can be adopted for thegrdesi the OSA/Parlay Network
Architecture. Java based technology provides akgaitd simple means for realising the
OSA/Parlay Gateway.

The TINA architecture was clearly not a succesit ag&s not widely implemented by industry. Key
reasons were that many technologies that TINA delipon were not available at the time, the
architecture was complex and in particular the TINRA was too ATM technology focused. While
OSA/Parlay Gateway has not been widely adoptedtduts lack of specification of the network

interface in a similar manner as Parlay has sgetifhe application interface. Integration with all
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transport protocols is cumbersome and hence thécappn has been limited to implementations

described in section 2.1.

Useful concepts and principles that meet the iaterfand architectural requirements presented in
Table 3-2 are incorporated and adapted for thegdesfi the OSA/Parlay Network Architecture and

Network Interface presented in Chapter 4.

TINA MSF 3GPP LTE OSA/Parlay JAIN
Simplicity Comple» Simple Comple» Simple Simple
Technology Technology IMS - SIP IMS - SIP Technology Java depende
Independence | agnostic dependent dependent agnostic
Openness Open N Multiple Protocol Protocol Protocol
protocols for NI | dependent NI | adapters for NI | adapters for NI
QoS Provisioned by | Provisioned by | Provisioned by | Not specifiet Not specifie
the CC the BM and the PDF
Edge function (PDP
& PEF)
CAC Provisioned by | Provisioned by | Provisioned by | Not specified Not specified
the CC the BM and the PDF
Edge function (PDP,
PEF),
temporary IP
address
mechanism
Routing Determined by | Dependent on | Dependent on | Not specified Not specified
the FCC the RSVP the RSVP
protocol protocol
Federation Not specified Federation to | Federation to Not specified Protocol
packet and packet and adapters for NI
switched circuit | switched circuit
Legacy Not specifiet Adapts ta Adapts ta Not specifiet Protocol
multiple legacy | multiple legacy adapters for NI
technologies technologies

Table 3-2: Summary of useful concepts and prinsiple

56




Chapter 4

Design of the OSA/Parlay Network Architecture
and Network Interface

The contribution of this research is the desigthef OSA/Parlay Network Architecture and Network
Interface to extend the OSA/Parlay standard towaneéeting the requirements of a NGN. The
primary objective of the OSA/Parlay Network Arcleiigre is to facilitate the call and service control
requests from the OSA/Parlay Gateway and setupriig¢o-end connections within the core transport
network. The OSA/Parlay Architecture must ensued tlew calls entering the transport network are
guaranteed the requested level of QoS for theeedtiration of the call; while the QoS levels of
existing calls within the network are not infringadon notwithstanding the dynamic nature of calls

being admitted and terminated within the transpettvork (Moodley and Hanrahan 2008).

The OSA/Parlay Network Interface conjoins the OShI®/ Gateway to the proposed OSA/Parlay
Network Architecture. It should be characterised as open, standard and technologically
independent interface. These characteristics enthat the OSA/Parlay Network Architecture is
future proof from rapid technology developmentstadlows for the ease of simple integration of a
variety of transport technologies. The OSA/Parlapork Interface will be API based and defined in
the Object Oriented paradigm using UML, a similggpmach adopted for the OSA/Parlay

Application Interface.

The OSA/Parlay Network Architecture is designed remder an engineered solution towards
allocation of network resources that guaranteed f@g8Birements rather than the overprovisioning of
network resources with best effort concepts. Thé\P8rlay network architecture is not a detailed

definition, it specifies concepts and principles donnections involving the packet and switch dircu
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technologies as well as incorporates special resgusuch as media gateways and IVRs (Moodley
and Hanrahan 2008).

The OSA/Parlay Network Architecture must conformthe following characteristics to ensure a
flexible and technology agnostic proposal for tletngeneration network (Moodley and Hanrahan
2008):

* “be designed assmple architecture;

» demonstratéechnol ogy independence;

* supportopen interfaces;

» enforce an integrated approach énd-to-end connections;

« implement connection admissioQoS control as part of the overall QoS assurance
system;

e provisionintelligent routing of connections;

» support federation between network operators to provide QoS-assumedtteend
connections;

» supportiegacy technologies in the overall architecture.”

Many useful concepts and principles have been aedlyirom existing architectural proposals
presented in Chapter 3. In particular, conceptsnfroroposal such as the Telecommunication
Intelligent Network Architecture (TINA), Open Secei Access / Parlay (OSA/Parlay) and the
Multiservice Switching Forum (MSF) are synthesidediard the development of the OSA/Parlay
Network Architecture and Network Interface.

4.1 Design Methodology

The OSA/Parlay Network Architecture is a complegteyn that aspires to be specified in an open and
technology independent manner. In order to managelésign of the complex architecture as well as
technology agnostic principles, the revised modwa 6pen distributed processing (RM-ODP)
methodology has been adopted. The RM-ODP methogol@s applied to the development of the
TINA NRA (TINA Overall 1997). In order to deal witthe complexity, the five viewpoints of RM-
ODP are used to focus on the details of a subsgtcteristics of the system. To obtain the complete

view of the system, these five viewpoints are corabi
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Enterprise

Computation Information

Engineering Technology

Figure 4-1: RM-ODP Viewpoints, sourced from (TINA/€all 1997)

The five RM-ODP viewpoints (Figure 4-1) are desedlas follows (TINA Overall 1997):

« “Enterprise viewpoint develops the purpose, scope and policies forytses.

« Information viewpoint specifies the semantics of information and infdfare processing
activities in the system.

« Computational viewpoint focuses on the decomposition of the system intset of
interacting objects which are candidates for distion.

« Engineering viewpoint specifies on the infrastructure required to supmistribution
processing environment.

¢ Technology viewpointdetails the choice of technology to support trstesn.”

4.2 Business Model

The OSA/Parlay Network Architecture adheres to @8A/Parlay business model (Roj 2012;
Hanrahan 2007). The business model is based onpan @etwork principle, see Figure 4-2. The
open network principle allows%party service providers to provide content andaaded services to
the consumer. The consumer can access these sebéteeen the consumer arldl @arty domains
through the application interface. Th& Party domain provides the services through thailest
domain which provides generic service logic furresioThe retailer domain is separated from the

network provider by the network interface curremqttpposed in this thesis.
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Figure 4-2: OSA/Parlay Business Model, adapted fidianrahan 2007)

4.3 Conceptual OSA/Parlay Network Architecture (RM-ODP

Enterprise Viewpoint)

The RM-ODP enterprise viewpoint describes the cptuz architecture and details the abstract
objects in the network architecture, their purpasmpe and objective. The complete conceptual
architecture is depicted in Figure 4-3 below amthier describes the environment and domain of the
architecture as well as the roles, relationshisiateractions between the objects (Moodley and van
Olst 2011). Similar to the ITU NGN framework, thechitecture consists of the Application Layer;
Call Control Layer (ITU service stratum) and thafdsport Network Layer (ITU transport stratum).

The Call Control Layer is well defined by the OSA/Ry Gateway and the interface to the
Application Layer is specified by the open, sec#tB] based Application Interface. The Consumer
Domain is illustrated to depict the interface te tASA/Parlay Network Architecture. Similar to the
Application Layer and Call Control Layer, the Comsr Domain remains out of the scope of this
research work.

The OSA/Parlay Network Architecture exposes anriate to a Media Gateway element used for

federation to other telco networks as well as aatapt to legacy technologies. The common telco
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IVR element is depicted with interfaces to the OBglay Network Architecture. (Moodley and van
Olst 2011)

Application and —

Services Domain @ App

Gateway

%D OSA/Parlay

Call and Service

Control Domain @

Communication IVR
=——— (G

Session @ @

Connectivity
Session C{C\ MG,CC
Layer Network R LNC MGLNC

0

Connection VR

Performer TCcP cp
L Terminal @
Equipment IVR viedn
Gateway
Physical

Elements

Figure 4-3: OSA/Parlay Conceptual Architecture,ded from (Moodley and van Olst 2011)

Application Layer Objects:

App: The Application (App) resides in the applicatiand services domain. The App initiates calls
and services between the various call parties withe network and possibly IVR’s. (Moodley and
van Olst 2011)

Call Control Layer Objects:

CO andCL'’s: The Call Object (CO) and Call Legs (CL’s) afes tobjects within the OSA/Parlay

Gateway and resides in the control layer domaie B and CL's represent the call and call parties
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within a call. The call properties including the cequested for the call are stored in these ahject
(Moodley and van Olst 2011)

Transport Network Layer Objects:

CSM: The Communication Session Manager (CSM) is resiptan for the communication between
the transport network and the OSA/Parlay Gatewdye TSM is also responsible for the Logical
Connection Graph (LCG) for each instantiated ¢Mbodley and van Olst 2011)

CC: The Connection Coordinator (CC) is responsible fianslating the LCG into physical
connections. The CC core functions are to determihieh layers are to be used for the call and
selects the appropriate Layer Network Coordinatt@). It also provides the function of admission
control which is responsible for determining whetliee requested call properties (QoS) can be
supplied by the transport network and on that basiplements the call admission control function.
The CC is also responsible for managing the Adrretise Federation on a call by call basis.
(Moodley and van Olst 2011)

LNC andCP: The Layer Network Coordinator (LNC) is responeitibr the connection within the
layer transport network. Its function is to setthp connections via the Connection Performer (GP) i
sub-layer transport networks. The CP and LNC pmvidtwork state information back to the CC.
(Moodley and van Olst 2011)

NE: The Network Element (NE) represents the actuaisighl network element in the network,
providing information on its capabilities and therrent state of the device. (Moodley and van Olst
2011)

4.3.1 Other Domain specific objects

MGCC, MGLNC and MGCP: The Media Gateway-Connection Coordinator (MGC®ledia
Gateway-LNC (MGLNC) and Media Gateway-CP (MGCP) adaptations of the Connection
Coordinator (CC), LNC (signalling) and CP (ConnectPerformers) specific to the Media Gateway

special resource. (Moodley and van Olst 2011)

Exch: The Gateway exchange into the PSTN network. (Maodnd van Olst 2011)
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IVRCSM andIVRCP: The IVR specific objects are IVR-CSM (IVRCSM) ahdR-CP (IVRCP) are
adaptations of the Communication Session Manageti@) and CP (Connection Performer) specific
to the IVR. (Moodley and van Olst 2011)

4.3.2 Consumer Domain specific objects

UAP: The User Application (UAP) initiates calls andsees. (Moodley and van Olst 2011)

TCSM: The Terminal Communication Session Manager (C$yesponsible for setup of the

terminal part of a connection. (Moodley and vant(1811)

TLA and TCP: The Terminal Layer Adaptor (LNA) is responsibler the connection within the
terminal. Its function is to set up the connectiois the Terminal Connection Performer (TCP)
within the terminal. (Moodley and van Olst 2011)

4.4 Organising Information Principles (RM-ODP

Information Viewpoint)

The RM-ODP information viewpoint details the orgsng information principles. It details the
structure and content of the information as wellhasv the information is managed within the
OSA/Parlay Network Architecture. There are threealdr categories for information requirements
(Moodley and van Olst 2011):

i. The Logical Connection Graph (LCG);
ii. The Physical Connection Graph (PCG); and
iii. The Network State Information (NSI).

The LCG and PCG are associated with the CSM anddSectively, whilst the NSI is associated
with the LNC. The CSM and CC are session orientaf#dcts. A session is a temporary allocation of
resources that are configured to service a taslafperiod of time (TINA NRA 1997). Hence the

LSG and PCG are also session orientated and ace peavisioned for the respective task.
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4.4.1 Logical Connection Graph

The LCG is associated to the CSM to specify thé cahnection requirements; it is a logical
representation of the connection in the networkneativity domain. The value of the connection
graphs is that these is a technology independesttigéion of the service. It is a logical represgion

of the media flows between call parties in a célle LCG provides the relationship between the
service session (client) and the connectivity sesgerver). The class diagram is presented inr€igu
4-4 below. The Call object is described by the dat@racteristics: a unique identifier; call bandwid
requirements; QoS requested and call state infawsmé tracked. The Call Legs are described by the
data characteristics: a unique identifier, locatibrthe user in the network, user details and legl

state information is tracked. (Moodley and van (i6tl1)

callObject
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-parlayCORef
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1 1
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callState

connectionReq
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ﬁptp [if9 -latency location Address
-data -
-voice itter -node Addess Details
_video -packetLoss

Figure 4-4: Logical Connection Information Objects

4.4.2 Physical Connection Graph

The PCG is associated with the CC and is useddafgpend-to-end connectivity within the network.
Similarly, the PCG is technology independent. TiSPcontains details of the specific access node
where the terminal connections access the netwomarticular the LNC nodes, see Figure 4-5. It
describes the network transport links and transidah points to effect the connection within the
network which are identified by the path through tretwork consisting of one or more LNCs, links

and nodes within each LNC are identified. The P@® keeps track of the physical connection state
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information as the LCG is translated into a phyistmanection. It should be noted that the terminal
domain should provide a similar PCG mapping of phgsical devices. The terminal information
requirements are outside the scope of this rese@idodley and van Olst 2011)

physicalConnection
-callSessionID
-CSMRef
1
1
path connectionState
-Initiating
-Active
-Releasing
1
n
LNC
-LNCID
1 1
1 2
link node
-linkID -nodelD
-linkState -nodeState

Figure 4-5: Physical Connection Information Objects

4.4.3 Network State Information

The information requirements associated with theCl.Ninlike that of the CSM and CC, are not
session orientated. The NSI keeps track of the ties state of the network. The OSA/Parlay
Network Architecture consists of standard modulkesigh to be used for the core transport network,
this is detailed in section 4.6. The state infoioratthat each of the 6 transport links and the 4
network nodes are updated in the NSI, see Figuse Using this design approach ensures that the
connections admitted into the network will be psiened with a guaranteed QoS for the duration of
the call (Moodley and Hanrahan 2008). The NSI diees the state of the Core Transport Network
by decomposing it into various domains controllgd.biCs. The performance and state information
of the links and nodes in each LNC are recordedisThoth the network topology as well as
performance of nodes and links information is aldé within the NSI information object. (Moodley
and van Olst 2011)
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Figure 4-6: Network State Information Objects

4.5 Detailed OSA/Parlay Network Architecture (RM-ODP

Computational Viewpoint)

The RM-ODP computational viewpoint enables theritigted properties of the architecture by
further decomposition of the enterprise objectsesEhcomputational objects will interact with each
other through well-defined interfaces. This viewgadescribes the functions of the objects together

with the object interfaces.

The computational viewpoint enables the propertiésscalability, load control, location and
administrative management of the network. Figuiedepicts the computational objects together with

conceptual groupings.
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Figure 4-7: OSA/Parlay Computational Viewpoint, giga from (Moodley and van Olst 2011)

4.5.1 Communication Session Objects

The communication session renders the relationbkigveen the service session (client) and the
connectivity session (server) using the LCG. Thenmaonication session objects are session
orientated and thus include a factory object, comipation session manager factory (CSMF) used to
instantiate the CSM. (Moodley and van Olst 2011)

The CSM allows service clients to setup, activegksase and send notifications of connections withi
a communication session. The CSM maps the logicahections into physical connections in the

connectivity session.

4.5.2 Connection Session Objects

The connectivity session presents a technologypadeent view of the core network connections.
This session is used to create the network podfdghe physical connections. This view is physigall
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realized by mapping it to layers within the coréwark. Similar to the communication session, the
connectivity session includes a factory object,dbenection coordinator factory (CCF) and is uged t
instantiate the CC. The CC is session orientatedtaarefore used to configure resources to actaeve
specific objective or task. The CC allows the comioation client to setup, manipulate and release

network connections and receive notifications. (Beg and van Olst 2011)

The CC is supported by the Intelligent Routing (Rywbject and determines the terminal locations
from a location register. It determines the bestedased on the dynamic network state and location
of the terminals. The Call Admission Control (CAG) responsible for determining whether the
requested call properties (QoS) can be suppliethéytransport network and on that basis, it does a
call admission control function. It then identifispecific layers and selects the appropriate Layer
Network Coordinator (LNC) for connection setup. ther details of the CAC functionality are given
in section 4.6. The Federation (Fed) object isgrsjble for managing the Administrative Federation

on a call by call basis. (Moodley and van Olst 201

Initiating

Active

Releasing

g1 B &

Figure 4-8: Finite State Machine of the Connectigthin the OSA/Parlay Network Architecture

Finite state machines (FSM) are used to keep toadke state of a connection, which provides the
facilities to instantiate advanced services midremion. These FSMs are detailed in Figure 4-8
below. The TCSM is responsible for establishingehd terminal part of the logical connection. The

scope of which, is not part of this research. (Mep@nd van Olst 2011).
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4.5.3 Layer Transport Network Objects

The LNC services the connectivity layer by estaldtig the physical connections in the core network.
Unlike the CSM and CC, the LNC is resource oriedaind therefore exists regardless of sessions.
The LNC services the connection sessions by estahtj physical connections within the network. It
keeps track of network state information in theiaas modular layer transport network components.
The LNC provides network state information on freguintervals to the CAC. This ensures that
admit or reject decisions are made timeously. (M@pdnd van Olst 2011)

The CP represents the physical elements in theonkepsuch as MPLS or IP routers. We assume that
the architecture at the layer transport networlellévteracts with OSI level 3 network elements. The
assumption is that there is a client-server ratatigp for the underlying layers and thus does eetn

to be managed. (Moodley and van Olst 2011)

4.6 Call Admission Control

Guaranteed QoS has been a long sought after gogadiet switched technology (Song et al 2008).
QoS is the assurance that prior to its admissiongw connection awaiting admission into the
network is guaranteed a level of performance withim network for the entire connection duration
(Moodley and Hanrahan 2007). The CAC entity netxigletermine whether the network has
sufficient bandwidth and demonstrates acceptabfieimeance parameters in terms of delay, jitter and
packet loss to service the connection request (Mgoand Hanrahan 2007; Gylterud and Tognon
2003; Stankiewicz et al 2011).

In addition, CAC provides a secondary function eimguthat existing connections will not deteriorate
in quality due to the new connection entering teemork (Moodley and Hanrahan 2006). Capacity
dimensioning ensures that all parts of the netwrarke sufficient capacity to cater for the maximum
Erlang traffic during the normal operations of thetwork (excluding events such as New Year's
Eve).
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Three important components are essential for gteednQoS. These are: (i) the intelligent routing of
connections in the Packet Switched Network (PSN)dgnamic information of the network state;
and (iii) making the call admission control decision whether the network can meet or exceed the
QoS requested.

Intelligent routing must go beyond the traditiomaliting protocols. Popular shortest path based
routing protocols such as Open Shortest Path @SPF) is a case in point based on the Dijkstra’s
Algorithm. The algorithm is popular due to its siiojy. The basis of operation for the routing

protocol is as follows.

Node 2 Node 4

Figure 4-9: Simple 4 node meshed network

A simple meshed four node network is presenteddnrg 4-9. On configuring each link, a weight is
allocated usually based on distance between ndtésweight is usually fixed and is hardcoded onto
the node. The Dijkstra algorithm computes the gsbrpath between source and destination. Assume
that the source node Model and destination node Mode3 together with the following link weights

in Table 4-3:

Link Weight
Link1 10
Link2 6
Link3 8
Link4 7
Link5 5
Link6 6

Table 4-1: OSPF Link Weights
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There are multiple routes from source to destimatiode, listed in Table 4-2:

Paths (source to destination) Path Weight
Link1 10
Link5 - Link 4 12
Link3 — Link 6 14
Link3 — Link 2 — Link 4 21

Table 4-2: Possible Paths from Source to Destinatio

The shortest path algorithm chooses the path with lowest weight. However, there are two
significant disadvantages. First, any traffic reong routing formNodel to Node3 will always be
routed through Link1 being the shortest path. Téasls to significant overloading of the link andgh
excessive latencies and packet losses. Second, &ithesn links or nodes fail, the routing protocol
needs to re-converge the entire network topolodggrbeany routing decisions can be made. Therefore

the weakness is that it does not take into accitnendynamic state of the network.

Node 1 Node 3

Node 2 Node 4

Figure 4-10: Simple 4 node meshed network with dyindink weights

A unique contribution of this research is princtplepon making intelligent routing decisions based
on the dynamic state of the network. In order t&keniatelligent routing decisions the dynamic state
of the network links is required, see Figure 4-I8e flowchart depicted in Figure 4-11(ii) describes
the logic of obtaining near real time network statfrmation. A timer triggers a probe into the

network’s state. The network consists of a humbestandard modular sub-networks designed to
expand the network in a scalable manner, see FigaHi). Each sub-network is polled for an update
on its state by inserting probe traffic into eadhtloe 6 links. The probe traffic is analysed to

determine QoS parameters such as latency, jitrpacket loss. This performance information per
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link is used to update the network state. The saktnetwork is similarly probed and its performance
recorded. This continues recursively until the rentietwork has been polled. Therefore the network
state with details about each network link is al## in a regular manner.

In order to guarantee QoS for a call request theviing is required, see flowchart in Figure 4-1i)(i

A new call request triggers this algorithm. Thediogy and performance of the network is retrieved
for that point in time. Consider at that pointime, either a link performing poorly under rain éaof
node failure conditions which are taken into ac¢dhrough the network topology and performance
information. These parameters together with thatlono of the source and destination nodes are used
as input into the Dijkstra algorithm. The adaptdjk®dra algorithm is used to compute the best path
based on dynamic network performance. The perfocearf the potential path is then compared to
the call request parameters. Should the performaheenetwork path meet or exceed the requested
performance, the path is selected and setup indtveork. Should the potential path not meet thé cal
requested criteria, the call may be rejected armd ttaximum performance of the best path is
forwarded to the service stratum to negotiate Agpion level performance decisions.

The QoS mechanism described is a unique contributfathis research which is applicable to any
packet switched network. It can be applied to &gstransport technologies such as IP or MPLS
routers as well as any future packet based transpciinology. Unlike existing routing algorithms,

load balancing is inherently provisioned. Consitlep identical possible paths from source to
destination. One path may be loaded slightly highan the alternative. However, when a new call
request is studied, the alternative will have beterformance. Thus the call will be routed to the
alternative. This novel CAC mechanism takes intwoaat changes in network topology such as link
or node failure without the need to re-convergetingutables. Similarly, loading of the links and

dynamic state of links in the network are considemaen making the routing decision.
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Figure 4-11: (i) standard modular subnetwork canjon (ii) Flowchart of the Network State
Update (iii) Flowchart for Call Admission Control

The remainder of section 4.6 describes the detéilections of the CAC mechanism:

e Standard modular layer transport network design;
» Periodic probe of the Network QoS Performance;
¢ Route Selection for a new Call Request;

¢ Call Admission Control; and

* Edge Enforcement
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4.6.1 Standard modular layer transport network design

A standardised modular design philosophy is propdsebe adopted for the core transport network.
In order to avoid creating large complexities ie thformation requirements of the architecturés it
proposed that a simple model of configuration of hysical equipment from the sub-layered
network be maintained throughout the transport aekviayers (see Figure 4-12). The model would
be configured from the CPs up to the CAC objecenisures that a single information structure be
used throughout the architecture. (Moodley and@kst 2011)

The proposed standard modular design providesganted manner to deal with the complexity of a
large network. The topology of the network is gascertained and each link and node is uniquely
identified while shared nodes and links are giveal ddentifiers, see Figure 4-12. Therefore Link1 i
LNC A is uniquely identified by_NC A, Link 1. While the shared node between LNC A and LNC B
is identified by eithet.NC A, node 3 or LNC B, node 1. The periodic probing of the performance of
the network (see section 4.6.2) is done in a simmganised manner.

cC

LNC

NE

Figure 4-12: (i). example of a standard modulaigie§i). consolidated information model
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4.6.2 Periodic probe of the Network QoS Performance

QoS guarantees that the quality parameters suleiessy, jitter and packet loss are within toleenc
limits for the specified classes of traffic travagsthe network such as time critical and non-time
critical class traffic (Stankiewicz et al 2011yryand Perros 2010). The QoS performance metrics

are defined below (Moodley and Hanrahan 2007):

« Latency is the time taken for a packet to traverse thevokd from the source node to the
sink node.

« Jitter is defined as the average standard deviation fremean (latency) of the observed
data.

e Packet Lossis the number of packets dropped when transmifteth source to sink.

Expressed as a percentage.

Periodically each node will inject probe traffic afparticular type of application for example voice
traffic. The receiving node will record the recelvarobe traffic and will analyse the QoS parameters
of latency, jitter and packet loss. This informatiwill update the NSI Information Object with the
performance parameters (see section 4.4.3) foenktiee network. The results of which will be used

by the CAC object to determine the admission aatépn decision.

4.6.3 Route Selection for the Call Request

In order to make a routing decision, the new cotioegequest will specify the location of terminals
of the connection. The CAC will make use of an aatpn of the Dijkstra Algorithm to determine the
best path based on dynamic network performanc&stdg’'s Algorithm is commonly implemented in
the ICT industry to determine the popular shorpegh in a network between a specified source and
destination. In particular routing protocols such I&-1S and OSPF have adopted the Dijkstra
Algorithm. These protocols implement the algorithging static values for weighting the links in the
algorithm, typical static distance values are comiymaised. There are two significant disadvantages
for this implementation. The first disadvantagehiat as traffic enters this network, the shortiggt |
will always be chosen, hence this link can becowmgested whilst the longer link does not have
traffic routed to it. Thus the implementation doed take into account the state of the network such
as loading of links to make routing decisions (Wamg al 2011). The second disadvantage is
whenever there are network state changes suclirds(ar element) or router (node or vertix) faigyr

the routing protocol will need to re-converge oe tlew network topology before routing decisions
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can be made. Thus the key disadvantages are thatotlting protocols based on the Dijkstra
Algorithm are suited to the steady state conditiohthe network rather than the dynamic nature of
the network (Wang et al 2011).

The adaptation of Dijkstra Algorithm is as follovike weights of the links in the network (elements)
will use line state information of either: latengifter or packet loss; these parameters are dyceliyi
updated periodically (see section 4.4.3) thus thersthm parameters are constantly updated with the
dynamic network state information and network toggl For a time dependant application such as
voice, the latency parameter will be used in thidbia algorithm for the weighting of links. Thuset
algorithm will calculate the shortest path in teroiglynamic latency from the source to destination
node and not based on static distance values.

Thus the proposed path is the best performing rioutiee network at that particular point in time fo
the connection request. The standard network moghi®sophy allows QoS metrics from each
module to be aggregated for the particular sessimmection, such that the latency, jitter and packe
loss metrics are computed for the proposed paths Tie QoS for any particular session connection
can be rapidly ascertained.

4.6.4 Call Admission Control

The CAC receives input of the routing decision whis the proposed path together with the specific
performance detailing latency, jitter and packeslorhis is to ensure that the connection route tha
will be chosen for the connection request will meeexceed the associated QoS request of the new
call entering the network notwithstanding the emigtioading and traffic traversing the connection
path.

The CAC logic will determine from the requested Qa&ether the proposed path in the network can
meet or exceed the minimum requested requirement@llfQoS parameters. The performance of the
potential path is then compared to the call reqpasameters. Should the performance of a network
path meet or exceed the requested performanceathds selected and setup in the network. Should

the potential path not meet the call requestearait the call may be rejected and the maximum
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performance of the best path is forwarded to thwice stratum to negotiate Application level

performance decisions. The CAC decision is comnaiaitto the OSA/Parlay Gateway via the CSM.

4.6.5 Edge Enforcement

In order to assure guaranteed QoS within the trhspetwork, unauthorised and rejected
connections are barred from entering the networrkil& to the 3GPP LTE concept, the proposal is
that connection requests are allocated an IP asldndsch entitles access to the area of the network
that only administers terminal registration and/ger requests. Once a connection request is adhitte
to the network, a new IP address is allocated ¢oetfd terminal, provisioning access into the core

transport network.

4.7 OSA/Parlay Network Interface

The OSA/Parlay Network Interface is the mechanishictv separates the Call and Service Control
(OSA/Parlay Gateway) from the transport network A0%arlay Network Architecture) see Figure
4-13. The interface provides a mechanism in whieh gervice and control layer can leverage the
features and functionality of the OSA/Parlay Netwdrchitecture. The interface is specified using
an API further specified into a number of methofilse API is technology independent and hence
future proof. It supports end-to-end connectiongvelt as connections to special resources such as a

media gateway or interactive voice response uhi¢ Methods and parameters are described below.
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» createCall()

Service
Components

Communication
Session TCSM
Connectivity °
Session :
=
Layer TLA
Network .
Physical -
Elements
NE
Consumer
Domain

Network \
Interface API

OSA/Parlay Network

Architecture /

Figure 4-13: OSA/Parlay Network Interface

The OSA/Parlay Gateway prepares the OSA/Parlay dr&tvirchitecture for a new call by invoking

the createCall() method. The architecture in tugates a Connection Session Manager (CSM) object

to deal with the new call session. The architectliccates a unique identifier for the new call gbhi

is used by the gateway for all advanced call amdicge control actions. The reference to the newly

created CSM Object interface is to be placed irBiuker service. The object reference together with

the unique identifier is used for all further adwed call and service control actions.

Parameters Element Type Optional Element Description

applinterfac Objec No Specifies the Gateway Object interface
callbacks from the call created.

callSessionID TpSessionID No Returns the CSM sessionID of the call create

in the OSA/Parlay Network Architecture.

Table 4-3: createCall method
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\  ERFACE_TYPE

\
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[
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CSMF Active
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createCall()

\
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alid Gateway
Request?

Yes

v
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callSessionID

4

/

/

\
\
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CSM}

A

CSMF Active

v

newerr()
{details of
error}

\ 4

/ P_NO_RESOUR

\
\

CE
{to GW}

A 4

CSMF Active

« createUlICall()

The OSA/Parlay Gateway prepares the OSA/Parlay dl&twrchitecture for a new IVR call by
invoking the createUICall() method. The architeetur turn creates a Connection Session Manager
(CSM) object to deal with the new call session. @hghitecture allocates a unique identifier for the
new call which is used by the gateway for all adeahcall and service control actions. The reference
to the newly created CSM Object interface is tglaeed in the Broker service. The object reference
together with the unique identifier is used for faifther advanced call and service control actions.
Thereafter the CSMF Object routes the call to ¥ using the routeReq () method (see below). The

y

newRes() /
{details from |
created CSM |
e.g. Interface}

4

/ callSessionID
\ {to GW}

\ 4

y
[

[

L CSMF Active

Figure 4-14: createCall SDL

target address of the IVR is used.
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Figure 4-15: createUICall SDL

80



Parameters Element Type Optional Element Description

applnterfac Objec No Specifies the Gateway Object interface
callbacks from the call created.

originatingAddress | TpAddress No Specifies the patty address

applnfc TpCallAppinfoSe Yes Details the Application such as voice or vi

connectionPropert | TpCallLegConnection | No Specifies the connecticproperties including

S roperties the QoS request

callSessionID TpSessionID No Returns the CSM sessionID of the call created

in the OSA/Parlay Network Architecture.

« routeReq()

Table 4-4: createUICall method

The method is invoked to setup a 2-party call witthie network. The request contains the QoS

requirements, originating and target addressepassed to the OSA/Parlay Network Architecture.
The request is essentially the CSM LCG details tdwdhe CC. Additionally, the unique identifier

for the call allocated by the createCall () metladcreateUICall() method) provides confidence that

the request is intended for this unique call. Timgiag of criteria will be facilitated separately bye

createNotification() or changeNotification() metlsodf the call is successfully admitted into the

network, the RouteRes () is returned to the gatewdlyile if the call is rejected, the RouteErr ()

method is returned to the gateway.

Parameters Element Type Optional | Element Description
callSessionll TpSessionll No Specifies the unique call session ID of the
targetAddress TpAddress No Specifies the destingiarty to which the call
should be routed
originatingAddres | TpAddres No Specifies the address of the origina party
connectionPropert | TpCallLegConnection | No Specifies connectic-related information (suc
S roperties t as bandwidth and QoS level)
applInfo TpCallApplnfoSet Yes Details the Applicatisuch as data, voice or
video
Table 4-5: RouteReq method
Parameters Element Type Optional | Element Description
callSessionID TpSessionID No Specifies the unicplesession ID of the call.

Table 4-6: RouteRes method
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Parameters Element Type Optional | Element Description

callSessionID TpSessionID No Specifies the unicplesession ID of the call.

errorindication TpCallError No Specifies the ervdrich led to the original
request failing

patr TpString Yes Application related Qo+ best offered pa

latency TpInt3z Yes Application related Qo= best offered latenc

jitter TpInt32 Yes Application related QoS — befered jitter

loss TpInt32 Yes Application related QoS — besetl loss

| P_INVALID_INT
ERFACE_TYPE
{to GW}

Table 4-7: RouteErr method

/
[
| CSM Active >
(
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A 4
routeReq
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Figure 4-16: routeReq SDL (together with routeRes @uteErr SDL)

82




* releaseCall()

The gateway invokes this method to release the amadl all associated network resources. This

confirmation of the release condition is indicabgdhe callEnded () method.

CSM Active

A 4

Release ()
{from GW}

!

/ P_INVALID_SE ™\
m &5
{to GW} q

No *

P_NETWORK_S Release ()
TATE

\ fto GW) \ {to CC}

\ 4

[
L CSM Active >
\

\ 4 A 4

[ \ releaseRes()
\‘ CSM Active {from CC}

A 4

/ callEnded()
\ {to GW}

A 4

Delete
callSessionID

A 4

Destroy Self

4

CSM released

Figure 4-17: release SDL
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Parameters Element Type Optional | Element Description
callSessionll TpSessionll No Specifies the unique call session ID of the
Cause TpReleaseCause No Specifies the cause refi¢lase

Table 4-8: releaseCall method
Parameters Element Type Optional | Element Description
callSessionll TpSessionll No Specifies the unique call session ID of the
Repor TpCallEndedRepc No Specifies the reason the call is termine

Table 4-9: callEnded method

» releaseCallLeg()

The method is invoked to release the party fromuétiparty call, although outside the scope of this

research, it is included as the interface mustrctte multiparty calls. The associated network

resources to the specific party are releasedeltdil leg is only one of two parties participatinghe

call, the entire call is released and callEndeah€jhod is forwarded to the gateway. If the callikeg

in a multiparty call, the callLegEnded () methodént to the gateway.

Parameters Element Type Optional | Element Description

callLegSessionID TpSessionID No Specifies the waigall leg session ID of the
call.

Caust TpReleaseCau No Specifies the cause of the rele

Table 4-10: releaseCallLeg method

Parameters Element Type Optional | Element Description

callLegSessionll TpSessionll No Specifies the unique call leg session ID of
call.

Report TpCallEndedReport No Specifies the reakercall leg is terminated.

Table 4-11: callLegeEnded method
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Figure 4-18: releaseCallLeg SDL

« createNotification()

This method enables the OSA/Parlay Gateway to setrra triggers based on the call state of a
connection. The architecture reports to the gatewlagn a specific call conditions occur. A typical
advanced service is the popular freephone apmicatr 0800 service). Once the call address is
analysed, the condition is reported to the advarsmsdlice control. The advanced service control
redirects the call to a new calling destinationisTdrming of detection events is requested usieg th
createNotification () method and stored on the R@f@Grmation object. A unique notificationID for
the createNotification() method is allocated antumeed to the OSA/Parlay Gateway. When the
armed event takes place the OSA/Parlay Network itgcture informs the OSA/Parlay Gateway call

back object using the reportNotification () methodether with the unique notificationID.
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Parameters

Element Type

Optional

Element Description

applnterfac

Objec

No

Specifies the Gateway Object interface

callbacks from the call created.

notificationRequest| TpCallNotificationReq | No Specifies the event specific criteria usedrto a
uest trigger detection points.

callSessionID TpSessionlD No Returns the unique identifier for the notification

request from the OSA/Parlay Gateway
Table 4-12: createNotification method

Parameters Element Type Optional | Element Description

callSessionID TpSessionID No Returns the CSM sessionID of the call created
in the OSA/Parlay Network Architecture.

callLegReferenceSe¢ TpCallLegldentifierSet| No Specifies the set ofall leg references in the

t call

notificationinfo TpCallNotificationInfo | No Specifies the details of the event that
triggered

assignmentID TpAssignmentID No The unique identifa@ the notification request
from the OSA/Parlay Gateway

Table 4-13: reportNotification method

)

CSM Active

/ P_INVALID_INT
—i ERFACE_TYPE
{to GW}
/
| P_INVALID_EV
— sssgnementid
\ {to GW} &l
\
\ 4
/ createNotificat
ion ()
{to CC—
| update PCG}
\ 4 4
/] /]
/ /
[ \ [
| CSM Active | CSM Active

/
createNotificat | reportNotificat /
ion () ( ion ()
{from GW} {from CC}

Y

/ reportNotificat
{ ion()
\\ {to GW}

h 4

CSM Active

Figure 4-19: createNotification SDL
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» changeNaotification()

The changeNotification() method requested by thewgay to indicate the set of arming criteria has
changed. The changes are indicated within the rdetAb stored criteria in the PCG information

object will be replaced with the criteria specifiadhe changeNotification() method.

Parameters Element Type Optional | Element Description

assignmentll TpAssignmentlIl No Specifies the unique identifier - the initial

notification request

callSessionID TpSessionlD No The unique call idearti
notificationRequest| TpCallNotificationReq | No Specifies the new event specific criteria used
uest arm trigger detection points.

Table 4-14: changeNotification method
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Figure 4-20: changeNotification SDL
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» destroyNotification()

The destroyNotification() method is applied by tipateway to remove all armed criteria for the

connection. All notification criteria stored in tREG information object is deleted.

Parameters Element Type Optional | Element Description

assignmentll TpAssignmentil No Specifies the unique identifier - the initial

notification request

callSessionlD TpSessionlD No The unique call idearti

Table 4-15: destroyNotification method
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Figure 4-21: destroyNotification SDL
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« continueProcessing()

The method continues normal processing of the Galé gateway invokes this method after being

notified of an armed event and advanced call pgicgss complete or not required.

Parameters Element Type Optional | Element Description

callSessionID TpSessionID No Specifies the unicple session ID of the call.

Table 4-16: continueProcessing method
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Figure 4-22: continueProcessing SDL

« callAborted()

The method notifies the gateway that the call hasnbabnormally terminated in the network

architecture, no further interaction is possible.

Parameters Element Type Optional | Element Description
callSessionl TpSessionll No Specifies the unique call session ID of the
erro TpCallErrol No Details the reason for abnormal termina

Table 4-17: callAborted method
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Figure 4-23: callAborted SDL

* sendinfoAndCollectReq ()

The method is used to pass controls and collectrnmdtion to and from the Interactive Voice

Response (IVR) Unit. The results of the interactimith the IVR is returned using the

sendinfoAndCollectRes() method whilst an errorhie operation returns the sendinfoAndCollectErr()

method.

Parameters Element Type Optional | Element Description

callSessionID TpSessionID No Specifies the unicplesession ID of the call.

userinteractionSes | TpSessionll No Specifies the unique IVR |

onlD

info TpUlinfo Yes Specifies additional IVR relatedormation

language TpLanguage No Specifies the language vamobuncement
should be played

variablelnfc TpUIVariableInfoSe Yes Additional Ul informatior

criterie TpUICollectCriterit No Specifies if any digits neeto be collecte

responseReques! | TpUIResponseRequ¢ | Yes Specifies if the message is an announceme
whether a response is to be collected from the
called party

Table 4-18: sendInfoAndCollectReq method
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Parameters Element Type Optional | Element Description
callSessionll TpSessionll No Specifies the unique call session ID of the
userinteractionSesgi TpSessionID No Specifies the unique IVR ID
onlD
respons TpUIRepor Yes A report provided by the IVR ur
collectedInfc TpString Yes Any digits or voice recording collected from t
session
Table 4-19: sendinfoAndCollectRes method
Parameters Element Type Optional | Element Description
callSessionll TpSessionll No Specifies the unique call session ID of the
userinteractionSes | TpSessionll No Specifies the unique IVR |
onlD
error TpUIError Yes Error details

Table 4-20: sendinfoAndCollectErr method
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Figure 4-24: sendInfoAndCollectReq SDL
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4.8 Detailed functionality of Connectivity Session Objets

The Connectivity Session objects are responsiblehfe coordination of the physical connections
within the layer transport network to realise tlogital connection graph (LNC) from the CSM.
Similar to the exposed open network interfacejnternal interfaces between the architectural dbjec
are API based. The key functions of the connegtiséssion objects are described below together
with SDL diagrams respectively.

Service
Components

Network
/ Interface API \
Communication
Session TCSM .
Connectivity :
Session :
=
Layer Transport TLA L
Network
Physical -
Elements ]
NE
Consumer OSA/Parlay Network
Domain Architecture

Figure 4-25: OSA/Parlay Network Architecture

¢ Connection Coordinator Factory

The prime function of the CCF object is to creatégque Connection Coordinator (CC) objects for a
specific call or connection request, it is essdigteafactory object. The CCF receives a requestfr
either the CSM or Fed object requesting a connedtiobe setup in the network, the request is a
translation of the LCG containing the connectiorSQerformance request. The CCF object proceeds
to create a uniqgue CC object dedicated to theotatbnnection. Upon receiving confirmation of the
CC instantiation, the CCF passes the connectiarpgequest to the CC. The CC object orchestrates
the connection in the physical network.
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Figure 4-26: CCF setupConnection ()

* Connection Coordinator

The CC is responsible for the overall coordinatadnconnections in the OSA/Parlay network to
realise the physical connection. The CC co-ordmatith connectivity session objects to realise the
admission of a new connection request into thesprart network. Similarly, the CC co-ordinates the
release of transport network resources on the ationetermination. Additionally, the CC provides

key functions of reporting on the state of the amtion allowing for advanced call handling. The

abnormal termination of the call in the transp@twork is managed by the CC.

The CC receives a request from the CCF to setugnaection in the transport network together with
the details of the source, destination, bandwidth@oS requirements. These details contain the LCG
information from the CSM and the request is to jptally realise the LCG within the transport
network. The CC co-ordinates interactions betwden donnectivity session objects to make the
connection admission decision. The CC requestsdakeobject to first check whether a party is in a
federated network. For a federated party, the mgutiestination is set to the Media Gateway. For a
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local party, the destination routing remains ungjeah Thereafter the route object is requested to
provide the shortest route in the network basedysramic performance of the links. These details are
forwarded to the CAC to ensure that the best r@ate meet or exceed the connection requested
performance criteria. On the call being admittedhmsy CAC, the route is setup in the LNC using the
setupConnection method. Details of the physicahections are stored in a unique PCG associated
with the connection. Should the call be rejecté@, best offered performance is forwarded in the

callRejected method back to the Gateway via the @@Mpplication level negotiation.

The connection is released by request from the @6Fed objects respectively. The CC retrieves the
physical connection graph (PCG) and notes the LBl@Eunique identifiers for the connection. The
identified LNCs are requested to remove the comme¢br aggregation) from the network. When the
connections in each LNC have been released, caatfiomis sent to the requesting object. The unique
sessionID for the CC is deleted and the CC desitsgH.

The CC may receive information of an abnormal teation of the connection from the LNC object
affected by the equipment or link failure. The resfing object (CSM or Fed) is informed of the
abnormal condition and the aborted connection uiegcallAborted method. The unique sessionID
for the CC is deleted and the CC destroys itself.

The CC updates the PCG on state changes in theecioim The PCG is used to arm and disarm
triggers based on the connection state. The credfebtion provides details of the triggers to arm,
these triggers are updated on the PCG. In conttestestoryNotification request, removes all armed
triggers on the PCG. Should any armed event bgerégl, the reportNotification is sent to the CSM.
All further call or connection processing is haltesid directed from the Gateway until a
continueProcessing message is received. The ceftinaessing request removes the affected trigger

and continues normal call operations.

The CAC object polls the network for topology chaaguch as link or node failure. This information
is updated to the CC. The CC updates the PCG Wwihdynamic network state information. Should
these network state changes trigger an armed éwetfite PCG, the CSM is informed using the
reportNotification message. If no triggers are atmelating to the connection state change, the CC

will proceed as normal.
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Figure 4-27: Connection Coordinator functionality
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* Fed Object

The Fed object orchestrates the federation bettvee®SA/Parlay network and other teleco networks
and is responsible for a federated network initiatalls as well as federated initiated releases. Th
initiation of a call request from a federated natw{described in section 4.9), is initiated by the
receipt of a createCall request from the Media Baye It updates the originating party’s routing to
the Media Gateway. The connection is co-ordinatedugh the CCF and by the CC using the
setupConnection request. The confirmation of thgumidentifier from the CCF is stored by the Fed
object for future use. A federated telco can itétia release by sending a release() to the Fedtobje
The unique identifier for the call identifies th&€Go orchestrate the release of the connectiohén t
OSA/Parlay network.

The OSA/Parlay initiated call request to the Fepbatis to determine if one of the parties are in a
federated network. If a party is in a federatedwvoek, the destination route is set to the Media
Gateway, as the OSA/Parlay network will setup tbanection from the originating party to the

media gateway. Should there not be a federated,gag destination route is not changed and the

result is passed to the CC obiject.
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Figure 4-28: Fed Object functionality

* Route Object

The Route object is responsible to determine trs performing route from source to destination
contained in the routeSelect request. The Routecbhjses the results from the CAC network state
update to develop the dynamic network topologyhattime of the connection request. The dynamic
link latencies are updated in the network topoledych is used as input into the adapted Dijkstra
algorithm. The output of the Dijkstra algorithmtie shortest route from source to destination based
on the dynamic state of the network (topology ané latency). The result is returned to the CC

object.
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Figure 4-29: Route Object functionality

* CAC Object

The CAC object has two functions, the first beihg aidmission decision for the call request waiting
to be admitted into the network. The CC requestsSGAC to make the call admission decision using

the callAdmission () method. The CAC proceeds ttemhine from the selected route the details of
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end-to-end latency and bandwidth available. Sheitlter the latency or bandwidth offered not meet
the requested performance, the call is rejectedlamtbest network offered performance is forwarded

for application level negotiation.

The second function of the CAC is to periodicaliplge the entire network to determine the QoS link
performance as well as any topology changes iméwork. This is done by determining the number
of sub-network transport layers (or LNCs). Each Li(olled and probe traffic inserted to link to

determine QoS parameters for each link. The netwgg&logy and link states are updated.
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Figure 4-30: CAC Object functionality
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4.9 Federation and Legacy Protocol Adaptation

Telco networks consist of a large number of assedsciated with large financial investments. Due to
the nature and size of the network, telcos canudopi@a fork lift approach to replacement of
technologies already deployed within the netwonkadidition, many technologies have a significant
investment value attached and financial managenegpires the technology to be fully repaid before
migration to newer technologies. Thus it is oftée tase that many telcos have to deal with the
incorporation of legacy technology into the new B#lay Network Architecture. (Moodley and
Hanrahan 2008).

Integration to federated networks and legacy teldgies requires adaptation. These existing and
legacy technologies use specific protocols sucHSa#, H.323 and SIP. We propose protocol
adaptation for integration of these legacy techgie®into the network architecture. Adaptationhaf t
JAIN approach (SUN JCC2SIP 2001) which descrilaesSIP protocol to the Network Interface
(API) mapping is extended to the ISUP and H.323quals. The mapping between the API and
protocols are described for an Application initthtmll to a federated network in Table 4-21 below.
This protocol adaptation is contained in the Me@ateway allowing network federation and
interoperability to legacy technologies through Gateway Exchange. Similarly, the mapping for a
federated network initiated call and release to @®A/Parlay network is described in Table 4-22

below.

Federation can be initiated by the OSA/Parlay netwar by a federated network towards the
OSA/Parlay network. The OSA/Parlay initiated cased new call request, a release of an existing
call and an abnormal termination of call in the @S#lay network is depicted in Figure 4-31 below.
Similarly, the case for a federated initiated caljuest, connection of the federated call for lreare
media transfer and the termination of the calliatéd from the federated network is depicted in
Figure 4-32 below. lllustration of the federatedwark interactions within a service is detailed in

message sequence chats described in sectionsabdl&ppendices 9.1.3 - 9.1.6.
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Network Interface (API) ISUP H.323 SIP

routeRel ISUP IAM H.225 SETUP (with Beare SIP INVITE
(setupConnection) ISUP ACM H.245 Capability Exchange SIP 100 TRYING
ISUP ACK H.245 Logical Channel Setup ~ SIP 183 SESSION
H.225 CALL PROC PROGRESSING
H.225 CONN
releaseCall ISUP REL H.245 End Session Command  SIP BYE
ISUP RLC H.245 End Session Command  SIP 200 OK
H.225 Release Complete
callAborted ISUP REL H.245 End Session Command  SIP BYE
ISUP RLC H.245 End Session Command  SIP 200 OK
H.225 Release Complete
createCa No Mapping No Mapping No Mapping
createUICall

releaseCallLeg
createNotification
changeNotification
destroyNotification
continueProcessing
sendInfoAndCollectReq

Table 4-21: Network Interface APl mapping to Prolscadapted from (Sun JCC2SIP 2001)

ISUP H.323 SIP OSA/Parlay Fed
ISUP IAM H.225 SETUP (with Beare SIP INVITE createCa
(ISUP ACM) H.245 Capability Exchange (SIP 100 TRYING)

H.245 Logical Channel Setup
H.225 CALL PROC

ISUP ANM H.225 CONNM SIP 200 OF (Media Bearer
Connected)
ISUP REL H.245 End Session Comme SIP BYE releas

(H.245 End Session Command)

Table 4-22: ISUP, H.323 and SIP Protocol mappinQ$#\/Parlay Media Gateway and Fed Object,
adapted from (Sun JCC2SIP 2001)
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Figure 4-31: OSA/Parlay initiated Federation MSC(fpSIP; (ii) PSTN ISUP, (iii) H.323
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Figure 4-32: (i) SIP initiated federation to OSA/Ry; (i) PSTN ISUP initiated federation to
OSA/Parlay; (iii) H.323 initiated federation to OS#arlay
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4.10 Chapter Summary

The design of the OSA/Parlay Network Interface ahathitecture has been presented. The
OSA/Parlay Network Interface is characterised asgen, standard and technologically independent
interface. The OSA/Parlay Network Architecture @dobe future proof from rapid technology
developments and facilitate ease of simple integmabf a variety of transport technologies. The
OSA/Parlay network architecture is not a detailefinition; it specifies concepts and principles for
connections involving the packet and switched dirtechnologies as well as incorporate special
resources such as media gateways and IVRs (MoatidyHanrahan 2008). It conforms to the
characteristics of being a simple layered architecspecified in a technology agnostic manner. The
architecture should support an integrated appraacimtelligent routing, QoS and call admission
control for end-to-end connections. The architectaust explicitly support both federation of telcos
and interoperability with legacy technologies. Wsetoncepts and principles from existing
architectural proposals have been synthesisedei©O®A/Parlay Network Architecture and Network

Interface.

An information organising principle relies on thgeuof sessions. A session is a temporary allocation
of resources that are configured to service aftasi period of time (TINA NRA 1997). The detailed
architecture describes key computational object$ taeir purpose. The Communication Session
Manager (CSM) is responsible for the communicabietween the transport network and the Parlay
Gateway. The CSM contains the service envisioned wf the call within the Logical Connection
Graph (LCG) for each instantiated call. The ConioeciCoordinator (CC) is responsible for the
translating of the LCG into physical connections.cére function is to intelligently route the
connection based on the terminal locations andgutsia dynamic network state and performance to
determine the best route between the call padtiedso provides the function of admission control
which determines whether the requested call prigseiiQoS) can be supplied by the transport
network and on that basis, does a call admissiatralofunction. In so, the CC determines the layers
are to be used for the connection and selectspgpmpriate Layer Network Coordinators (LNCs) to
setup the connection. The CC is also responsiblmémaging the Administrative Federation on a call
by call basis. The Layer Network Coordinator (LNi€)responsible for the connection within the
layer transport network. In addition, the LNC pies network state information on QoS performance

of links and nodes in the network.
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The design details the open and technology independPl based interface. The OSA/Parlay
Network Interface is specified using the API medbliantogether with supporting methods. Legacy
protocol adaptation is presented based on the Jdptoach, this is incorporated into the media
gateway function to interoperate with legacy tedbgi@s. This proposal of the OSA/Parlay Network

Architecture, Network Interface and Call Admissi@antrol function represents a unique contribution
of this research.
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Chapter 5

Demonstration of the OSA/Parlay Network
Architecture and Interface

The OSA/Parlay Network Architecture must perforra fnctions of call setup, maintenance and tear
down of connection requests in the transport nékwar order to demonstrate the OSA/Parlay
Network Architecture and Network Interface, twovsees are exhibited. The first service is a simple
3 party initiated 2-party call within the same adisirative domain while the second service is a
calling card service. Each use case is designatiustrate key characteristics of the OSA/Parlay
Network Architecture and Network Interface. Thedwracteristics includepenness, simplicity,

future-proof, QoS mechanisms and supportindederation between telcos.

The demonstration is done over a Distributed PsingsEnvironment (DPE) using CORBA. It
provides a level of abstraction such that an appbo developer does not need to cater for thelsgeta
of the operating system and network protocols bgguan open standard interface. Key features of
CORBA is that it is technology agnostic and objdwase location transparency. The interface and
architecture is implemented in the Java programmamgguage using the NetBeans integrated
development environment (IDE). The network architez is not a detailed definition; rather it
provides the concepts and principles for connestiomolving the constituent networks (packet and
circuit switched) and single elements (media gayswand IVRs) (Moodley and Hanrahan 2008).
These concepts and principles are demonstratedsimalated environment and illustrate the NGN
architectural characteristics. The operation ofG#¢C function is demonstrated in the ns-2 simutatio

environment.

The remainder of the chapter is organised as fallo8ection 5.1 presents the services used to
demonstrate the key concepts and principles ofa8a/Parlay Network Architecture and Network
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Interface. Section 5.2 presents the Java DPE Hasbdology and the implementation details for the
demonstration. Section 5.3 describes the testingraamment based on the Java programming
language using the Netbeans integrated developewmyitonment (IDE). Section 5.4 details the
results of the demonstration in the form of messagpience charts. The message sequence charts are
analysed against the OSA/Parlay Network Architedtanaracteristic in section 5.5. The operation of

the CAC function is demonstrated in the ns-2 sitateenvironment and presented in section 5.6.

5.1 Description of Services

The primary objective of the OSA/Parlay Network litecture is to facilitate the call and service
control requests from the OSA/Parlay Gateway amgpsehysical end-to-end connections within the
core transport network. The OSA/Parlay Architectunest ensure that new calls entering the
transport network are guaranteed the requested dé\@oS for the entire duration of the call; while
the QoS levels of existing calls within the netwate not infringed upon notwithstanding the
dynamic nature of calls being admitted and terneidawithin the transport network (Moodley and
Hanrahan 2006). The OSA/Parlay Network Architeztspecifies concepts and principles for
connections involving the packet and switch ciragithnologies as well as incorporate special
resources such as media gateways and IVRs. Tlmvfolj use cases are considered to illustrate the
characteristics described above. These use cadeselea designed, coded and tested as part of the
experimental work that was conducted. The sourck ¢or the proof of concept implementation is

provided on a separate removable storage disc.

« Simple 3% party initiated 2-Party Call: The OSA/Parlay Gateway initiates a 2-party call
within the OSA/Parlay Network Architecture usingetPl based OSA/Parlay Network
Interface. The two calling parties are in the saawninistrative domain. The calling
performance requirements are submitted and thdiymsiase of the network admitting the
request is presented. The typical call setup puree described. The details of the message
sequence chart will be used to analyse some daftthracteristics of the architecture (Yun and
Perros 2010; Moodley and Hanrahan 2008).

e Calling Card Service: The calling card service is a much more complexiserand is
popular for international calling. A typical cal§ircard service operates as follows: The user
purchases a calling card which has a unique pimpagidaded credit. The user (calling party)
makes a call to the service. The IVR requests thenttmber and verifies the credit available.

The IVR then request the destination party’s numiére service routes the call to the
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destination in a federated telco network. The tetali the message sequence chart will be
used to analyse some of the characteristics ofatihitecture (Yun and Perros 2010;
Moodley and Hanrahan 2008).

5.2 Distributed Processing Environment

The RM-ODP Engineering viewpoint describes theastiructure required to support a distribution
processing environment. This demonstration is impgleted using the Java Orb which is an
implementation of Common Object Request Broker Aedture (CORBA). CORBA (RM-ODP
1995) allows objects to communicate with each o#titlough these objects reside in a heterogeneous
distributed computing environment. It provides aeleof abstraction such that an application
developer does not need to cater for the detaith@foperating system and network protocols by
using an open standard interface. This interfaamimsmonly referred to as the Interface Description
Language (IDL) in CORBA and is language and opegasiystem independent. Applications become
portable due to this independent feature of the.IDhe CORBA standard has also defined the
Internet Inter-ORB Protocol (IIOP) messages, whattbw different implementations of CORBA to
interoperate. The detailed architecture of CORBA@picted Figure 5-1 below. The bold black lines
depict the physical operation of the Object Requsiker (ORB) while the dotted blue line
represents the logical communication. The OSA/RaNetwork Interface as well as interfaces

between the computational objects are implemergatwuhe IDL description.

Client @ Server
IDL
DIl IDL DSl Skeleton
Stub il
Interface POA

Object Request Broker

OS Kernel OS Kernel
Network Network
Adapter Adapter

Figure 5-1: The CORBA Architecture, adapted fronV(RDP 1995)
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5.3 Demonstration Environment

The RM-ODP Technology viewpoint specifies the inmpdmtation of the design using technology
specifics to support the OSA/Parlay Network Inteefaand Architecture. The demonstration
environment is based on the Java programming lageguaing the Netbeans integrated development
environment (IDE). The Java environment incorpardtee Java implementation of CORBA. The
OSA/Parlay Network Architectural Computational Qitgedetailed in section 4.5 are implemented in
Java programming language whilst the interfacesdxt the computational object are defined in the
IDL description. Similarly, the OSA/Parlay Netwaskdefined in the IDL description.

OSA/Parlay CSM
Gateway (CSM, CSMF) (CCF, Fed, Route CAC)

11

oV
W U@

PSTN Party P
“011 717 1000”

Party A
“Client A”

900
Xy
( woﬂ;

@ §§§
@ Sip % Party S

“SIP Client B”

Party B
“Client B”

Figure 5-2: The OSA/Parlay Demonstration Environtnen
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The OSA/Parlay Network Architecture is implementaer a converged network infrastructure, see
Figure 5-2. The computational objects are disteduiver the Distributed Processing Environment. In
order to demonstrate the principles and concepgsific elements emulate the user equipment in the
consumer domain, the OSA/Parlay Gateway, the tahsgtwork elements, the media gateway and
the IVR.

5.4 Results

The results of the demonstration of both tHeparty initiated 2-party call service and the cajlicard
service are presented in the form of message segurarts. The analysis of which are discussed in

section 5.6.

5.4.1 3" Party initiated 2-Party Call Service

A simple two party call within the OSA/Parlay NetkoArchitecture is described using the message
sequence chart depicted in Figure 5-3. The OSAdp@hteway initiates thé®arty call attempt by
informing the OSA/Parlay Network Architecture of immminent call. It uses the createCall () method
on the Network API based interface. This methothv®ked on the CSMF factory object which is
permanent and the initial point of contact. The GS&feates to new CSM Object dedicated to the
imminent call and unique identifier callSessioniailocated to the call. The unique identifierhe t

newly created CSM object is returned to the gatesegpicted in messages 1 — 2.

The OSA/Parlay Gateway thereafter requests thatdheection be admitted into the network. The
details of the connection such as source and déd¢istmaddress, connection requirements based on
QoS parameters are contained in the routeReq f)adeind invoked on the CSM object using the

unique object reference and unique identifier @swshin message 3.

Messages 4 — 6 illustrate the following operatibie; CSM requests the Connectivity Session to setup
the connection with the connection parameters. lfes @C object does not exist, the method is
invoked on the CCF object. The CCF creates a newDBjéct dedicated to the connection using the
same unique identifier as the CSM. The referencthéonew CC Object together with the unique
identifier is returned to the CSM Object. This emsuthat the CSM has the details to contact the CC
Obiject to invoke further operations. The CCF infertime CC to setup the connection in the network.
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The CC requests the Fed Object to determine wighctil parties are in a federated network, the
response is that the parties are in the local mtwihe CC thereafter requests the Route Object to
determine the best path from the calling party he talled party using the adaptBiikstra’s

Algorithm. The CC invokes the routeSelect () metlmwdthe Route Object. The proposed path is
determined by both the connection request as vgetha dynamic state of the network in terms of
performance of links and topology described inisast4.6.2 and 4.6.3. The best route together with

its performance details are returned using theetosit () method as indicated by messages 9 — 10.

The decision whether to admit or reject the cajliest is made by the CAC object, messages 11 — 12.
The request is forwarded to the CAC object togethigh the proposed connection path and the
performance details using the callAdmissionReq @thomd. The CAC determines whether the
network can meet or exceed the bandwidth and pedioce request within the network. We deal with
the positive response. The CAC confirms the admisdgilecision to the CC by sending the
callAdmitted () method.

The connection path (Node 1 — Node 3 — Node 2kelscted based on the dynamic state of the
network at the specific time. The CC request thatdonnection path be setup in the LNC network

using the setupConnection () method to each notieeipath, indicated by messages 13 — 16.

The confirmations indicate that the connection gah been setup and the OSA/Parlay Gateway is
informed using the routeRes () method. At this pdire call session is in place within the core

transport network.

The analysis of the simplé®®arty initiated call indicates that a minimal nweniof 17 messages are
required for a simple 2-party call. This is at teas order of magnitude more efficient than the
existing architectural options: TINA — 30 messagdSF — 60 messages; 3GPP LTE — 49 messages
(see Chapter 3). The simple architecture allowsdaisions to be made at the lowest layer possible
and the proliferation of messages between objects minimised as compared to existing
architectures. The interfaces to the internal dbjace based on the API concept ensuring technology
agnostic and future proofing characteristics. Trehigecture incorporates intrinsic QoS mechanism
which provides application related functions. Theting decision is based on the dynamic state of
the network and the CAC makes the admission octieje decision based on the QoS performance

requested from the connection.
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Figure 5-3: 3rd Party initiated 2-Party Call Seevic
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5.4.2 Calling Card Service

The Calling Card service within the OSA/Parlay NetkvArchitecture is described using the message
sequence chart depicted in Figure 5-4 to Figure Bh@ OSA/Parlay Gateway initiates a calling card
service on request from the user by informing ti8A@arlay Network Architecture of an imminent
IVR call using the createUICall () method. This hret is invoked on the CSMF factory object which
is permanent and the initial point of contact. T&MF creates a new CSM Object dedicated to the
imminent call and a unique identifier callSessiotgllocated to the call. The unique identifiethe
newly created CSM object is returned. Since th¢ isato the IVR unit, the CSMF replaces the
destination party address to the IVR address withénnetwork before forwarding the routeReq ()

method to the CSM, indicated in messages 1 — 3.

Messages 4 — 6 illustrate the following operatitve; CSM requests the Connectivity Session to setup
the connection with the connection parameters. G8€ creates a new CC Object dedicated to the
connection using the same unique identifier as@B&1. The new CC Object’s unique identifier is
returned to the CSM Object. The CCF informs thet@€8etup the connection in the network.

The CC requests the Route Object to determinedlegath from the calling party to the called party
using the adaptedijkstra’s Algorithm. The CC invokes the routeSel€r method on the Route
Object. The proposed path is determined by botlcdmmection request as well as the dynamic state
of the network in terms of performance of links dogology described in sections 4.6.2 and 4.6.3.
The proposed route together with the route perfooeadetails are returned using the routeList ()

method as indicated by messages 7 — 8.

The decision whether to admit or reject the cajuesst is made by the CAC object, messages 9 — 10.
The request is forwarded to the CAC object togethigh the proposed connection path and the
performance details using the callAdmissionReq @thod. The CAC determines whether the
network can meet or exceed the bandwidth and pedioce request within the network. We deal with
the positive response. The CAC confirms the adinsgiecision to the CC by sending the
callAdmitted () method.
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OSA/Parlay Gateway ‘ CSME ‘ ‘ CcSM ‘ ‘ cc ‘ ‘ cc ‘ ‘ route ‘ ‘ CAC ‘
1. createUICall ()
2. new()
3. routeReq()

4. setupConnection()

6. setupConnection ()

7. routeSelect ()

8. routelList()

9. callAdmissionReq()

10. callAdmitted()

Figure 5-4: Calling Card Service — call admissiothe IVR unit

The connection path (Node A.1 — Node A.3 — Node tB.1VR) is selected based on the dynamic
state of the network at the specific time. The €Quest that the connection path be setup in the LNC

network using the setupConnection () method to eacte in the path, indicated by messages 11 — 16.

cc LNCA LNCA, CP1 LNCA, CP3 LNCB LNCB, CP1 IVR (CP!

11. setupConnection()

12. setupConnection()

e e
13. setupCopnection()
R S
—mmmmmmmm o
14. setupConnection()
15. setupConnection()
~ 16. setupConnection()
R B
R B e D

Figure 5-5: Calling Card Service — setup of thenamtion between the user and IVR unit

The calling card service first requests the pin #meh announces to the user the credit balance

available thereafter the IVR requests that the usarts the destination party’s address detahlss T
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information is collected and forwarded to the ssvin messages 17 — 24. The calling card service
requested that the terminating state be armed dsengreateNotification () method, which is used to
determine when the IVR is released from the cathgssages 25 — 26. At that point the call will be

rerouted to the destination address.

The IVR and network resources are released fromcéteusing the releaseUl () and release ()
method, depicted in messages 27 — 36. The armead sveiggered and the service is informed via

the CSM using the reportNotification () method irgsages 37 — 38.

VR (CP) IVR (CSM

‘ LNCB ‘

’ INCA, CP1

05A/Parlay Gateway LNCB, CP1

‘ csm ‘ ‘ cc ‘ ’ LNCA LNCA, CP3

7. sendinfoAndCollectReq (|

18. ollectReq ()

19. sendinfoApdCollectRes ()

20. sendlnfoAndCollectRes ]
1. sendinfoAndCollectReq (

22. sendinfoArjdCollectReq ()

23. sendinfoAndCollectRes ()

24, sendinfoAndCollectRes |

25. createNotification ()

28. release ()

29. release ()

30. release ()

33.release ()

34. release ()

35. releaseRes ()

36. releaseUIRes ()

37. reportNotification ()

38. reportNotification ()

Figure 5-6: Calling Card Service — playing the amma@ements and collecting the calling destination

details.

On receiving the reportNotification of the armeaevat the gateway (messages 37 — 38), the calling
card service redirects the call to the destinaparty. The routeReq () provides the details of the
destination party together with performance paramsetin this case the CC does not recognise the
destination address and requests the Fed Objettesmine whether the destination party is in a

federated network. The result is returned to therCB@essages 41 — 42.
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The CC requests the Route Object to determineekedath from the calling party to the destination
party using the adaptddijkstra’s Algorithm. The identified path and itengformance details are
returned using the routeList () method. The denisihether to admit or reject the call request is
made by the CAC object, messages 45 — 46. The sepuierwarded to the CAC object together with
the proposed connection path and the performandeilsdeof the proposed path using the
callAdmissionReq () method. The CAC determines Wwhiethe network can meet or exceed the
bandwidth and performance request within the ndtwéte deal with the positive response. The CAC
confirms the admission decision to the CC by semthie callAdmitted () method.

N
[0}

o
O
>
(o]

OSA/Parlay Gateway CSM cc route

39. routeReq ()

40. setupConnection ()

41. FedCheck ()
|

I
42. FedRes ()

43. routeSelect ()

44, routelist()

45, callAdmissionReq()

46. callAdmitted()

Figure 5-7: Calling Card Service — setup of thensmtion between the user and destination party

The connection path (Node A.1 — Node A.3 — NodetB.MG) is selected based on the dynamic state
of the network at the specific time. The CC requhbst the connection path be setup in the LNC
network using the setupConnection () method to eacte in the path depicted in messages 47 — 53.
We deal with two possible federated networks b&883N based or SIP based. The messages indicate
the translation from API methods to protocol spgeatfiessages being either ISUP or SIP respectively

in messages 54 — 57.
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LNCA, CP1

wcnos |

ncB

LNCE, CPL

MG (CP) MG (LNC} SIP Proxy.

47. setupConnection()

49. setupCofinection()

50. setupConnection()

53. setupConnection() MG (LN} SIP Proxy.

54.5IP INVITE 54.1SUP 1AM

55.51P 100 TRYING 55.1SUP ACM
Pl et Dl

IS6. SIP 183 SESSION PROGRESSING 56. 1SUP ACK
AR

57.5IP 2000k 57.ISUP ANM

‘ Call Session in Place (terminal signalling not shown) ‘

Figure 5-8: Calling Card Service — (i) setup of te@nection between the user and destination party

in a federated SIP network; and (ii) a destinagiarty in the PSTN federated network

The analysis of the complex calling card serviadidates the efficiency of the architecture by the
number of messages. The interfaces to the interpjaicts are based on the API concept ensuring
technology agnostic and future proofing charadiess Similarly the interfaces to the special
resources such as the IVR and Media Gateway assllzasthe API concept ensuring the interface is
technology agnostic and future proof. The intemactwith the IVR special resource indicates the
integration of the special resource within the #etliure and messages are not proliferated between
objects. The interaction with the Media Gatewaycsgaesource provides insight into the seamless
manner in which the OSA/Parlay architecture carefa to both the packet based SIP network or
the legacy PSTN network. The QoS for the connedtigtveen the OSA/Parlay network and the SIP
network is only guaranteed within the OSA/Parlaywoek part of the connection. The QoS for the
connection between the OSA/Parlay network and tB&NP will be guaranteed as the PSTN

intrinsically provides QoS guarantees.

5.5 Demonstration of the CAC

The CAC functionality was demonstrated separatelhé ns-2 (UCB et al 2012) network simulation
environment. ns-2 features simulating discrete &svah packet level. Thus, state changes such as
traffic being introduced or terminated within thetwork are simulated as discrete events. The

original intention for the simulator targeted rasbanto packetised networks. The simulator suggport
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a wide variety of technologies (Huang 2012) sush @oint-to-point links, LANs, unicast and
multicast networks, transport protocols such as a6 UDP, application level protocols (FTP, etc.),
mobile networks, etc. Two particular advantageassP are the detailed trace logs, which have been
utilised to derive network state information; ahe tisualization tool, which is useful in providing

information on topology, packet animation and irt$iza tools.” (Moodley and Hanrahan 2007)

The three important components of guaranteed QeSl@monstrated. These are: (i) the intelligent
routing of connections in the PSN; (ii) dynamicarrhation of the network state; and (iii) making the
call admission control decision on whether the wekwcan meet or exceed QoS requested.
Performance metrics of latency, jitter and packss lare used. These metrics measure the time taken
for a packet to traverse the network, the variavfcne delay and the loss of packet due to routing

constraints. (Moodley and Hanrahan 2007).

The following network topology was setup using MPioBters. “MPLS makes extensive use of the
Label Distribution Protocol (LDP), which is usedéstablish Label Switched Paths (LSPs). The LDP
protocol ensures that LSPs are setup for spedfteds from source to destination, it also ensuras th

labels are correctly associated in the routingemldf the MPLS Label Switched Routers (LSRS).
Explicit Routing allows the MPLS network to setugpe@rmanent LSP in the MPLS network from

source to sink with the required class based Qa&npeters.” (Moodley and Hanrahan 2007). The
proposal of the dynamic Dijkstra Algorithm ensutest the best path in the MPLS network is

selected and this route is appropriately resernetthé MPLS network utilising the constraint routed

LDP protocol for bandwidth selection and path reaton.

5.5.1 Application of Dynamic Dijkstra Algorithm for Call Admission

The adaptation of the Dijkstra’s algorithm was abdler the CAC functionality within the simulator.
The dynamic latencies of links need to be measatedntime and used in making call admission and
routing decisions during simulation. Latency is tivae difference between packet received and
packet sent. This is accomplished by modificatimthe ns-2 simulation code. An approach by Ke
(Ke 2011) used to calculate the latency post sitranl has been adapted to provide latency measures
during simulation. The packet sent time is insei#ol each packet, this information together with t
packet sequence numbers are used to correlatetpatkbe receiving node to determine latency and
jitter metrics. The ~/common/packet.h code in ris-ghodified by lines depicted in Figure 5-10 and

the ~/apps/udp.cc code is modified by lines degiateFigure 5-10. Thus a new field, sendtime_ is
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added and when a udp packet is created, the lowaldf the simulator is recorded into the sendtime_
field.

struct hdr_cmin {
enum dir_t { DOWN=-1, NONE=0, UP=11};
packet_tptype_; /[ packet type (see above)

int size_; /f simulated packet size

int uid_  //uniqueid

int error_; // error flag

int errbitent_;  // # of corrupted bits jahn

int fecsize_;

double ts_; /[ timestamp: for g-delay measurement
int iface_; // receiving interface (label)

dir_tdirection_;  // direction: 0=none, 1=up, -1=down
double sendtime_; // /[ new field to capture the send time of the pkt

inline int& addr_type() { return (addr_type_); }

inline int& num_forwards() { return (num_forwards_); }

inline int& opt_num_forwards{) { return (opt_num_forwards_); }
//monarch_end

inline double& sendtime() { return (sendtime_); } // new field added

Figure 5-9: Modified code for ~/common/packet.hapigd from (Ke 2011)

void Udpagent:sendmsg(int nbytes, AppData® data, const char® flags)
{

double local_time = Schedulerzinstance().clock();

while (n—- >0} {
p = allocpkt();
hdr_cmn:zaccess(p)->size() = size_;
hdr_rtp* rh = hdr_rtp:access(p);
rh->flags() = 0;
rh->seqno() = ++seqno_;
hdr_cmn:access(p)->timestamp() =

fu_int32_t)[SAMPLERATE*local_time);
hdr_cmn::access(p)->sendtime_ = local_time;  // The send time added to this field
J/ add "beginning of talkspurt" labels (tcl/ex/test-rovr.tcl)
if (flags && (0 ==strcmp(flags, "NEW_BURST"}))
rh->flags() |= RTP_M;

p->setdata(data);
target_->recvip);

t

n = nbytes % size_;

if (n>0)1{
p = allocpkt();
hdr_cmn:access{p)-»size() = n;
hdr_rtp* rh = hdr_rtp:access(p);
rh->flags() = 0;
rh-»>seqno() = ++seqno_;
hdr_cmn:access(p)->timestamp() =

{u_int32_t)[SAMPLERATE*local_time);

hdr_cmin::access(p)-»sendtime_ = local_time;  // The send time added to this field

J/ add "beginning of talkspurt" labels [tcl/ex/test-rovr.tcl)
if (flags && [0 == strcmp(flags, "NEW_BURST"}))

rh->flags() |=RTP_M;

p-rsetdata(data);
target_->recvip);

idle();

Figure 5-10: Modified code for ~/apps/udp.cc, addptom (Ke 2011)
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The existing LossMonitor agent is adapted to reparfpacket latencies in addition to the existing
packet loss function, unlike the approach takerKby (Ke 2011) to create a new sink agent. Based
on the work by Ke (Ke 2011), the modified code foftools/LossMonitor.h and

~/tools/LossMonitor.cc are illustrated in Figurdb-and Figure 5-12 respectively.

The modified LossMonitor Agent is able to determimestantaneous latency on the link
(current_owd). In addition there is functionality to determitiee instantaneous jitter performance of
the link current_ipdv) and the cumulative totals for both latency att@ijiused to determine average
latency and jitter respectively. On identifying thecket loss condition, which indicates that either
bandwidth constraints have been reached or thdiekigailure, the instantaneous latency is seato
large value. This large value ensures that thisiSmot considered as viable in the Dijkstra akipon.

The instantaneous latency per packetrent_owd) is used as the latency measure in the simulation
studies. Thecurrent_owd field is in applied in the c++ code, this fieldrsferred to aswd_in tcl

code, usindgind("owd ", &current_owd ); // bindingtotcl in Figure 5-12

class LossMonitor - public Agent |
public:
LossMonitor();
virtual int command{int arge, const charTconst™ argy);
virtual void recv{Packet® pkt, Handler®);
protected:
intnlast_;
int npkts_;
int expected_;
int bytes_;
intseqno_;
double last_packet_time_;

[ new features for loss monitor to calculate runtime delay, jitter

double now;

double sum_ipdv_; /[ jitter sum can be used to calculate average jitter

double sum_owd_; /[ one way delay the sum can be used to calculate average owd
double current_owd_; // current measured in one way delay

double current_ipdv_; // the current measured jitter

double min_owd_; // minimum one way delay value

double previous_owd_; // the last measure to one way delay

b

#endif ff ns_loss_monitor_h

Figure 5-11: Modified code for ~/tools/LossMonitgradapted from (Ke 2011)
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LossManitor:LossMonitor() - AgentiPT_NTYPE)

I
1

bytes_=10;
nlost_=0;
npkts_=0;

expected_=-1;
last_packet_time_=0;
seqno_=10;

[ new lines for delay and jitter
sum_ipdv_=0;

sum_owd_=0;

current_owd_ = 0;
current_ipdv_ = 0;
previous_owd_ = 0;

min_owd_ = 100000000;

bind{"nlost_", &nlost_);
bind("npkts_", &npkts_);
bind|"bytes_", &bytes_};
bind{"lastPkiTime_", &last_packei_time_);
bind{"owd_", &current_owd_); // binding to tcl
bind|"expected_", &expected_);

t

* pkt,

void LossMonitor:rec(Packe dler®)

Figure 5-12: Modified code for ~/tools/LossMonitar, adapted from (Ke 2011)



In order to apply the dynamic latency measure,uscgoand LossMonitor sink agents are setup over
each link in the topology. The traffic agent insdtie appropriate probe traffic into the networkl an

the dynamic latencies are recorded periodicaljl@strated in Figure 5-13 below.

Figure 5-13: Tcl code for periodic recording of thenamic latencies for each link

During simulation, when a new connection is setgmfsource node toward a destination node, the
Dijkstra algorithm is invoked as described in Fay-14 below. The algorithm uses the dynamic
measured latencies as input into the algorithmmoduces the shortest path in the topology at that
particular instant in time for the requesting cactite. The tcl code for the algorithm has been
adapted from (Rosettacode 2011) which is a staftementation and modified to become dynamic.
For the purpose of implementation, the topologyliadps undirected assuming the duplex links are

symmetric and the destination node will always bheadge node in the MPLS topology.

The result of the dynamic Dijkstra algorithm isttkize best explicit route is selected for the awvgit
call request based on the dynamic state of thearkiwhe path performance in terms of latency is
tested to ensure that the path performance exdbedsquested performance criteria. The explicit
route is used as an input to the constrained roufdel protocol to ensure that the path selected has
sufficient available bandwidth to service the resjud@hereafter the CR-LDP protocol reserves the

selected path in the transport MPLS network.
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proc dijkstra {graph origin} {

# Initialize

dict for {vertex distmap} 5graph {
dict set dist Svertex Inf
dict set path Svertex {}

1

dict set dist Sorigin @

dict set path Sorigin [list Sorigin]

while {[dict size Sgraph]}{
# Find unhandled node with least weight
setd Inf
dict for {uu -} Sgraph {
if{5d = [set dd [dict get Sdist Suull}{
set u Suu
setd Sdd
iy
H

# Mo such node; graph must be disconnected
if {5d == Inf} break

# Update the weights for nodes lead to by the node we've picked
dict for {v dd} [dict get Sgraph Su] {
if {[dict exists 5graph 5v]}{
set alt [expr{5d = int(5dd)}]
if {5alt< [dict get Sdist 5v]}{
dict set dist Sv Salt
dict set path Sv [list {*}[dict get Spath Su] 5v]
}
iy
H

# Remove chosen node from graph still to be handled
dict unset graph Su
}
return [list sdist $path]
H

proc makelUndirectedGraph arcs {
# See figure 5.2 for standard references for links
# links in reverse to ensure undirected graph
global 1112131415 16
dict setgraph 13511
dict set graph 24 512
dict setgraph 12513
dict set graph 34 514
dict set graph 14 515
dict set graph 2 3 516
dictsetgraph 3 1511
dict set graph 4 2512
dict setgraph 21513
dict set graph 4 3 314
dict setgraph 4 1515
dict set graph 3 2 516
return Sgraph
iy

setarcs |
}

lassign [dijkstra [makeUndirectedGraph Sarcs] Ssourcedijkstra] costs path
puts "path from source to destination costs [dict get Scosts Sdestdijkstra)”
puts "route from source to destination is: [join [dict get Spath Sdestdijkstra] {_1"

Figure 5-14: Tcl code dynamic Dijkstra Algorithndagted from (Rosettacode 2011)
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5.5.2 Experimental Environment

MPLS Domain

Figure 5-15: Topology of the ns-2 simulated netwadapted from (Moodley and Hanrahan 2007)

The simulated environment provides a means to si@warious dynamic traffic conditions. Further a
number of traffic applications can be simulateduding data, voice and video traffic. (Moodley and
Hanrahan 2007). The generic topology illustrate#figure 5-15 consists of 4 MPLS routers together
with 2 source nodes and 2 sink nodes. This topoluagy been applied for the simulation studies
described in section 5.5.3 and section 5.5.4. DHewing are key characteristics of the simulation

setup:

* Node 0 hosts the source probe traffic which flolr®agh the network towards sink
on Node 6.

* Node 5 hosts the load traffic for the network. dsts a number of sources of traffic.
The traffic flows through the network towards tliveks on Node

¢ 1 Mb/s bandwidth on all links within the core MPh8twork (LSR1 — LSR2 — LSR3
— LSR4).

e 2 Mb/s bandwidth in the Access links into the netw@odes 0 & 5 to LSR1; LSR4
to Nodes 6 & 7).

» Class Based Queuing was implemented with a quexgthieof 12. All traffic was
placed in the same class, since the simulation ongstigates a single class of
traffic.

* The test traffic was applied from source to sinkl aras allowed to reach a steady
state condition.

e MPLS CR-LDP is applied to test the available pagihdwidth against requirements

and to make path reservations.
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5.5.3 Probe traffic — Determining the state of a link

Probe traffic is used to determine whether a aa#liing connection into the transport network cean b
serviced for the entire call duration with the resied performance requirements while not adversely
affecting the performance of existing calls witllire network. The probe traffic presented is a video
source with bit rate of 512kb/s. The data is buistyature as demonstrated Figure 5-16i). The
exiting call traffic within the network link is ilistrated between att0 seconds and t = 40 seconds. A
step load change of the 512kb/s probe trafficseiited into the network between t = 40s and t =300
and the effects on the performance metrics are tored and analysed.

The performance of the link is illustrated figure 5-16 The first graph depicts the measured data
plotted against time. The second graph calculdiesldtency of the probe traffic with a moving
average window applied. Similarly, the third andirtb graphs present the moving average of the
jitter and packet loss respectively.
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Figure 5-16: QoS Metric Performance traces fronbBndideo Traffic

(i) Actual delay measured; (i) latency; (iii) git, and (iv) packet loss
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An indication of the link latency is observed as thid-point of the burstiness Figure 5-16i). The
jitter metric Eigure 5-16iii)) is a function of the burstiness of the prolideo traffic. The steady state
latency prior to the admission of the probe traffi@pproximately 73ms while after the probe traffi
was applied to the link, the latency of the linkcrizases to approximately 115ms. The observed
latency is a function of the fixed propagation gietd the link as well as the queue delay at each
MPLS LSR. The jitter performance of the link incsea from approximately 5ms to a steady state of
20ms. After t = 60 seconds of applying the probéitr, there is a significant increase in latenog a
jitter. This can be attributed to the queue bufferthe LSR being increasingly filled. Thereaftee t
gueue buffer reaches a steady state and the latentjitter performance begin to settle. Due to the
burstiness of the probe video traffic, some patbst is experienced (s€@ure 5-1§iiii)). The QoS
performance metrics provide insight into the dymamperformance of the state of the link at a

particular point in time and under different loaglitonditions.

The probe traffic represents a video call, the maxn link performance that can be tolerated for a
video application is a latency of 150ms and jititB0ms. The CAC function will only consider the

latency metric. As the link latency performanceaproximately 115ms, well below the 150ms
threshold the latency test is passed. The CAC #pgties the constraint routing protocol to confirm

that sufficient bandwidth in the link is availakded the video traffic is admitted into the trangpor

network.

5.5.4 lllustration of the CAC function

The CAC must ensure that the call request is gteedna level of QoS for the entire duration while
existing connections do not deteriorate in QoS hdyits contracted levels. The probe source is used
to analyse the QoS performance effects with the Gé&ttionality implemented. The probe video
source at 64kb/s is initially simulated in the netlvand is used to illustrate that the performance
parameters are not violated during the admissioadafitional calls into the transport network. In
order to study the effectiveness of the CAC, omg bnk (LSR1 — LSR4) was active in the topology

while the other 5 links were set to fail during Simulation.

The CAC function admits connection requests frondénlink state until the link reaches its capgcit

at approximately t = 45 seconds, as illustrateBigure 5-17(i). Calls are simulated to have a ramdo
duration with an average of 48 seconds before tetimg. This call pattern simulates the busy call
hour period for a telco. During this period calte &eing rejected based on capacity and the network
unable to meet the performance requirements. Theejaction rate is illustrated in Figure 5-17(i).

After t = 495 seconds the existing calls begiretminate.
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The performance of the single video probe traffigrse provides insight into the QoS performance of
existing traffic already admitted into the netwotlhe observed latency of the existing video call is
illustrated inFigure 5-17ii) which depicts a rapid increase in latency witle admission of calls into
the transport network. During the critical perioetween t = 45 seconds and t = 495 seconds, the
latency of the video source is bursty and reacheeamums of approximately 148ms. As the call load
decreases, the latency observed decreased rapigdy.CAC function makes use of this latency
information to determine whether to admit furthatls into the network. This critical threshold of
150ms is used as a determining factor by the CAG@néke the admission or reject decision as
observed irFigure 5-17ii). The CAC function ensures that that the oedrlatency does not exceed
the contracted performance limit of 150ms for tl@ew application. The jitter and packet loss is
negligible and within the contracted performanceapeeters for below 30ms and 5% respectively.
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Figure 5-17: lllustration of the CAC function

(i) Call Load and Call Rejection rate; (ii) latengii) jitter; and (iv) packet loss

The demonstration of the CAC function provides aderice that guaranteed QoS is achievable and
that the CAC function allows the network links te bised optimally without compromising the QoS
performance.
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5.5.5 Simulation of the 3¢ Party initiated 2-Party Call Service

The simulation of the 2 party call service consisté voice traffic at 64kb/s. Voice traffic exhilitie
characteristics of constant bit rate traffic. Tladliog rate was one call every 20 seconds. Thetagte
of the link starts at 46.5ms in a lightly loadedh@ihion until t = 80 seconds when a fourth traffic
source is added into the link, as illustrated-igure 5-1%ii). The latency represents the propagation
delays of the path, while the queue delay has &gilglg influence on the latency. After the fourth
traffic source is added to the link at t = 80 setmprthe packets begin to experience a partialydfil
gueue buffer at the router. This results in boteéased latency and jitter (Seigure 5-1&ii) and (iii)).

At t = 300 seconds, the queue buffers are incrgbgifilled resulting in traffic latency of
approximately 49ms and jitter of 2.5ms which ardl ielow the latency threshold of 150ms and jitter

threshold of 30ms. The traffic does not experiemog packet loss during the simulation (Ségire
5-14(iv)).
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Figure 5-18: QoS Metric Performance traces frona@y_Call

(i) Actual delay measured; (ii) latency; (iii) git; and (iv) packet loss
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5.5.6 Simulation of the Calling Card Service

The simulation of the calling card service consisté a single voice traffic source at 64kb/s. The
simulation study consisted of the single voice tallboth the IVR and the Media Gateway. The
calling card service is initially connected to théR to authenticate the user and collect some
information. This is illustrated iRigure 5-19(i) and (ii) the period of £ 0 seconds to t = 30 seconds.
Thereafter the call is disconnected form the IVRI aerouted to the Media Gateway as the called
party is in a federated network. This is illustchbe Figure 5-19(i) and (ii) the period of t = 31 seconds
to t = 150 seconds. The latency experienced bydiee call is approximately 47ms while the jitter
has a minimal effect increasing from 1,4ms to 2,4seeFigure 5-19(iii)). The service does not
experience any packet loss.
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(i) Actual delay measured; (i) latency; (iii) git and (iv) packet loss
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5.5.7 Effect on Route Selection based on dynamic Dijkstralgorithm

MPLS Domain

Figure 5-20: Topology simulated for effects on eosélection

Consider a simplistic topology as depicted in Fegi-20 above, with a symmetrical network

consisting of 1Mb/s bandwidth and 10ms propagatielay between the links in the core. The traffic
is sourced at Node 0 and terminates at Node 6 pBlication of the dynamic Dijkstra Algorithm, the

initial best route is LSR1 — LSR4 with an initialopagation delay of 10ms (see Figure 5-21). When
the first traffic flow begins entering the link,e@metwork dynamics change. The admission of the
second flow of traffic into the transport networkées this dynamic changes in the network into
account and the best route selected by the algori$hLSR1 — LSR2 — LSR4 with a propagation

delay of 20ms. When the traffic begins to flow, thetwork dynamics change. On the request for
admission of the third traffic flow, the best offdrroute is LSR1 — LSR3 — LSR4 with a propagation
delay of 20ms (see Figure 5-21). The result of Whi natural balancing effect on the network
ensuring that all best performing links dynamicalhe utilised should it meet or exceed the reqdeste

performance criteria. Future work should be undteriato research the effects on a complex network

topology and study the performance of the pridritwhich paths are selected.
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Figure 5-21: NAM illustration of route selectioniatreasing time intervals
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5.5.8 Comparison of the Dynamic Dijkstra Algorithm againg the
Constraint Routed Algorithm

Source Sink

MPLS Domain

Figure 5-22: Topology simulated for effects on eosélection

Consider a simplistic topology as depicted in Fig&r22 above, with network consisting of 1Mb/s haiaith
between the links in the core and various propagadelays for each link. The traffic is sourcedNatle 0 and

terminates at Node 6. The following link propagataelays are set:

* LSR1-LSR2:30ms * LSR3-LSR4:30ms
* LSR1-LSR3:70ms * LSR2-LSR4:70ms
* LSR1-LSR4:150ms * LSR2-LSR3:70ms

Application of the constraint routed algorithm tetermine route selection. Each route request was fo
a bandwidth of 700kb/s in the network with voiceffic at the same rate. Due to the nature of the
algorithm is based on selecting the path with drgdst available bandwidth thereafter the shortest
route in terms of number of router hops. As thediadth is identical for all links, the first route
selected is from LSR1 — LSR4 which the shortestercquterms of number of router hops. The latency
is observed for the first traffic flow iRigure 5-2%i). The initial latency for the link is 173ms whids
well above the 150ms threshold for voice traffibieTlatency increases on the admission of traffic
flow 2 and traffic flow 3 at & 5.8 seconds and=t10.1 seconds respectively. Traffic flow 2 takes th
path LSR1 — LSR2 — LSR4 and an initial latency ppraximately 125ms is observed at 5.8
seconds, after the effects of traffic flow 3 is kgyb the final latency results in approximately &b
which is within the latency tolerance for voiceffi@ Traffic flow 3 is admitted into the network
along the path LSR1 — LSR3 — LSR4 at 10.1 seconds and has a latency of approximatedyns2

This latency is also within the 150ms tolerance Yoice traffic. The constraint routed algorithm
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makes an incorrect initial choice for the firstffiaflow for an application such as voice traffithich

has latency tolerance limitations.
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Figure 5-23: Latency curves for Constraint Routéglb#ithm (i) Traffic flow 1; (ii) Traffic flow 2;
(iii) Traffic flow 3

Application of the dynamic Dijkstra algorithm totdemine route selection. Each route request was
for a bandwidth of 700kb/s in the network with w@itaffic at the same rate. Due to the nature ®f th
algorithm the initial static shortest path is seddeing the LSR1 — LSR2 — LSRA4. The traffic seurc
is admitted into the network at+ 0.1 and the latency experienced by the trafficre®us
approximately 125ms and is within the voice latetagrance of 150ms (sédgure 5-24i)). Traffic
flow 2 is admitted into the network att5.6 seconds experiencing a latency of approxiypd2éms,
also within the tolerance for voice traffic of 1581fsee Figure 5-24(ii)). The third request forficaf
admission into the network is rejected as the tatdor the path LSR1 — LSR4 is equal or greater
than the threshold of 150ms. Future work shouldubdertaken to study the performance of the
dynamic Dijkstra Algorithm against other routing@atithms. This future work should include studies
into sensitivity of the input parameters and tiheetitaken to resolve a shortest path in varyingssite
network topologies.
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Figure 5-24: Latency curves for dynamic Dijkstrag@dithm (i) Traffic flow 1; (ii) Traffic flow 2

5.6 Discussion

The architectural characteristics of the OSA/Parldgtwork Architecture and Interface are
ascertained from an analysis of the detailed messaguence charts presented in section 5.4. The
architectural characteristics are ascertained basdatie characteristics of the control messaged use

to setup the connections (Moodley and Hanrahan)2008

Further, basic use cases are presented in Appdbdibustrating the principles and concepts
incorporated into the proposed OSA/Parlay Networshiecture Interface.

5.6.1 Analysis against Architectural Requirements

A. Simplicity: Any next generation network proposal must provisgnal or better levels of service
as compared to existing technologies such as tHeNP3he relatively small number of control
messages required to setup basic calls within #meesadministrative domain is limited to 15
messages. By comparison to the TINA, MSF and 3GPP tases, the message in the OSA/Pralay
network architecture is an order of magnitude leshe minimal number of messages illustrate the
simplicity of the layered OSA/Parlay network areliire

B. Technology IndependenceThe OSA/Parlay network architecture is technologyastic as it has
been designed using the API and associated methtdus than specific technologies and protocols.

Apart from the Media Gateway function which implertgea translation of the API based methods to
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specific protocols. The Media Gateway function addes the requirement to interface to legacy
based network which are technology specific. Initaatd both the OSA/Parlay Network Architecture
as well as the CAC functionality is technology ipdedent and can be implemented on any

technology such as the popular IP or MPLS trangpctinologies.

C. Open Interfaces: The OSA/Parlay Network Interface is specified gsan open and standard
API. The interface is specified in the CORBA IDLrifitat which makes the interface open and
implementable by a number of technologies. In @adidithe internal interfaces adopt a similar

approach and therefore are also specified in an apd standard API.

D. QoS: The OSA/Parlay Network Interface provides a medmanfor the Application related
functions to request connections together with Qe®formance requirements. In addition the
OSA/Parlay Network Architecture provisions a sopbi#ed QoS guaranteed mechanism using
periodic probe traffic to update the state of ih&d in the entire network. This dynamic informatio
is used when determining the connection routes fsonrce to destination and the CAC function

admits the call if the network path can meet oreexicthe requested QoS.

E. Connection Admission Control: The OSA/Parlay Network Architecture incorporatgsosverful
mechanism for CAC, which uses the dynamic statéhefnetwork performance together with the

requested connection and QoS performance to makadihit or reject decision.

F. Routing: Intelligent routing is achieved in the OSA/ParlagtihNork Architecture as the routing
decision is not based on static network informasinooh as distance between nodes (typically used by
OSPF protocol). Rather the dynamic state of thevorkt together with performance information
based on loading conditions are incorporated insargle routing mechanism based on the adapted

Dijkstra’s Algorithm to select the best route basaddynamic latencies rather than static distances.

G. Federation: The OSA/Parlay Architecture ensures that it has abiity to interoperate with
different federated networks. The demonstratiorseation 5.4.2 illustrates the federation of the
OSA/Parlay Network with both the federated PSTN &18 networks. The federation can be
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extended to other technologies by updating the Meadateway supported technology specific

protocols.

H. Legacy: The Media Gateway element is used to deal withctme of legacy technologies. In
particular the PSTN is fast becoming a legacy teldgy. The demonstration in section 5.4.2

illustrates the interoperation with the PSTN.

5.6.2 OSA/Parlay Network Interface

The OSA/Parlay Network Interface leverages the Afechanism. The API approach intrinsically

ensures that the interface is open and technolugdgpiendent. The API is specified using generic
methods for employing the OSA/Network Architectufbese methods are specified in a technology
neutral description using IDL. The interface isealbd realise end-to-end connections as well as
special resources such as the media gateway assvBfR. The interface supports application level

QoS by incorporating a QoS negotiation method aftigvior application level negotiation.

The methods that constitute the interface are sirapt generic whilst not limiting basic or advanced
functionality from the call and service control éaly Services Orientated Architectures are leveraged
by the fast development of services in the inforamtechnology world. Services architectures such
as OSA/Parlay define open interfaces wher&mparty application developers can develop advanced
services without detailed knowledge of the undedyinetwork architecture, using a level of
abstraction provided by the Application Programmiimigrface (API) mechanism. This mechanism is
replicated within the architecture as a technologyependent interface between various network
components hence contributing to the future prapfihthe architecture while allowing integration of
any of the rapidly developing transport technolegighe design of the interface achieves the gedls s

out in section 2.3 adpenness, smplicity, APl basedQoS andtechnol ogy independence.

5.6.3 OSA/Parlay Network Architecture

The OSA/Parlay Network Architecture is not a dethiblescription but demonstrates concepts and
principles. The OSA/Parlay Network Architecture designed in a simple manner. Detailed
examination of the message sequence chart indicateminimal control messages are required to
setup common calling scenarios. In particular the party call within the OSA/Parlay Network

Architecture requires 15 messages for call setupettomparing the number of overhead messages
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to existing proposals such as 3GPP LTE or MSF,nilmaber of message proliferate to 60 and 49
messages each respectively. This illustrates $ignif efficiency gains compared to current
architectural proposals.

The OSA/Parlay Network Architecture has minimalhiectural layers as well as computational
objects. The architectural layers are clearly deatad by functionality and consist of 4 layers \hic
include the transport technology network elemeiitse message sequence charts illustrate API
method requests on computational objects requiag ttie object provides a decision, while not
proliferating the messages to neighbouring objasts the case with IMS type architectures and SIP

messages traversing the network.

The tree structures architecture provisions thétald consolidate network state information fr@m
complex network towards the CC entity in a simptifiand efficient manner. The use of RM-ODP in
defining a technology agnostic architecture is cipl in the messages throughout the layers of the
architecture which are technology independent andal rely upon technology specific protocols, the

messages use the technology agnostic APl methbditeee.

QoS, intelligent routing and a call admission cohtnechanism are integrated into the architecture.
The periodic network state updates inform the e¢i@C object of both topological network changes
as well as current performance of the constituesntspof the network. Intelligent routing of
connections are applied using the adaptation offtjlestra's algorithm used to compute the best
dynamic based path which is tested against QoSonpeshice while the CAC decision naturally
allows for load balancing of connection paths wittiie network.

The use cases which describe the interoperation hdth SIP type networks as well as PSTN
networks clearly demonstrate the architectural atteristics of federation to other telco networks a
well as interoperation with legacy technologiese Tuse of the media gateway special resource is
demonstrated in these use cases. The use caseingvtthe IVR special resource illustrates the
integration of the IVR special resource.

5.7 Chapter Summary

In order to demonstrate the OSA/Parlay Network Aedture and Network Interface, two services
are exhibited. The first service is a simpl& Barty initiated 2-party call within the same

administrative domain while the second service ¢aling card service. Each use case is designed to
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illustrate key characteristics of the OSA/Parlayivi®k Architecture and Network Interface. These
characteristics includepenness, simplicity, future-proof, QoS mechanisms and supportindederation
between telcos.

The demonstration is conducted over a Distributeabéssing Environment (DPE) using CORBA.

These architectural concepts and principles areodstrated in a simulated environment and illustrate
the NGN architectural characteristics. The dematisin environment is based on the Java
programming language using the Netbeans integrdés@lopment environment (IDE). The Java
environment incorporates the Java implementatict@RBA.

The results from the use cases demonstrate th@$i#¢Parlay Network Interface is specified in the
open, simple, technology independent API based erariihe interface supports QoS for end-to-end
connections. The interface incorporates methodkverage special resources such as the media
gateway and IVR. The OSA/Parlay Network Architeetumtegrates intelligent routing, connection
admission control as part of the overall QoS syst&he architecture supports a simple layered
architecture together with supporting federationiedéos and interoperability of legacy technologies

The OSA/Parlay Network Architecture is technologyastic and hence future proof.

The CAC functionality was demonstrated separatelhé ns-2 (UCB et al 2012) network simulation
environment. ns-2 features simulating discrete &vanpacket level, providing insight into the efte

on traffic at the packet level under various logditonditions and application of new routing
algorithms. The three important components of guard QoS are demonstrated. These are: (i) the
intelligent routing of connections in the PSN; @iynamic information of the network state; and (iii
making the call admission control decision on whetthe network can meet or exceed QoS
requested.

The adaptation of the Dijkstra’s algorithm was abdler the CAC functionality within the simulator.
The dynamic latencies of links need to be measatedntime and used in making call admission and
routing decisions during simulation. The ns-2 siaod traffic source and sink agents are modified to
provide measurements of the link latencies at mmtiThe measured latency is periodically polled
during the simulation to update the dynamic natafethe links. When making path selection
decisions, the dynamic link latencies are usetaistiparameters into the Dijkstra algorithm allogvin
for path selection based on the instantaneousdttéte network.
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The simulation of the probe video traffic providesight into the dynamic performance metrics of the
link. The CAC function makes use of the performanearics, in particular the link latency used to
make a call admission decision. The CAC appliesniat and bandwidth thresholds for various
applications; an example of video application reegia maximum threshold of 150ms of latency and
30ms of jitter. The CAC relies upon the constraioiited algorithm to ensure that the requested
bandwidth is available in the selected path andiges the reservation mechanism. The CAC applies

this logic to make the call admission decision.

The simulation of the busy call hour pattern denranss the effects of the CAC decisions to admit a
new connection and its effects on existing trafficcady admitted into the transport network. The
CAC applies the call admission logic allowing fbetnetwork to be optimally utilised whilst ensuring
that existing traffic does not breach the perforogacriteria in terms of latency. The demonstratibn
the CAC function provides confidence that guaraht®esS is achievable and that the CAC function

allows the network links to be used optimally withocompromising the QoS performance.

A simplistic study of the dynamic Dijkstra algorith approach against the constrained routed
approach was undertaken. The results provide esidfar the cases of time critical applications such
as voice and video applications are better serweddih selection from the dynamic Dijkstra
Algorithm which ensures that the path provided aacommodate the time critical thresholds as well
as bandwidth requirements. The constraint routgmtcaeh is biased toward bandwidth availability
and therefore does not consider aspects such lkagatiency. Future work should be undertaken to
study the performance of the dynamic Dijkstra atgom against other routing algorithms. This future
work should include studies into sensitivity of fimput parameters and the time taken to resolve a

shortest path in varying sizes of network topolsgie
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Chapter 6

Conclusion

This chapter presents a summary of the research the design of the OSA/Parlay Network
Architecture and Network Interface. The noveltytbis work, its limitations, and further work is
presented.

6.1 Summary

This section presents the need for the OSA/Parletyvdrk Architecture and Network Interface as
well as the key interface and architectural charéstics. The background to existing network
architectures and interfaces are presented. Usmfutepts and principles are highlighted and
synthesised for the design of the OSA/Parlay Netwinchitecture and Network Interface. A brief
summary of the result from the demonstration of@8A/Parlay Network Architecture and Network

Interface is described.

6.1.1 Requirement for the OSA/Parlay Network Architecture and Network
Interface

Telcos are adapting their business to addressaipiely changing technology landscape (Moodley
and van Olst 2011). The convergence trend betéetecommunication and information technologies
has contributed toward downward pressures on inadit sources of revenue for the Telco. Therefore
operators view value-added services as a mearectwesnew sources of revenue at premium tariffs
and direct additional traffic to the network (Moegland Hanrahan 2006). Telcos require a flexible
architecture to allow seamless adaptation andverdge these new technologies to gain a competitive

advantage (Moodley and van Olst 2011).
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The OSA/Parlay Gateway is a proposal which addsedserequirements of the service stratum and
the interface to the Application layer. A key featwf the OSA/Parlay Gateway is an open, standard,
application-programming interface (API). The APlopides a level of abstraction in which the
application engineer does not need knowledge of uhderlying network to develop services.
Similarly, the network designer uses general rathan specific service considerations. Another
central feature is the migration of intelligencenfr high-performance centralised hardware such as
the traditional Intelligent Network (IN) towardsetledges of the network in a Distributed Processing
Environment (DPE). However, the Parlay Group has specified the Network Interface, it has
alluded to the use of protocol adapters for therfate. (Moodley and Hanrahan 2005)

Technology dependent adapters would have a negffieet on the future proof characteristics of the
gateway. Due to the rapid technological changdabkentelco environment and the need for transport
network architectures to interoperate with legaeymorks, this interoperation becomes very complex.
In particular the transport technologies have ferdied and hence a large number of technology
specific protocols must be considered for interapen, inter alia, INAP, TCP/IP, SIP, H.323, MAP
and CAMEL. This ability to interoperate with legadgchnologies therefore make network
architectural proposals inflexible when considerighnology specific protocols and unable to
respond to the rapid technological, regulatory andrket changes. This inflexibility strongly

supported the requirements for a technology indépetrtransport stratum research.

This research is focused on tinansport stratum as an extension to the OSA/Parlay architecture; we
refer to this as the OSA/Parlay Network Architeetukey features of the OSA/Parlay NA are the
provisioning of end-to-end transport resources ésponse to the service request for a particular
session. Another key feature is the Call Admissimmtrol (CAC) function which ensures that a new
call request admitted into the network is guarahtzdevel of quality of service (QoS) for the eatir
call duration; whilst ensuring that existing callseady admitted into the network do not experience
any degradation in QoS. The OSA/Parlay Network Aecbure and Network Interface should be

characterised as open, standard and technologindipendent. (Moodley and Hanrahan 2006)

In order to design the future flexible network aretture that explicitly engineers the network for
provisioning converged services, generic netwodhigectural characteristics need to be described.
The network architecture is not a detailed definitiRather it provides the concepts and princifdes

connections involving the constituent networks Kedcand circuit switched) and single elements
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(media gateways and IVRs). The architecture encesgzathe following characteristics (Moodley
and Hanrahan 2008):

* “be designed assample architecture;

» demonstratéechnol ogy independence;

* supportopen interfaces;

* enforce an integrated approach énd-to-end connections;

e implement connection admissioQoS control as part of the overall QoS assurance
system;

» provisionintelligent routing of connections;

» support federation between network operators to provide QoS-assumedtteend
connections;

» supportegacy technologies in the overall architecture.”

6.1.2 Existing Network Architectures and Network Interfaces

A number of existing architectural proposals fa¥ transport stratums have been reviewed against the
ideal network architectural characteristics desditabove. The TINA NRA is founded on a
technology agnostic principle and specified theriigice to the service architecture (service stratum
The session model concept is useful for managimgptex connections and service requests. The
concepts of some computational objects arrangeal leyered architecture provide insight for the
design of the OSA/Parlay Network Architecture. logss such as addressing interoperability to

federated networks and addressing the interopéyabith legacy technologies are useful.

The MSF architecture specifies a useful QoS managemsystem, leveraging on a central entity
acting as the single point of contact for all cartie requests in the network. The admission dewgisi

is based on network state information. The netwetge elements ensure that no traffic from the
terminals traverse the network without an admissieeision from the BM. The 3GPP LTE

architecture specifies an alternative QoS managesystem, incorporating a single point of contact
for all connection requests in the network. Qo®sulletermine admission decision. Network Edge
element allows or prevents use of the resourcedbasehe admission decision using the temporary

IP address mechanism.
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The OSA/Parlay Gateway specifies a powerful mecmarof anopen, standard, simple, secure and
technology independent API based Application interface defined in theeabjoriented paradigm and
specified in UML. JAIN addresses an approach totqmal adaptation to federated and legacy
network technologies concepts are useful and camadapted for the design of the OSA/Parlay
Network Architecture Media Gateway. Java basedrelclyy provides a quick and simple means for

realising the OSA/Parlay Gateway.

6.1.3 Design of the OSA/Parlay Network Architecture and Ntwork
Interface

The API based OSA/Parlay Network Interface is cotimrésed as an open, standard and
technologically independent interface. The OSAAYaNetwork Architecture should be future proof
from rapid technology developments and facilitatseeof simple integration of a variety of transport
technologies. It conforms to the characteristicheihg a simple layered architecture specified in a
technology agnostic manner using the RM-ODP metloggio The architecture supports an integrated
approach to intelligent routing, QoS and call adis control for end-to-end connections. The
architecture must explicitly support both fedenatiof telcos and interoperability with legacy
technologies.

An information organising principle relies on thgewof sessions. A session is a temporary allocation
of resources that are configured to service aftasé period of time (TINA NRA 1997). The detailed
architecture describes key RM-ODP computationaéabj and their purpose. The Communication
Session Manager (CSM) is responsible for the conitation between the transport network and the
Parlay Gateway. The CSM contains the service emnaésl view of the call within the Logical
Connection Graph (LCG) for each instantiated Gefle Connection Coordinator (CC) is responsible
for translating the LCG into physical connectiols.core function is to intelligently route the
connection and in so doing determine the layersateato be used for the connection and selects the
appropriate Layer Network Coordinators (LNCs). |[Hoaprovides the function of admission control
which determines whether the requested call priggeQoS) can be supplied by the transport
network and on that basis, does a call admissiortralofunction. The CC is also responsible for

managing the Administrative Federation on a caltél basis.

The Layer Network Coordinator (LNC) is responsifie the connection within the layer transport

network. In addition, the LNC provides network statformation on QoS performance of links and
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nodes in the network. Legacy protocol adaptatiopresented based on the JAIN approach, this is

incorporated into the media gateway function terioperate with legacy technologies.

6.1.4 Demonstration of the OSA/Parlay Network Architecture and
Network Interface

In order to demonstrate the OSA/Parlay Network Aechure and Network Interface, two services
are exhibited. The first service is a simpl& Barty initiated 2-party call within the same
administrative domain while the second service ¢aling card service. Each use case is designed to
illustrate key characteristics of the OSA/Parlaytii@k Architecture and Network Interface. The
demonstration is conducted over a Distributed PRysiog Environment (DPE) using CORBA. These
architectural concepts and principles are demaestrim a simulated environment and illustrate the
NGN architectural characteristics. The demonstnagiovironment is based on the Java programming
language using the Netbeans integrated developmmvitonment (IDE). The Java environment
incorporates the Java implementation of CORBA. fHsellts are presented in Chapter 5 of this thesis.

In summary, the analysis of the simpl& @arty initiated call indicates that a minimal nweniof 17
messages are required for a simple 2-party caik iBhat least an order of magnitude more efficient
than the existing architectural options. The simgehitecture allows for decisions to be made at th
lowest layer possible and the proliferation of nages between objects are minimised. The interfaces
to the internal objects are based on the API cdrereguring technology agnostic and future proofing
characteristics. Similarly the interfaces to thecsgl resources such as the IVR and Media Gateway
are based on the API concept ensuring the interfacechnology agnostic and future proof. The
architecture incorporates intrinsic QoS mechanishickv provides application related performance
functions. The routing decision is based on theadyio state of the network and the CAC makes the

admission or rejection decision based on the Qofdnpeance requested from the connection.

6.2 Contribution of this work

The OSA/Parlay standard specifies the call andicereontrol functions together with the open
interface to the application domain. The Parlapddad has not specified the interface to the tramsp
stratum and has alluded to the use of technologertient protocol adapters. In this research the

OSA/Parlay compliant Network Architecture and ARisbd Network Interface are proposed. The

141



proposed OSA/Parlay Network Interface is charasteri by openness, smplicity, APl based
approach, integratedQoS support andtechnology independence. The OSA/Parlay Network
Architecture featuresimplicity, technology independence, QoS mechanisms; call admission control;

intelligent routing and supporting botfederation of telcos and interoperation k&Egacy technologies.

Thus the OSA/Parlay Network Architecture and itseftface are an extension to the existing
OSA/Parlay Gateway and realise the OSA/Parlay mexteration network. Therefore the open
architecture allows for "8 party application developers while also ensurihgt tcall and service

requests are provisioned end-to-end with guarantggulication level QoS in the transport network.
The OSA/Parlay Network Architecture and Network elfiice are synthesised from existing

architectural standards and provides the folloviiagefits:

e Itis a proposal for the OSA/Parlay NGN
* Itis technology independent facilitating multipfansport technologies
« It facilitates Application related QoS

e It achieves the goal of guaranteed QoS

The extension of the OSA/Parlay standard by indgdhe OSA/Parlay Network Architecture and
Network Interface realise the OSA/Parlay next gatien network. The proposal is a packet-based
network which facilitates advanced services. Ttahiggcture is technology agnostic and therefore
supports multiple transport technologies. The iratgl intelligent routing, call admission contrabia
QoS mechanisms enable the application level Qotireea The OSA/Parlay APl based Network
Interface supports decoupling of the call and sereontrol from the transport network.

Both the OSA/Parlay Network Interface and the Nekwarchitecture are specified in a technology
agnostic manner. This ensures that the architecemains future proof as it is not reliant on any
particular technology. The future proof characterisllows the architecture to be flexible in that
transport technologies can migrate without affectioth the service and control layer as well as the

network architecture.

The long sought after Application level QoS is gried into the architecture. The intelligent rogti
and a call admission control mechanism are intedratto the architecture. The periodic network
state updates inform the central CC object of lopological network changes as well as current

performance of the constituent parts of the netwontelligent routing of connections are applied
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using the adaptation of the Dijkstra algorithmstisi used to compute the best dynamic path which is
tested against QoS performance while the CAC dwetisiaturally allows for load balancing of
connection paths within the network. The routingh® connection is done holistically based on the
network’s topology and state unlike current proposach as RSVP which relies on local node
information to setup connections in the network.isT®oS mechanism achieves the goal of
guaranteed QoS for a call admitted into the netwetking on the application level QoS principle

should the QoS need to be negotiated.

6.3 Answering the Key Research Questions

This research set out to answer key research qusstdr this research project. The design of the
proposed OSA/Parlay Network Architecture and l@teef together with the proposal for the call
admission control function has been presented amdodstrated. We review these key research

guestions to determine if these questions have fatésfied.

« Can the OSA/Parlay gateway be extended to the transport stratum using similar concepts as
the gateway?
Yes. The OSA/Parlay Network Interface and Netwonichiecture is a proposal for the
transport stratum. It leverages the openness, mitypl and technology agnostic

characteristics which is the basis of the OSA/Ragkteway principles.

e Can the proposed OSA/Parlay Network Interface used to separate the Call and Service
Control functions from the Transport Network be specified using an open, standard and
technol ogy agnostic API supporting QoS?

Yes. The OSA/Parlay Network Interface relies ondpen, standard and technology agnostic
API mechanism to future proof the network interfatiee interface specifies methods for call
setup, connection routing and establishment ofinations. The setting up of connections in
the network architecture provides the mechanisniterapplication to a make QoS based
requests. Additionally, the interface supports Agatlon related QoS negotiation, providing
details of the best offered QoS when the applioatiequest cannot be realised by the

dynamic state of the network resources.
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Can the proposed OSA/Parlay Network Architecture be specified in a technology agnostic
manner, allowing it to be future proof and applicable to rapidly evolving transport
technol ogies?

Yes. The design of the OSA/Parlay Network architectconforms to the RM-ODP
viewpoints which specify the system in an openhtetogy independent and distributed
philosophy. In particular the information and corgtional objects are technology agnostic
and rely on internal open interfaces for commuiacaand distribution. The demonstration in
the CORBA environment allows the network architeetuo be implemented in any
programming language (Java, C++, etc.). Additighahe OSA/Parlay Network Architecture
can be implemented on any packet based transgbrigegy such as IP or MPLS.

Can the Call Admission Control (CAC) function to be designed as an integral part of the
Network Architecture to ensure guaranteed QoSfor all calls within the network and calls still
to be admitted into the network?

Yes. Guaranteed QoS has been a long sought atiefaggacket switched technology (Song
et al 2008). QoS is the assurance that priorg@dmission, a new connection awaiting
admission into the network is guaranteed a levgdesformance within the network for the
entire connection duration (Moodley and Hanrahd@072, while the QoS levels of existing
calls already admitted into the network does nderierate. A unique contribution of this
research is principled upon making intelligent nogitdecisions based on the dynamic state of
the network. The intelligent routing and a call &Bion control mechanism are integrated
into the architecture. The periodic network stgptelaies inform the central Route object of
both topological network changes as well as curpenformance of the constituent parts of
the network. Intelligent routing of connections applied using the adaptation of the Dijkstra
algorithm used to compute the best dynamic patlthvis tested against QoS performance
while the CAC decision naturally allows for loadldizcing of connection paths within the
network. This QoS mechanism achieves the goal afagieed QoS for a call admitted into

the network.

Can the proposed OSA/Parlay Network Architecture be implemented with functionality to
integrate to federated tel co networks as well as legacy networks, which are protocol specific?
Yes. The OSA/Parlay Network Architecture has beesighed to support both federated
networks and legacy technologies. This functiopdbt relied upon by the Media Gateway

element. An interface to the Media Gateway has beesigned which facilitates the
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translation from the APl methods to specific prolecsuch as SIP or ISUP. These cases have

been demonstrated in section 5.4.2 and in AppdBdix

« Can an alternate more powerful routing concept be integrated as a function of the proposed
OSA/Parlay Network Architecture?
Yes. A unique contribution of this research is design and demonstration of the intelligent

routing concept. This concept makes use of dynamiwork state information which is used
as an input in the adaptation of the Dijkstra Altjon. This algorithm has a dynamic holistic
view of the network nodes and links. The best rdtden a particular source to destination
node is determined and can be specified to be ledédclion the basis of the shortest latency,
best jitter or packet loss performance. The sealectrite is considered against all call
requested parameters to confirm or reject the remjlest. The connection setup is done
holistically unlike current proposals such as RSMiich relies on local node information to

setup connections in the network.

6.4 Research Limitations

The OSA/Parlay Network Architecture is not a dewitliefinition; rather it provides the concepts and
principles for connections involving the constituartworks (packet and circuit switched) and single
elements (media gateways and IVRs) (Moodley andrdtem 2008; Moodley and van Olst 2011).
Therefore the demonstration of the design was dichib illustration of the principles and concepts i
a simulated environment. In particular functionalilesigned in the Network Architecture is
dependent on the OSA/Parlay Gateway, Consumer Doaral Transport Technology which was

emulated.

The interface between the OSA/Parlay Gateway amd QI$A/Parlay Network Architecture is
assumed to be within a trusted domain of the teleconications operator and retailer. The use of the

Network Resources requires prior service agreenvemish are not considered in this research.

Security of the Network Architecture and associataterface requirements for cross-domain
invocation are not considered. Similarly, autheattan, authorisation and accounting of the network

operator is not considered.
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6.5 Future Work

The scope of this work was limited to two partyi€aHowever, an important functionality for telcos

is the ability to provide multiparty call service¥/e propose that future work investigate the
possibility of including a conference bridge netlwetement into the architecture. The routing of the
connection paths must be demonstrated from thimgalarties toward the conference bridge network
element. Alternatively, the technologies such a#tioasting should be considered for application of

multiparty calls.

The provisioning of the edge enforcement funct®ithie proposal of using a temporary IP address is
allocated to each registered terminal on the né¢wbhis temporary IP address is allocated to a sub-
masked network in which only signalling messages arcommodated and this subnetwork is
logically separated from the transport network veses. When the connection requests are admitted
to the network a session based IP address and tsotask is allocated to provide access to the
network resources. However, this mechanism seerhs te@ry mechanical in approach. Future work

should address a more elegant solution.

The interoperation of the OSA/Parlay Network Arebttire with physical transport technologies was
outside the scope of this research. However, iimportant that the future work looks into
implementing the architecture over a transport ieldgy. Since the architecture is technology

agnostic the work should incorporate both the papiit routing and MPLS routing functions.

Due to the inherent function of explicit routing @nnections in MPLS networks, the CAC decision
is easily translated into an explicit routing coctien setup instruction in an MPLS network. The
mechanism to be demonstrated is to compare therpghce in processing as well as guaranteed
QoS of the MPLS routing protocols against the mtfunction developed in the OSA/Parlay

Network Architecture.

The time period used to probe the state of the ot critical to ensuring that the network state
information is reflective of the current networkrimemance. If this period is too long, important
performance information may be excluded. Whilehié time period is too short this will lead to
significant overhead in the OSA/Parlay Network Atretture.

Selection of the time period should not be a stafiue, as the loading of the network is time

dependent and the load curve is based on time @ftarifs implemented by the telco. Further
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research should correlate the time period to thd lmrve of a network to have much more reflective

state information.

The QoS guaranteed function can be independengijeapto any packet based technology without
the need to implement the OSA/Parlay Network Aediitre. The QoS function is technology
agnostic and can be applied to any packet switctetdiork. Thus further work should focus on

application of the QoS guaranteed functionalityagracket switched network such as IP or MPLS.

The QoS function could be further enhanced by austef identifying a single best route within the
network using the adaptation of the Dijkstra Algom, a prioritised list of the three best pathsrfro
source to destination can be determined using thehiértest path algorithms as described by Yen’s
Algorithm (Yen 1970) or Eppstein’s Algorithm (Eges 1999).

The use of probe traffic to determine the perforoeanf all links with the network does consume
resources. Further work should be undertaken teriohitte whether performance details of the links
within the network can be ascertained from livéficdraversing the link instead of probe traffithis

would certainly reduce the overhead of this QoShasism.

The interface and methods specification of the MetwArchitecture to Terminal signalling was
outside the scope of this thesis. However, thanismportant element to implement the OSA/Parlay

Network Architecture. It is proposed the future wehould be undertaken in this area.

Security aspects of the architecture were outsidestope of this research. For practical applinatio
of the OSA/Parlay Network Architecture and Integfathese aspects will need to be addressed.
Similar research should be undertaken for OSS/Bp8cts such as billing.

Future work should be undertaken to study the pedoce of the dynamic Dijkstra algorithm against
other routing algorithms. This future work shoultclude studies into sensitivity of the input
parameters and the time taken to resolve a shqutght in varying sizes of network topologies.
Additionally, studies to determine the effects otoaplex network topology and the performance of

costs in terms of processing delays should be figatsd.
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6.6 Conclusion

The research contribution achieves an open arthiteallowing for &' party application developers
while also ensuring that call and service requests provisioned end-to-end with guaranteed
application level QoS in the transport network. T®A/Parlay Network Architecture and Network
Interface is synthesised from existing architedtatandards and provides the following benefitss It
an extension of the OSA/Parlay standard by inclydiee OSA/Parlay Network Architecture and
Network Interface realises the OSA/Parlay next gatien network. Both the OSA/Parlay Network
Interface and the Network Architecture is specified technology agnostic manner. This ensures that
the architecture remains future proof as it isnetiant on any particular technology. The long ddug
after Application level QoS is integrated into thechitecture. The periodic network state updates
inform the central Connection Coordinator objectboth topological network changes as well as
current performance of the constituent parts of ribwvork. Intelligent routing of connections is
achieved by adapting the Dijkstra algorithm to caitepthe best path based on dynamic network
performance and is tested against QoS requiremeitite the call admission control decision
naturally allows for load balancing of connectioaths within the network. This QoS mechanism

achieves the goal of guaranteed QoS for a call ikelninto the network.
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Appendix B: Simple Use Cases

The primary objective of the OSA/Parlay Network litecture is to facilitate the call and service
control requests from the OSA/Parlay Gateway aridpsend-to-end connections within the core
transport network. The OSA/Parlay Architecture meissure that new calls entering the transport
network are guaranteed the requested level of Qo&é entire duration of the call; while the QoS
levels of exiting calls within the network are nofringed upon notwithstanding the dynamic nature
of calls being admitted and terminated within tremsport network (Moodley and Hanrahan 2006).
The OSA/Parlay Network Architecture specifies cquise@nd principles for connections involving the
packet and switch circuit technologies as well asoiiporate special resources such as media
gateways and IVRs. The following use cases areideres! for illustrative purposes to demonstrate

these architectural concepts and princples.

» Periodic Network State Update. The OSA/Parlay Network Architecture includes a
mechanism for periodically updating the state af metwork. This state update informs both
the network topology as well as the performanceriosebf the nodes and links within the
network. The route object initiates the update xpirg of a timer, all computational objects
are within the same administrative domain.

e Connection Performer Initiated Network State Update When a connection performer
detects an abnormal condition, it initiates a nekwatate update for its LNC administered
subnetwork.

« OSA/Parlay Application Initiated Call to the PSTN. The OSA/Parlay " party application
initiated call to the “legacy” PSTN federated nethwo

« PSTN Initiated Call to the OSA/Parlay Network illustrates a call initiated from a federated
PSTN network to the OSA/Parlay Network Architecture

« OSA/Parlay Application Initiated Call to a SIP Network. The OSA/Parlay "8 party
application initiated call to the SIP federatedwazk.

« SIP Initiated Call to the OSA/Parlay Network illustrates the case of a federated call
initiated from the SIP network and terminated aa @SA/Parlay Network Architecture.

 IVR Call to 1-Party: The OSA/Parlay Network Architecture integrates thi® special
resource, in this case a call initiated from tifep@rty application to the IVR and a single
called party in the OSA/Parlay Network Architecture
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9.1.1 Periodic Network State Update

The NA includes a mechanism for periodically updggtihe state of the network. This state update
informs both the network topology as well as thefggenance metrics of the nodes and links within
the network. The control messages used for thearktatate update are depictedrigure 9-2Figure
9-2. The route object initiates the update on expfrs tmer, all computational objects are within the
same administrative domain, and the objects confarrthe computational architecture defined in
Figure 9-1.

LNCA

Figure 9-1: Topology of the LNC network and CP’s

The update sequence is described as follows:

1-2 The periodic update is triggered by a timer whiglsét to a defined period on the
route object. The triggering of the timer initiatsd updateReq () message to each
LNC within the administrative domain. This illudin is done for the message

sequence for a single LNC and its constituents.

3-4 The LNC, on the receipt of the updateReq () messempiests its constituents
which are CPs to update their status as well genpeance. Thus the updateReq() is
sent to CP1. The CP1 logs the status of the nodesthais creates probe traffic and
inserts the probe traffic through each link. Theher traffic includes a timestamp.
Upon receipt of the probe traffic at the destinadiaeach adjacent CP), the
destination nodes (CPs) analyse the performanctheoflink by calculating the
latency, jitter and packet loss metrics.
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This information is returned to CP1 where all trefprmance information of the
node and links are packaged and returned to tleeiagsd LNC Object.

5-10 Similarly, each CP (CP2, CP3, CP4) in the LNC adstriative domain is polled for
performance information on the node and links retpely. Each CP will capture
the performance information of the respective ndde CP will create probe traffic
and test the performance of each link with respedts node in terms of latency,
jitter and packet loss. These performance detegl$cawarded to the LNC Object.

11 The LNC consolidates all the performance informatfmm its constituents and
forwards this information to the route object. Thate object will poll each LNC in
the network in sequence until the entire networkgieted (not shown Figure 9-3.
Therefore the route object will have the networlatestinformation on the
performance of each node and link within the nekw&hould particular node(s) or
link(s) be non-operational, the topology of thewmk will be updated with these
changes.

'n
Q.
—
=
>

Fed LNCA, CP1 LNCA, CP2 LNCA, CP3 LNCA, CP4

\::) 1. Timer Trigger
-

2. updateReq ()

3. updateReq ()

4. updateRes ()

5. updateReq ()
|

I
6. updateRes ()

7. updateReq ()

8. updateRes ()

9. updateReq ()
|

|
10. updateRes ()

11. updateRes ()

Figure 9-2: Periodic Network State Update MSC
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9.1.2 CP Initiated Network State Update

The NA includes a mechanism for which a node (of @Ren detecting an abnormal condition can
initiate a network state update for its LNC admntiied subnetwork. This update informs both the
network topology as well as the performance mewiche nodes and links within the network. The
control messages used for the CP initiated netwtate update are depicted in Figure 9-3. The CP
object initiates the update on detection of an a@abcondition, all computational objects are withi
the same administrative domain, and the objectfooonto the computational architecture defined in

Figure 9-1.

The update sequence is described as follows:

1 The affected CP detects an abnormal node or linkition. This triggers a report of
the condition to the LNC using the networkStateQeaf) message.

2-3 The LNC, on the receipt of the networkStateChangenéssage, requests its
constituents which are CPs, to update their stadusell as performance. Thus the
updateReq() is sent to CP1. The CP1 logs the stdittlee node as well as creates
probe traffic and inserts the probe traffic throughch link. The probe traffic
includes a timestamp. Upon receipt of the prob#idrat the destinations (each
adjacent CP), the end nodes (CPs) analyse thermerice of the link by

calculating the latency, jitter and packet lossriogt

This information is returned to CP1 where all tlefprmance information of the
node and links are packaged and returned to tleeiagsd LNC Object.

4-9 Similarly, each CP (CP2, CP3, CP4) in the LNC adstriative domain is polled for
performance information on the node and links retpely. Each CP will capture
the performance information of the respective nddie2 CP will create probe traffic
and test the performance of each link with respedts node in terms of latency,

jitter and packet loss. These performance detel$cwarded to the LNC Obiject.

10 The LNC consolidates all the performance informatfmm its constituents and

forwards this information to the route object.
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Q.
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>

Fed LNCA, CP1 LNCA, CP2 LNCA, CP3 LNCA, CP4

1. networkStateChange (),

2. updateReq ()

3. updateRes ()

4. updateReq ()
|

|
5. updateRes ()

6. updateReq ()

7. updateRes ()

8. updateReq ()
|

|
9. updateRes ()

10. updateRes ()

Figure 9-3: CP Initiated Network State Update MSC

9.1.3 Application Initiated Call to the PSTN

The NA makes provision for an application initiatioall to a PSTN federated network. The control
messages used for setting up the federated pdtyateveen two different administration domains is
depicted in Figure 9-4 and Figure 9-5. The objeotsform to the computational architecture defined
in Figure 5-2.

The call setup sequence is described as follows:

1 The OSA/Parlay Gateway Call Object initiates thdl satup by sending the
createCall () method to the CSMF. This messagecatels that the OSA/Parlay

Gateway is preparing for an imminent call.

2 The CSMF which is a factory object used to crea@MCObjects on demand,
receives the createCall() method and creates thd Gject dedicated to this
imminent call using the new () method. The CSM ©@bje created and the object
unique identifier is returned to the CSMF and tt@A0Parlay Call Object.

3 The routeReq () method from the OSA/Parlay Call €dbjindicates that the
Application requires the call to be setup withie tretwork. The routeReq () method
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4-6

9-10

11-12

is sent to the CSM Object which is dedicated ts tharticular call or connection.
The CSM records the Calling Parties details andctimnection details (bandwidth
and QoS requirements). It uses these and otheilsdethich are sent in the

routeReq () method to construct the LCG.

The CSM uses the setupConnection () method toectbat CC. Since the CC does
not exist, the CSM applies the method to the CCielhvin turn creates a new CC
Obiject for the call or connection using the newnéthod. The CC Object is created
and the object unique identifier is returned to@t&F and the CSM Objects.

In this case the CC does not recognise the destmeaaddress within the
OSA/Parlay Administrative domain and requests theel Object to determine
whether the destination party is in a federatesvodt. The result is returned to the
CC Object.

The CC requests the Route object to select therbatt using the parties location
in the network and the dynamic network state infation using the routeSel()

method. The route object utilises its knowledgetlhef state of the network (see
section 4.6) and applies the Dijkstra Algorithndtermine the best route together
with performance details of the proposed route frihia source to the Media

Gateway in the transport network. The availabitifthe Media Gateway in terms

of capacity for additional calls is taken into agot This route together with

performance details are returned to the CC usiagdhteList () method.

Should a route not exist between the source noddgrenMedia Gateway, or if the
Media Gateway has reached its capacity or is ufeaj then an empty list will be
returned to the CC (not shown). Details of the wiability of the network

resources will be indicated in the method.

The CC thereafter requests the CAC to determinghené¢he route meets the QoS
requirements of the call request. The CAC determimieether the requested service
parameters of latency, jitter and packet loss aeanexceed by the proposed route.
The case of a admit decision is depicted in thesagss sequence chart wherein the
route meets the requested criteria is selecteds rDute selection and admission

decision is communicated using the callAdmittech€thod.
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13

14-15

16-18

19

20-23

At this stage in the call setup sequence, the Go8uaranteed for the call or

connection request within the network.

Should no route be found suitable, the call regisestjected with a callRejected ()
method (not shown). Details of the best offeredvoét performance are returned

allowing for Application related QoS negotiation.

The CC uses the details of the selected route ¢ginbeetting up the path in the
network through the identified LNC and CP Objedtsthis case the path traverses
LNC A and LNC B. The CC requests that the path étesin LNC A the path

details and request are contained in the setupCtion€) method.

Upon receipt of the setupConnection () request ftoenCC, LNC A proceeds to
setup the connections as detailed in the pathnrdton received from the CC by
sending setupConnection () method requests to &RILCP 3. The confirmations of

the connections being setup are returned to LN@®RGC respectively.

Since the call destination is on a federated PS&Mark, the connection must be
routed to the LNC B subnetwork. Upon receipt of setupConnection () request
from the CC, LNC B proceeds to setup the connestiasm detailed in the path
information received from the CC by sending setupt@&ation () method requests
to CP 1 and MG.

LNC B recognises that the connection is to the Me8ateway and thus forwards
the setupMGConnection() method used for contraialing to the Media Gateway.

The PSTN uses the ISUP protocol. Thus the ISUP Iikksage is sent to the
Gateway Exchange. The messages to the terminlaéiR$TN are not shown. Once
the PSTN terminal receives the IAM message it rstihe ISUP ACM message.
This ACM message is returned from the Gateway Exgbdo the MG. In turn the

MG acknowledges the ISUP ACM message with an ISIZK Message.

The confirmations of the connections being setupraturned to LNC B and CC
respectively in message 23. At this point in thiésetup the transport network path
has been setup for the connection between PartpdAtlze Media Gateway with

guaranteed Qo0S. The messages to the terminalsoaidepicted as this is outside
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25

26

27-29

30-32

33

34-36

the scope of this work. The messages on the otigmaide traverse from CSM to
the TCSM.

It is assumed that the terminal signalling hasrigikace and the call is in progress,

see message 24.

The party in the NA decides to terminate the cadlston, the terminal signalling is
received by the Application. Thus the OSA/Parlayl Odbject sends the release ()
method to the CSM, indicating the request to teatginthe call or connection
session. The CSM modifies the LCG.

The CSM passes the release () method onto the G@pgement the physical
disconnection of the connection in the transpotivaek. The CC makes use of the

selected route information to determine the LNChda@ontacted.

The CC passes the release () method onto the LN€ig the source subnetwork
and the release () method is sent to the speciis (CP 1 and CP 3) to release the
connections from the nodal perspective. The cordiiom that the release has been
affected is sent to LNC A and the CC respectively.

Similarly, the CC passes the release () method dh&o LNC B being the
subnetwork with the MG and the release () methoskeist to the specific CP and
MG.

LNC B recognises that the connection is to the le8ateway and thus forwards
the releaseMGConnection() method used for contighafling to the Media

Gateway

The MG informs the PSTN Gateway Exchange of theas# using the ISUP REL
message. The messages to the terminal in the P&Thbashown. This ISUP REL
message traverses the PSTN network to the terntinaleceipt at the terminal the
ISUP RLC message is returned. The ISUP REL mesg&ageturned from the

Gateway Exchange to the MG.

At this point all the connections in the transpuetwork relating to the call request

have been successfully removed. There is no loagemsport network connection.
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The confirmations are sent to the LNC B. The LN@Burn sends the confirmatory
message to the CC which in turn sends the confiomab the CSM before the CC
destroys itself. Similarly upon receipt at the C8¥ confirmatory message is sent
to the OSA/Parlay Call Object in message 36 anek#fter the CSM destroys itself.
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‘QSAMYLO‘ ‘QSMPIMCLHI Mh_lhvgm‘ CsME Csm o3 « | Fed | | Route | cac
1. createCall()
2. new()
3. outeReq()
4. setupConnection()
5. new ()
6. setupConnection ()
7. FedCheck ()
8. FedRes ()
9. routeSelect ()
1
T
10. routeList()
11. callAdmissionReq()
12. callAdmitted()
13. setupConnection()
14, setupConnection()
15. setupConnection()
16. setupConnection()
17. setupConnection()
18. setupConnection()
19. setupMGConnection()

20.I5UP 1AM

21.ISUP ACM

22.15UP ACK

23. RouteRes ()

24.15UP ANM

Figure 9-4: Application Initiated call to the PSTN
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26. release ()

25. release ()

27 release ()

28. release ()

31, release ()

32. release ()
!

33. releaseMGConnection ()

34, ISUP REL

35. ISUP REL

36. releaseRes ()

Figure 9-5: Application Initiated call to the PSTNntinued
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9.1.4 PSTN Initiated Call

The NA allows for federation to other types of netls, in this case a federated call in initiatezhfr
the PSTN and terminated on the NA. The control agss used for setting up the PSTN to NA call
between two different administration domains andlepicted in Figure 9-6 and Figure 9-7. The

objects conform to the computational architectwgtngd in Figure 5-2.

The call setup sequence is described as follows:

1 The Media Gateway initiates the call setup by sepdhe ISUP IAM message to
the MGCC Obiject. This message contains the dethilse destination call party.

2 On receipt of the ISUP IAM message, the MGCC ackadges receipt of the call
request and returns the ISUP ACM.

3-4 The MGCC Object initiates the call within the OSAfRy Network Architecture by
invoking the createCall () method on the Fed Objdtte Fed object being the
component responsible for all federated calls & faom the OSA/Parlay Network
Architecture. In turn the Fed Object invokes th&ug€onnection () on the CCF
used to create the CC Object dedicated to the call.

4-6 The CCF uses the setupConnection () method toectbatCC. Since the CC does
not exist, the new CC Object is created for thé @matonnection using the new ()
method. The CC Object is created and the objecfuenidentifier is returned to the
CCF Object.

7-8 In this case the CC does not recognise the destnaddress within the
OSA/Parlay Administrative domain and requests theel bject to determine
whether the destination party is in a federatesvoet. The result is returned to the
CC Object.

9-10 The CC requests the Route object to select therbett using the parties location
in the network and the dynamic network state infation using the routeSel()
method. The route object utilises its knowledgetred state of the network (see

section 4.6) and applies the Dijkstra Algorithndtermine the best route together
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11-12

13

14-15

16-18

with performance details of the proposed route fribia source to the Media
Gateway in the transport network. The availabitifthe Media Gateway in terms
of capacity for additional calls is taken into agot This route together with

performance details are returned to the CC usiagdhteList () method.

Should a route not exist between the source noddgrenMedia Gateway, or if the
Media Gateway has reached its capacity or is ufeaj then an empty list will be
returned to the CC (not shown). Details of the wailability of the network
resources will be indicated in the method.

The CC thereafter requests the CAC to determinghgné¢he route meets the QoS
requirements of the call or connection request. TA& determines whether the

requested service parameters of latency, jitterpauitet loss are met or exceed by
the proposed route. The case of a admit decisiodefscted in the message

sequence chart wherein the route meets the requedteria is selected. This route

selection and admission decision is communicatedgushe callAdmitted ()

method.

At this stage in the call setup sequence, the Go8uaranteed for the call or

connection request within the network.

Should no route be found suitable, the call reqisestjected with a callRejected ()
method (not shown). Details of the best offeredvoét performance are returned

allowing for Application related QoS negotiation.

The CC uses the details of the selected route ginbsetting up the path in the
network through the identified LNC and CP Objedtsthis case the path traverses
LNC A and LNC B. The CC requests that the path étepsin LNC A the path
details and request are contained in the setupCtiong) method.

Upon receipt of the setupConnection () request ftoemCC, LNC A proceeds to
setup the connections as detailed in the pathrirdton received from the CC by
sending setupConnection () method requests to &R TP 3. The confirmations of

the connections being setup are returned to LN@Q®GC respectively.

Since the call destination is on a federated PSé&taork, the connection must be
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19

20

22

23-24

25-27

28-30

31

routed to the LNC B subnetwork. Upon receipt of #etupConnection () request
from the CC, LNC B proceeds to setup the connestias detailed in the path
information received from the CC by sending setup@ation () method requests
to CP 1 and MG.

LNC B recognises that the connection is to the le8ateway and thus forwards

the setupMGConnection() method used for contraialg to the Media Gateway.

The MG sends the ISUP ACK message indicating tlanetwork resources within
the OSA/Parlay Network Architecture have been satupawaiting the call. At this
point in the call setup the transport network gadls been setup for the connection
between Party A and the Media Gateway with guaegh€oS. The messages to the
terminals are not depicted as this is outside ¢tbpes of this work. The messages on

the originating side traverse from CSM to the TCSM.

It is assumed that the terminal signalling hasrigikace and the call is in progress,

see message 21.

The party in the federated network terminates #iesession by sending the ISUP
REL message to the MGCC.

The MGCC translates the ISUP REL message intodlease () method invoked on
the Fed object to implement the physical disconaecof the connection in the
transport network. The CC makes use of the seleotaté information to determine

the LNCs to be contacted to release the connection.

The CC passes the release () method onto the LN€irg the source subnetwork
and the release () method is sent to the specitis (CP 1 and CP 3) to release the
connections from the nodal perspective. The cordiiom that the release has been
affected is sent to LNC A and the CC respectively.

Similarly, the CC passes the release () method dh&éo LNC B being the
subnetwork with the MG and the release () methoskid to the specific CP and

MG.

LNC B recognises that the connection is to the le8ateway and thus forwards
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32

the releaseMGConnection() method used for contighafling to the Media

Gateway

The MG informs the PSTN Gateway Exchange of theass using the ISUP RLC
message. The messages confirm that the networkireesoin the OSA/Parlay

Network have been released.

At this point all the connections in the transpuetwork relating to the call request
have been successfully removed. There is no loagemsport network connection.
The confirmations are sent to the LNC B. The LN@ Burn sends the confirmatory

message to the CC obiject.
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1.I1SUP 1AM
2.1SUP ACM
3. createCall()
4. setupConnection()
5.new ()
6. setupConnection ()
7. FedCheck ()
8. FedRes ()
9. routeSelect ()
|
I
10. routelist()
11. callAdmissionReq()
12. callAdmitted()
13. setupConnection()
14. setupConnection()
15. setupConnection()
16. setupConnection()
17. setupConnection()
18. setupConnection()
19. setupMGConnection()
20. ISUP ACK
21.ISUP ANM

Figure 9-6: PSTN Initiated Call
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Figure 9-7: PSTN Initiated Call continued
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The NA makes provision for an application initiatioall to a SIP network. The control messages
used for setting up the two party call between diferent administration domains and is depicted in

Figure 9-8 and Figure 9-9. The objects conformhe ¢omputational architecture defined in Figure

5-2.

9.1.5 Application Initiated Call to a SIP Network

The call setup sequence is described as follows:

4-6

7-8

The OSA/Parlay Gateway Call Object initiates thdl satup by sending the
createCall () method to the CSMF. This messagecates that the OSA/Parlay
Gateway is preparing for an imminent call.

The CSMF which is a factory object used to crea®VICObjects on demand,
receives the createCall() method and creates thé Glject dedicated to this
imminent call using the new () method. The CSM ©@bje created and the object
unique identifier is returned to the CSMF and tt@A0Parlay Call Object.

The routeReq () method from the OSA/Parlay Call eobjindicates that the
Application requires the call to be setup withie tietwork. The routeReq () method
is sent to the CSM Object which is dedicated ts fharticular call or connection.
The CSM records the Calling Parties details andctimnection details (bandwidth
and QoS requirements). It uses these and otheilsdethich are sent in the

routeReq () method to construct the LCG.

The CSM uses the setupConnection () method toectbatCC. Since the CC does
not exist, the CSM applies the method to the CCielwvn turn creates a new CC
Obiject for the call or connection using the newnéthod. The CC Object is created
and the object unique identifier is returned to@&&F and the CSM Objects.

In this case the CC does not recognise the destmeaaddress within the
OSA/Parlay Administrative domain and requests tleel Object to determine
whether the destination party is in a federatesvoet. The result is returned to the
CC Object.
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9-10

11-12

13

14-15

The CC requests the Route object to select therbatt using the parties location
in the network and the dynamic network state infation using the routeSel()
method. The route object utilises its knowledgethaf state of the network (see
section 4.6) and applies the Dijkstra Algorithmditermine the best route together
with performance details of the proposed route fribia source to the Media
Gateway in the transport network. The availabitifthe Media Gateway in terms
of capacity for additional calls is taken into ageb This route together with

performance details are returned to the CC usiagdhteList () method.

Should a route not exist between the source noddgrenMedia Gateway, or if the
Media Gateway has reached its capacity or is ufeaj then an empty list will be
returned to the CC (not shown). Details of the wailability of the network
resources will be indicated in the method.

The CC thereafter requests the CAC to determinghghehe route meets the QoS
requirements of the call or connection request. TA& determines whether the

requested service parameters of latency, jitterpaudtet loss are met or exceed by
the proposed route. The case of a admit decisiodejscted in the message

sequence chart wherein the route meets the requedteria is selected. This route

selection and admission decision is communicatedgushe callAdmitted ()

method.

At this stage in the call setup sequence, the Go8uaranteed for the call or

connection request within the network.

Should no route be found suitable, the call regisestjected with a callRejected ()
method (not shown). Details of the best offeredvoét performance are returned

allowing for Application related QoS negotiation.

The CC uses the details of the selected route ginlbsetting up the path in the
network through the identified LNC and CP Objedtsthis case the path traverses
LNC A and LNC B. The CC requests that the path étepsin LNC A the path

details and request are contained in the setupCtiong) method.

Upon receipt of the setupConnection () request ftoenCC, LNC A proceeds to

setup the connections as detailed in the pathnrdton received from the CC by
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16-18

19

20-23

25

26

sending setupConnection () method requests to &R TP 3. The confirmations of

the connections being setup are returned to LN@Q®GC respectively.

Since the call destination is on a federated SiHiwark, the connection must be
routed to the LNC B subnetwork. Upon receipt of #etupConnection () request
from the CC, LNC B proceeds to setup the connestiasm detailed in the path
information received from the CC by sending setupt@&ation () method requests
to CP 1 and MG.

LNC B recognises that the connection is to the le8ateway and thus forwards

the setupMGConnection() method used for contraialg to the Media Gateway.

As the connection is to a SIP network, the SIP [N¥Imessage is sent to the SIP
Proxy. The messages to the terminal in the SIP ar&tware not shown. Once the
SIP terminal receives the INVITE message it retuthe SIP 100 TRYING
message. The SIP 183 SESSION PROGRESS messagernedeo the SIP Proxy.

The confirmations of the connections being setugpraturned to LNC B and CC
respectively in message 23.

At this point in the call setup the transport netwpath has been setup for the
connection between Party A and the Media Gatewdl gilaranteed QoS. The
messages to the terminals are not depicted asstbigside the scope of this work.

The messages on the originating side traverse @6 to the TCSM.

It is assumed that the terminal signalling hasrigikace and the call is in progress,

see message 24.

The party in the NA decides to terminate the cadlsgon, the terminal signalling is
received by the Application. Thus the OSA/Parlayl Odbject sends the release ()
method to the CSM, indicating the request to teatginthe call or connection
session. The CSM modifies the LCG.

The CSM passes the release () method onto the G@gdement the physical

disconnection of the connection in the transpotivaek. The CC makes use of the

selected route information to determine the LNChkda@ontacted.
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27-29

30-32

33

34-36

The CC passes the release () method onto the LN€irg the source subnetwork
and the release () method is sent to the specitis (CP 1 and CP 3) to release the
connections from the nodal perspective. The comdirom that the release has been

affected is sent to LNC A and the CC respectively.

Similarly, the CC passes the release () method dh&o LNC B being the
subnetwork with the MG and the release () methoskei#t to the specific CP and
MG.

LNC B recognises that the connection is to the le8ateway and thus forwards
the releaseMGConnection() method used for contighadling to the Media

Gateway

The MG informs the SIP Proxy of the release usimg $IP BYE message. The
messages to the terminal in the PSTN are not shdWis SIP BYE message
traverses the SIP network to the terminal, on ptcaithe terminal the SIP 200 OK

message is returned. This message is returnedtfi@®IP Proxy to the MG.

At this point all the connections in the transpoetwork relating to the call request
have been successfully removed. There is no loagemsport network connection.
The confirmations are sent to the LNC B. The LN@ Burn sends the confirmatory
message to the CC which in turn sends the confiomab the CSM before the CC
destroys itself. Similarly upon receipt at the C8¥ confirmatory message is sent
to the OSA/Parlay Call Object in message 36 anck#fter the CSM destroys itself.
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1. createCall()

3. JouteReq()

4. setupConnection()

5.new ()

6. setupConnection ()

7. FedCheck ()

8. FedRes ()
9. routeSelect ()

10. routeList()

11. callAdmissionReq()

12. callAdmitted()

- - - e e - - -

14. setupConnection()

13. setupCannection()

15. setupCofnection()

16. setupConnection()

17. setupConnection()

18. setupConnection()

19. setupMGConnection()

20.SIP INVITE

21.5IP 100 TRYING

22.5IP 183 SESSION PROGRESS

. RouteRes ()

24.5IP 200 OK

Figure 9-8: Application Initiated Call to the SIRet/ork
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26. release ()

25. release ()

27. release ()

28. release ()

31. release ()

3. releaseMGConnection (

34.5IP BYE

35. SIP 200 OK

36. releaseRes ()

Figure 9-9: Application Initiated Call to the SIR:tWork continued
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9.1.6 SIP Initiated Call

The NA allows for federation to other types of netks, in this case a federated call is initiatemhfr
the SIP and terminated on the NA. The control ngssaised for setting up the PSTN to NA call
between two different administration domains andegpicted in Figure 9-10 and Figure 9-11. The

objects conform to the computational architectwgtngd in Figure 5-2.

The call setup sequence is described as follows:

1 The Media Gateway initiates the call setup by semdne SIP INVITE message to
the MGCC Obiject. This message contains the dethilse destination call party.

2 On receipt of the SIP INVITE message, the MGCC agkadges receipt of the call
request and returns the SIP 100 TRYING message.

3-4 The MGCC Object initiates the call within the OSAfRy Network Architecture by
invoking the createCall () method on the Fed Objdtte Fed object being the
component responsible for all federated calls & faom the OSA/Parlay Network
Architecture. In turn the Fed Object invokes th&ug€onnection () on the CCF
used to create the CC Object dedicated to the call.

4-6 The CCF uses the setupConnection () method toectbatCC. Since the CC does
not exist, the new CC Object is created for thé @matonnection using the new ()
method. The CC Obiject is created and the objecfuenidentifier is returned to the
CCF Object.

7-8 In this case the CC does not recognise the destnaddress within the
OSA/Parlay Administrative domain and requests theel bject to determine
whether the destination party is in a federatesvoet. The result is returned to the
CC Object.

9-10 The CC requests the Route object to select therbett using the parties location
in the network and the dynamic network state infation using the routeSel()
method. The route object utilises its knowledgetred state of the network (see

section 4.6) and applies the Dijkstra Algorithndtermine the best route together
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11-12

13

14-15

16-18

with performance details of the proposed route fribia source to the Media
Gateway in the transport network. The availabitifthe Media Gateway in terms
of capacity for additional calls is taken into agot This route together with

performance details are returned to the CC usiagdhteList () method.

Should a route not exist between the source noddgrenMedia Gateway, or if the
Media Gateway has reached its capacity or is ufeaj then an empty list will be
returned to the CC (not shown). Details of the wailability of the network
resources will be indicated in the method.

The CC thereafter requests the CAC to determinghgné¢he route meets the QoS
requirements of the call or connection request. TA& determines whether the

requested service parameters of latency, jitterpauitet loss are met or exceed by
the proposed route. The case of a admit decisiodefscted in the message

sequence chart wherein the route meets the requedteria is selected. This route

selection and admission decision is communicatedgushe callAdmitted ()

method.

At this stage in the call setup sequence, the Go8uaranteed for the call or

connection request within the network.

Should no route be found suitable, the call reqisestjected with a callRejected ()
method (not shown). Details of the best offeredvoét performance are returned

allowing for Application related QoS negotiation.

The CC uses the details of the selected route ginbsetting up the path in the
network through the identified LNC and CP Objedtsthis case the path traverses
LNC A and LNC B. The CC requests that the path étepsin LNC A the path
details and request are contained in the setupCtiong) method.

Upon receipt of the setupConnection () request ftoemCC, LNC A proceeds to
setup the connections as detailed in the pathrirdton received from the CC by
sending setupConnection () method requests to &R TP 3. The confirmations of

the connections being setup are returned to LN@Q®GC respectively.

Since the call destination is on a Federated PSatiWark, the connection must be
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19

20

22

23-24

25-27

28-30

routed to the LNC B subnetwork. Upon receipt of #etupConnection () request
from the CC, LNC B proceeds to setup the connestias detailed in the path
information received from the CC by sending setup@ation () method requests
to CP 1 and MG.

LNC B recognises that the connection is to the le8ateway and thus forwards

the setupMGConnection() method used for contraialg to the Media Gateway.

The MG sends the SIP 183 SESSION PROGRESS mesgsagsting that the
network resources within the OSA/Parlay Network htecture have been setup
and awaiting the call. At this point in the caltige the transport network path has
been setup for the connection between Party A &edMedia Gateway with
guaranteed Qo0S. The messages to the terminalsotidepicted as this is outside
the scope of this work. The messages on the otigmaide traverse from CSM to
the TCSM.

It is assumed that the terminal signalling hasrigikace and the call is in progress,

see message 21.

The party in the federated network terminates #ile session by sending the SIP
BYE message to the MGCC.

The MGCC translates the SIP BYE message into tlease () method invoked on
the Fed object to implement the physical disconaecof the connection in the
transport network. The CC makes use of the seleotaté information to determine

the LNCs to be contacted to release the connection.

The CC passes the release () method onto the LN€irg the source subnetwork
and the release () method is sent to the specitis (CP 1 and CP 3) to release the
connections from the nodal perspective. The cordirom that the release has been

affected is sent to LNC A and the CC respectively.
Similarly, the CC passes the release () method dh&o LNC B being the

subnetwork with the MG and the release () methoskei#t to the specific CP and
MG.
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31

32

LNC B recognises that the connection is to the Me8ateway and thus forwards
the releaseMGConnection() method used for contighadling to the Media

Gateway

The MG informs the SIP Proxy of the release ushig$IP 200 OK message. The
messages confirms that the network resources irOtha/Parlay Network have

been released.

At this point all the connections in the transpuetwork relating to the call request
have been successfully removed. There is no loagemsport network connection.
The confirmations are sent to the LNC B. The LN@ Burn sends the confirmatory

message to the CC object.
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1.SIP INVITE

2. SIP 100 TRYING

3. createCall()

4. setupConnection()

5.new ()

6. setupConnection ()

7. FedCheck ()

8. FedRes ()
9. routeSelect ()
|

T
10. routeList()

11. callAdmissionReq()

12. callAdmitted()

13. setupConnection()

14. setupConnection()

15. setupConnection()

16. setupConnection()

17. setupConnection()

18. setupConnection()

19. setupMGConnection()

20. SIP 183 SESSION PROGRESS

21. SIP 200 OK

Figure 9-10: SIP Initiated Call to the OSA/Parlagtiork Architecture
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23. release ()

22.SIP BYE

24. release ()

25. release ()

26. release ()

28. release ()

Figure 9-11: SIP Initiated Call to the OSA/ParlagtiNork Architecture continued

29. release ()

31. releaseMGConnection ()
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9.1.7 IVR Call to 1-Party

The NA makes provision for an application initiatioall between IVR and a single called party.
The control messages used for setting up the twty gall between two different administration

domains and is depicted in Figure 9-12 and Figui8.9The objects conform to the computational

architecture defined in Figure 5-2.

The call setup sequence is described as follows:

4-6

7-8

The OSA/Parlay Gateway Ul Call Object initiates tadl setup by sending the
createUICall () method to the CSMF. This messagkcates that the OSA/Parlay
Gateway is preparing for an imminent call.

The CSMF which is a factory object used to crea®VICObjects on demand,
receives the createUICall() method and createsCiB®l object dedicated to this
imminent call using the new () method. The CSM ©Objs created and the unique
identifier is returned to the CSMF and the OSA/&arCall Object.

The CSMF recognises the Ul call and therefore pggldhe destination address with
the details of the IVR unit. The CSMF initiates tball setup by applying the
routeReq() method on the CCF Object as the CChiercall has not been created
yet.

The CSM uses the setupConnection () method toectbat CC. Since the CC does
not exist, the CSM applies the method to the CCielwvn turn creates a new CC
Obiject for the call or connection.

The CC requests from the route object a shortifised list of the best (shortest)
routes in the current state of the network basedatency using the routeSel()
method. The route object utilities its knowledgetloé state of the network (see
section 4.6) and applies adapted Dijkstra Algoritordetermine the best route from
the source to the IVR in the transport network. @tailability of the IVR in terms

of capacity for additional calls is taken into aaob This route and performance

details are returned to the CC using the routdl.istethod.
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9-10

11

12-13

14-16

Should a route not exist between the source nodettsn IVR, or if the IVR has
reached its capacity or is unavailable, then antgtigi will be returned to the CC
(not shown).

The CC thereafter requests the CAC to determinghené¢he route meets the QoS
requirements of the call or connection request. TA& determines whether the

requested service parameters of latency, jitterpauttet loss are met or exceed by
the proposed route. The case of a admit decisiodejscted in the message

sequence chart wherein the route meets the requetteria is selected. This route

selection and admission decision is communicatedgushe callAdmitted ()

method.

At this stage in the call setup sequence, the Go8uaranteed for the call or

connection request within the network.

Should no route be found suitable, or an emptysligimitted, the call request is

rejected with a callRejected () method (nhot shown).

The CC uses the details of the selected route ¢ginbeetting up the path in the
network through the identified LNC and CP Objedtsthis case the path traverses
the LNC A and LNC B. The CC requests that the fetsetup in LNC A the path

details and request are contained in the setupCtion€) method.

Upon receipt of the setupConnection () request ftoenCC, LNC A proceeds to
setup the connections as detailed in the pathrirdton received from the CC by
sending setupConnection () method requests to &R TP 3. The confirmations of

the connections being setup are returned to LN@®GC respectively.

Since the call destination is the IVR unit in LNC tBe connection must be routed
to the LNC B subnetwork. Upon receipt of the setoiiction () request from the
CC, LNC B proceeds to setup the connections asletdtim the path information
received from the CC by sending setupConnectiangghod requests to CP 1 and
IVR(CP).

The confirmations of the connections being setugraturned to LNC B and CC

respectively.
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17-18

19-20

21

22

23-25

26-28

29-30

At this point in the call setup the transport natwpath has been setup for the
connection between Party A and IVR with guarant®a®b. The messages to the
terminal are not depicted as this is outside tlpsof this work. The messages on

the originating side traverse from CSM to the TCSM.

It is assumed that the terminal signalling hasrigdace and the call is in progress

The sendIinfoAndCollectReq () message is now fore@d the CC, the CC in turn
forwards the sendinfoAndCollectReq () message @R (CSM) which requests
the IVR unit to play a message to Party A and meagput from Party A.

The results of the input obtained from Party A aentained in the
sendInfoAndCollectRes () method which is forwardienn the IVR (CSM) to the
CC, and in turn from the CC to the CSM; and findtlywarded to the OSA/Parlay
Ul Call Object for further analysis.

The service logic decides to terminate the callises Thus the OSA/Parlay Ul Call
Object send the release () method to the CSM, atidig the request to terminate

the call or connection session. The CSM modifieslili G.

The CSM passes the release () method onto the G@dement the physical
disconnection of the connection in the transpotivaek. The CC makes use of the

selected route information to determine the LNChkd@ontacted.

The CC passes the release () method onto the LN€irg the source subnetwork

and the release () method is sent to the spediis © release the connections from
the nodal perspective. The confirmation that thease has been affected is sent to
LNC A and the CC respectively.

Similarly, the CC passes the release () method tr@d.NC B being the special

resource subnetwork and the release () methocdhigséhe specific CP and IVR.
At this point all the connections in the transpuetwork relating to the call request

have been successfully removed. There is no loagemsport network connection.

The confirmations are sent to the LNC B. The LN@ Burn sends the confirmatory
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message to the CC which in turn sends the confiomab the CSM before the CC
destroys itself. Similarly upon receipt at the C8# confirmatory message is sent
to the OSA/Parlay Call Object and thereafter th&i@®stroys itself
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OSA/Parlay Gateway

=l

1. createUlCall ()

3. routeReq()

4. setupConnection()

6. setupConnection ()

7. routeSelect ()

8. routeList()

9. callAdmissionReq()
|

I
10. callAdmitted()

11. setupConnection()

12. setupConnection()

13. setupConnection()

14. setupConnection()

15. setupConnection()

Figure 9-12: Application initiated call to the IVR
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7. sendinfoAndCollectReq (|

18. sendinfoAndCollectReq ()

19. sendInfoAndCollectRes ()

20. sendInfoAndCollectRes (|

21. releaseUl ()

22. release ()

23. release ()

24. release ()

26.release ()

27. release ()

28. release ()

29. releaseRes ()

30. releaseUIRes ()

Figure 9-13: Application initiated call to the IM®ntinued
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9.1.8 Conclusion

The OSA/Parlay Network Architecture specifies cqiseand principles for connections involving the
packet and switch circuit technologies as well asoiiporate special resources such as media
gateways and IVRs. The use cases presented iteigtra functions of the Network Interface and
Network Architecture accommodating both switch wirctechnologies and packet switch
technologies. In addition, the proposed Architeztaterfaces to common special resources being the
Media Gateway and the Interactive Voice Responde Tine use cases illustrated from section 9.1.3
to section 9.1.7 were demonstrated in the proaofcept, the source code for the implementation is
provided on a separate removable storage disc.
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